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Abstract: Postoperative delirium is common in elderly patients with hip fracture. Pain is a major
risk factor for delirium, and regional nerve blocks (RNBs) effectively control pain in hip fractures.
This study aimed to evaluate the effect of RNB on delirium after hip surgery in elderly patients. This
retrospective comparative study was performed in a single institution, and the data were collected
from medical records between March 2018 and April 2021. Patients aged ≥60 years who underwent
proximal femoral fracture surgery were included, while those with previous psychiatric illness
and cognitive impairment were excluded. Two hundred and fifty-two patients were enrolled and
divided into an RNB or a control group according to RNB use. Delirium was assessed as the primary
outcome and postoperative pain score, pain medication consumption, and rehabilitation assessment
as the secondary outcomes. Between the RNB (n = 129) and control groups (n = 123), there was no
significant difference in the baseline characteristics. The overall incidence of delirium was 21%; the
rate was lower in the RNB group than in the control group (15 vs. 27%, respectively, p = 0.027). The
average pain score at 6 h postoperatively was lower in the RNB group than in the control group
(2.8 ± 1.5 vs. 3.3 ± 1.6, respectively, p = 0.030). There was no significant difference in the pain score
at 12, 24, and 48 h postoperatively, amount of opioids consumed for 2 postoperative days, and time
from injury to wheelchair ambulation. We recommend RNB as a standard procedure for elderly
patients with hip fracture due to lower delirium incidence and more effective analgesia in the early
postoperative period.

Keywords: hip fracture; nerve block; delirium; pain; opioids

1. Introduction

Osteoporotic hip fracture is a major health problem because it is associated with high
mortality, morbidity, and costs [1]. Although there are downward trends of mortality
related to hip fracture, greater efforts are needed to achieve better outcomes [2]. The health
status and health-related quality of life of elderly patients are seriously affected by the
presence of hip fracture, and most patients cannot return to their performance status before
injury [3].

Postoperative delirium is one of the most common complications in elderly patients
with hip fracture and could result in cognitive impairment, short-term functional impair-
ment, and increased mortality [4]. The known predisposing factors for delirium include
advanced age, hip fracture surgery (in comparison to elective hip surgery), preoperative
psychiatric illness, and preoperative cognitive impairment [5]. In addition, pain is a major
risk factor for delirium; however, most elderly patients with hip fracture have a limited

J. Clin. Med. 2021, 10, 3586. https://doi.org/10.3390/jcm10163586 https://www.mdpi.com/journal/jcm
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use of systemic opioid analgesics owing to side effects and their vulnerability in the drug
metabolism process [6,7].

For this reason, comprehensive pain protocols have been suggested for elderly patients
with hip fracture; these include evidence-based block use, timely repeated pain assessment,
and multidisciplinary orthogeriatric care [8]. Regional nerve blocks (RNBs) have been
proven to be effective in controlling pain in hip fractures, along with the advantages of few
systemic effects [9]. Considering that pain control is essential for the reduction in delirium,
we hypothesized that RNB use in hip fracture surgery would decrease postoperative pain
and the incidence of delirium. This study aimed to evaluate the incidence of delirium
according to RNB use in patients with hip fracture.

2. Materials and Methods

2.1. Study Population

This retrospective comparative study was performed in a single institution and ap-
proved by our institutional review board. The data were collected from medical records
between March 2018 and April 2021. The inclusion criteria were as follows: (1) age of
≥60 years and (2) surgical treatment of proximal femoral fracture, which was defined
as a femoral neck fracture, an intertrochanteric femoral fracture (AO/OTA 31) [10], and
a subtrochanteric fracture (fracture extending 5 cm below the lower border of the lesser
trochanter) [11]. Meanwhile, the exclusion criteria were as follows: (1) previous psychiatric
illness, (2) previous cognitive impairment, (3) pathologic fracture, (4) prophylactic fixation,
(5) revision of total hip replacement, (6) delayed surgery with neglected fracture, and
(7) incomplete clinical data. Initially, 307 patients were included; ultimately, 252 patients
were enrolled in this study. The patients who received general or spinal anesthesia followed
by RNB were grouped into the RNB group. The patients who received only general or
spinal anesthesia were grouped into the control group (Figure 1).

Figure 1. Flow diagram of patient enrollment and grouping.

2.2. Procedures

General or spinal anesthesia was performed according to the patients’ overall health
status, and RNB use was left to the discretion of the anesthesiologist. Under ultrasound
guidance, a single shot of RNB, including fascia iliaca compartment block (FICB) [12],
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lumbar plexus block (LPB) [13], and pericapsular nerve group (PENG) block [14], was
applied (Figure 2). For ultrasound-guided RNBs, a transportable ultrasound with 60 mm
convex 2–5 MHz transducer for LPB and 25 mm linear 18–4 MHz transducer (Sonimage
HS1TM, Konica Minolta Inc., Wayne, NJ, USA), and 21-gauge echoplex needle (Vygon,
Ecouen, France) were used. After determining the insertion site, real-time ultrasound-
guided perineural injection was conducted with the patient in supine or lateral position.
Then, 30 mL of 0.3% ropivacaine was administered for LPB and FICB. Additionally, 20 mL
of 0.3% ropivacaine was administered for PENG block.

Figure 2. Illustration of the target nerves according to the type of regional nerve block. The fascia
iliaca compartment block (FICB) targets the lateral femoral cutaneous (LFCN), femoral (FN), and
obturator nerves (ON). The lumbar plexus block (LPB) targets the lumbar plexus (FN, ON, and
LFCN) (dotted circle). The pericapsular nerve group (PENG) block mainly targets the articular
branches (black arrowhead) of the FN and accessory obturator nerve (AON) (blue solid circle). SN:
Sciatic nerve.

The patients with femoral neck fracture underwent bipolar hemiarthroplasty or inter-
nal fixation with multiple screws, while those with intertrochanteric and subtrochanteric
fractures underwent intramedullary nailing. After surgery, intravenous patient-controlled
analgesia (PCA) was applied in all patients. On the day of surgery, intravenous ac-
etaminophen 1 g once a day was administered unless the patient had a contraindication.
If the weight of the patient was less than 50 kg, the dose of acetaminophen was con-
trolled at 15 mg/kg. The day after surgery, oral pain medications included a tramadol
37.5 mg/acetaminophen 325 mg tablet given twice daily and tapentadol 100 mg given
twice daily. Rescue analgesia during postoperative period was intravenous tramadol
50 mg or hydromorphone 0.5 or 1.0 mg. Periarticular injection was not performed. We
encouraged wheelchair ambulation as soon as possible from the day after surgery, and
tolerable weight-bearing ambulation started on 2 days postoperatively.

2.3. Data Collection

Demographic data were collected from the patients’ medical records, including age,
sex, body mass index (BMI), age-adjusted Charlson comorbidity index (ACCI), Koval score
before injury, injury mechanism, anesthesia method, fracture type, time from injury to

3



J. Clin. Med. 2021, 10, 3586

surgery, time from admission to surgery, and type of surgery. The Charlson comorbidity
index (CCI) was calculated by adding the coefficient assigned to comorbidities when
injured. The ACCI was calculated by adding 1 point for each decade after the age of
40 years to the CCI value [15]. Falls from heights of 1 m or less were defined as “low-energy
mechanism of injury” [16].

Delirium was recorded and defined using the confusion assessment method on any
postoperative day or night of their hospital stay following surgery as the primary out-
come [17]. Postoperative pain score, pain medication consumption, and rehabilitation
assessment were evaluated as the secondary outcomes. The pain scores at 6, 12, 24, and
48 h postoperatively were assessed using the visual analog scale pain score. The con-
sumption of pain medication for 2 postoperative days was examined. The amount of
analgesics was calculated into milligrams of oral morphine according to the equianalgesic
table [18–20]. A rehabilitation assessment was performed on the basis of the time (days)
from surgery to wheelchair ambulation. All these parameters (pain score, incidence of
delirium, pain medication consumption, and rehabilitation assessment) were included in
the standardized protocol of our hospital.

The primary and secondary outcomes were compared between the RNB and control
groups. A subgroup analysis for incidence of postoperative delirium between general and
spinal anesthesia was performed. A subgroup analysis between FICB, LPB, and PENG
block was performed to evaluate the differences between the blocks.

A multivariable analysis was performed to assess which variables were associated
with incidence of delirium and clinically significant parameters were included in the
model such as age, gender, CCI, RNB, and anesthesia type [21–23]. Nerve block-related
complications, such as falls within 48 h after surgery and nerve injury, were assessed
from the medical records. Postoperative medical complications, including deep vein
thrombosis, pulmonary embolism, pneumonia, angina, myocardial infarction, and urinary
tract infection, were evaluated.

2.4. Statistical Analysis

Categorical variables (e.g., sex, injury mechanism, method of anesthesia, fracture type,
type of surgery, and incidence of delirium) were analyzed using the chi-square or Fisher’s
exact test. Continuous variables (e.g., age, BMI, ACCI, Koval score, time from injury to
surgery, pain score, amount of analgesics consumed, and time to wheelchair ambulation)
were analyzed using an independent t-test or the Mann–Whitney test. The Shapiro–Wilk
test was used to check if the data distribution was normal. The Kruskal–Wallis test was
used when compare more than two continuous variables. A logistic regression analysis
was conducted for multivariable analysis. All continuous data are described as means and
standard deviations. Statistical significance was accepted for p-values of <0.05 using SPSS
version 23.0 (IBM Corp., Armonk, NY, USA).

3. Results

The RNB group consisted of 129 patients, while the control group consisted of 123 pa-
tients. The baseline characteristics of the two study groups are presented in Table 1. There
was no significant difference found in the average age, BMI, ACCI, Koval score before
injury, injury mechanism, method of anesthesia, fracture type, time from injury to surgery,
time from admission to surgery, and type of surgery. The methods of RNB are summarized
in Table 2.
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Table 1. Baseline characteristics of the RNB and control groups.

RNB Group
(n = 129)

Control Group
(n = 123)

p-Value

Age (years) 78.1 ± 8.3 77.6 ± 8.8 0.646
Sex

Male 32 (25%) 40 (32%) 0.175
Female 97 (75%) 83 (68%)

BMI 22.4 ± 3.7 22.7 ± 3.8 0.560
ACCI 6.3 ± 2.0 5.9 ± 1.8 0.108

Koval score before injury * 1.9 ± 1.5 2.1 ± 1.7 0.238
Injury mechanism

Low energy 125 (97%) 117 (95%) 0.532
High energy 4 (3%) 6 (5%)

Anesthesia method
General 60 (46%) 58 (47%) 1.000
Spinal 69 (54%) 65 (53%)

Fracture type
Femoral neck fracture 53 (41%) 58 (47%) 0.611

Pertrochanteric fracture 63 (49%) 53 (43%)
Subtrochanteric fracture 13 (10%) 12 (10%)

Time from injury to surgery (hour) † 89.7 ± 99.4 111.0 ± 164.1 0.197
Time from admission to surgery (hour) 59.4 ± 68.7 62.6 ± 96.7 0.757

Type of surgery
Osteosynthesis 88 (68%) 76 (62%) 0.285
Arthroplasty 41 (32%) 47 (38%)

RNB, regional nerve block; BMI, body mass index; ACCI, age-adjusted Charlson comorbidity index; * calculated
from 249 patients who had clinical records on the preoperative Koval score; † calculated from 246 patients who
had clinical records on the time from injury to surgery.

Table 2. Type of RNB for hip fracture.

Type of RNB

Fascia iliaca compartment block 78 (60%)
Lumbar plexus block 29 (23%)

Pericapsular nerve group block 22 (17%)
RNB, regional nerve block.

The overall incidence of delirium was 21%; the rate in the RNB group was lower
than that in the control group (15 vs. 27%, p = 0.027). There were no nerve block-related
complications, including falls within 48 h after surgery and nerve injury.

The average pain score at 6 h postoperatively in the RNB group was lower than that
in the control group (2.8 ± 1.5 vs. 3.3 ± 1.6, respectively, p = 0.030) (Table 3). There was
no significant difference in the pain score at 12 (RNB group: 2.8 ± 1.6 vs. control group:
2.7 ± 1.5, p = 0.432), 24 (RNB group: 2.5 ± 1.3 vs. control group: 2.4 ± 1.4, p = 0.154), and 48
(RNB group: 2.2 ± 1.1 vs. control group: 2.0 ± 1.1, p = 0.083) hours postoperatively. There
was also no significant difference in the amount of opioids consumed for 2 postoperative
days (oral morphine; RNB group: 36.2 ± 25.4 mg vs. control group: 33.5 ± 28.0 mg,
p = 0.322) and time from injury to wheelchair ambulation (RNB group: 1.8 ± 2.4 days vs.
control group: 1.7 ± 1.1 days, p = 0.407).

In the subgroup analysis between general and spinal anesthesia, there was no sig-
nificant difference in the incidence of postoperative delirium (Table 4). In the subgroup
analysis between FICB, LPB, and PENG block, there was no significant difference in the
incidence of postoperative delirium, pain score, and amount of opioids consumed, but
time to wheelchair ambulation presented a significant difference for PENG block compared
with FICB and LPB (Table 5).
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Table 3. Comparison of the postoperative pain score, incidence of delirium, amount of opioids
consumed, and time to wheelchair ambulation.

RNB Group
(n = 129)

Control Group
(n = 123)

p-Value

Incidence of postoperative delirium 20 (15%) 33 (27%) 0.027
Postoperative pain score

6 h postoperatively 2.8 ± 1.5 3.3 ± 1.6 0.030
12 h postoperatively 2.8 ± 1.6 2.7 ± 1.5 0.432
24 h postoperatively 2.5 ± 1.3 2.4 ± 1.4 0.154
48 h postoperatively 2.2 ± 1.1 2.0 ± 1.1 0.083

Amount of opioids consumed (mg) * 36.2 ± 25.4 33.5 ± 28.0 0.322
Time to wheelchair ambulation (days) † 1.8 ± 2.4 1.7 ± 1.1 0.407

RNB, regional nerve block; * expressed as milligrams of oral morphine by equianalgesic conversion; † calculated
from 247 patients who had clinical records on the time to wheelchair ambulation.

Table 4. Subgroup analysis for the incidence of delirium between general and spinal anesthesia.

Incidence of
Postoperative

Delirium
General Anesthesia Spinal Anesthesia p-Value

RNB group 9/60 (15.0%) 11/69 (15.9%) 0.883
Control group 15/58 (25.9%) 18/65 (27.7%) 0.819

Total 24/118 (20.3%) 29/134 (21.6%) 0.800
RNB, regional nerve block.

Table 5. Subgroup analysis for the postoperative pain score, incidence of delirium, amount of opioids
consumed, and time to wheelchair ambulation between FICB, LPB and PENG block.

FICB
(n = 78)

LPB
(n = 29)

PENG Block
(n = 22)

p-Value

Incidence of postoperative delirium 13 (17%) 5 (17%) 2 (9.1%) 0.786
Postoperative pain score

6 h postoperatively 3.0 ± 1.5 2.4 ± 1.6 2.9 ± 1.5 0.215
12 h postoperatively 2.7 ± 1.6 2.7 ± 1.7 3.3 ± 1.4 0.264
24 h postoperatively 2.5 ± 1.3 2.4 ± 1.4 3.0 ± 1.0 0.161
48 h postoperatively 2.1 ± 1.1 2.3 ± 1.4 2.6 ± 0.9 0.118

Amount of opioids consumed (mg) * 35.7 ± 24.4 33.6 ± 29.2 41.6 ± 24.9 0.372
Time to wheelchair ambulation (days) † 1.7 ± 1.2 2.5 ± 4.5 1.0 ± 0.2 0.020

FICB, fascia iliaca compartment block; LPB, lumbar plexus block; PENG block, pericapsular nerve group block;
* expressed as milligrams of oral morphine by equianalgesic conversion; † calculated from 106 patients who had
clinical records on the time to wheelchair ambulation.

In the multivariable analysis, age and RNB were significantly associated with the
incidence of postoperative delirium (Table 6). There was also no significant difference in
the postoperative medical complications between them (Table 7).

Table 6. Bivariate and multivariable logistic regression analysis for the risk factors of postoperative delirium.

Incidence of Postoperative Delirium

Bivariate Analysis Multivariable Logistic Regression *

Odds Ratio (95% CI) p-Value Odds Ratio (95% CI) p-Value

Age 1.060 (1.020–1.101) 0.003 1.062 (1.022–1.104) 0.002
Female sex 0.906 (0.467–1.757) 0.769

CCI 1.091 (0.934–1.275) 0.270
RNB 0.500 (0.269–0.932) 0.029 0.476 (0.252–0.898) 0.022

Spinal anesthesia 1.082 (0.589–1.978) 0.800

* The results of multivariable logistic regression analysis were presented only for the variables which were remained in the final model.
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Table 7. Postoperative complications.

RNB Group
(n = 129)

Control Group
(n = 123)

p-Value

Deep vein thrombosis 1 (1%) 1 (1%) >0.999
Pulmonary embolism 1 (1%) 1 (1%) >0.999

Pneumonia 5 (4%) 4 (3%) >0.999
Angina or myocardial infarction 1 (1%) 3 (2%) 0.360

Urinary tract infection 4 (3%) 3 (2%) >0.999
RNB, regional nerve block.

4. Discussion

4.1. Incidence of Delirium

In this study, RNB reduced the incidence of delirium. It is widely accepted that
pain reduction is important for the prevention of delirium [6], and we hypothesized that
postoperative pain control could prevent delirium after hip fracture surgery. Our study
results proved the effect of RNB on the incidence of postoperative delirium after hip
fracture surgery. Herein, we excluded patients with a high risk of developing delirium,
including those with psychiatric illness and cognitive impairment, which was based on a
study by Mouzopoulos et al. [22]. They classified patients into intermediate or high risk for
postoperative delirium, and FICB did not affect the incidence of delirium in patients with
high risk after hip fracture surgery. In contrast, a significant reduction in the incidence of
delirium (FICB group vs. placebo group: 2.4 vs. 16.9%) was observed among patients with
an intermediate in their study.

The results of RNB and delirium in patients with hip fracture are inconsistent. RNB
was reported to be associated with less postoperative analgesia, a lower incidence of delir-
ium, and shorter inpatient stay [24,25]. In contrast, Guay et al. presented that there were
no differences in the incidence of acute confusional state in their Cochrane review based on
seven trials with 676 participants [26]. However, the study has a limitation of heterogeneity
and lack of risk stratification. Unneby et al. reported that femoral nerve block (FNB) did
not reduce the incidence of postoperative delirium in patients with hip fracture [27]. They
focused on patients with dementia, and a large proportion developed delirium (FNB group
vs. placebo group: 50/52 vs. 55/57) regardless of FNB use. This suggests that patients
with major risk factors, such as cognitive and psychiatric disorders, are highly prone to
developing delirium regardless of pain control. In the present study, we could prove the
effect of RNB on the incidence of delirium by excluding high risk patients with the inclusion
of a relatively large number of patients as a single study. Additionally, we performed a
multivariable analysis with other known risk factors of delirium [21–23]. Age and RNB
were presented to be associated with postoperative delirium, which means an appropri-
ate risk stratification of present study. Therefore, we believe the RNB helps to prevent
postoperative delirium after hip fracture surgery except in high risk elderly patients.

4.2. Effect on Pain Intensity and Opioid Consumption

Opioids are useful in reducing pain after surgery but have limitations regarding side
effects and drug poisoning [28]. Elderly patients are known to be vulnerable to the side
effects of opioids, with reductions in renal and hepatic blood flow [29]; in our study, one
of our purposes was the reduction in opioid consumption with the effect of nerve block.
Thompson et al. reported that preoperative fascia iliaca block significantly decreased
postoperative opioid consumption [30]. They reduced the amount of tramadol by 43% and
morphine by 98% with fascia iliaca block. However, contrary to our expectations, there was
no significant difference in the amount of opioids consumed despite early pain reduction
in our study. The first possible reason is that diverse types of opioids were prescribed
with a retrospective feature. Although we calculated the equianalgesic dose of each opioid
into milligrams of oral morphine [18–20], the results could be influenced by the diversity
of the opioid types prescribed. The second possible reason is that all patients received
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intravenous PCA because it is a customary procedure desired by patients. In addition to
additional opioids injected by nurses, rescue opioids were also administered through PCA,
which were not included in the calculation of the quantity of opioids consumed. These
reasons may have influenced the outcome for the quantity of opioids.

4.3. Functional Recovery

Based on the results reported by Marino et al., who demonstrated that continuous
lumbar plexus block provided pain reduction during physical therapy [31], we expected
that functional recovery could be encouraged with nerve block. However, there was no
significant difference observed in the time to wheelchair ambulation between the two
groups, which can be explained by some reasons. A consistent rehabilitation protocol
was applied to the patients in both groups. In addition, Kim et al. demonstrated that
the postoperative ambulatory capacity after hip fracture surgery is decided not by only a
single factor but by multiple factors, including age, sex, preoperative ambulatory capacity,
and combined medical diseases [32]. Since the postoperative ambulatory capacity is
significantly associated with preoperative factors, it is possible that the reduction in pain
itself could not affect the short-term functional recovery.

4.4. Subgroup Analysis According to Type of RNB and Anesthesia Method

In clinical practice, we usually perform LPB after induction of general anesthesia
because it should be conducted in the lateral decubitus position. In contrast, FICB is
usually performed before induction of spinal anesthesia because it could be conducted in
the supine position, which could reduce pain for positioning of spinal anesthesia. Since
LPB and FICB could block both anterior innervations of the hip joint and some surgical
incision site, similar pain reduction and delirium prevention could be expected in both
blocks (Figure 2). In our study, the subgroup analysis between RNBs did not demonstrate
significant differences in the postoperative pain score and amount of opioids consumed, but
time to wheelchair ambulation of PENG block presented significant differences compared
to that of FICB and LPB. The possible reason for these results was that PENG block was
introduced as a potential motor sparing analgesic block [14,33], which could encourage
patients to ambulate early. However, investigation for PENG block is very limited, and
validation to propose motor sparing and analgesic benefit is needed [33]. Additionally,
with a relatively small number of patients included in each RNBs in the present study,
detailed analysis according to block type requires careful interpretation.

There could be concerns regarding anesthesia method. Previous studies showed
controversial results. Choi et al. reported general anesthesia was an independent predictor
of immediate delirium [23]. In contrast, Patel et al. concluded that there was no evidence
to suggest that anesthesia type influence postoperative delirium in their systematic re-
view [34]. In the present study, there were no significant differences in the incidence of
delirium between general and spinal anesthesia in subgroup analysis, and multivariate
analysis showed no effect on postoperative delirium according to anesthesia method.

4.5. Procedure-Related Complications

Falls and procedure-related nerve injuries are important complications of RNB in
patients with hip fracture [35,36]; in our study, no complication was observed. While
wheelchair ambulation was encouraged from the day after surgery, the protocol of our
institution was to involve at least three individuals (nurse, caregiver, and paramedics)
in the transfer of a patient to a wheelchair. At 2 days postoperatively, the patients were
permitted to bear weight as tolerable. Considering that the duration of a single shot of
bupivacaine 0.5% (20 mL) is 22 (range, 15–32) hours [37], it is unlikely that a fall would
occur during ambulation owing to RNB. Further, all RNBs were performed by experienced
anesthesiologists under ultrasound guidance. We believe that our rehabilitation protocol
and technique for RNB could ensure the safeness of RNB in patients with hip fracture.
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4.6. Study Limitations

There were some limitations in this study. First, our study had a selection bias
in relation to the retrospectively evaluated characteristics. RNB use was decided by
the anesthesiologists, and there was no clear criterion. Future prospective studies with
randomization are needed. Second, the types of nerve block used varied. FICB, LSPB,
and PENG block were used herein, which might have confounded the results. Third, the
severity of delirium was not considered. Some patients only demonstrated temporary
inattention; however, other patients demonstrated irritability that needed restraint. We
classified these demonstrations as delirium. Subgroup analyses according to the severity
of delirium will be helpful in the evaluation of the effects of RNB. Despite these limitations,
our study provided evidence that RNB can reduce the incidence of delirium, and we believe
that its use can help improve the prognosis of elderly patients with hip fracture.

5. Conclusions

RNB reduced the occurrence of delirium in elderly patients with hip fracture and
relieved acute pain after surgery without complications. Therefore, we recommend RNB as
a standard procedure for elderly patients with hip fracture due to lower delirium incidence
and more effective analgesia in the early postoperative period.
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Abstract: Fall-related hospitalizations among older adults have been increasing in recent decades.
One of the most common reasons for this is minimal or mild traumatic brain injury (mTBI) in
older individuals taking anticoagulant medication. In this study, we analyzed all inpatient stays
from January 2017 to December 2019 of patients aged > 75 years with a mTBI on anticoagulant
therapy who received at least two cranial computer tomography (cCT) scans. Of 1477 inpatient stays,
39 had primary cranial bleeding, and in 1438 the results of initial scans were negative for cranial
bleeding. Of these 1438 cases, 6 suffered secondary bleeding from the control cCT scan. There was no
significance for bleeding related to the type of anticoagulation. We conclude that geriatric patients
under anticoagulant medication don’t need a second cCT scan if the primary cCT was negative
for intracranial bleeding and the patient shows no clinical signs of bleeding. These patients can
be dismissed but require an evaluation for need of home care or protective measures to prevent
recurrent falls. The type of anticoagulant medication does not affect the risk of bleeding.

Keywords: anticoagulation; concussion; geriatric trauma; overdiagnosis

1. Introduction

Older populations are growing continuously in high income countries (HIC) [1]. In
addition to the increasing number of comorbidities and medications, musculoskeletal
decay has become relevant for this part among the population [2]. Osteopenia, sarcopenia,
and dementia impede musculoskeletal coordination and lead to recurrent falls of geriatric
patients [3–5]. As a result of the aging process, these patients have difficulty performing
daily tasks; a fall represents an early symptom of coping-failure [6]. These patients are
likely to require care by family or nursing professionals sooner or later. A fall is the
main reason for orthopaedic-traumatological admissions for older patients [7,8]. Frequent
reasons for hospital admission include fractures of the proximal femur, the spine, the
proximal humerus, and the distal radius [9]. Besides these fractures, traumatic brain injury
(TBI) caused by a fall is an increasing reason for hospitalization in older patients [10]. In
older patients, a fall is the main reason for a traumatic brain injury (51%), followed by car
accidents (9%) [11].

The first goal in the treatment of TBI in older adults is to diagnose and exclude
intracranial bleeding. A cranial computer tomography (cCT) scan is the imaging technique
of choice for the diagnosis of intracranial bleeding. Guidelines for its indication are well
established and validated [12,13]. Patient’s age greater than 65 has been recognized as
being a factor towards the indication for a cCT.

As comorbidities and medications for geriatric patients increase, the use of oral
anticoagulants and antiplatelets (ACAP) has increased significantly [14]. The risk for
bleeding complications after trauma for patients under ACAP-treatment has been widely
described [15,16]. Furthermore, the use of ACAP has also been implemented as a risk
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factor in the guidelines for primary cCT for TBI. Most clinical departments have already
established a protocol for diagnosing delayed secondary bleeding, but no guidelines for
the detection of such intracranial bleeding has been described.

The aim of this study was to investigate the risk for a delayed intracranial bleeding in
older patients taking ACAP after a fall with minimal or mild TBI (mTBI). The definition
of minimal or mild TBI was based on the GCS interval of the Head Injury Severity Score
(HISS) [17]. We evaluated the incidence of a delayed intracranial bleeding after primary
negative cCT of older patients admitted to the hospital. Additionally, we determined the
rate of readmission to the hospital, the duration of hospital stay, the ACAP taken, and the
primary bleeding.

The incidence of the delayed intracranial bleeding should determine the need for a
second cCT control and for a hospital stay. The number of readmissions and the duration
of the hospital stay should show the necessity for caregiving. The ACAP taken and the
number of primary bleeding should estimate the risk for intracranial bleeding.

2. Materials and Methods

We retrospectively analyzed data from 1477 inpatient stays of 1129 patients with
mTBI admitted to a level-one-trauma center of a university hospital from January 2017 to
December 2019, in Salzburg, Austria.

Inclusion criteria were:

• mTBI.
• Age > 75 years.
• Taking ACAP at time of injury.
• Low impact trauma mechanism by fall.
• Two or more cCT scans.

Exclusion criteria were:

• Other concomitant injuries that would indicate inpatient treatment.
• High impact trauma.
• One cCT Scan only.

Demographic data of the study population are shown in Table 1.

Table 1. Patient demographics.

Parameter Males Females ∑ Ø

N 440 689 1129

Age 85.56
(75–105)

On the 1477 inpatient stays, 3021 cCT scans were performed; in 1437 cases 2 cCT scans,
in 27 cases 3, in 7 cases 4, in 2 cases 5, in 2 cases 6, in 1 case 7, and in 1 case 9 cCTs were
conducted. The first cCT scan was conducted on the day of admission and the second
24 h later.

The CT scanner was a 16-slice scanner (Siemens Somatom Emotion 16, Siemens,
Erlangen/Germany). The scans were evaluated by an on-call radiological and trauma
consultant and the authors of the study. Scans that could not be diagnosed sufficiently due
to artifacts were excluded.

Primary negative cCT scans for an intracranial bleed were recorded if they were
positive on the control scan. When the cCT control scan was positive for intracranial
bleeding, we evaluated the bleeding on the cCT control scans and the resulting hospital stay.

The number of readmission and the duration of the hospital stay of all patients was
evaluated. The intake of antiplatelet or anticoagulant medication was noted and possible
association of such a medication with the incidence of primary and secondary bleeding
was analyzed.
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3. Results

3.1. Readmission and Duration of Stay

Inpatient admission occurred in 1129 patients; in 931 (83%) patients once; and in 198
(17%) multiple times. This resulted in 1477 admissions in total (Table 2).

Table 2. Number of hospital admissions of geriatric patients with mTBI due to a fall.

Hospital Admissions Patients (n)

1 931
2 123
3 42
4 16
5 8
6 4
7 0
8 1
9 2

10 2

The duration of inpatient stays ranged from 1 to 37 days. The regular stay was 2 days
in 1271 cases. Of the remaining, 25 patients could not be mobilized and dismissed at home,
21 had elevated infection parameters and were treated anti-infectively, and 12 needed more
than traumatological consultation. For the rest, the reason for prolonged hospitalization
could not be determined retrospectively.

3.2. cCT Control Scans, Hospital Stay

Of 1477 inpatient stays, 39 (2.64%) cases had a primary bleeding and 1438 (97.36%)
had an initial negative scan. Secondary intracranial bleeding was present in 6 of these 1438
cases, as shown in Table 3.

Table 3. Distribution of cCT findings with “bleeding” and “no bleeding” among all patients.

cCT Bleeding No Bleeding Total Number

Primary 39 (2.64%) 1438 (97.36%) 1477 (100%)
Secondary 6 (0.42%) 1432 (99.58%) 1438 (100%)

In the cases with an initial negative scan and no secondary bleeding (n = 1432), a total
of 2852 cCT scans were performed. In these cases, the mean stay was 1.7 days.

In the six patients with a secondary bleeding, two had one cCT control, three had two,
and one had three after the initial cCT scan. The intracranial bleeding was an intraparenchy-
mal hemorrhage in four cases, a subdural hematoma in one case, and a combination of both
in one case. All six were treated conservatively and five were dismissed home without any
further therapy. They had no symptoms or their bleeding was decreasing in the cCT control.
The patient with the combined intraparenchymal hemorrhage and subdural hematoma
had symptoms with an increasing unconsciousness. He had increasing bleeding on cCT
scans and died seven days after admission at the age of eighty-nine. The mean hospital
stay of these six patients was four days.

In the cases with a primary bleeding (n = 39), 134 cCT scans were performed. Most
patients received three cCT scans, and one of them nine scans (Table 4). In these cases, the
mean in-hospital stay was 6.3 days.
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Table 4. Number of cCT-scans of patients with primary bleeding.

Number of cCT-Scans Cases (n)

2 9
3 18
4 6
5 2
6 2
7 1
8 0
9 1

3.3. Oral Anticoagulants and Antiplatelet Medication

Of 1477 cases, 1443 patients were taking one ACAP, 33 were taking a dual medication,
and 1 patient was taking a triple combination. Every double medication was a combination
of an oral anticoagulants with an antiplatelet agent.

Every patient with a primary (39) or secondary (6) bleeding has been taking one ACAP.
In the cases where bleeding did not occur (1398), they were taking an ACAP. Table 5 shows
the intake of one ACAP in every case.

Table 5. ACAPs taken by patients admitted to in-hospital stay due to mTBI.

n Percent

Acetylsalicylic Acid (100 mg) 661 46%
Clopidogrel 88 6%
Apixaban 192 13%

Dabigatran 95 7%
Rivaroxaban 206 14%

Phenprocoumon 74 5%
Acenocoumarol 111 8%

Others 16 1%

1443 100.00

Two patients with a secondary intracranial bleeding had been taking acetylsalicylic
acid, two clopidogrel, one apixaban, and one acenocoumarol. The comparison of patients
with a secondary bleeding and without intracranial bleeding regarding the intake of
antiplatelet (4/720) or anticoagulant medication (2/678) was statistically not significant
(Chi-square statistic is 0.5548, p = 0.456367; not significant at p > 0.05).

In 39 cases with a primary bleeding, the difference between antiplatelet and antico-
agulant intake (Table 6) was also statistically not significant in comparison with the cases
without bleeding (Chi-square statistic is 1.9976, p = 0.157549; not significant at p > 0.05).

Table 6. ACAP of patients with primary bleeding.

n Percent

Acetylsalicylic Acid (100 mg) 21 54%
Clopidogrel 4 10%
Apixaban 4 10%

Dabigatran 2 5%
Rivaroxaban 1 3%

Phenprocoumon 2 5%
Acenocoumarol 5 13%

Others 0 0%

39 100.00%
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Two patients were treated surgically by craniotomy, one of them died after 8 days.
Another patient died without any surgical therapy. The other patients were treated conser-
vatively and left the hospital after the bleeding subsided.

4. Discussion

Of 1477 admitted cases aged above 75 years and taking ACAP, 39 had a primary
intracranial bleeding and only 6 developed a delayed intracranial bleeding after 24 h.
Although guidelines for cCT scans exist, every patient with anamnestic fall resulting in a
mTBI and anticoagulating medication received a cCT scan. The Canadian head CT rule
explicitly excludes bleeding disorders but indicates a cCT scan for minor head injury for
patients older than 64 years [18]. The New Orleans Criteria indicate the cCT scan for
patients who are older than 59 years with minor head trauma and loss of consciousness and
are neurologically normal [19]. They do not consider bleeding disorders. The Scandinavian
guidelines consider patients age > 64 and coagulation disorders [13]. They differentiate
between patients > 64 years taking antiplatelet and patients of any age taking a therapeutic
anticoagulation. The first group is recommended to undergo a cCT scan, or 12 h observation,
and discharge if the cCT scan is negative. The second group is recommended to undergo a
cCT scan and admission > 24 h independent of the findings. In our collective, the difference
of these bleeding disorders was not significant (although the number of patients with
intracranial bleeding was low). The number of patients taking antiplatelet and those taking
other anticoagulant medication were almost the same. Nevertheless, we couldn’t find any
statistical significance.

The patients of this study fulfill the guidelines for a primary cCT scan according to the
Scandinavian guidelines [13]. Although no guidelines for cCT scan control after mTBI exist,
each patient received a cCT control 24 h after the initial scan. A meta-analysis of studies
identified 0.60% of secondary intracranial bleeding and 0.13% of neurosurgical intervention
for patients (n = 1494) with mild traumatic brain injury, negative primary cCT scan, and
anticoagulation using vitamin K antagonists [20]. The authors of this study therefore
do not recommend cCT controls as part of a standard procedure. The patients of this
study showed 0.42% risk for secondary intracranial bleeding and none for neurosurgical
intervention. We demonstrated that for these patients the cCT control had no therapeutic
consequence besides the longer hospital stay (4 days). The need for a cCT control is at least
to be doubted, especially when the consequence is two additional days of hospital stay.
The second cCT scan means that the criteria for over-diagnosis have been attained [21].
Based on the data of this study, we recommend that if the primary cCT scan is negative
for a traumatic bleeding and the patient has no clinical symptoms, a possible cCT control
in an outpatient setting would be sufficient. Even the outpatient control can be discussed
since it has no therapeutic consequence but it takes an effort for the older patient. Geriatric
patients do not tolerate a change in their surroundings or an interruption in their daily
routine well [22].

The primary intracranial bleeding in the study population taking ACAP was 2.64%.
The role of cCT controls in these patients is to detect the development of bleeding in order
to make decisions regarding further therapy. Guidelines for surgery exist and they mainly
consist in craniotomy [23].

In the study population, more than 60% of patients with primary bleeding have been
taking antiplatelet medication. Contrary to the Scandinavian guidelines, we could not find
a difference in bleeding risk between antiplatelet medication and anticoagulation. We did
not find a higher risk of intracerebral bleeding for patients on anticoagulation.

The admission of older patients in traumatological-orthopedic departments has been
increasing dramatically during the last decade [24]. Mild traumatic brain injury is one
of the most common reasons for emergency department admission and falls are often
related to medical conditions (e.g., syncope) [25]. In our study cohort, 17% of the patients
were admitted more than once for the same reason (mTBI after a fall). In our opinion,
patients represent a lack of preventive measures for falls among geriatrics and care of the
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older adults. Although it is well known that a fall in older adults is a major reason for
hospitalization, 17% of the patients in our study cohort were not taken care of after the first
fall. A fall in the older patient should always alert every treating discipline as it probably is
a sign for physiologic deterioration and the loss of the ability to handle daily tasks. This
seems to be underlined by another fact that in 25 cases of 1432 (1.7%) without bleeding,
the patients cannot be dismissed back home because they cannot be mobilized adequately.
The fall of these patients seems to be a final surrender for living alone. Most falls in older
adults have only minor injury consequences. However, the resulting pain and discomfort
often leads to a loss of self-confidence and independence [26]. These patients can’t be
returned injudiciously to their homes without questioning the surrounding care. In another
21 cases (1.4%), patients couldn’t be dismissed after mTBI since they had elevated infection
parameters. This could be the result of a rapid deterioration of health of the older adults
due to infection. Secondarily, this can lead to a faster reduction of independence at home.
However, we believe that a fall for an older person is more than just an accident; it marks
the initiation of inability to deal with daily living activities.

The main limitation of this study is its retrospective design. Although it was a single-
institution study we were able to include a large sample. It is comparable to existing
systematic reviews on this topic.

5. Conclusions

In conclusion, the results of this study suggest that after initial cCT in geriatric patients
without primary intracranial bleeding under anticoagulant medication, a secondary control
cCT is not necessary if no clinical signs of intracranial bleeding are apparent. For patients
without relevant concomitant injuries requiring inpatient treatment, the inpatient stay
can be shortened or outpatient treatment can be provided. In geriatric patients, the focus
should be on home care and fall prevention.
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Abstract: It is assumed that dorsocranial displacement of the greater tuberosity in humeral head
fractures is caused by rotator cuff traction. The purpose of this study was to investigate the association
between rotator cuff status and displacement characteristics of the greater tuberosity in four-part
humeral head fractures. Computed tomography scans of 121 patients with Neer type 4 fractures
were analyzed. Fatty infiltration of the supra- and infraspinatus muscles was classified according to
Goutallier. Position determination of the greater tuberosity fragment was performed in both coronary
and axial planes to assess the extent of dorsocranial displacement. Considering non-varus displaced
fractures, the extent of the dorsocranial displacement was significantly higher in patients with mostly
inconspicuous posterosuperior rotator cuff status compared to advanced fatty degenerated cuffs
(cranial displacement: Goutallier 0–1: 6.4 mm ± 4.6 mm vs. Goutallier 2–4: 4.2 mm ± 3.5 mm,
p = 0.020; dorsal displacement: Goutallier 0–1: 28.4◦ ± 32.3◦ vs. Goutallier 2–4: 13.1◦ ± 16.1◦,
p = 0.010). In varus displaced humeral head fractures, no correlation between the displacement of the
greater tuberosity and the condition of the posterosuperior rotator cuff could be detected (p ≥ 0.05).
The commonly accepted theory of greater tuberosity displacement in humeral head fractures by
rotator cuff traction cannot be applied to all fracture types.

Keywords: humeral head fracture; greater tuberosity; rotator cuff; fatty degeneration

1. Introduction

In 1970, Neer established a new classification system for proximal humeral fractures
that is still widely used in clinical practice today [1]. This classification system is based on
the four main fracture fragments (humeral shaft, calotte, and greater and lesser tuberos-
ity), firstly described by Codman in 1934 [2]. Neer assumed that traction of the rotator
cuff is responsible for the characteristic fragment displacement, especially of the greater
tuberosity. The supraspinatus and infraspinatus tendons are known to be responsible for
the dorsocranial displacement of this key fragment [1]. In elderly patients with humeral
head fractures, concomitant chronic degenerative rotator cuff pathologies are common [3,4].
Milgrom et al., for example, found rotator cuff lesions in 80% of asymptomatic patients
80 years of age and older [5].

Corresponding to the coexistent pattern of rotator cuff degeneration and humeral head
fractures, it would be desirable to identify reciprocal influences between these patholo-
gies [6]. The hypothesis was that patients with chronic degenerative changes of the pos-
terosuperior rotator cuff do not show the typical dorsocranial displacement of the greater
tuberosity, as described by Neer [1]. The aim of the present study was to evaluate whether
the integrity of the posterosuperior rotator cuff influences the displacement characteristics
of the greater tuberosity in proximal humeral fractures [7].

J. Clin. Med. 2021, 10, 4136. https://doi.org/10.3390/jcm10184136 https://www.mdpi.com/journal/jcm
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2. Materials and Methods

Patients with humeral head fractures diagnosed in our trauma department between
2008 and 2018 were identified. Patients with computed tomography (CT) scans of the
affected shoulder were included. CT scans with low image quality or missing medial
slices to assess the rotator cuff were excluded. All fractures were categorized according to
Neer’s classification system (Table 1) [1]. Two- and Three-Part fractures, as well as fracture-
dislocations and head-split fractures, were also excluded in order to generate a homogenous
study population of four-Part fractures without fracture-dislocation (Figure 1). The study
has been approved by the Ethics Committee at the University of Regensburg (20-1848-104).

Table 1. Schematic overview of Neer’s modified classification system [1].

Fracture Type
Number of Fragments

2 3 4

I

II anatomical neck

III surgical neck

IV greater tuberosity

V lesser tuberosity

VI anterior or posterior luxation

I: minimal dislocation, under 1 cm and less angulation than 45◦.

n 

n

n

n

n

n

n

Figure 1. Flowchart of case inclusion/exclusion. The study population consists only of four-Part
fractures of the humeral head.
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2.1. Radiological Evaluation

The radiological evaluation was carried out on the basis of CT scans of the affected
shoulder. Next to axial slices, parasagittal and coronal reconstructions were used for the
radiological measurements. All measurements were performed digitally using the software
package OsiriX MD Version 6.5 (Pixmeo, Berne, Switzerland).

2.2. Head-Shaft Angle (HSA)

The head–shaft angle is created by a line parallel to the axis of the humeral shaft and
perpendicular to the anatomical neck plane. We measured every head–shaft angle of the
121 included patients in the coronal plane to distinguish between varus (HSA < 125◦) and
non-varus fractures (HSA > 125◦) (Figure 2A).

Figure 2. Standardized radiological measurements in a patient with a Neer type 4 fracture injury
of the right proximal humerus. (A) Standardized radiological measurement (*) of the head-shaft
angle [◦] in coronal slices. (B) Standardized radiological measurement (**) of the greater tuberosity dis-
placement [mm] in vertical plane in coronal slices. (C) Standardized radiological measurement (***)
of dorsal displacement [◦] angle of the greater tuberosity in axial slices.

2.3. Position Determination of the Greater Tuberosity in the Vertical Plane (Cranial Displacement)

The displacement of the greater tuberosity in the vertical plane was measured using
coronary reconstructions. Firstly, the most distant part of the fragment and the initial
attachment of this fragment were identified and the distance between these two was
quantified [mm] (Figure 2B).

2.4. Position Determination of the Greater Tuberosity in the Horizontal Plane (Dorsal Displacement)

The position of the greater tuberosity in the horizontal plane was evaluated by an-
alyzing axial CT slices. Therefore, determination of dorsal displacement of the greater
tuberosity was measured using an angle [◦] formed by a line that passes the original
insertion of the greater tuberosity and a line through the center of the greater tuberosity
fragment (Figure 2C).

2.5. Classification of Fatty Degeneration of Rotator Cuff

The posterosuperior rotator cuff was evaluated using the CT-based classification sys-
tem described by Goutallier [8]. Medial parasagittal slices were set in a typical “Y-shaped-
position”. Thus, the supraspinous fossa could be displayed since the plane perpendicular
to the scapula runs through the medial border of the coracoid process [9]. Muscular state
of the supra- and infraspinatus muscle was then assessed according to Gouttallier’s classi-
fication system of fatty degeneration (grade 0 = no fatty infiltration; grade 1 = low fatty
infiltration; grade 2 = less muscular fat than muscle mass; grade 3 = fatty degeneration
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identical with muscle mass; grade 4 = increased fatty degeneration compared to muscle
mass). The patients were then divided into two groups: No or minimal fatty infiltration
(Goutallier grade 0–1) (Figure 3A) and advanced fatty degeneration of the rotator cuff
(Goutallier grade 2–4) (Figure 3B).

Figure 3. Analysis of the fatty degeneration of the supraspinatus muscle using the Goutallier
classification system in parasagittal slices; Red Circle: Supraspinous fossa. (A) Goutallier grade 0:
No fatty degeneration of the supraspinatus muscle (**). (B) Goutallier grade 3–4: Advanced fatty
infiltration of the supraspinatus muscle (*).

2.6. Statistical Analysis

Statistical analysis was carried out using SPSS software package version 25 (SPSS Inc.,
Chicago, IL, USA). The independent t-test was used to compare continuous variables after
determining that all variables were normally distributed (Kolmogorov–Smirnov normality
test). p-values < 0.05 were considered significant. All graphs are displayed with mean
value and 95% confidence interval.

3. Results

A total of 121 patients (86 female, 35 male) with a mean age of 67.7 years (female
Ø71.7 ± 11.9 and male Ø57.9 ± 14.8) met the inclusion/exclusion criteria. Age and sex
distribution in our population was normal (p < 0.000). 38% (46/121) showed an HSA of
less than 125◦ (mean age 71.4 years), and 62% (75/121) of the patients had an HSA of
more than 125◦ (mean age 65.5 years). In 86 patients (71%; mean age 69.5 years), high-
grade fatty degeneration of the posterosuperior rotator cuff was observed (Goutallier 2–4).
Statistical analysis revealed that patients with varus displaced humeral head fractures
(HSA < 125◦) and patients with advanced signs of rotator cuff degeneration (Goutallier 2–4
of the posterosuperior cuff) were older compared to the others (HSA: p = 0.026; Fatty
degeneration: p = 0.027). Figure 4 displays the age distribution of the study collective with
regard to the HSA and the fatty degeneration of the posterosuperior rotator cuff.
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Figure 4. Age distribution of the study collective with regard to the head-shaft angle (A) and the posterosuperior rotator
cuff (B) Patients with varus-displaced fractures and advanced signs of fatty degeneration of the posterosuperior rotator cuff
are significantly older compared to the others (p ≤ 0.05).

3.1. Cranial Displacement of the Greater Tuberosity

Analyzing the entire collective (n = 121) cranial displacement of the greater tuberosity
of 4.5 mm ± 3.8 mm (0–15 mm) was observed. No significant difference between the
displacement height and the condition of the supraspinatus muscle could be detected
(Goutallier 0–1: 4.9 mm + 4.4 mm vs. Goutallier 2–4: 4.3 ± 3.5 mm; p = 0.428).

For those fractures with a head–shaft angle of more than 125◦ a significantly increased
cranial displacement of the greater tuberosity was measured in patients with no or minimal
signs of supraspinatus muscle degeneration (Goutallier 0–1) compared to those with
advanced signs of fatty infiltration (Goutallier 2–4; p = 0.020; Figure 5A).

Figure 5. Mean cranial displacement [mm] of greater tuberosity depending on the Goutallier stage of the supraspinatus
muscle. (A) Head-shaft angle > 125◦ (n = 75), (B) head-shaft angle < 125◦ (n = 46). * = significant, n.s. = not significant.
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In varus dislocated proximal humeral fractures, the cranial displacement tended to be
lower in patients with Goutallier grade 0–1 compared to high-grade degenerated supraspina-
tus muscles (Goutallier 2–4) without significant differences (p = 0.467; Figure 5B).

3.2. Dorsal Displacement of the Greater Tuberosity

Within the entire study collective (n = 121), a dorsal displacement of the greater
tuberosity of 25.8◦ ± 28.7◦ was measured. Comparing the dorsal displacement grade in
patients with largely intact infraspinatus muscles (Goutallier 0–1) to those with advanced
signs of fatty degeneration (Goutallier 2–4), no significant differences could be detected
(Goutallier 0–I: 27.3◦ ± 30.8◦ vs. Goutallier II–IV: 21.5◦ ± 21.2◦; p = 0.332).

For non-varus displaced fractures with a head-shaft angle of more than 125◦, signif-
icant less dorsal displacement of the greater tuberosity fragment was noticed for higher
grades of infraspinatus muscle degeneration (Goutallier 2–4) compared to patients with
less fatty infiltration (Goutallier 0–1; p = 0.010; Figure 6A).

Varus displaced fractures in patients with no or minimal signs of fatty infiltration of
the infraspinatus muscle (Goutallier 0–1) tended to have less dorsal displacement of the
greater tuberosity compared to those with high-grade degenerated infraspinatus muscles
(Goutallier 2–4; p = 0.467; Figure 6B).

Figure 6. Mean dorsal displacement [◦] of greater tuberosity depending on the Goutallier stage of the infraspinatus muscle.
(A) Head-shaft angle > 125◦ (n = 75). (B) head-shaft angle < 125◦ (n = 46). * = significant, n.s. = not significant.

4. Discussion

The key findings of the present study are:

− In non-varus four-part humeral head fractures, cranial and dorsal displacement of the
greater tuberosity depends on the status of the posterosuperior rotator cuff.

− In varus displaced humeral head fractures, no correlation between displacement of the
greater tuberosity and the condition of the posterosuperior rotator cuff could be detected.

In clinical practice, dorsocranial displacement of the greater tuberosity in humeral head
fractures is frequently seen. Neer postulated that displacement of this key fragment is caused
by traction of the posterosuperior rotator cuff [1]. Although this theory still acts as an explana-
tory model, this assumption has not yet been sufficiently investigated [10]. Accordingly, there
should be differences in the displacement of the greater tuberosity in patients with a sufficient
rotator cuff and patients with an insufficient cuff, e.g., caused by rupture.
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In the present study, we assessed the condition of the posterosuperior rotator cuff
by evaluating the supraspinatus and infraspinatus muscles according to Goutallier on CT
scans [8]. Barry et al. showed that the degree of fatty infiltration, especially of the supra- and
infraspinatus muscles, are related to the tear severity [11]. This study demonstrated that in
the case of an advanced fatty infiltration (Goutallier ≥ 2), only 6.5% had no supraspinatus
tendon tears, while the majority of patients suffered from partial or complete ruptures [11].

Overall, demographic change in western countries has led to an increased number of
dislocated proximal humeral fractures in elderly patients [12]. These patients often show
preexisting rotator cuff tears [4,5,13]. In the present patient population, the incidence of
degenerative rotator cuff pathologies in older patients was also higher than in younger
patients. In addition, varus displaced humeral head fractures were more frequent in elderly
patients, similar to previously published studies [14].

Interestingly, we found differences in the displacement mode of the greater tuberosity
in patients with varus displaced fractures compared to others. In fractures with a head–
shaft angle of more than 125◦, we detected a significantly higher displacement grade of
the greater tuberosity in patients without or with minimal degenerative changes of the
posterosuperior cuff compared to patients with high-grade degeneration. These results
support the theory that the displacement of this fragment is merely caused by force vectors
of the cuff, as described by Neer [1].

In varus displaced fractures, we have made contrary observations. In patients with
high-grade degeneration of the posterosuperior cuff, the greater tuberosity tended to be
more displaced than in patients with inconspicuous rotator cuff status.

A possible explanation could be that in varus impacted fractures, an impression injury
caused by the acromion is more likely than fracture displacement due to rotator cuff traction.
The intact supra- and infraspinatus tendons can then possibly act as a placeholder in these
fractures and thus partially prevent a fragment displacement of the greater tuberosity.

Several limitations of the present study have to be discussed. Only CTs were used to
assess the rotator cuff. Although we have only used scans with existing medial slices and
computed tomography is a proven diagnostic modality to classify fatty infiltration of the
rotator cuff [15,16], some limitations of CT for assessing the rotator cuff status are obvious.

It is also possible that advanced fatty infiltrated rotator cuff parts insert at the greater
tuberosity and contribute a part to the displacement by residual activity. In addition, it
is possible that acute complete ruptures, without relevant fatty infiltration of the cuff but
without any mechanical possibility to contribute to fragment displacement, are included
in the study collective. Nevertheless, a fatty degeneration of the musculature is already
detectable 6 weeks after a complete rupture, which is why the number of missed complete
ruptures should be limited [8,17]. Additionally, this study is a radiological study without
evaluation of clinical parameters. Nevertheless, clinical data could not help answering the
questions of the present study. One important point is that there is a risk of measurement
inaccuracy, although scans with low image quality have been excluded. A certain deviation
due to different measurements of the displacement cannot be denied.

Despite the limitations mentioned above, this study is the first to show that in some
humeral head fractures, the displacement of the greater tuberosity occurs particularly
in intact posterosuperior rotator cuffs, thus supporting Neer’s theory that fragment dis-
placement is due to rotator cuff traction [1]. However, in some fractures (varus displaced
fractures), fragment displacement follows a different pathophysiological pattern.

To what impact these results may influence treatment strategies for such injuries, or
whether it may be useful as a prognostic tool of such fracture patterns must be clarified in
further studies.

5. Conclusions

The present study demonstrates that in non-varus four-part humeral head fractures,
cranial and dorsal displacement of the greater tuberosity depends on the status of the pos-
terosuperior rotator cuff, whereas in varus displaced humeral head fractures, no correlation
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between the displacement of the greater tuberosity and the condition of the posterosuperior
rotator cuff could be detected. These results imply that the commonly accepted theory of
greater tuberosity displacement in humeral head fractures by rotator cuff traction cannot
be applied to all fracture types.
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Abstract: Background: There is no consensus among orthopedic surgeons as to the required period
of cast immobilization in distal radius fractures in elderly patients. The purpose of this study was
to assess muscle strength and range of motion symmetry in elderly patients after distal radius
fractures with different periods of cast immobilization. Methods: This study evaluated 50 patients
(33 women and 17 men), aged over 65 years, after cast immobilization treatment for distal radius
fracture. The mean age at the beginning of treatment was 71 years. The mean duration of follow-up
was 1 year and 3 months. The first subgroup (n = 24) comprised the patients whose fractures had
been immobilized in a cast for 6 weeks, another subgroup (n = 26) comprised the patients with
4-week cast immobilization. We assessed: (1) muscle strength, (2) range of motion. Results: The
mean grip strength in the treated limb was 71% and 81% of that in the healthy limb in the groups
with 4-week and 6-week cast immobilization, respectively (p = 0.0432). The study groups showed no
differences in the mean grip strength in the treated limbs or the mean grip strength in the healthy
limbs. The mean treated limb flexion was 62◦ and 75◦ in the 4-week and 6-week immobilization
groups, respectively (p = 0.025). The evaluated groups showed no differences in terms of any other
range of motion parameters. The grip strength and range of motion values were significantly lower
in the treated limb than in the healthy limb in both evaluated groups. Only the values of wrist radial
deviation in the 6-week cast immobilization group showed no differences between the treated and
healthy limbs. Conclusion: Higher values of injured limb muscle strength and greater mean range
of wrist flexion were achieved in the 6-week subgroup. Neither of the evaluated groups achieved a
symmetry of muscle strength or range of motion after treatment. Full limb function did not return in
any of the elderly distal radius fracture patients irrespective of cast immobilization duration.

Keywords: distal radius; fracture; muscle strength; grip strength; range of motion; aging

1. Introduction

Distal radius fractures (DRFs) pose a serious problem due to their high incidence [1–15].
The risk of DRF has been reported as 9–139/10,000 people per year [3,4,8,11,12,15]. These
fractures most commonly involve the distal radial epiphysis, which is estimated to be the
site of 15–21% of all fractures. This is also the third most common location of osteoporotic
fractures [1–12,14].

In elderly patients with poor bone quality and poor condition of the adjacent soft
tissues, with only slight radial deformity and shortening and a fracture morphology
that justifies conservative treatment, the preferred treatment method is closed reduction
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with cast immobilization [11,13,15–17]. In elderly patients Kilic prefers treatment via
immobilization in a cast [16]. Moreover, elderly patients have shown good clinical and
functional outcomes with cast immobilization [11].

One aspect of DFR treatment regarding which there is no consensus is the dura-
tion of cast immobilization [9,13,15–18], with some orthopedic surgeons advocating for
4 weeks [9,16], some for 5 weeks [13,16,18], and some for up to 6 weeks [9,17] of immobi-
lization. The issue of muscle strength and range of motion in elderly patients with DRF
treated via cast immobilization for different lengths of time has not been fully evaluated.

Long-term cast immobilization after DRF adversely affects muscle strength, range of
motion, and limb function [14,15,18,19]. Thus, on the one hand, shortening the period of
cast immobilization after DRF should be beneficial, on the other hand, a shorter period of
cast immobilization may lead to nonunion and bone fragment displacement.

Arora et al. compared range of motion and muscle strength in patients aged over
65 years with DRF treated with a cast and those treated with a volar locking plate [13].
Those authors reported a lack of difference between the groups in terms of range of motion,
whereas muscle strength was greater in the volar locking plate group [13]. Egol reported
greater muscle strength in elderly patients with DRF treated surgically, in comparison with
that in patients treated with a cast, and a greater degree of supination in patients treated
with cast immobilization [20]. Zengin observed greater muscle strength in elderly patients
with DRF treated with plate fixation than that in cast-immobilized patients, with no differ-
ence between the groups in terms of range of motion [17]. None of those authors evaluated
muscle strength and range of motion in elderly patients following cast immobilization of
varied duration.

We hypothesized that the duration of limb immobilization in a cast affects the symme-
try of both muscle strength and range of motion in elderly patients following DRF treatment.

Due to the lack of a broader analysis of this important issue, the purpose of our study
was to assess the symmetry of functional parameters following DRF treatment with two
different cast immobilization periods.

2. Materials and Methods

This was a prospective study. Over the period from June 2020 to November 2020, there
were 117 patients treated at our center for DRFs. The study inclusion criteria were: a DRF
treated with closed reduction and cast immobilization; age of 65 years or older; follow-up
of at least 1 year after treatment completion; available complete medical records regarding
the treatment; and complete data on range of motion and grip strength assessment. The
exclusion criteria were: a compound fracture; treatment with other methods, such as
external fixation, plate fixation, or K-wire fixation; age under 65 years; incomplete treatment
records (i.e., patients who continued their treatment elsewhere); and incomplete data on
range of motion or grip strength. All patients had been informed that study participation
was completely voluntary. The study had been approved by the local review board.

The study inclusion criteria were met by 50 patients (33 women and 17 men). The
mean age at the beginning of treatment was 71 years (ranging from 65 to 86 years). The
mean duration of follow-up was 1 year and 3 months (ranging from 1 year to 1 year and
6 months).

Once the diagnoses had been established and written informed consent obtained, the
patients were randomized into two groups (cast immobilization for 4 or 6 weeks) with the
use of sequentially numbered, closed envelopes.

The patients, who were stratified by the period of DRF cast immobilization, formed
two study subgroups. One subgroup (n = 24) were the patients treated with cast immobi-
lization for 6 weeks, and the other subgroup (n = 26) were the patients who underwent
closed reduction and cast immobilization for 4 weeks.

All patients included in the study underwent emergency room closed reduction and
immobilization in a below-elbow cast. In the entire study group there were no cases of a
secondary bone fragment displacement that would require surgical correction.
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All patients underwent outpatient radiographic follow-up after 5–7 days, 4–6 weeks,
and in 3-month intervals thereafter. Outpatient clinical and radiographic follow-up visits
were scheduled in 2–6-week intervals.

The plaster casts were removed after 4 or 6 weeks, depending on the study group.
For the first 3–6 weeks following cast removal, the patients were advised to use the limb
sparingly and were assigned finger and wrist exercises. Limb loading was increased
gradually, based on the progress of bone remodeling at the fracture site, as assessed
radiographically, as well as based on clinical symptoms. Wrist and finger strengthening
exercises were introduced at 3–6 weeks.

The following functional parameters were assessed: (1) muscle strength, (2) range
of motion.

Muscle strength (grip strength), expressed in kilograms, was assessed with a Smedley
Hand Dynamometer (GIMA). The grip strength in the uninjured (healthy) hand was
compared with that in the treated limb, with the result expressed as the percentage of the
grip strength measured in the healthy limb [7,9,17].

Range of motion was measured with a goniometer and included: wrist flexion, ex-
tension, abduction (radial deviation), and adduction (ulnar deviation), with the results
expressed in degrees [7,9,17].

All these parameters were evaluated at a follow-up visit at least 1 year after treat-
ment completion. One experienced orthopedist performed dynamometer and goniome-
ter measurements.

The study subgroups (representing different cast immobilization periods) were com-
pared in terms of the individual functional parameters.

The data were analyzed statistically using Statistica 13.1. The Shapiro–Wilk test was
used to check for normality of distribution. Student’s t-test was used to compare variables
assuming a normal distribution. The Mann–Whitney test was used in the case of variables
assuming a different order than the normal one. The level of statistical significance was set
at p < 0.05.

3. Results

The individual subgroups did not differ in terms of mean patient age (p = 0.5628)
(Table 1).

Table 1. Detailed results of the grip power and range of motion of individual subgroups.

Analyzed Variable (Mean ± Standard
Deviation)

4-Week Group n = 26 6-Week Group n = 24 p Value

age of patients (years) 71.34 ± 4.99 72.20 ± 5.46 0.5628 *

grip power (%) 71.12 ± 14.24 81.07 ± 12.59 0.0321 **

grip power treated limb (kg) 25.45 ± 12.53 27.6 ± 11.46 0.5317 *

grip power healthy limb (kg) 34.48 ± 11.92 31.17 ± 9.69 0.2893 *

flexion treated limb (degrees) 61.53 ± 9.1 74.87 ± 10.66 0.025 *

flexion healthy limb (degrees) 84.46 ± 13.1 84.37 ± 13.7 0.9818 *

extension treated limb (degrees) 50.17 ± 17.47 57.02 ± 17.34 0.1711 *

extension healthy limb (degrees) 66.38 ± 14.92 58.6 ± 12.47 0.0521 *

ulnar deviation treated limb (degrees) 33.25 ± 13.22 39.54 ± 15.41 0.127 *

ulnar deviation healthy limb (degrees) 45.38 ± 13.93 46.7 ± 11.47 0.7167 *

radial deviation treated limb (degrees) 18.59 ± 11.7 21.18 ± 15.31 0.5026 *

radial deviation healthy limb (degrees) 27.76 ± 16.67 22.56 ± 14.3 0.2436 *
* student’s t-test. ** Mann–Whitney U test.
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Our study showed the mean grip strength following DRFs in all patients to be ap-
proximately 76% of that in the healthy limb. The mean relative grip strength values in the
4-week and 6-week subgroups were 71% and 81%, respectively. These differences were
statistically significant (p = 0.0432) (Table 1, Figure 1).

Figure 1. The mean relative grip strength values in the 4-week and 6-week subgroups.

The 4-week cast immobilization subgroup showed a lack of grip strength symmetry
between the healthy and treated limb (p = 0.01047) (Table 2, Figure 2). The patients from
the 6-week subgroup also showed a lack of grip strength symmetry between the uninjured
and injured limb (p = 0.06218) (Table 2, Figure 3).

Figure 2. The grip strength in the healthy and treated limb in the 4-week subgroup.
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Table 2. The grip power and range of motion symmetry in the 4-week group and 6-week group.

Analyzed Variable
(Mean ± Standard Deviation)

Treated Limb Healthy Limb p Value

4-Week Group

grip power (kg) 25.45 ± 8.53 34.48 ± 9.32 0.01124 **

flexion (degrees) 61.53 ± 14.1 84.46 ± 13.1 0.00001 *

extension (degrees) 50.17 ± 12.47 66.38 ± 14.92 0.00073 *

ulnar deviation (degrees) 33.25 ± 13.21 45.38 ± 12.63 0.00224 *

radial deviation (degrees) 18.59 ± 9.12 27.76 ± 10.32 0.0258 *

Analyzed Variable
(Mean ± Standard Deviation)

Treated Limb Healthy Limb p Value

6-Week Group

grip power (kg) 26.48 ± 9.96 32.89 ± 8.92 0.005213 **

flexion (degrees) 67.94 ± 15.21 84.42 ± 12.32 0.00002 *

extension (degrees) 53.46 ± 12.58 62.65 ± 10.21 0.004961 *

ulnar deviation (degrees) 36.27 ± 11.52 46.02 ± 10.69 0.000547 *

radial deviation (degrees) 19.84 ± 13.47 25.27 ± 15.64 0.06597 *
* student’s t-test. ** Mann–Whitney U test.

Figure 3. The grip strength in the healthy and treated limb in 6-week subgroup.

The mean wrist flexion measured in all study subjects was 67.9◦ in the treated limb
and 84.4◦ in the healthy limb. The best range of flexion (74.9◦) was achieved in the 6-week
subgroup, and the most limited flexion (61.5◦) was observed in the 4-week subgroup. These
differences were significant (p = 0.025) (Table 1, Figure 4). The 4-week immobilization
subgroup exhibited significant differences in wrist flexion between the healthy and treated
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limb (p = 0.00001) (Table 2). The 6-week immobilization subgroup also showed significant
differences in wrist flexion between the healthy and treated limb (p = 0.00002) (Table 2).

Figure 4. The range of flexion in the 4-weeks and 6-week subgroups.

The mean wrist extension in the 4-week subgroup was 50.1◦, whereas in the 6-week
subgroup it was 57◦; the difference was not statistically significant (Table 1). Wrist extension
asymmetry was observed in the 4-week subgroup (p = 0.00073) (Table 2). The range of wrist
extension in the healthy and treated limb was also asymmetrical in the 6-week subgroup
(p = 0.004961) (Table 2).

The mean radial deviation was 18.6◦ and 21.2◦ in the patients whose fractures were
immobilized in a cast for 4 weeks and 6 weeks, respectively; this difference was not
statistically significant (Table 1). The 4-week subgroup showed significant differences
in terms of mean radial deviation between the uninjured and injured limb (p = 0.0258)
(Table 2). Conversely, there were no significant differences in terms of mean radial deviation
in the healthy and treated limbs in patients treated with a cast for 6 weeks (p = 0.06597)
(Table 2).

The mean ulnar deviation in the 4-week subgroup was 33.3◦, whereas in the 6-week
subgroup it was 39.5◦; this difference was not statistically significant (Table 1). However,
there was a significant difference in terms of mean ulnar deviation between the healthy and
treated limb of patients who had worn a cast for 4 weeks, which demonstrates an asym-
metry of this parameter (p = 0.00224) (Table 2). The 6-week subgroup showed differences
in the mean ulnar deviation between the healthy and treated limb (p = 0.000547) (Table 2).
There were no differences in complications in the two assessed groups. There was no need
for changing casts in any of the evaluated patients.

4. Discussion

This study aimed to verify whether a shorter period of cast immobilization (4 weeks)
in elderly DRF patients would help them complete the treatment and resume their normal
activities earlier than those treated with 6 weeks of cast immobilization. So far, there have
been no studies assessing the functional outcomes of cast immobilization treatment of
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varied duration in elderly DRF patients. We observed a significantly greater grip strength
in the treated limb (81% of the grip strength in the healthy limb, on average) and a greater
range of flexion in the treated limb (75◦ on average) in our 6-week subgroup than in the
4-week subgroup. Our study groups showed no differences in terms of any other evaluated
parameters. Thus, the results of our study support our hypothesis only to some extent.

The distal radial epiphysis is one of the most common fracture locations [1–15],
and the treatment of these fractures is an important part of patient management in any
trauma/orthopedic ward. Stable extra-articular fractures, particularly those in elderly pa-
tients, can be treated via closed reduction with immobilization in a plaster cast [11,13,15–17,19].

Assessing multiple parameters following orthopedic treatment is important from
the point of view of orthopedic and rehabilitation specialists and the patients them-
selves [7–9,13–15,17,20]. Apart from the radiographic and biomechanical assessment, func-
tional assessment seems to be of great significance, as it is the post-treatment limb function
that is of crucial importance to patients, doctors, and rehabilitation specialists alike. Some
authors have demonstrated good functional outcomes, despite worse radiographic out-
comes, in DRF patients treated with cast immobilization, in comparison with those treated
surgically [9,11,17]. Conversely, some authors reported a relationship between good radio-
graphic and good clinical outcomes following DRF treatment [5,21,22].

There is no consensus among orthopedic surgeons as to the required period of cast
immobilization in DRF [9,13,15–18]. Various authors prefer an immobilization period
of 4 weeks [9,16], 5 weeks [13,16,18], or 6 weeks [9,17]. A long period of cast immo-
bilization may reduce the post-treatment range of motion and muscle strength in the
limb [14,15,18,19]. A shorter period of cast immobilization, provided bone union has been
achieved, may allow for earlier rehabilitation as well as earlier use and resumed function
of the limb [14,15,17,18]. Theoretically, muscle strength and range of motion should be
comparable (symmetrical) in both upper limbs [15,17,19]. Achieving statistically similar
(i.e., symmetrical) values of muscle strength and range of motion in the treated and healthy
limbs following DRF treatment indicates good clinical and functional outcomes [15,19].

Katayama et al. reported a mean grip strength of 84.6% of that in the healthy limb in
patients with osteoarthritis following DRF treatment with volar plate fixation [7]. Lameijer
et al. reported a mean grip strength of 79% of that measured in the uninjured limb [8].
Toon et al. observed a mean grip strength of 83.29% of that in the unaffected limb in
patients who underwent DRF internal fixation with a volar plate and 81.26% in patients
treated with a plaster cast [9]. Kilic reported a mean grip strength of 57.3% of that in the
healthy limb in DRF patients managed with plaster cast immobilization [16]. In a study
by Zengin et al. the patients treated with a volar locking plate and those treated with a
plaster cast exhibited a mean grip strength of 67.7% and 57.5% of that in the uninjured
limb, respectively [17]. Arora et al. assessed muscle strength in patients over 65 years of
age with DRF treated with cast immobilization or volar locking plate fixation [13]. Twelve
months after the fracture, those authors observed a greater muscle strength in the volar
locking plate subgroup (22.2 kg) in comparison with that in the plaster cast subgroup
(18.8 kg) [13]. Egol reported a greater muscle strength in elderly DRF patients treated
surgically (17.7 kg) than in those treated with cast immobilization (12.7 kg), whereas the
range of supination was greater in the plaster cast subgroup [20]. Other authors reported a
mean grip strength of 19 kg in 67 treated DRF patients [14]. In our study, there were no
differences in grip strength between the study groups. Our study results are similar to
those reported in the literature [7–9,13,14,16,17]. We observed a lack of symmetry between
the healthy and treated limb in terms of grip strength in both groups of patients. This
indicates incomplete return of pre-fracture limb function after DRF in elderly patients
irrespective of the duration of cast immobilization. The pain or discomfort that persisted
following treatment completion may have additionally reduced post-treatment muscle
strength and intensified grip strength asymmetry.

The mean range of wrist extension reported by Lameijer et al. was 53◦ [8]. Toon et al.
observed a mean wrist extension of 67.5◦ in their group of DRF patients managed with
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volar plate fixation and 72.9◦ in their plaster cast group [9]. Arora et al. compared range
of motion in 73 patients over 65 years of age with DRF treated with cast immobilization
or volar locking plate fixation [13]. Those authors reported a lack of differences in terms
of range of motion between these two groups [13]. Zengin observed no differences in
range of motion between the elderly patients with DRF treated with plate fixation and
those treated with a plaster cast [17]. The range of wrist extension in our patients was
similar in both evaluated subgroups; these results are consistent with those reported in
the literature [8,9,13]. In our study, we observed wrist extension asymmetry between
the healthy and treated limb in both evaluated groups. In terms of wrist flexion, the
mean range reported by Lameijer et al., was 52◦ [8]. Toon et al. reported mean wrist
flexion of 63.1◦ in their DRF patients managed with a volar plate and 64.1◦ in the group
managed with a plaster cast [9]. Arora et al. reported a mean wrist flexion of 57◦ in
elderly patients following 5 weeks of cast immobilization [13]. In our study, the greatest
significant difference between treated subgroups was in the range of wrist flexion with
the 6-week subgroup (74.9◦) compared with the 4-week subgroup (61.5◦); these results are
consistent with those reported in the literature [8,9,13]. We noted a wrist flexion asymmetry
between the healthy and treated limb in both groups of patients. Lameijer et al. observed
a mean radial deviation of 14◦ [8]. Toon et al. reported a mean radial deviation of 15.6◦
in their DRF group managed with a volar plate and 15.7◦ in patients immobilized with a
plaster cast [9]. Our results were consistent with those reported in the literature [8,9,13].
In our study, the range of radial deviation in the healthy limb was comparable with that
in the treated limb in patients treated with cast immobilization for 6 weeks. A study by
Lameijer et al. demonstrated a mean ulnar deviation of 23◦ [8]. Toon et al., reported a
mean ulnar deviation of 22.8◦ in DRF patients treated with a volar plate and 17.9◦ in the
cast immobilization group [9]. In our study there were no differences in the range of
ulnar deviation between the two evaluated subgroups. We observed an ulnar deviation
range asymmetry between the healthy and treated limb in both evaluated subgroups.
Range of motion limitations and range of motion asymmetry between the healthy and
treated limb suggest incomplete return of limb function in elderly DRF patients. Longer
rehabilitation protocols should be considered particularly in patients treated with 4-week
cast immobilization. The observed asymmetry in the evaluated parameter values may
have been associated with a certain level of pain persisting after treatment completion.

The shorter cast immobilization period in the elderly may have produced incomplete
bone remodeling at the fracture site. This, in turn, may have increased pain and worsened
limb function in comparison with those parameters in the 6-week subgroup.

The greatest muscle strength and greatest mean range of wrist flexion in the 6-week
immobilization subgroup may be due to the fact that the patients from this subgroup
resumed their daily activities earlier, while the patients from the other (4 week-) subgroup
were inhibited by fears of destabilizing their fracture, and to the fact that the proportion
of patients who resumed exposing the fractured limb to normal load bearing was the
highest in the 6-week immobilization subgroup. Well-chosen, intensive, individualized,
and long-lasting rehabilitation may improve upper limb function following DRF treatment
in elderly patients.

Our study has several limitations. Firstly, the sample size was relatively small. Never-
theless, other authors have also conducted their studies in similar-sized or even smaller
groups of patients [7,9,14,16–18]. Secondly, the study did not have control participants
who did not have a DRF. In the future, we plan to study with control participants who
did not have a DRF. The strengths of our study include a uniform rehabilitation protocol,
patient randomization, the individual groups showing no differences in terms of patient
age, examinations being conducted by one surgeon following a single protocol.

5. Conclusions

We observed incomplete return of full limb function after DRF in elderly patients,
irrespective of the duration of cast immobilization.
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We observed an asymmetry in terms of grip strength and range of motion between
the affected and unaffected limb in both evaluated subgroups.

Greater muscle strength in the affected limb (though not quite equal to that in the unin-
jured limb) and greater mean range of wrist flexion was achieved in the 6-week subgroup.

Our study indicates that elderly patients with DRF managed with cast immobilization
should undergo longer and more intensive rehabilitation regimens.
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Abstract: Previous literature has provided conflicting results regarding the associations between
early surgery and postoperative outcomes in elderly patients with distal femur fractures. Using data
from the Japanese Diagnosis Procedure Combination inpatient database from April 2014 to March
2019, we identified elderly patients who underwent surgery for distal femur fracture within two days
of hospital admission (early surgery group) or at three or more days after hospital admission (delayed
surgery group). Of 9678 eligible patients, 1384 (14.3%) were assigned to the early surgery group.
One-to-one propensity score matched analyses showed no significant difference in 30-day mortality
between the early and delayed groups (0.5% versus 0.5%; risk difference, 0.0%; 95% confidence
interval, −0.7% to 0.7%). Patients in the early surgery group had significantly lower proportions of
the composite outcome (death or postoperative complications), shorter hospital stays, and lower
total hospitalization costs than patients in the delayed surgery group. Our results showed that
early surgery within two days of hospital admission for geriatric distal femur fracture was not
associated with a reduction in 30-day mortality but was associated with reductions in postoperative
complications and total hospitalization costs.

Keywords: distal femur fracture; surgical timing; mortality; complications; length of hospital stay;
medical costs; database

1. Introduction

The incidence of distal femur fracture increases markedly with age [1]. Elderly pa-
tients with distal femur fracture were reported to have similar demographic characteristics
and outcomes to elderly patients with hip fracture [2]. Elderly patients with distal femur
fracture have poor postoperative outcomes because of their many perioperative complica-
tions caused by preoperative immobilization [2,3], which is similar to the case for elderly
patients with hip fracture [4]. In elderly patients with hip fracture, systematic reviews have
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demonstrated the beneficial effects of early surgery on postoperative outcomes, including
mortality and postoperative complications [5,6].

However, prior studies have provided mixed results regarding the association between
the timing of surgery and postoperative mortality in elderly patients with distal femur
fracture. Several observational studies found that early surgery was associated with
reduced mortality [7–9], while other studies showed no such association [10–13]. One of
the reasons for these conflicting results may be small patient numbers used in previous
studies (n = 88 to 392) [2,3,7–12]. In addition, confounding factors may not have been
sufficiently adjusted for because of the small numbers of patients.

The purpose of the present study was to examine the associations between early
surgery and postoperative outcomes in elderly patients with distal femur fractures using
data from a nationwide inpatient database. We hypothesized that early surgery is associated
with a lower in-hospital mortality, a lower proportion of postoperative complications,
and lower medical costs. By clarifying these associations, we suggest a better treatment
strategy for geriatric distal femur fracture that will improve patient outcomes and the social
economy of healthcare.

2. Materials and Methods

This study was a retrospective cohort study using a national administrative inpa-
tient database under the REporting of studies Conducted using Observational Routinely-
collected Data (RECORD) statement reporting guidelines [14]. This study was conducted
in accordance with the Declaration of Helsinki and was approved by the Institutional
Review Board of The University of Tokyo (approval number: 3501-(3); 25 December 2017).
The requirement for informed consent was waived because of the anonymous nature of
the data.

2.1. Data Source

We used the Japanese Diagnosis Procedure Combination inpatient database under
the management of the Ministry of Health, Labour, and Welfare, which includes adminis-
trative claims data and discharge abstracts from more than 1600 acute-care hospitals and
covers approximately 90% of all tertiary emergency hospitals in Japan [15]. The database
includes information on age, sex, body weight, body height, smoking history, level of
consciousness at admission, home medical care use, location before hospital admission,
ambulance use, diagnoses recorded with International Classification of Diseases Tenth
Revision (ICD-10) codes, treatments recorded with Japanese medical procedure codes,
medications administered, discharge status, and hospitalization costs [15]. The diagnoses
at admission, comorbidities at admission, and complications during hospitalization are
recorded in the database. The attending physicians are required to report objective evidence
for their diagnoses for the purpose of cost reimbursement because the diagnostic records
are linked to a payment system [15]. In a validation study of the database, the recorded
procedures had a high sensitivity and specificity, while the recorded diagnoses had a high
specificity and moderate sensitivity [16]. We also used facility information and statistics
data from the Survey of Medical Institutions 2015 [17]. We combined these data with the
data from the Japanese Diagnosis Procedure Combination inpatient database using specific
hospital identifiers. The Survey of Medical Institutions data included the hospital type
(academic hospital, teaching hospital, or tertiary emergency hospital) and the number of
hospital beds.

2.2. Patient Selection

We searched the database and included patients who: (i) were admitted for distal
femur fracture (ICD-10 code, S724), (ii) underwent surgery for distal femur fracture during
hospitalization, and (iii) were discharged between April 2014 and March 2019. We excluded
patients who: (i) were less than 60 years of age, (ii) were transferred from another hospital,
(iii) had subsequent admission for distal femur fracture during the study period, (iv) were
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admitted to hospitals that could not be linked with data from the Survey of Medical
Institutions 2015, (v) were admitted for open distal femur fracture (ICD-10 code, S7241),
(vi) were treated with external fixation, (vii) had non-union, (viii) had bone tumor, and
(ix) underwent surgery beyond 12 days after hospital admission.

2.3. Main Exposure

The main exposure was timing to surgery after hospital admission. We divided the
eligible patients into an early surgery group (surgery within two days of hospital admission)
and a delayed surgery group (surgery at three or more days after hospital admission). We
defined the timing for early surgery as within two days of hospital admission, because
this was considered representative timing for surgery in previous studies on distal femur
fracture and hip fracture [7,8,10,18].

2.4. Outcomes

The primary outcome was the all-cause 30-day in-hospital mortality. Patients dis-
charged alive within 30 days of hospital admission were considered alive at 30 days.
The 30-day observation period was the common follow-up period used in previous stud-
ies [2,19]. The secondary outcomes were all-cause in-hospital mortality, composite outcome
of death or postoperative complications during hospitalization, length of hospital stay,
length of time from surgery to discharge, and total hospitalization costs [19]. The composite
outcome was defined as death during hospitalization or at least one postoperative compli-
cation in the post-admission complication diagnoses detected by relevant ICD-10 codes
(listed in Supplementary Materials Table S1) [20]. Length of hospital stay was defined
as the duration of hospital admission to hospital discharge. The exchange rate for total
hospitalization costs was set at 1 US dollar to 110 Japanese yen.

2.5. Covariates

The covariates were age; sex; body mass index at admission; smoking history; level
of consciousness at admission using the Japan Coma Scale, which is well correlated with
the Glasgow Coma Scale [21]; home medical care use; admission from nursing home;
ambulance use, admission on a weekend (Friday to Sunday); calendar year; comorbidities
according to the ICD-10 codes (listed in Supplementary Materials Table S2), Charlson
comorbidity index [22]; ICD-10-based trauma mortality prediction score [23]; intensive care
unit or high care unit use at admission; fracture type of periprosthetic fracture; operative
method used for distal femur fracture; and hospital characteristics. We comprehensively
selected these covariates as confounders based on existing literature with clinical judg-
ment [18,19].

Body mass index (kg/m2) was categorized as <18.5, 18.5–24.9, 25.0–29.9, ≥30.0, and
missing data. An ICD-10-based trauma mortality prediction score was developed and
validated by Wada et al. [23]; it has achieved a high accuracy for mortality prediction in the
Japanese Diagnosis Procedure Combination inpatient database. Patients were considered
to have severe medical conditions at admission if they were admitted to an intensive care
unit or a high care unit on the day of admission [18]. We defined hospital volume as the
number of operations for distal femur fracture during the study period.

2.6. Statistical Analysis

A propensity score matching method was applied to compare the outcomes between
the early and delayed surgery groups. First, we performed a multivariable logistic regres-
sion analysis to estimate the propensity scores for patients receiving early surgery using all
covariates listed in Table 1. Briefly, we performed one-to-one nearest-neighbor matching
without replacement using a caliper width set at 20% of the standard deviation for the
estimated propensity scores [24]. Absolute standardized differences were calculated for all
covariates in the unmatched and matched cohorts to confirm the balance of the covariate
distributions between the early and delayed surgery groups. The imbalance in the covari-

39



J. Clin. Med. 2021, 10, 5800

ate distributions was considered negligible when the absolute standardized differences
between the two groups were less than 10% [24]. The propensity score matching was per-
formed using the PSMATCH2 module of STATA (Edwin Leuven and Barbara Sianesi) [25].
We calculated risk differences and their 95% confidence intervals for the outcomes using a
generalized linear model with the identity link function and with cluster-robust standard
errors for individual hospitals as clusters.

Subsequently, we performed the following four subgroup analyses to estimate the het-
erogeneity of the treatment effect on the primary outcome in the propensity score-matched
cohort: patients with admission on the weekend, patients with a Charlson comorbidity
index ≥1, patients with a hospital size < 400 beds, and patients with a hospital volume <4.

Categorical variables were presented as numbers and percentages, while continuous
variables were presented as means and standard deviations (SDs). All p-values were two-
sided and values of p < 0.05 were considered statistically significant. All analyses were
performed using the STATA/MP 16.0 software (StataCorp, College Station, TX, USA).

Table 1. Patient characteristics before and after propensity score matching.

Unmatched Cohort Matched Cohort

Early Surgery
(≤2 Days)
n = 1384

Delayed Surgery
(≥3 Days)
n = 8294

ASD
Early Surgery

(≤2 Days)
n = 1382

Delayed Surgery
(≥3 Days)
n = 1382

ASD

Age (years), mean (SD) 81.3 (9.4) 81.1 (9.3) 2.3 81.3 (9.4) 81.4 (9.5) 0.7

Female sex, n (%) 1227 (88.7) 7515 (90.6) 6.4 1225 (88.6) 1214 (87.8) 2.6

Body mass index (kg/m2), n (%)

<18.5 264 (19.1) 1495 (18.0) 2.7 264 (19.1) 262 (19.0) 0.4

18.5–24.9 718 (51.9) 4384 (52.9) 2 716 (51.8) 701 (50.7) 2.2

25.0–29.9 235 (17.0) 1478 (17.8) 2.2 235 (17.0) 252 (18.2) 3.2

≥30 64 (4.6) 399 (4.8) 0.9 64 (4.6) 69 (5.0) 1.7

Missing 103 (7.4) 538 (6.5) 3.8 103 (7.5) 98 (7.1) 1.4

Smoking history, n (%)

Non-smoker 1189 (85.9) 7080 (85.4) 1.6 1187 (85.9) 1182 (85.5) 1.0

Current/past smoker 96 (6.9) 602 (7.3) 1.3 96 (6.9) 99 (7.2) 0.8

Missing 99 (7.2) 612 (7.4) 0.9 99 (7.2) 101 (7.3) 0.6

Unconscious at admission, n (%) 186 (13.4) 979 (11.8) 4.9 184 (13.3) 180 (13.0) 0.9

Home medical care use, n (%) 107 (7.7) 693 (8.4) 2.3 107 (7.7) 106 (7.7) 0.3

Admission from nursing home, n (%) 246 (17.8) 1281 (15.4) 6.3 245 (17.7) 232 (16.8) 2.5

Ambulance use, n (%) 796 (57.5) 5129 (61.8) 8.8 795 (57.5) 794 (57.5) 0.1

Admission on weekend, n (%) 182 (13.2) 3444 (41.5) 67.1 182 (13.2) 183 (13.2) 0.2

Calendar year, n (%)

2014 282 (20.4) 1862 (22.4) 5.1 282 (20.4) 274 (19.8) 1.4

2015 284 (20.5) 1750 (21.1) 1.4 284 (20.5) 311 (22.5) 4.8

2016 280 (20.2) 1633 (19.7) 1.4 280 (20.3) 250 (18.1) 5.5

2017 278 (20.1) 1595 (19.2) 2.2 276 (20.0) 291 (21.1) 2.7

2018 260 (18.8) 1454 (17.5) 3.3 260 (18.8) 256 (18.5) 0.7

Comorbidities, n (%)

Dementia

Absent 861 (62.2) 5239 (63.2) 2 860 (62.2) 855 (61.9) 0.7

Mild 261 (18.9) 1702 (20.5) 4.2 260 (18.8) 273 (19.8) 2.4

Moderate/severe 262 (18.9) 1353 (16.3) 6.9 262 (19.0) 254 (18.4) 1.5
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Table 1. Cont.

Unmatched Cohort Matched Cohort

Early Surgery
(≤2 Days)
n = 1384

Delayed Surgery
(≥3 Days)
n = 8294

ASD
Early Surgery

(≤2 Days)
n = 1382

Delayed Surgery
(≥3 Days)
n = 1382

ASD

Myocardial infarction 4 (0.3) 80 (1.0) 8.6 4 (0.3) 5 (0.4) 0.9

Chronic heart failure 69 (5.0) 609 (7.3) 9.8 69 (5.0) 68 (4.9) 0.3

Peripheral vascular disease 11 (0.8) 98 (1.2) 3.9 11 (0.8) 14 (1.0) 2.2

Cerebrovascular disease 120 (8.7) 783 (9.4) 2.7 120 (8.7) 115 (8.3) 1.3

Chronic pulmonary disease 39 (2.8) 286 (3.4) 3.6 39 (2.8) 38 (2.7) 0.4

Rheumatic disease 44 (3.2) 436 (5.3) 10.3 44 (3.2) 37 (2.7) 2.5

Peptic ulcer 40 (2.9) 264 (3.2) 1.7 40 (2.9) 41 (3.0) 0.4

Mild liver dysfunction 46 (3.3) 389 (4.7) 7 46 (3.3) 40 (2.9) 2.2

Diabetes mellitus without complications 225 (16.3) 1571 (18.9) 7.1 224 (16.2) 197 (14.3) 5.1

Diabetes mellitus with complications 21 (1.5) 239 (2.9) 9.3 21 (1.5) 23 (1.7) 1

Hemiplegia 14 (1.0) 57 (0.7) 3.5 14 (1.0) 15 (1.1) 0.8

Renal dysfunction 28 (2.0) 307 (3.7) 10.1 28 (2.0) 41 (3.0) 5.6

Malignancy 37 (2.7) 277 (3.3) 3.9 37 (2.7) 35 (2.5) 0.8

Severe liver dysfunction 3 (0.2) 9 (0.1) 2.7 3 (0.2) 4 (0.3) 1.8

Charlson comorbidity index 0.7 (1.0) 0.9 (1.1) 17.9 0.7 (1.0) 0.7 (0.9) 1.1

Trauma mortality prediction score, mean (SD) 3.6 (1.5) 3.5 (1.5) 4.5 3.6 (1.5) 3.6 (1.7) 1.1

ICU/HCU at admission, n (%) 59 (4.3) 195 (2.4) 10.7 57 (4.1) 56 (4.1) 0.4

Periprosthetic fracture, n (%) 92 (6.6) 672 (8.1) 5.6 92 (6.7) 94 (6.8) 0.6

Operation, n (%)

Treatment with plating 772 (55.8) 4813 (58.0) 4.5 772 (55.9) 799 (57.8) 3.9

Treatment with nailing 462 (33.4) 2684 (32.4) 2.2 460 (33.3) 429 (31.0) 4.8

Treatment with arthroplasty 9 (0.7) 36 (0.4) 2.9 9 (0.7) 6 (0.4) 3

Treatment unknown 141 (10.2) 761 (9.2) 3.4 141 (10.2) 148 (10.7) 1.7

Academic hospital, n (%) 219 (15.8) 1206 (14.5) 3.6 219 (15.8) 216 (15.6) 0.6

Teaching hospital, n (%) 1064 (76.9) 6298 (75.9) 2.2 1062 (76.8) 1047 (75.8) 2.6

Tertiary hospital, n (%) 447 (32.3) 2226 (26.8) 12 445 (32.2) 457 (33.1) 1.9

Hospital beds, n (%)

<200 196 (14.2) 1307 (15.8) 4.5 196 (14.2) 202 (14.6) 1.2

200–399 528 (38.2) 3335 (40.2) 4.2 527 (38.1) 532 (38.5) 0.7

400–599 463 (33.5) 2398 (28.9) 9.8 462 (33.4) 458 (33.1) 0.6

600–799 160 (11.6) 900 (10.9) 2.2 160 (11.6) 152 (11.0) 1.8

>800 37 (2.7) 354 (4.3) 8.7 37 (2.7) 38 (2.7) 0.4

Hospital volume, n (%) 5.0 (2.4) 4.5 (2.4) 19.1 5.0 (2.4) 5.0 (2.6) 1.0

ASD, absolute standardized difference; ICU, intensive care unit; HCU, high care unit. Body mass index was calculated as weight in
kilograms divided by height in meters squared.

3. Results

After the application of the exclusion criteria, a total of 9678 patients were eligible
for the study (Figure 1). The mean (SD) age was 81.1 (9.3) years, and 90.3% were women.
Among the eligible patients, 1384 (14.3%) were assigned to the early surgery group and
8294 (85.7%) were assigned to the delayed surgery group. Surgery on day 4 after hospital
admission (15.4%) was the most common timing (Figure 2). The mean (SD) timing for
surgery after hospital admission was 1.8 (0.4) days in the early surgery group and 5.9 (2.3)
days in the delayed surgery group.
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Figure 1. Flow chart for patient inclusion and exclusion.

Figure 2. Days from hospital admission to surgery. The dotted line shows the border between the
early and delayed surgery groups.

Table 1 shows the patient characteristics in the two groups before and after propensity
score matching. Before propensity score matching, patients in the early surgery group
tended to have intensive care unit or high care unit use at admission and be admitted to a
hospital with a high hospital volume, while patients in the delayed surgery group tended to
have admission on the weekend, comorbidities of rheumatic diseases and renal dysfunction,
and a higher Charlson comorbidity index. The proportions of periprosthetic fracture were
6.6% in the early surgery group and 8.1% in the delayed surgery group. After propensity
score matching, the patient characteristics were found to be well-balanced between the two
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groups (Supplementary Materials Figure S1). The propensity score distributions before and
after propensity score matching are shown in Supplementary Materials Figures S2 and S3.

Table 2 shows the outcomes before and after propensity score matching. Before
propensity score matching, 30-day mortality in the early and delayed surgery groups was
0.9% and 0.5%, respectively. After propensity score matching, there was no significant
difference in 30-day mortality between the two groups (risk difference, 0.0%; 95% CI,
−0.7% to 0.7%). There was no significant difference in in-hospital mortality between the
two groups. The composite outcome was significantly less common in the early surgery
group compared with the delayed surgery group (13.5% versus 17.1%; risk difference,
−3.7%; 95% CI, −6.5% to −0.9%). Regarding postoperative complications, acute coronary
syndrome was significantly less frequent in the early surgery group compared with the
delayed surgery group (Supplementary Materials Table S3). Patients in the early surgery
group had a significantly shorter length of hospital stay (risk difference, −8.4 days; 95%
CI, −11.8 to −5.0 days), a shorter length of time from surgery to discharge (risk difference,
−4.5 days; 95% CI, −7.9 to −1.0 days), and lower total hospitalization costs (risk difference,
−2101 US dollars; 95% CI, −2991 to −1212 US dollars) than patients in the delayed
surgery group.

Table 2. Outcomes in the original unmatched cohort and matched cohort.

Unmatched Cohort Matched Cohort

Early Surgery
(≤2 Days)
n = 1384

Delayed Surgery
(≥3 Days)
n = 8294

Early Surgery
(≤2 Days)
n = 1382

Delayed Surgery
(≥3 Days)
n = 1382

Risk Difference
(95% CI)

p-Value

Primary outcome

30-day mortality, n (%) 12 (0.9) 41 (0.5) 12 (0.9) 12 (0.9) 0.0
(−0.7 to 0.7) >0.999

Secondary outcomes

In-hospital mortality, n (%) 21 (1.5) 106 (1.3) 21 (1.5) 21 (1.5) 0.0
(−0.9 to 0.9) >0.999

Composite outcome, n (%) 187 (13.5) 1383 (16.7) 186 (13.5) 237 (17.1) −3.7
(−6.5 to −0.9) 0.007

Length of hospital stay (days),
mean (SD) 42 (42) 53 (36) 42 (42) 50 (36) −8.4

(−11.8 to −5.0) <0.001

Length of time from surgery
to discharge (days), mean (SD) 41 (42) 48 (36) 41 (42) 45 (36) −4.5

(−7.9 to −1.0) 0.011

In-hospital costs
(US dollars), mean (SD)

16,099
(10,721)

18,844
(10,803)

16,101
(10,729)

18,202
(9859)

−2101
(−2991 to −1212) <0.001

Hospital costs were calculated using the exchange rate of 1 US dollar = 110 Japanese yen.

The four subgroup analyses showed no significant differences in 30-day mortality
between the two groups and the results were consistent with those in the main analysis
(Table 3).

Table 3. Subgroup analyses for 30-day mortality in the propensity score-matched cohort.

Early Surgery Delayed Surgery Risk Difference (95% CI) p-Value

Admission on weekend
30-day mortality, n (%) 1/182 (0.5) 2/183 (1.1) −0.5 (−2.4 to 1.3) 0.571

Charlson comorbidity index ≥ 1
30-day mortality, n (%) 4/652 (0.6) 6/670 (0.9) −0.3 (−1.2 to 0.7) 0.552

Hospital size < 400 beds
30-day mortality, n (%) 5/723 (0.7) 8/734 (1.1) −0.4 (−1.4 to 0.6) 0.415

Hospital volume < 4
30-day mortality, n (%) 5/548 (0.9) 5/578 (0.9) −0.0 (−1.1 to 1.2) 0.933
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4. Discussion

The present study was a large-scale investigation of the effectiveness of early surgery
for distal femur fracture in elderly patients using data from a nationwide inpatient database
in Japan. The results showed that early surgery within two days of hospital admission was
not associated with a reduction in 30-day mortality but was significantly associated with
reductions in postoperative complications, length of hospital stay, and total hospitaliza-
tion costs.

Early surgery did not have clinical effectiveness in reducing 30-day mortality. This
finding was consistent with that of previous studies on geriatric distal femur fracture that
assessed outcomes with covariate adjustment using a multivariable logistic regression
model [10,12]. However, the finding that early surgery in elderly patients with distal femur
fracture did not reduce 30-day mortality differed from results gained in elderly patients
with hip fracture [19].

Regardless of the timing of surgery, the 30-day mortality in the present study was less
than 1% and much lower than the rates of 3% to 8% seen in previous studies on geriatric
distal femur fracture [2,7,10,11]. However, the low 30-day mortality was consistent with the
30-day mortality rates in geriatric hip fracture studies that used data from large databases
(0.6% to 1.0% in Japan; 5.8% to 6.5% in Canada; 6.3% in Sweden) [3,18–20]. In our cohort
with a very low 30-day mortality, early surgery did not have clinical effectiveness for
30-day mortality.

Early surgery was associated with better clinical outcomes and lower costs, as demon-
strated by the lower frequency of the composite outcome, shorter length of hospital stay,
and lower total hospitalization costs. Early surgery was associated with fewer postopera-
tive complications, consistent with a previous study [8]. Elderly patients are vulnerable and
the prevention of postoperative complications may be associated with favorable functional
outcomes and improved quality of life [26]. Similar to the case for geriatric hip fracture pa-
tients, this may have arisen because early surgery in geriatric distal femur fracture patients
enabled the early initiation of rehabilitation, increasing the chance for better functional
recovery, resulting in fewer postoperative complications, and having positive impacts on
hospital stay and total hospitalization costs [18,27]. The mechanism for the benefits of early
surgery on functional outcomes should be addressed in future studies.

The present study had several strengths. To the best of our knowledge, this was the
first large-scale study to demonstrate the effectiveness of early surgery for distal femur
fracture in elderly patients on in-hospital mortality, postoperative complications, length
of hospital stay, and total hospitalization costs. The study was able to compensate for
limitations of previous studies that arose from their small sample sizes and low external
validity due to the use of single-center data. Targeting the performance of surgery within
two days of admission represents a significant change in practice, because 85.7% of the
patients in the study did not receive surgery within two days. The early timing of surgery
in hip fracture is already recognized worldwide as a quality indicator for the assessment of
hospital performance; therefore, the results of the present study may inform existing distal
femur fracture care guidelines and policies.

This study also has some limitations. First, this study may have immortal time biases
for the two time points—namely, the time from hospital admission to surgery and time after
early discharge [28]. In this study, time from hospital admission to surgery was considered
immortal because the performance of surgery implied that the patients survived until
surgery. Therefore, the delayed surgery group had a guaranteed survival advantage over
the early surgery group because of the immortal time from hospital admission to surgery.
Meanwhile, time after early discharge was considered immortal because patients who
were discharged alive were considered to remain alive at 30 days in this study. Therefore,
the early surgery group had a guaranteed survival advantage over the delayed surgery
group because of the immortal time after early discharge. Second, this observational
study using a real-world database unmeasured confounding variables. Thus, individual
surgeons decided the timing of surgery according to the criteria in their own settings,
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which would lead to confounding by indication. We attempted to control for possible
confounding factors described in previous reports, including covariates of patient and
surgeon-hospital characteristics. However, we were unable to obtain detailed data on the
distal femur fracture type and the time from injury to admission. We assumed that the day
of injury was the same as the day of hospital admission. The appropriate timing for surgery
needs to be further investigated with better time resolution, such as hours, instead of
number of days from admission to surgery in future studies. Third, the Japanese Diagnosis
Procedure Combination inpatient database does not contain links to data after discharge.
Therefore, we could not evaluate the outcomes after longer follow-up (90 or 365 days).
Previous studies showed that delayed surgery by more than two days in geriatric distal
femur fracture patients was significantly associated with increased 1-year mortality [7,8].
In addition, the assumption that patients who were discharged alive within 30 days of
hospital admission remained alive at 30 days could lead to misclassification for 30-day
in-hospital mortality. Therefore, further studies are needed to examine the effectiveness of
early surgery on mortality with longer follow-up periods. Fourth, there is a lack of external
validity because all the data were obtained from a Japanese database. It remains unclear
whether the results of the study can be generalized to other countries with different patient
characteristics and healthcare systems.

5. Conclusions

This nationwide observational study suggested that early surgery within two days
of hospital admission was not associated with a reduction in 30-day mortality in patients
with geriatric distal femur fracture. However, early surgery was associated with decreased
postoperative complications and lower total hospitalization costs.
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Abstract: Background: There is a knowledge gap for implementing tele-rehabilitation (telerehab)
after hip fracture. We recently conducted a clinical trial (ClinicalTrials.gov Identifier: NCT02968589)
to test a novel online family caregiver-supported rehabilitation program for older adults with hip
fracture, called @ctivehip. In this qualitative substudy, our objective was to use semi-structured
interviews to explore family caregivers experience with the telerehab program. Methods: Twenty-one
family caregivers were interviewed between three and six months after the older adults completed
@ctivehip. One occupational therapist with research and clinical experience, but not involved in the
main trial, conducted and transcribed the interviews. We conducted a multi-step content analysis,
and two authors completed one coding cycle and two recoding cycles. Results: Family caregivers who
enrolled in @ctivehip were satisfied with the program, stated it was manageable to use, and perceived
benefits for older adults’ functional recovery after hip fracture. They also suggested improvements
for the program content, such as more variety with exercises, and increased monitoring by health
professionals. Conclusions: This work extends existing literature and generates research hypotheses
for future studies to test telerehab content and program implementation.

Keywords: tele-rehabilitation; hip fracture; older people; family caregiver; information and commu-
nication technology

1. Introduction

Loss of functional independence [1], decreased social participation [1], and reduced
quality of life [2] are some of the main consequences of hip fractures. Early hospital reha-
bilitation with follow-up post-discharge can support older adults’ recovery of function [3].
Family caregivers play an essential role in helping older patients to complete activities of
daily living (ADL) in the home setting [4,5]. The sudden and unexpected nature of hip
fractures can impact both older adults and family caregivers, who as a result can experience
increased stress and burden [6]. As a result, hip fracture is associated with worse overall
health status in family caregivers [7]. These factors indicate a need for new post-discharge
management strategies [8,9] to improve older adults ‘ function post-hip fracture and reduce
caregiver stress [10].
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There are barriers to delivering rehabilitation after hip fracture, such as limited access
to health professionals after discharge to home. Telerehabilitation (telerehab) is a promising
management strategy to support recovery after discharge, and may be especially important
in rural and remote areas with limited access to in-person rehabilitation [11]. Of note,
there has been an increase in remote delivery of health care because of the SARS-CoV-2
(COVID-19) pandemic [12]. Based on previous studies, telerehab for musculoskeletal
injuries or conditions were effective for improving physical function, quality of life, and
psychological factors [13–16]. However, there is limited evidence for: (i) the effect of
telerehab for older adults after hip fracture [17], and (ii) the inclusion of family caregivers
in telerehab for hip fracture [18]. We focus on family caregivers to support older people
using information and communication technologies (ICT), and to provide support for the
telerehab program. Involving family caregivers in telerehab also addresses their request for
more information on the recovery process [19]. Thus, we aimed to address these knowledge
gaps [17] by designing and testing a telerehab program called @ctivehip for older adults
with hip fracture and their family caregivers.

We previously published results from the main trial [20]—a choice-based multiple
methods clinical trial comparing @ctivehip telerehab with home-based in-person reha-
bilitation for functional recovery of older adults with hip fracture [21]. The @ctivehip
intervention consisted of: (i) web-based information to increase family caregivers’ knowl-
edge and skill development; (ii) a supported exercise and ADL program for older adults
(delivered by the family caregiver); (iii) a specific section on family caregivers’ health; and
(iv) an option for family caregivers to video conference with health professionals.

The aim of the present exploratory study was to describe family caregivers experience
with the @ctivehip telerehab program. We anticipated that family caregivers’ feedback
could be used to refine the intervention by identifying implementation opportunities and
challenges from a person-centered approach.

2. Materials and Methods

2.1. Design

This was a substudy of a multiple methods clinical trial (Clinical Registration NCT0296
8589). We previously published the results of the main study (quantitative findings, pri-
mary outcome functional level) [20], and patients’ and family caregivers’ overall experience
with hip fractures (qualitative findings) [22]. In this second qualitative study, we aimed to
synthesize experiences of the family caregivers of older adults with hip fracture enrolled in
the @ctivehip telerehab program. We were guided by the principles of interpretive descrip-
tion [23] when designing the interview guide, conducting interviews, and synthesizing
findings.

2.2. Participants

A description of participant recruitment is provided elsewhere [21]; please see Figure 1.
At the final assessment of the main trial (conducted at three months after hip fracture
surgery), family caregivers were invited to participate in semi-structured interviews. For
the present study, we summarize responses only from participants who requested @ctivehip
(e.g., the intervention group). There were 23 family caregivers who agreed to participate
and signed the study consent form. When we telephoned family caregivers three months
later, two family caregivers did not answer the telephone after several attempts. Thus,
21 family caregivers representing 21 older adults with hip fracture were interviewed for
the present study.
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Figure 1. Flowchart for caregivers recruitment.

2.3. Semi-Structured Interviews

Between October 2017 and December 2018 an occupational therapist (OT), with related
clinical experience but not involved in the main clinical trial, conducted the telephone
interviews between three and six months after participants finished the main clinical trial.
The virtual interviews were scheduled when family caregivers were at home, to minimalize
potential distractions. The OT recorded and transcribed the interviews within two days
after each interview and kept field notes for reference during the analysis process. The
interview guide is provided in Appendix A. During the interviews, the OT encouraged
discussion using prompts such as “please explain how you did it”, “tell me more about
it”, and follow-up questions to encourage participants to provide more details of their
experience. To explore family caregivers’ perceptions about the utility of, and satisfaction
with, the telerehab program we asked participants to rate their experience using a scale
of 0–10 points (0 = not useful and 10 = very useful; 0 = lowest level of satisfaction and
10 = highest level of satisfaction). On average, interviews lasted 18 (range 1–22) min.

2.4. Data Analysis

We followed the recommendations of Graneheim and Lundman [24] to conduct a
multi-step content analysis. Two authors P.A.-V. and R.P.-M. first read the transcripts
(in Spanish) several times. Following this they met three times to review data, create a
coding framework, and synthesize findings. The process involved one coding cycle and
two re-coding cycles [25] to increase confidence in the response classification. During this
process, the authors identified meaning units, sorted them into subcategories, and then
categories. Data (categories and quotes) were translated into English by the first and third
authors (native Spanish speakers with proficiency in English) and reviewed by the last
author (native English speaker). There was lengthy discussion between authors to ensure
the cultural context was considered.

2.5. Trustworthiness of the Findings

We included several processes to increase trustworthiness of study findings [26]. First,
the OT who conducted the interviews was experienced in the management of older adults
with hip fracture, however they were not involved in the main clinical trial. Second, the
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interviews were recorded (with permission) and the interviewer took field notes. They also
checked in with participants during the interview to clarify responses. Third, data were
transcribed by the OT and one assistant within two days of the interview. Fourth, an audit
trail was maintained throughout the process to summarize analysis steps and decisions.
Fifth, a representative subgroup of participants checked a summary from emerging themes
and quotes, and they were invited to add or change information. Finally, investigator
triangulation was applied [27]. The first author (dual-trained physical therapist (PT) and
OT with a doctoral degree) and third author (experienced OT with a research MSc) analyzed
the data. Following this, the last author (PT and professor with a doctoral degree) reviewed
the findings and discussed them multiple times with the first author.

We used NVivo 10 (QSR International, Doncaster, Australia) during data analysis
to assist with data management (i.e., managing files, coding process, and analysis). We
present participants age and scores for telerehab program utility and satisfaction using
median (q25–q75) values.

3. Results

3.1. Demographics Characteristics

Twenty one family caregivers (16 women and five men; median (q25–q75) age 50
(43–54) years) participated in the present study. Most family caregivers were the offspring
of the patients with a hip fracture (18/21; 86%) supported by other family caregivers (15/21;
71%), who lived with the patient (14/21; 67%), and more than half were also working
(14/21; 67%) part-time or full-time. The median age of older adults with hip fracture was
78 (73–82) years; most were women (76%), and their functional level at the end of the
telerehab program (12 weeks) was similar to their pre-fracture functional level assessed
through the Functional Independence Measure (FIM) [28]. A detailed description of family
caregivers’ characteristics is provided in Table 1.

Table 1. Caregivers’ characteristics.

Age Gender Relationship to Patient Living with the Patient Employment
Support of Other

Caregivers (Number)

44 Woman Daughter No Part-time Yes (2)
53 Woman Wife Yes Unemployed Yes (1)
64 Woman Daughter Yes Unemployed Yes (2)
56 Woman Daughter Yes Part-time No (0)
42 Woman Daughter Yes Part-time Yes (3)
41 Woman Daughter Yes Full-time Yes (1)
38 Man Son No Full-time No (0)
40 Woman Daughter No Full-time Yes (1)
50 Woman Daughter Yes Unemployed No (0)
45 Woman Daughter Yes Unemployed Yes (2)
54 Woman Niece Yes Full-time No (0)
55 Woman Niece No Part-time No (0)
53 Woman Daughter No Unemployed Yes (2)
50 Man Son No Unemployed Yes (2)
54 Woman Daughter Yes Part-time Yes (1)
52 Woman Daughter in law Yes Unemployed No (0)
43 Man Soon Yes Full-time Yes (1)
44 Woman Daughter Yes Full-time Yes (1)
53 Man Son Yes Part-time Yes (2)
51 Man Son No Full-time Yes (3)
40 Woman Daughter Yes Full-time Yes (2)

3.2. Adherence to the Telerehab Program

Ten of twenty-one caregivers completed the program as intended (high fidelity at
12 weeks), and an additional six participants completed 8 weeks or more of the program
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(76% in total). Half of the caregivers (10/21; 48%) stated their older family member
completed the program, and then continued doing the exercises for a few more months.
However, the remaining caregivers reported their family member stopped doing the
exercises before the end of the 12 weeks. Most family caregivers (20/21; 95%) expressed
12 weeks was long enough to learn the program, or they believed their family member did
not require rehabilitation beyond 12 weeks.

“ . . . We spent about one month doing the exercises with her. Afterwards she continued
doing the exercises alone, but I think she did not do them for twelve weeks . . . She stopped
when she felt she did not need to do [any] more . . . ” (Caregiver 8)

The caregivers with lower adherence to the telerehab program (5/21) were all women,
older than 50 years of age (range; 52–56 years) and had no support from other caregivers
(4/5; 80%) or the support of one additional caregiver to help the patient with ADLs (1;
20%). From the five caregivers with lower program adherence, two were unemployed, two
worked part-time, and one worked full-time.

3.3. Categories

There were two categories generated during data analysis: (1) the telerehab program
was perceived to be useful for older adults’ functional recovery without being onerous for
family caregivers; and (2) there was room for improvement in the telerehab program. A
visual summary of the main findings is provided in Figure 2.

Figure 2. Caregivers experience with the telerehab program.

3.3.1. The telerehab clinical program: Useful and manageable

Caregiver support was essential for implementing @ctivehip. Overall, family care-
givers were highly satisfied with the telerehab program and rated it useful (median (q25,
q75): 8 (8-9)/10 points for utility and 9 (8–9.5)/10 points for satisfaction. Though the use of
the program required more time and additional responsibilities for the caregivers, most
participants stated there was no additional caregiving burden with using @ctivehip:
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“ . . . At first, it took a while but then we [created a] habit. I came home from work
and connected the tablet. I helped her with the exercises that seemed more difficult.”
(Caregiver 12)

“ . . . You need to [make time] to use the program . . . my brother and I organized [it]
between us and it was not too much burden . . . ” (Caregiver 15)

Although most caregivers noted improvement in patients’ health after using @ctivehip,
a few family caregivers reported no change in their family member’s function with the
program:

“ . . . She could almost not walk and now she is completely independent . . . ” (Caregiver 15)

“ . . . We started in the hospital, then he spent 3 months in my house doing the exercises
and then he went home and continued doing them but without [the] internet . . . He
already memorized the exercises and keeps doing them because he says they are good for
him and that the doctor told him he could continue doing them every day . . . I would say
that he is better than before the surgery . . . ” (Caregiver 4)

“ . . . No, she won’t be the same person anymore . . . She is having a setback in general
. . . ” (Caregiver 3)

3.3.2. Room for improvement

Based on the caregivers experience, there was an identified need to develop new
approaches for health professionals to support them during the recovery process. Study
participants provided valuable insights for how best to implement @ctivehip in the future.
Although family caregivers were aware they could request a video-conference session with
a health professional, they preferred a regular check-in within the telerehab program to
verify everything was proceeding as planned. Some family caregivers further suggested
regular health professional monitoring to support older adults’ confidence with completing
exercises:

“ . . . I [missed] that the staff would call us from time to time to ask us how we were doing
and to test if we were doing the exercises properly. . . . I know we could have called to ask
for a video conference, but we felt in some way alone . . . ” (Caregiver 13)

There were some differences among suggestions to improve the program content.
Many family caregivers suggested the program should include more variety in the exercises
to reduce the risk of boredom, and possibly increase older adults motivation. In contrast,
some family caregivers were pleased with the repetition of the exercises, as it made them
easier to remember:

“ . . . All the exercises were very similar and became very monotonous and repetitive
after the first week . . . ” (Caregiver 18)

“ . . . I’m not an expert but I believe the exercises were [good] because my father memorized
them every week and if he did not have internet one day, he would do it himself . . . ”
(Caregiver 16)

Family caregivers rated the program’s level of difficulty as either low or average.
Nevertheless, eight family caregivers stated their family member avoided using weights to
perform some exercises due to low confidence:

“ . . . She did not do some exercises because she did not feel safe. For example, the exercises
with the weights . . . She did the exercises but without weights . . . ” (Caregiver 13)

Almost half of the caregivers stated they liked most components of the telerehab
program, while seven family caregivers liked everything about the program. Constructive
feedback on the program included difficulty accessing internet in some locations, and the
exercises were repetitive (and possibly created boredom). Family caregivers also reported
positive attributes of the program, such as usefulness for functional recovery (helpful and
well-presented information, and ease of use).
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4. Discussion

Telerehab is a rapidly growing mode of health care delivery, but there are known
gaps for using ICTs for older adults with hip fracture [17]. Recognizing ICT barriers in the
early discharge recovery period, we engaged family caregivers to facilitate the adoption of
remote delivery of health care after hip fracture. Here we provide a detailed description of
family caregivers experience using a telerehab program called @ctivehip. Overall, family
caregivers reported a high level of satisfaction with the program, stated it was manageable
to use, and reported it was useful for functional recovery. Importantly family caregivers
provided valuable insights for future program content and implementation to strengthen
delivery and uptake of the intervention.

Although participants chose to receive the telerehab program, our sample was similar to
other studies where the caregiving was mainly provided by women [4,5] at middle-age [29,30]
who were adult children, [6] and were supported by other family caregivers. [4,30] In our
study most family caregivers worked full-time or part-time, in contrast to other studies where
caregivers were mostly unemployed. [5,6] These characteristics can be influenced by social
and cultural norms and by the organization of the social and healthcare systems. Our work
provides a novel perspective on caregiving while employed showing similar adherence to
the program between caregivers who were unemployed, and those with part-or full-time
work. Further, caregivers with lower adherence to the program reported lower support from
other caregivers. This finding generates hypotheses on support (amount and type) needed
by caregivers to deliver and manage the program. Although telerehab in general may be
cost-effective [31], future research is needed to determine the acceptability, costs, feasibility,
and (cost) effectiveness of telerehab considering the caregivers perspective in a program like
@ctivehip.

We observed a high level of satisfaction and perceived usefulness for family care-
givers with the @ctivehip program. These factors may contribute to users’ motivation
to adopt and persist with the program, a key component of the technology acceptance
model [32]. Our findings are similar to other ICT studies based on health communication
and family caregivers’ health literacy and caregiving skills [33,34]. Of note, in our study
family caregivers did not perceive the program as onerous, even with the additional time
commitment. Further, in our other qualitative study from @ctivehip, these same family
caregivers in the intervention group reported lower levels of stress and anxiety and re-
quested less social and health services compared with caregivers of patients who received
only a few sessions of in-person rehabilitation [22]. An explanation for these findings may
be related to the perceived benefits of the telerehab program: it was an opportunity for
family members to receive education and skills training to prepare for the recovery process.
Other studies reported family caregivers wanted role clarification and active participation
in their family members recovery [10,18,22]. It is possible caregivers’ observation of older
adults’ functional improvement with the program may have benefited both the caregiver
(improved self-efficacy in caregiving) and the older adult with hip fracture (adoption and
use of the program, mastery with exercises, improved self-efficacy, etc.) However, as we
did not measure the effect of these factors in our study, we can only generate hypotheses on
the “active ingredients” [35] or behavior change techniques associated with the telerehab
program or its delivery.

Family caregivers requested regular communication with health professionals after
hospital discharge (using a person-centered approach) to update and progress rehabilita-
tion plans. At present we do not know if the family caregiver “regular check-ins” need
to be face-to-face or via ICTs. Technology may provide opportunities for more frequent
communication with family caregivers and patients, especially during the transition back
home [34]. An automatic system with personalized patient/caregiver feedback and moni-
toring to enhance motivation could be considered, similar to a system described in a pilot
study of older adults with hip fracture [36]. We also recognize some patients and caregivers
prefer face-to-face interactions [37]. Thus, health education should be individualized to
each person, and consider internet resources available, motivation (habitual processes,
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emotional responses, and analytical decision-making), capability (knowledge and skills)
and opportunities (context) of the patients, caregivers, and health professionals [37,38].

Family caregivers in our study requested more and varied exercise options within
@ctivehip but, as some of the caregivers recognized, some patients did not use weights
during the sessions for safety reasons. More frequent communication with health profes-
sionals could have addressed concerns, develop strategies, and explain why using weights
(if possible) was recommended to increase strength and physical condition. It is difficult to
know how the content of our telerehab program [21] compares with other published studies
in this area [36,39,40] as previous work only provided a brief description of interventions.

We acknowledge that only half of participants completed the full program but overall,
three-quarters completed eight weeks or more of the intervention. Reasons to explain the
lack of fidelity to the program could be boredom related to the repetitive nature of the core
exercises, participants higher level of function (pre-and post-intervention) reported in the
main trial [20], or older adults (and family members) may have stopped the program when
they felt independent in completing ADLs. The unified theory of acceptance and use of
technology (UTAUT) describes factors which impact on technology adoption and use, such
as social influence, effort expectancy, and performance expectancy [41]. Considering the
UTAUT, possible elements to increase @ctivehip program adherence include reimagining
work organization, with the inclusion of periodic health monitoring [42]; clear commu-
nication with patients and caregivers and a detailed explanation of the program [18,29];
discussing caregivers expectations [43]; and/or specific information on program progres-
sion (if/when appropriate). For example, progressing exercises with weights, if possible.
Although we collected some implementation metrics, our future work needs to discern the
optimal “dose” of the program, individualized for older adults following hip fracture.

Strengths and Limitations

We note some limitations within our study. First, due to the study’s inclusion criteria,
the older adults with hip fracture did not have cognitive impairment. Future studies
should consider expanding the inclusion criteria to reflect a wider population of people
who fracture their hip. Second, we conducted interviews three to six months after the
telerehab program ended, and this delayed timing may have impacted family caregivers’
responses. Third, we conducted short interviews although provided prompts and cues to
explore caregivers’ experience using the program. Fourth, group assignment was by choice,
therefore participants who wanted to receive the telehealth program may have a different
experience. Although many caregivers liked the program there were some perceived
limitations such as the limited variety of exercises and monitoring. Fifth, we did not
capture psychosocial factors such as caregivers’ self-efficacy with delivering the telerehab
program, but we recognize behavioral factors (for the older adult and family caregiver)
are important to include in future research. Despite these limitations, our study provides
valuable information to extend the limited evidence for ICTs for older community-dwelling
adults with hip fracture [44,45] and their family caregivers [33].

5. Conclusions

To our knowledge, this is the first study to provide a detailed description of family
caregivers’ experience with a post-hip fracture telerehab program delivered before the
SARS-CoV-2 (COVID-19) pandemic. Family caregivers who enrolled in the @ctivehip
telerehab program were satisfied with the program, stated it was manageable, and reported
perceived benefits for older adults’ functional recovery after hip fractures. Family care-
givers also provided helpful feedback to enhance program content and its delivery. Taken
together, this work extends existing literature, and generates research hypotheses for future
studies to test telerehab content and program implementation.
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Abstract: Hip fracture is the most feared complication of osteoporosis, producing up to 30% mortality
at the first year. With the aging of society, it is increasingly common to deal with ethical dilemmas that
involve decision making in the elderly patient with a hip fracture. The objectives of the present work
are to describe the main bioethical dilemmas in this group of patients and their relationship with
surgical delay. We conducted a retrospective descriptive study that studied an elderly population
admitted to a University Hospital with a diagnosis of hip fracture. In total, 415 patients were
analyzed. The majority received surgical treatment, a correct application of the principles of justice,
non-maleficence and beneficence is verified, but a possible violation of the principle of autonomy
is confirmed. Based on the results of this study, the elderly population may somehow lose their
principle of autonomy when they enter a hospital due to a hip fracture. On the other hand, the
so-called ageism due to ignorance can influence the surgical delay and therefore the mortality of
these patients.

Keywords: autonomy; capacity; clinical ethics; informed consent; legal aspects

1. Introduction

Ageing populations are a global phenomenon with important biopsychosocial and
economic impacts that will affect all areas of our lives. The global population over 60 years
of age will increase from 900 million in 2015 to 2000 million in 2050, according to the
World Health Organization (WHO) [1,2]. From a musculoskeletal perspective, old age
means a higher level of osteoporosis, a silent, asymptomatic disease that produces bone
fragility and when it manifests as fractures it can put the health of sufferers at risk. Of
the various osteoporotic fractures, hip fractures are the most likely to cause mortality: the
increased mortality in patients after a hip fracture compared with controls varies between
8% and 36% per year [1,3–6]. Hip fracture in the elderly represents approximately 40% of
traumatology admissions in the developed world [1]. Therefore, because of its prevalence
and clinical significance, especially in terms of mortality, it is an especially important area
in biomedical traumatology research [2]. In the case of an elderly patient, over 85–90 years
of age, with a hip fracture, the question arises as to whether it is ethically acceptable to
subject the patient to surgery, assuming the risks (anesthesia, blood loss, convalescence)
as opposed to the conservative attitude of no surgical intervention. It should be borne
in mind that the patient is often vulnerable, not only because their advanced age may
prevent them from being self-sufficient when it comes to daily living activities (walking,
reading, seeing, hearing, etc.), but also because on many occasions there is an associated
deterioration in mental function that hinders both the doctor–patient relationship and the
decision-making process, which may be encompassed within the principle of autonomy [7].
All these circumstances described determine that, in many cases, the admitted elderly
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patient is considered ineligible to receive information, regardless of the assessment of their
mental capacity to receive this, with the typical circumstance being arrived at where the
family is informed before the patient, who should be the holder of the information. This is
what many authors have called the tacit pact of silence or conspiracy of silence [8]. In this
pact, the influence of ageism is crucial.

1.1. Ageism

This term was coined in 1968 by the gerontologist and psychiatrist Robert Butler, to
refer to discrimination against older people, based on the terms sexism and racism [9,10].
Butler defined “ageism” as a combination of three connected elements. These include
harmful attitudes towards older people, old age, and the ageing process; discriminatory
practices against older people; and institutional practices and policies that perpetuate
stereotypes about older people [11]. The fear of death and the fear of disability and
dependency are the leading causes of ageism. In the social and health care system, ageism
often manifests as ill-treatment, a lack of attention, and even the restriction of access to
specific resources, as discussed later [9–11].

1.2. Legal Aspects

Elderly patients, regardless of their mental and physical capacities, have certain
inviolable rights registered by multiple international treaties. Within this subsection, we
consider three rights that should be considered. However, these are not the only ones
(because there are also many others, such as confidentiality, as well as those contained in
the Code of Medical Ethics): the right to non-discrimination (by age in this case), the right
to accurate and truthful information, and the right not to receive treatment [12–14].

1.3. Bioethical Aspects of Caring for Elderly Patients

Clinical care and clinical ethics must be incorporated into geriatric care in order
to develop high-quality care. Concerning the care of the elderly with hip fracture, the
creation of orthogeriatric units has been a genuine revolution in the overall treatment of
this, particularly vulnerable patients [15]. Incorporating values, together with objective
facts, ensures that this care preserves the dignity of every elderly patient who receives
health or social care. However, we are currently in a situation of moral pluralism in
which it is not easy to reach agreements on what should and should not be carried out
in the care of the elderly. Several methods have been developed in the field of bioethics
that can help determine the ethical minimums required of any individual (professional,
volunteer, politician, manager, and others.) about the care of the elderly [16]. Within the
different methods that exist in the field of bioethics, and although the same problem can be
approached from various perspectives, we consider principialism, based on the principles
described in Beauchamp and Childress [16], and specifically that modified by Professor
Diego Gracia Guillén, known as the “deliberative method”, to be appropriate for the topic
we are dealing with here: an elderly patient admitted to hospital which must be assessed
for suitability for surgery [17,18].

1.4. Hip Fracture in the Elderly

In the developed world, it is also the most critical complication of osteoporosis in
terms of mortality, morbidity, and cost [1,19]. Globally, there were around 1.3 million hip
fractures in 1990, and according to estimates, there could be as many as 20 million cases
in 2050 [20–22]. The mortality associated with hip fracture is 5–10% in the first month,
4% in-hospital mortality, and 30–33% in the first year after the fracture (although this is
somewhat higher in men than women), figures that exceed those of the mortality due
to colon, breast, or prostate cancer for the same age group. This mortality is related to
respiratory complications, ischemic heart disease, and heart failure [23]. In total, 50% of
patients do not recover the functional level they had before the fracture, close to 25% need
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care for long periods, and 20% have ongoing dependency: ultimately, only 5% return to
their prior functional status [19,24].

It is expected that the global incidence of hip fractures will increase markedly in
the coming decades [20,25,26]. Currently, according to the International Osteoporosis
Foundation (IOF), around the world each year there are close to 9 million new osteoporotic
fractures, of which 1.6 million are hip fractures; the forecasts for the year 2050 ranging
from 4.5 to 6.3 million. This increase will be widespread, but especially dramatic in Asia.
The current figure of hip fracture incidence in Europe comes from the report of Johnell
and Kanis: they estimated that in Europe in the year 2030, around 1,000,000 hip fractures
were suffered by men and women, making Europe the region with the highest number of
hip fractures in the world, with 38% of the global total [27–29]. The expected increase in
Europe is around 135% over the next 50 years, involving an estimated figure of close to
a million new hip fractures a year. The morbidity and mortality rates are high, and this
condition generates many disabilities, extended stays in chronic centers, and a considerable
deterioration in the quality of life of the sufferer. If in 2000, 25,000 hospital beds were
needed for treatment (0.88% of those available), in 2010 it was predicted that this number
would be 30,000 (1.06% of those available), and by 2050 this figure would have almost
doubled, meaning 2% of the available beds could be filled by hip fracture sufferers [24].

The main objectives of this work are:

(1) To describe the most frequent bioethical conflicts relating to elderly patients admitted
to hospital with a hip fracture.

(2) To provide suggestions to help resolve the conflicts encountered.

2. Materials and Methods

Retrospective descriptive study of the main bioethical conflicts of patients admitted
with a diagnosis of hip fracture in a university hospital from January 2017 to January 2019.

The inclusion criteria were:

- Hip fracture.
- Patients aged more than 65.

The exclusion criteria were:

- Inability to access medical history data (patient referred from another center).

For this study, we used the electronic medical record review from the orthopedic
department from the past two years, on the medical practice carried out in the center
regarding these patients. A search was made on the SAP system without providing any
confidential patient data, collecting the following parameters:

• Age.
• The presence of dementia.
• Anesthetic risk according to the American Society of Anesthesiologists (ASA) score

that distinguish between ASA I to ASA V, from lowest to highest risk) [30].
• Surgical delay and cause of that delay.
• Cause of non-surgical indication.

3. Results

Between January 2017 and February 2019, a total of 415 patients with a diagnosis of hip
fracture were admitted to hospital (Table 1). Of these, 75% were women, with an average
age of 88.2 (62–102 years), and 25% were men, with an average age of 84.3 (67–98 years). For
the purposes of differentiated analysis, the series was split into three age groups: <90 years
of age: 382 cases; 90–100 years of age: 25 cases; >100 years of age: 8 cases. The patients
predominantly came in from their habitual residence (70%) but with nuances; in the age
90–100 group, all except one lived in a nursing home (24 cases), as did 6 of the centenarians.
Dementia was present in 40% of the series, also differing according to age: 80% of patients
older than 90 had mental deterioration. However, only 20% of our series (81 patients) were
legally incapacitated.
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Table 1. Demographics.

Hip Fractures (n = 415)

Sex Men 104 (25%)
Women 311 (75%)

Age Men 84.3 years (R 67–98)
Women 88.2 years (R 62–102)

Age groups
<90 years→382 patients

90–100 years→25 patients
>100 years→8 patients

Dementia No 249 (60%)
Yes 166 (40%)

Legal incapacity No 334 (80%)
Yes 81 (20%)

Comorbidities

≥3→100 (24%)
Arterial hypertension→253 (61%)

Diabetes→170 (41%)
Dementia→166 (40%)

The delay to surgery was 3.6 days (1–17) and, in most cases, this was, firstly, due to
the lack of availability of an operating room, and secondly, to optimize the medical care
of the patients prior to surgery (Table 2). In 10% of the cases (42 patients), the surgical
delay was longer than 48 h due to family members disagreeing about the suitability of
surgical treatment for their relative (40 cases), and in 2 cases due to disagreements with
anesthesiology. Of the entire series, only 18 patients did not undergo surgery (4.5% of
the total), meaning 95.5% of the cases opted for an operation. The causes of non-surgical
intervention were:

• Nine cases: worsening of the general state of health and death in the hospital
environment.

• Five cases: joint decision made by the family and geriatrician due to the poor medical
status at admission, tolerating conservative treatment and being discharged.

• Four cases: refusal of the family to assume the treatment risk (4 patients with advanced
senile dementia aged 91, 89, 93, and 96), all of whom were discharged.

Regarding informed consent for surgery, for 55% of the patients in this series, the IC
was signed by a relative or legal representative (100% of centenarian patients and 80% of
nonagenarians), with the remaining 45% signed by the patients themselves.

Table 2. Results.

Results

Surgical treatment No 18 (4.5%)
Yes 398 (95.5%)

Surgical delay 3.6 days (R 1–17)

Surgical delay
causes

(1) Availability of operating theatres→116 (28%)
(2) Medical optimisation→91 (22%)

(3) Other (10%):
Family discrepancy→40 (9%)

Anesthesia discrepancy→2 (1%)

Informed consent
Signatory

Patient 187 (45%)
Relative or legal representative 228 (55%)

4. Discussion

Health-related ethical conflicts are a source of concern for many healthcare profession-
als involved in social and health care. An elderly patient with a hip fracture is an example of
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a vulnerable patient, not only because of the frequent associated comorbidity and sensory
deficits, but also because of the aggravated situation caused by the fracture: pain and the
need for hospital admission with the so-called loss of reference (loss of contact with family,
caregivers, and the usual environment). These are, therefore, patients that we must protect
in the broadest sense of the word. The four principles articulated in 1979, in the Belmont
Report, were a milestone in medical practice. When making the most appropriate treatment
decisions for an elderly patient with a hip fracture, the principles of non-maleficence, which
ensure the life of individuals as a guarantee that they will not be harmed, either by the
execution of a harmful action or by omission of an action due to avoiding harm, and the
principle of justice, which ensures non-discrimination and equal access to social goods and
resources (health in this case), come into play.

Regarding the results obtained in our study, it is noteworthy, in relation to the principle
of autonomy, that in a high percentage of cases (55%) the patient was not correctly informed
(or, at least, this is not recorded), and it was decided that the IC should be signed by relatives
or representatives. If we subtract from this percentage those patients with dementia (40%),
in at least 15% of the cases (60 patients) the decision to authorize surgery was not made by
the patient. This is only legally admissible when the patient has impaired abilities. This
is affirmed by Article 5.3 of the Law of Patient Autonomy [13] “where, in the opinion of
the attending doctor, the patient lacks the capacity to understand the information because
of their physical or mental condition, the information will be brought to the attention of
persons that have family or de facto connections with them.” However, this clarification
is not found in the medical history of any of these 60 patients, which may be legally
objectionable. This violation of the principle of autonomy in some cases also represents
a paternalistic attitude on the part of the health professional, in contrast to the desirable
participative decision-making model, since the patient must be correctly informed of their
process, and this can only be explained by a flagrant lack of attention and respect for
the dignity of the patient, since it was undoubtedly more comfortable for the treating
physician to talk to the relatives (generally younger than the patient), and not make an
effort to obtain authorization for surgery from the patient themselves, ignoring the fact that
the vulnerability of a patient affected by illness does not deprive them of their personal
autonomy and of their obligation to personally manage their own life and decisions.
Regarding surgical delay, one of the main causes of mortality, even though the main reason
for this was a lack of material resources (availability of the operating room), 10% of cases
were due to ageism or age discrimination, since family members were not aware that
surgery is indicated in almost 95% of cases. However, this may be better defined as ageism
due to ignorance, as it is undoubtedly a lack of information on the suitability of surgical
treatment despite age that made them doubt the pertinence of an operation.

A very interesting aspect to consider in elderly patients is the true concept of “old
age”—should we consider a patient to be elderly when they are older than 80, 90, or
100 years of age? With the advances in multidisciplinary patient care after admission for
hip fracture, their ability to withstand surgical aggression is increasing, with the geriatrician
playing a key role in optimizing patients prior to surgery, leading to the momentum built in
this field over recent years, and the creation of specialized orthogeriatric units [4,5,15,31,32].
Special mention should be made about the subgroup of nonagenarian patients, who are
becoming increasingly frequent (25 cases in this series), as this subgroup is particularly crit-
ical due to the mental deterioration and the high medical comorbidity that is often present.
Some authors state that the main criterion to follow in order to assess surgical treatment
in patients over 90 years of age should be their mental state and their previous mobility.
In 2005, Ooi et al. published an interesting study comparing patients over 90 years of age
admitted for hip fracture, some treated surgically and others conservatively, including
a 2-year follow-up period. They observed equally high mortality figures (49%) in both
groups, whether they had been operated on or not; however, the same authors acknowl-
edge that nonagenarian patients who had received surgery had a significantly increased
walking capacity compared to those treated conservatively [33]. The first author to pose the
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dilemma of whether to operate, or not, on very elderly patients, i.e., nonagenarians, was
Jennings in 1999, who, after studying a cohort of 50 hip fracture patients aged more than 90,
concluded that although up to 50% of cases presented some type of postoperative complica-
tion, the majority of patients studied achieved the same mobility level they had prior to the
fracture, and, therefore, considered that this type of surgery was equally beneficial in this
age subgroup [34]. Along the same line, more recently an interesting article was published
comparing the morbidity and mortality associated with hip fracture in nonagenarian and
centenarian patients. No statistically significant differences were found between the two
groups, so the authors do not consider advanced age as a factor of poor prognosis per se;
however, they do place emphasis on the prior medical status of these patients [35].

The current problem is that the number of nonagenarian patients with hip fractures
is still on the rise, and even more seriously, it is already relatively common to treat cente-
narian patients with hip fractures. In this sense, in 2004, authors from a public hospital
in Edinburgh published the most complete study to date on the increased mortality in
centenarian patients [36]. Comparing two groups of patients, 18 elderly patients aged over
100, with another 18 aged between 75–84 with similar levels of comorbidity, they reached
the conclusion that the centenary group had a minimal increased mortality (51% versus
48%) although the percentage of post-surgery disability was higher in younger patients,
perhaps because the centenarians already had more limited mobility. The presence of medi-
cal comorbidities in people with hip fractures is frequent. In a recent article, the main cause
recorded for surgical delay was the presence of comorbidities that required the patient to be
stabilized; the second was the presence of anticoagulation and antiaggregation [37–39]. In
none of the articles we reviewed did we find that age is a negative factor when it comes to
early surgery, as most authors recommend surgery in the first 48 h to avoid the appearance
of possible complications [32,35,37].

Finally, the presence of some degree of senile dementia, present in 40% of our series,
deserves separate consideration. Studies have shown that patients with dementia are at
an increased risk of sustaining a hip fracture and tend to have worse functional outcomes
than those who do not suffer this condition. Baker et al. recently presented an interesting
article in which they analyzed the decision-making process in this particularly vulnerable
group [15]. The authors conclude that the participation of geriatricians in this decision-
making process is crucial when assessing the fragility of these patients, as part of the
multidisciplinary team including orthopedic surgeons, anesthesiologists, nurses, and social
agents, as occurs in our center [40–42].

There are limitations and strengths in our study that should be acknowledged. The
main methodological limitation of this study is that it is a descriptive retrospective study.
This is a single-center study, so the percentages described may not be representative of
other centers. Its main strengths are the broad sample studied and the improvement actions
proposed by the authors.

Based on the results of this study, the elderly population may somehow lose their
principle of autonomy when they enter a hospital due to a hip fracture. On the other hand,
the so-called ageism due to ignorance can influence the surgical delay and therefore the
mortality of these patients. Finally, the authors consider that some proposals should be
take into account when treating a frail and ancient population:

• Essential training in bioethics for postgraduates.
• Updating of the same staff, including knowledge of the basic legal framework that

regulates patient rights.
• Dissemination of information to civil society on the reality of hip fractures to emphasize

the seriousness of this genuine epidemic.

5. Conclusions

Based on the results of this study, the elderly population may somehow lose their
principle of autonomy when they enter a hospital due to a hip fracture. On the other hand,
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the so-called ageism due to ignorance can influence the surgical delay and therefore the
mortality of these patients.
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Abstract: A peri-implant fracture near the volar plate of the distal radius represents a rarity and can
be associated with a mechanical failure of the devices. A literature review was conducted including
all fractures that occurred around a volar wrist plate, which could be associated with an ulna fracture.
All articles published until December 2021 were considered according to the guidelines presented in
the PRISMA Statement. The search was conducted with the PubMed electronic database, Cochrane
Database of Systematic Reviews, Medline, Embase, and Google Scholar. Only nine cases of these
fractures were reported in the literature. The causes could be due to delayed union/non-union of
the old fracture after low energy traumas, high energy trauma in patients with poor bone quality,
or hardware mechanical failure. Furthermore, the literature review of peri-implant radius fracture
shows different level of radius fracture and types of implant failure. In accordance with these different
cases, a new classification of peri-implant fracture of the distal radius is proposed.

Keywords: wrist fracture; plate breakage; plate bending; peri-implant fracture

1. Introduction

Distal radius fractures (DRF) are frequent fractures in the adult population and repre-
sent one third of all fractures in the elderly, with an incidence of 190/100,000 per year [1,2].
The surgical management of DRF has undergone extensive changes over the last four
decades, from casting to K-wire fixation followed by locked plate fixation. Volar locking
plates are being increasingly used for the stabilization of distal radius fractures [3]. Compli-
cation rates after volar locking plate fixation of DRF range from 3 to 36% and are widely
reported in the literature: sensibility change, tendon irritation or rupture, hardware mal-
function, infection, complex regional pain syndrome, and arthritis [4,5]. Mechanical failure
of the volar locking plate device is considered to be a rare complication, with failure being
defined as plate breakage/bending, screw breakage/loosening, or collapse of articular
fragments resulting in intra-articular screw extrusion. Non-prosthetic peri-implant fracture
(NPPIF) as a distinct clinical entity is very rare, and only a few articles are reported in
the literature [6–14]. With the term NPPIF, we referred to an acute bone fracture during a
trauma that occurs around implants [15], and it did not include failures of primary fracture
fixation such as an implant breakage due to non-union.

In this article, we review all cases of peri-implant radius fracture reported in the
literature, and a new classification is proposed according to the different levels of the
fracture and the type of plate failure.
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2. Material and Methods

A review of the literature was performed to investigate all cases of peri-implant
radius fracture according to the guidelines presented in the PRISMA Statement (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) [16]. All cases included were
of peri-implant radius fractures that occurred around a previous fixation of a wrist fracture
with a volar plate in patients over 18 years of age. Cases with an ulna fracture associated
with the radius fracture were also considered, including only the detailed cases described
regarding the fracture and its treatment. The search was conducted with the PubMed
electronic database, Cochrane Database of Systematic Reviews, Medline, Embase, and
Google Scholar. The search was conducted including all studies published until December
2021. The following MeSH entries were used for research articles: peri-implant wrist
fracture, breakage plate, bending plate, fracture plate wrist, radius hardware failure, radius
refracture. All journals were included, and all relevant studies were considered for this
study. No filters were applied to the search strategies, and only papers published in
English were considered for inclusion. Three reviewers (L.S., A.C., and L.C.) independently
conducted the research. Papers were initially identified based on the title and abstract.
Investigators separately reviewed the abstract of each publication and then performed
an accurate reading of all extended papers to minimize bias. The researchers (L.S., A.C.)
checked all the references from the identified articles in order to not miss any relevant study.

3. Results

Nine manuscripts fulfilled the inclusion criteria and were included in the review [6–14]
(Table 1 and Figure 1). The articles included in this review were all case report studies
(nine patients). In four patients, hardware failure occurred after small efforts or low energy
traumas [6–8,12]; in four cases, the new fracture occurred a few months after the fixation
and along the old line of fracture [6–8,14]. Loss of reduction with implant failure was
presented in two cases without trauma or particular efforts [13,14]. In one case, the fixation
failure occurred after seven days [13]. The causes of these fractures were due to delayed
union/non-union (promoted by patient’s comorbidity or by smoking habit) or to implant
design failure (high rigidity of the hardware, number and direction of proximal and distal
locking screws). In four patients, the fractures occurred years later from the primary surgery
when the old fracture was already healed [9–12]. In this case, fractures occurred following
a high energy trauma (three patients) and in a patient affected by osteoporosis and poor
bone quality.

Regardless of the type of trauma, the condition of the plate or site of the fracture can
vary. In fact, in three cases, the plate was bent, and in all these cases the fracture occurred
under the plate. One patient was treated with close reduction and plate alignment [8], while
two other patients were treated with plate removal and a new plate placement [9,10]. One
of these cases was associated with a compound ulna fracture that did not require surgical
fixation [10]. In four cases, the new fracture occurred along the old line of fracture with the
loosening of the previous reduction [6,7,13,14]. In all these cases, the plate was broken and
different treatments were reported. In three cases, the broken plate was removed and a new
reduction with a new plate was performed [6,13,14]. In the other case, a closed reduction
and splint immobilization was performed due to comorbidities of the patient [7]. In the
last two cases reported in the literature, the plate was whole and the fracture occurred
proximally to the plate and was associated with an ulna fracture; in both cases, the authors
opted for a substitution of the old implant with a longer volar plate and synthesis of the
ulna fracture with a plate [11,12].
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Table 1. Literature review of perisynthesic fractures of the distal radius with their main features.

Authors
Year of Publication

Years
Old

Sex
Time from

Primary
Implant

Type of
Trauma

Site of the
Fracture

Plate
Condition

Ulnar
Frac-
ture

Neuro-
Vascular

Compromise
Treatment

De Baere et al.,
2007 58 F 3.5 months Effort

Loss of
previous
reduction

Broken No No
Substitution of

old implant with
new plate

Yukata et al.,
2009 82 F 3 months Effort

Loss of
previous
reduction

Broken No No Splint

Imade et al.,
2009 56 M 7 days Unknown

Loss of
previous
reduction

Broken No No
Substitution of

old implant with
new plate

Geurts et al.,
2012 78 F 6 months Accidental

fall
Under

the plate Bent No Yes
Close reduction

and alignment of
the plate

Khan et al.,
2012 30 M 2 months Unknown

Loss of
previous
reduction

Broken No No
Substitution of

old implant with
new plate

Lucke-Wold et al.,
2016 73 F 3 years Trafficaccident Under

the plate Bent Yes No
Substitution of

old implant with
new plate

Kanji et al.,
2017 50 M 11 years Trafficaccident Under

the plate Bent No Yes
Substitution of

old implant with
new plate

Barrera-Ochoa et al.,
2017 34 M 9 years Traffic

accident
Proximally
to the plate Whole Yes No

Substitution of
old implant with

a longer volar
plate and a plate

for the ulna

Stramazzo et al.,
2020 61 F 4 years Accidental

fall
Proximally
to the plate Whole Yes No

Substitution of
old implant with

a longer volar
plate and a plate

for the ulna

Figure 1. Flow diagram that describes the number of studies identified, included, and excluded as
well as the reasons for exclusion.
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4. Discussion

Peri-implant distal radius fractures are rare, but their number will go up due to the
increased use of volar plates for wrist fractures fixation [17]. The causes of these different
fractures include patient factors (comorbidity such as osteoporosis, smoking), biological
factors (complex fractures), and mechanical factors (no bone graft, unfilled screw holes, and
insufficient immobilization). In a recent systematic review of 52 articles, Yamamoto et al.
analyzed the hardware removal and complication rate of using a volar locking plate for a
distal radius fracture; they did not specifically talk of peri-implant fractures or damaged
plates, but they generally reported a hardware problem in 14% of cases and refracture in
1% [18]. A recent study on early postoperative complications that occurred in 594 patients
with a distal radius fracture treated with a volar locking plate and a minimum 1-month
evaluation reported only two cases of peri-plate fracture. They occurred proximally to the
plate, and any cases of plate breakage or bending were reported [19].

Based on the type of fracture, it will be necessary to investigate the precise position of
the fracture in relation to the plate and its condition. Further, is mandatory to evaluate the
location of the previous wrist fracture in order to plan the surgical treatment. In 2017, Chan
and coll. proposed a classification of non-prosthetic peri-implant fractures (NPPIF), which
considers the type of implant (nail or plate), the type of fracture (close or far to the implant)
in any part of the body, and the healing of the old fracture. However, the authors did not
consider the failure of the old plate such as breakage or mobilization [15].

According to the literature review, a classification for the peri-implant wrist fractures
was proposed by the senior author (Michele D’Arienzo), and it can be comparable to
Duncan’s classification for periprosthetic hip fractures [20–22]. This new classification,
which we prefer to define “perisynthesic” by analogy with periprosthetic, contemplates
three types: A, B, and C, based on the location of the fracture and the type of plate failure
(bending or breakage) (Figure 2). We call A1 fractures those of radial styloid and A2 those
of the medial part of distal epiphysis of the radius. The type B fractures are radius ones
that occur under the plate, and we distinguish them as type B1 if there is a bending of the
plate and B2 if the plate is broken. In type C, radius fracture occurs proximally to the plate
and we call them C1 or C2, depending on whether they occur within 3.5 cm from the plate
or beyond 3.5 cm. If there is an association with a fracture of the ulna, we associate the
letter U with these abbreviations (e.g., A1U or B2U).

Figure 2. Michele D’Arienzo Classification of perisynthesic fractures of the distal radius with
different levels.
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According to this new classification, we propose the following therapeutic algorithm:
for A1 and A2 fractures, we suggest non-invasive treatment in the case of compound
fractures or surgical treatment in relation to the type of displacement (K-wires, screws). For
type B1 and B2 fractures, it is necessary to replace the old plate with a new implant, though
in the literature it is also reported that two cases were successfully treated with closed
reduction and immobilization [7,8]. In the case of C1 fractures, it is necessary to replace
the old plate with a longer plate, while in C2 the fracture is located at a distance such from
the old implant that there is enough space to insert a new plate proximally. These must
eventually be associated with a reduction and synthesis of the ulna according to level and
eventual displacement of the fracture.

5. Conclusions

A peri-implant fracture near the volar plate of the distal radius represents a very rare
injury, but, considering the growing use of plates, its frequency will probably increase. A
trauma of high energy associated with poor bone quality (osteoporosis) can determine
a re-fracture around the plate, even if the previous implant was stable, as a low energy
trauma in delayed union/non-union fracture can do it too. In addition, the new trauma can
cause the bending or the breakage of the plate. In the literature, there is not an exhaustive
classification for these types of lesions, and our classification describes a specific point of
perisynthesic fracture and the treatment algorithm.
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Abstract: The external popliteal sciatic nerve (EPSN) is the nerve of the lower extremity most fre-
quently affected by compressive etiology. Its superficial and sinuous anatomical course is closely
related to other rigid anatomical structures and has an important dynamic neural component. There-
fore, this circumstance means that this nerve is exposed to multiple causes of compressive etiology.
Despite this fact, there are few publications with extensive case studies dealing with treatment. In
this review, we propose to carry out a narrative review of the neuropathy of the EPSN, including
an anatomical reminder, its clinical presentation and diagnosis, as well as its surgical and biological
approach. The most novel aspect we propose is the review of the possible role of biological factors in
the reversal of this situation.

Keywords: external popliteal sciatic nerve (EPSN); common peroneal nerve; compression; neurolysis;
foot drop; growth factors

1. Introduction

Traumatic peripheral nerve injury is a difficult and controversial issue for the or-
thopaedic surgeon and a challenge for rehabilitation. Despite the introduction of microsur-
gical techniques by Kurze [1], nerve repair and functional recovery is mostly incomplete
and always difficult to predict. Moreover, nerve injuries remain the main causes of reduced
functional capacity and generate high socio-economic costs due to the long rehabilitation
times required, as well as the disability sequelae that may eventually result [2,3].

Fibular or peroneal neuropathy is the most common lower limb neuropathy and
the third most common focal neuropathy found in general, after median and ulnar neu-
ropathies [4]. Following high tibial and fibular osteotomies, an incidence of peroneal
neuropathy has been observed in 2–27% of patients [4]. Following knee dislocations, com-
mon peroneal nerve injury has been observed in 16–40% of patients. In children, peroneal
neuropathy of the common peroneal nerve was also observed to be affected most frequently
(59%), followed by the deep (12%) and superficial (5%) peroneal nerves [5].

To the best of our current knowledge about nerve trauma and neuronal regeneration,
the solution to improve the outcome of peripheral nerve repair is biological rather than
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surgical or rehabilitative [3,6,7]. Progress can only come from understanding and being
able to modulate the different biological phases involved in the repair of peripheral nerve
injuries, as there are phenomena of nerve regeneration fatigue, fascicle mismatches, and
effector degeneration [8].

The mechanisms of injury are mainly contusions, compression, traction, focal is-
chaemia, and total or partial section. In practice, all degrees of involvement are observed,
from conduction blocks to neurapraxia, axonotmesis, and neurotmesis. The most frequent
causes of nerve involvement in the lower extremity are: penetrating trauma; fractures;
dislocations; and iatrogenesis during injection or surgery, especially total knee arthro-
plasty [2,9–11]. The pathogenesis of these lesions progress in complexity from neurapraxia
(a punctual conduction block due to myelin damage, as in compressive neuropathies)
to axonotmesis (an axonal injury, due to crushing or traction, with irreversible damage
associated with denervation time of the target muscle, but with a favourable prognosis of
the nerve) and to neurotmesis (a complete section of the nerve with destruction of the en-
doneurial tubes that requires surgical treatment for resolution, and appears in penetrating
wounds or ischemic processes) [11].

Microscopic techniques have shown that nerve morphology is normal and neuromus-
cular junctions are maintained in chronic compression lesions. However, the myelin sheath
is thinner and degraded, and there is decreased internodal length (the distance between
adjacent nodes of Ranvier) [12].

The main mechanical characteristic of the peripheral nerve is the tensile strength with
a non-linear behaviour between weight and deformation. Under constant elongation, the
nerve tension is reduced to 30% in the first 10 min and very little more in the next 20 min.
This relaxation phenomenon (creep) is useful in sutures and nerve grafts, as the remaining
tension will be lower after a short time [13].

Regarding the mechanisms thought to lead to compression injuries, from an anatomical
point of view, the narrowing of the openings causes an increase in pressure at that site,
compresses the blood vessels, and leads to nerve ischaemia. Another proposed mechanism
is that, as a result of lower pressure, which decreases venous return, it can lead to venous
stasis. Over time, this situation can lead to extraneural oedema, with a consequent increase
in fibrous tissue around the nerve [14].

Not all cases resolve favourably because up to 33% of cases in peripheral nerve
injuries have incomplete recovery with poor functional outcomes. Partial recovery has
been observed, sometimes with a complete loss of motor and sensory function, and with
chronic pain and muscle atrophy [1,15,16]. Compression of the EPSN is associated with
peripheral neuropathy [17].

Nowadays, more and more importance is being given to the role that biological
therapy can play after surgery for peripheral nerve disorders. This paper reviews the
general aspects of surgery in traumatic compression of the EPSN. Special emphasis is
placed on the possibilities of biological treatment for nerve regeneration after surgery.

To conduct the narrative review, a comprehensive literature search was performed
using PubMed, Ovid MEDLINE, and EMBASE databases and the following search terms:
(“nerve” OR “nerve trauma” OR “neurological surgery” OR “peripheral nerve injuries”
OR “nerve repair” OR “nerve regeneration” OR “paralysis of the external popliteal” OR
“compression and entrapment neuropathy” OR “fibular nerve compression” OR “peroneal
nerve” OR “repair Schwann cell” OR “neurotrophic factors” OR “nerve regeneration” OR
“mesenchymal stem cells” OR “fibroblast growth factors” OR “adipose stem cells” OR
“platelet-derived growth factors” OR “myelination”. We first selected the articles based on
what we found in the abstracts, which led to a more exhaustive selection by reading the
selected articles. We must take into account that many of them are very similar and do not
contribute more than other articles.
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2. Anatomy of the EPSN

The EPSN is the external division branch of the sciatic nerve. As it passes through the
thigh, it is responsible for the innervation of the short head of the biceps femoris. From its
origin, it descends outwards, following the biceps cruris tendon, and then it branches off
and becomes independent of the sciatic nerve at the level of the popliteal fossa (Figure 1).
The global function of the EPSN is dorsiflexion of the ankle at the moment of foot stance,
directing the toe outward [18,19].

Figure 1. Anatomical presentation of the bifurcations of the sciatic nerve in the popliteal fossa.

3. Compression of the EPSN

There are several causes of nerve injury, the most frequent being the compressive cause;
however, in this review, we do not wish to expand on this aspect. Schematically, the etiology
may be due to: sustained nerve compression; trauma; peripheral neuropathies; very
strenuous exercise; viral infection; and idiopathy [20–24]. From a pathophysiological point
of view, nerve compression causes alterations in the intraneural blood microcirculation and
axonal lesions, and alterations in the supporting connective tissue, among others [16,21].
These alterations, maintained over time, lead to demyelination, conduction disorders, and
degeneration of nerve fibres [8,19,25–27].

Endoneural oedema increases hydrostatic pressure leading to endothelial hypoxia and
consequent axonal damage [28,29]. Segmental axonal ischaemia is produced by a decrease
in blood flow involving a loss of energy for transport and dysfunction of the sodium pump
system. The cell membrane is also affected by the energy failure and has a consequent loss
of conduction and transmission through the axon [30].

The part of the axon that has lost contact with the neuronal body is destroyed, and its
myelin is phagocytosed by Schwann cells and macrophages. The whole process is known
as Wallerian degeneration [26]. As a result of the process, the muscle fibres atrophy very
rapidly in the absence of nerve stimuli, and are irreversibly damaged by 18 months. They
are then replaced by fatty and fibrous tissue [31,32].

4. Clinical

When it comes to sciatic neuropathy, the clinical picture is usually more frequently
seen with a lesion at the level of the common division of the fibula than at the tibial division.
The common division of the fibula, compared to the tibial division, has fewer and larger
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fascicles and has less supporting tissue, and is therefore thought to be more vulnerable to
compression. In addition, the common division of the fibula is tighter and more secure at
the sciatic notch and the neck of the fibula. This makes it potentially more prone to stretch
injury [33–35].

Clinically, EPSN neuropathy is manifested by weakness in dorsiflexion and eversion
of the foot, often causing the person to stub their toe when walking. Inversion of the
foot and plantar flexion must be preserved. The toes cannot be extended, with the flexors
predominating and causing claw foot [21,36–38].

The onset of symptoms varies depending on the cause and extent of the injuries. It
may appear abruptly or progressively and start with one symptom or another without
the onset of other symptoms [39]. If the lesion is irritative rather than destructive, there
may be neuropathic pain, which increases at night, with activity and stretching. Possible
symptoms include the Valleix phenomenon, wherein the nerve is sensitive to palpation.
Also positivity to the Tinel test, wherein a sensation of electrical discharge is felt along the
nerve pathway due to direct percussion on it. In addition, vegetative changes may appear
in the autonomic territory of the injured nerve [40].

5. Diagnosis

Patient history and clinical examination are key in the diagnosis of nerve entrapment.
The examination should include a provocative sign using Tinel’s sign and/or nerve blocks.
Peripheral nerve injuries are initially assessed according to the crush dynamics of the nerve
injury. During the clinical examination, motor power, sensation, and autonomic nerve
functions are also explored [35,40].

When approaching the diagnosis, we should start with electromyography (EMG) [4,41–43].
Nerve conduction studies and EMG can identify axonal injury but cannot precisely lo-
calise the site of nerve injury. EMG is not valid until 3 weeks have passed and Wallerian
degeneration has occurred [35].

Magnetic resonance neurography (MRN) is a new technique to detect peripheral
nerve lesions [44,45], and can visualise nerve lesions even at the fascicular microstructural
level [46].

The echography offers a less expensive and non-invasive option to guide treatment.
Unlike electrodiagnostic studies alone, ultrasound can detect anatomical causes such as
scarring, lesions, infiltration of bony fragments, and motion-tethered nerves. Contralateral
comparison is often helpful for determining the type of lesion [39,47].

6. Treatment

In medicine, there is often a tendency to think that nerve injuries cannot be repaired,
but fortunately, this is not the case. This may be due to confusion between the central
nervous system (CNS) and the peripheral nervous system (PNS) injuries. Currently, CNS
lesions cannot regenerate with surgical intervention; however, PNS lesions can regenerate
after intervention. Moreover, it is currently not only limited to nerve regeneration by
surgery. In addition, experimental molecular and bioengineering strategies are currently
being developed to overcome nerve regeneration and recovery in patients [21,34].

6.1. Surgical Treatment

First, when the intrinsic compressive etiology is demonstrated by a space-occupying
lesion, for example, by MRN, the lesion will be removed and analysed histologically, as
shown in Figure 2A,B.
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Figure 2. (A) Intraoperative image of upper tibio-peroneal cyst compressing the EPSN. (B) Sample of
the superior tibio-peroneal cyst compressing the EPSN.

Another procedure is neurolysis, but its problem is that there is a risk of damaging
undamaged nerve bundles. External neurolysis consists of freeing the nerve from its scar
environment and involves fibrosis of the epineurium and the elements surrounding the
nerve. Internal neurolysis requires the release of compressed fascicular groups, but the risk
of injury to the inter-fascicular communications is significant. Both of these are shown in
Figure 3A,B.

Figure 3. (A) Intraoperative image of fibrosis encompassing the EPSN. (B) Intraoperative image of
the NPCE after neurolysis; note the macroscopic appearance of the nerve in its compressed section.

Grafts are indicated in cases where a suture would be under too much tension or
where there is loss of substance between the two ends of the nerve [48,49]. It is always an
autograft that must be revascularized from the tissue in which it is placed. This is why
only small-diameter nerves can be used, as if the nerve is too thick, it will necrose in the
central part.

Another surgical technique is neurotisation, which consists of driving a healthy nerve
into a denervated nerve or territory when suturing or grafting is impossible. It is mainly
used in brachial plexus injuries, as the absence of healthy donor nerves forces the use of
nerves from adjacent regions. In the case of peroneal nerve involvement, transpositions
of posterior tibial branches and functional branches of the superficial peroneal nerve, to
the deep branch of the peroneal nerve, are performed, as well as innervation of the tibialis
anterior muscle, with favourable results in motor recovery [50–52].

6.2. Biological Treatment

There is now a growing body of research into various cellular, molecular, and bio-
engineering strategies to promote the repair and recovery of nerve damage. A number
of technologies are now available that may help to improve the treatment of peripheral
nerve injuries. Their use as an adjunct to surgical nerve repair may help to address the
biological limitations of nerve regeneration. Many of the analgesic therapy clinical trials
do not discriminate about the type of pain they treat. Cell therapies have emerged as
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promising potential therapeutics in both spinal cord regeneration and central neuropathic
pain mitigation, but most clinical trials are animal-based.

In our opinion, biological techniques could be a paradigm shift in treatment and
prognosis after peripheral nerve injury. In principle, we have to consider that nerve fibres
regenerate spontaneously, depending on the size of the condition, the neuroma, and the
formation of scar tissue [53].

Mesenchymal stem cells (MSCs) used for injuries of the musculoskeletal system can
be obtained from the patient’s fat, bone marrow, or even the umbilical cord. Although the
mechanism of action is not yet fully elucidated, the use of MSCs is based on their anti-
inflammatory property, which can lead to a decrease in the inflammatory response [54].

We must consider that it is possible that peripheral nerves could also be regenerated
by the ability of peripheral neurons and Schwann cells (SC) to stimulate appropriate
growth [39,55,56]. Early in development, neural crest cells produce SC precursors and other
cells (neuronal and non-neuronal) [57–59].

In the repair process, Schwann cells provide the signals necessary for the survival
and adaptation of injured neurons, axonal regeneration, and reinnervation. Conversion
into reparative Schwann cells involves cell dedifferentiation and activation [55]. In this
regard, it has already been described that SCs play a key role in the regeneration of axons
in peripheral nerve grafts. With myelination, Schwann cells organize themselves. Many
axons are introduced deeply into the cellular grafts, but not the acellular peripheral nerve
grafts [59–61].

Nowadays, the use of biological techniques to deliver growth factors after nerve injury,
which also promotes the reprogramming of Schwann cells, can accelerate this regeneration
rate [55,62]. Likewise, in our group and in reference to vertebral disc regeneration, we used
autologous and allogeneic mesenchymal stromal cells (MSC), which demonstrated their
viability, safety, and strong indications of clinical efficacy one year after cell transplantation
in the treatment of vertebral discs. They appear to be a valid alternative for the treatment of
degenerative disc disease, as they can provide effective and long-lasting pain relief [63,64].

Following nerve injury, Schwann cells are reprogrammed, which involves the activa-
tion of repair-supporting elements, including macrophage recruitment, increased cytokines,
increased trophic factors, and the removal of destroyed myelin through the autophagic
capacity of the SCs themselves [65].

Studies on the importance and utility of stem cells have reported that bone marrow
stem cells (BMSCs) have the capacity to differentiate into neuronal lines. These include
SC-like cells, astrocytes, and oligodendrocytes [66,67]. It has been reported [68] that BMSCs
can restore peripheral nerves through neutrophilic elements, and indirectly by altering
SCs [68,69].

Neurotrophins (nerve growth factors) are released from the nerve ending during the
process of nerve regeneration. They are released especially after nerve injury and promote
nerve differentiation and growth [70].

After nerve injury, the production of nerve growth factor (NGF) is stimulated and
plays a key role in the survival of sensory neurons [52]. Other growth factors, such as
glial growth factor (GGF), glial cell-derived neurotrophic factor (GDNF), fibroblast growth
factor (FGF), neurotrophin-3 (NT-3), ciliary neurotrophic factor, and leupeptin, are also
produced in nerve regeneration [53,62,71–73].

In addition, other neurotrophic factors and surface proteins that promote axonal
elongation include artemin, brain-derived neurotrophic factor (BDNF), neurotrophin-3
(NT-3), vascular endothelial growth factor (VEGF), erythropoietin, pleiotrophin, p75NTR,
and N-cadherin [32,63,70,74,75].

In a study from Nath et al. [50], NGF, GGF, GDNF, and NT-3 were applied to small
animal models of nerve gap injuries. These authors observed clear histological and electro-
physiological improvements [51]. A study comparing NGF-seeded conduits with nerve
autografts demonstrated high functional results in the autograft group. This confirms that
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the application of growth factors in this type of pathology could further enhance axonal
regeneration [76].

Moreover, adipose-derived stem cells (ASCs) have been reported to be able to differ-
entiate into cell types contained in different germ layers [75,77] and can effectively support
nerve repair [6,78–80].

ASCs increased the regeneration and proliferation of proliferating Schwann cells. In-
deed, Kingham et al. [81] observed that treatment of ASCs with a combination of mitogenic
and distinct elements led to the expression of the glial cell markers S100B, glial fibrillary
acidic protein, and the neurotrophic receptor p75 [82–87].

The compounds used in Kingham’s induction protocol have different biological func-
tions. For example, forskolin activates adenylyl cyclase, which causes an increase in the
level of intracellular cyclic adenosine monophosphate (cAMP), which promotes and en-
hances the mitogenic responses of SCs [72], in response to that of the growth factors of
PDGF and bFGF/FGF2 [78]. Neuregulin-1 (NRG1) is also involved in SC development
and progression. It determines the differentiation of Schwann cells into myelinating or
non-myelinating cells. This NRG1 generates a cascade of events that promotes SC dif-
ferentiation and expansion. NRG1 levels will determine axon size, allowing myelinating
Schwann cells to optimise myelin sheath thickness [79,80].

Furthermore, ASCs have yielded positive results in studies on a large number of
peripheral nerve lesions [81,83], despite uncertainty about their precise dynamics. It is
likely that ASCs produce an excess of growth factors, which are critical in the functioning
of the peripheral nervous system [87,88].

As indicated by Mathot et al. [6] in a recent review, these adipose tissue-derived
mesenchymal stem cells (MSCs) produced by ASCs can successfully differentiate into
Schwann-like cells, with the potential to enhance peripheral nerve repair/reconstruction.

7. Conclusions

Compression injuries of the EPSN are the most frequent in the lower limb. In this
review we highlighted the importance and relevance that biological treatment can have
as a complement to traditional surgical treatments. The application of biological growth
factors will undoubtedly help to achieve stable nerve recovery. Future research should
examine the specific pain response.
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Abstract: Thiazide diuretics have long been widely used as antihypertensive agents. In addition to
reducing blood pressure, thiazides also control calcium homeostasis and increase bone density. We
hypothesized that the use of thiazides in patients with hypertension would reduce overall fracture risk.
We used the Taiwan National Health Insurance Research Database to find patients with a hypertension
diagnosis who accepted antihypertensive treatment from 2000 to 2017. The patients were further
classified into thiazide users and nonthiazide users. Multivariable Cox regression analysis and Kaplan–
Meier survival analysis were performed to estimate the adjusted hazard ratios (aHRs) and cumulative
probability of fractures. After 1:1 propensity score matching by sex, age, urbanization level of place of
residence, income, comorbidities, and medications, there were 18,483 paired thiazide users and non-
users, respectively. The incidence densities of fractures (per 1000 person-months) were 1.82 (95% CI:
1.76–1.89) and 1.99 (95% CI: 1.92–2.06) in the thiazide and nonthiazide groups, respectively. The
results indicated a lower hazard ratio for fractures in thiazide users (aHR = 0.93, 95% CI: 0.88–0.98).
Kaplan–Meier survival analysis revealed a significantly lower cumulative incidence of fractures in
the thiazide group (log-rank test; p = 0.0012). In conclusion, our results reveal that thiazide use can
reduce fracture risk. When antihypertensive agents are being considered, thiazide may be a better
choice if the patient is at heightened risk of fracture.

Keywords: thiazide; hypertension; risk of fracture

1. Introduction

With an aging worldwide population, the importance of effectively treating muscle
loss and osteoporosis is increasing. The characteristic of osteoporosis is bone mass loss
and microarchitectural deterioration of bone tissue. Osteoporotic bone can easily fracture
even in a minor collision [1], and osteoporotic fractures are one of the most common
injuries encountered in the emergency department [2]. The most osteoporotic fracture
locations were distal radius, proximal femur, and vertebral compression fractures. Calcium
is the most abundant mineral in the body, 99% of which is found in the teeth and bones.
Apart from bone, the two main organ systems responsible for calcium homeostasis are the
intestines and kidneys [3–5]. Vitamin D improves the ability of the intestines to absorb
calcium [6], and a calcium plus vitamin D supplement has been used to prevent osteoporotic
fractures. A meta-analysis revealed a significant 15% reduction in the risk of total fractures
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and a 30% reduction in the risk of hip fractures when patients use calcium plus vitamin D
supplementation for fracture prevention [7]. The kidneys play a key role in both calcium
reabsorption and excretion. Approximately 200 mg of calcium per day is typically excreted
by adults through the kidneys via urine [8], but this value varies by diet and serum
parameters. Reducing the excretion of calcium from urine is one strategy to maintain
adequate calcium in the human body [9].

In older people, hypertension is a common disease, and initial control through non-
drug therapies, such as lifestyle modifications, body weight management, and increased
exercise, is recommended [10,11]. Antihypertensive medications are used if non-drug
therapy cannot achieve adequate blood pressure control. Many types of antihypertensive
drugs have been developed. The four main classes of medications used in combination
therapies for the treatment of hypertension are thiazide diuretics, calcium channel block-
ers (CCBs), angiotensin-converting enzyme inhibitors (ACEIs), and angiotensin receptor
blockers (ARBs). The combination use of antihypertensive medications can achieve syn-
ergistic effects in blood pressure reduction with fewer doses [12–14]. Physicians select
an antihypertensive treatment for a patient according to their underlying diseases or con-
traindications [15,16]. Patients with a reduced ejection fraction should initially be treated
with a beta-blocker and an ACEI or ARB [16]. Patients with chronic kidney disease and
proteinuria should be treated with an ACEI or ARB plus a thiazide diuretic or CCB [17]. If
patients with diabetes mellitus have proteinuria, combination therapy should include an
ACEI or ARB [18].

Thiazide diuretics have long been widely used as antihypertensive agents. Thiazides
are defined as a third-line antihypertensive because they are less effective at reducing blood
pressure than are ACEIs or ARBs. Thiazides inhibit the Na+/Cl cotransporter (NCC) in the
convoluted renal distal tubule. The NCC facilitates the reabsorption of sodium from the
distal tubules to the interstitium. A decrease in sodium reabsorption results in an increase
in urine output, leading to a decrease in plasma volume and decreased blood pressure.

In addition to reducing blood pressure, thiazides control calcium homeostasis and
increase bone density. Thiazides reduce urinary calcium excretion and stimulate osteoblast
differentiation and bone mineral formation [7]. The mechanism by which thiazides reduce
calcium excretion remains unclear. In some studies, thiazide has been used in idiopathic
hypercalciuria [19]. Li et al. reported that the long-term use of thiazide diuretics reduces
the incidence of recurrent renal calculi and the 24-h urinary calcium level [20]. By reducing
calcium loss, the bone density and calcium within bones increase. Aung et al. reported that
thiazide could reduce the incidence of hip fractures [21].

In perimenopausal or postmenopausal women, osteoporotic fractures are one of
the common complications [22]. Several therapies have been proposed to prevent them.
Calcium plus vitamin D, hormone therapy, or combination therapy are the current primary
treatments to protect against osteoporotic fractures [23].

Our primary outcome of the study was the fracture rate of the hypertensive par-
ticipant and the adjusted hazard ratio between the thiazide user and the non-user for
hypertension using data from the Taiwan National Health Research Database of Taiwan
(NHIRD). Our second objective was to determine whether thiazide can prevent fractures in
perimenopausal or postmenopausal women.

2. Materials and Methods

2.1. Study Design and Population

As stated, we used data from Taiwan’s NHIRD; Taiwan implemented National Health
Insurance (NHI) in 1995, and the database contains NHI claims data for more than 99% of
Taiwan’s population and provides a means to explore the risk factors or effects of disease
interventions. This study used a retrospective cohort design with NHIRD data from 2000
to 2017. Diseases were diagnosed using the International Classification of Diseases, Ninth
[Tenth] Edition, Clinical Modification (ICD-9(10)–CM). This study was approved by the
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Institutional Review Board of Chung Shan Medical University Hospital (approval number
CS2-20036).

2.2. Study Population

Records from 2000 to 2017 were collected from the NHIRD, and the study population
included patients with hypertension (ICD-9-CM codes 401-405 and ICD-10-CM codes
I10-I15). Patients must have used a hypertension medication within 1 year of diagnosis,
including beta-blockers (anatomic therapeutic chemical [ATC] code: C07), CCBs (ATC code:
C08), alpha-blockers (ATC code: C02CA), and ACEIs or ARBs (ATC code: C09).

We identified a total of 498,738 patients with hypertension. After accounting for the
excluded conditions, we finally included 216,867 patients for data analysis. We divided
patients into two groups: hypertension with thiazide use (HT-with-thiazide) and hyper-
tension without thiazide use (HT-without-thiazide). A total of 18,620 patients were placed
in the HT-without-thiazide group and 198,247 patients were placed in the HT-without-
thiazide group. The index date was defined as the first day 365 days after the diagnosis of
hypertension. This setting is because we defined patients who continuously used thiazide
for 1 year as stable users and assumed that these stable users would continue to use thiazide
during follow-up.

2.3. Characteristics, Comorbidities, and Outcomes

We identified baseline demographic characteristics (as reported within 365 days before
the index date), such as age and sex, and the comorbidities and medications of each
participant to evaluate their health status. Baseline comorbidities included diabetes mellitus,
hyperlipidemia, ischemic heart disease, cerebrovascular accident, abnormal renal function,
chronic obstructive pulmonary disease (COPD), cancer, and depressive disorders. Baseline
medications included beta-blockers, CCBs, ACEIs, ARBs, corticosteroids, non-steroidal
anti-inflammatory drugs (NSAIDs), proton-pump inhibitors, and hormonal medications.

The study outcome was defined as the diagnosis of a fracture, differentiated into skull,
spine and trunk, upper limb, lower limb, and pathological fractures. All study individuals
were followed up from the index date to either the study outcome, the occurrence of
fracture due to car accident, death, or the end of the study (31 December 2017).

2.4. Statistical Analysis

Statistical analysis was performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA), and a p-value of <0.05 was considered statistically significant. HT-with-thiazide
patients were matched with HT-without-thiazide patients by age (±1 year) and sex at a
1:4 ratio. To reduce potential confounding bias due to measured factors, 1:1 propensity
score matching (PSM) was performed by using the greedy nearest neighbor algorithm and
noreplacement matching with a caliper width of 0.01; matched variables included birth
year, sex, age (±1 year) at the index date, index year, comorbidities, and medication. The
absolute standardized difference (ASD) was used to evaluate the differences in covariates
between the two study groups; an ASD value of <0.1 indicated that the item was balanced
between the groups.

Categorical data were presented as numbers and percentages, and the differences
in categorical variables were compared using the chi-square test. Incidence rates with
corresponding confidence intervals (CI) and crude hazard ratios (HRs) were calculated
using Poisson regression. After the proportional hazards assumption was tested, a Cox
proportional hazards model analysis was performed to estimate the HRs for mortality and
95% CIs. Cumulative fracture probabilities were assessed using Kaplan–Meier analysis, in
which statistical significance was determined using the results of a log-rank test.
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3. Results

3.1. Characteristics of the Participants

The selection flow chart for this study is presented in Figure 1. A total of 18,593
patients were included in the HT-with-thiazide group, and an additional 74,372 patients
were sex and age (±1 years) matched at a 1:4 ratio to form the HT-without-thiazide control
group (Supplementary Table S1). After 1:1 PSM matching by sex, age, urbanization level of
place of residence, income, comorbidities, and medications, 18,483 HT with-thiazide and
HT without-thiazide participants were obtained; 58% of the patients were male, and 41%
were female. Over 57% were aged 46 to 60 years. The baseline characteristics are presented
in Table 1.

Figure 1. Study flowchart of patient selection.
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Table 1. Baseline characteristics among study groups.

Variables

After PSM

Without-Thiazide
n = 18,483

With-Thiazide
n = 18,483

ASD

Index year 0.0244
2002–2006 5573 (30.15%) 5660 (30.62%)
2007–2011 5831 (31.55%) 5842 (31.61%)
2012–2016 7079 (38.3%) 6981 (37.77%)

Sex 0.0020
Female 7689 (41.6%) 7707 (41.7%)
Male 10,794 (58.4%) 10,776 (58.3%)

Age at index 0.0000
19–45 3463 (18.74%) 3543 (19.17%)
46–60 10,616 (57.44%) 10,544 (57.05%)
≥61 4404 (23.83%) 4396 (23.78%)

Urbanization 0.0412
Urban 11,580 (62.65%) 11,534 (62.4%)

Sub-urban 5731 (31.01%) 5753 (31.13%)
Rural 1172 (6.34%) 1196 (6.47%)

Income 0.0061
1–22,000 6218 (33.64%) 6271 (33.93%)
>22,000 12,265 (66.36%) 12,212 (66.07%)

Comorbidities
Diabetes mellitus 5530 (29.92%) 5493 (29.72%) 0.0044
Hyperlipidemia 7209 (39%) 7124 (38.54%) 0.0094

Ischemic heart disease 3281 (17.75%) 3302 (17.87%) 0.0030
Cerebrovascular accident 2198 (11.89%) 2297 (12.43%) 0.0164
Abnormal renal function 1140 (6.17%) 1199 (6.49%) 0.0131

COPD 1132 (6.12%) 1210 (6.55%) 0.0173
Cancer 482 (2.61%) 575 (3.11%) 0.0302

Depressive disorders 459 (2.48%) 508 (2.75%) 0.0166
Medication

Beta- blockers 8035 (43.47%) 7934 (42.93%) 0.0110
CCBs 10,960 (59.3%) 10,928 (59.12%) 0.0035

Alpha-blockers 880 (4.76%) 979 (5.3%) 0.0245
ACEI/ARB 17,326 (93.74%) 17,326 (93.74%) 0.0000

corticosteroids 9427 (51%) 9460 (51.18%) 0.0036
NSAIDs 12,540 (67.85%) 12,402 (67.1%) 0.0159

PPIs 989 (5.35%) 1087 (5.88%) 0.0230
Hormonal medications 818 (4.43%) 859 (4.65%) 0.0107

ASD: Absolute Standardized Difference; COPD: Chronic Obstructive Pulmonary Disease; CCBs: Calcium Channel
Blockers; ACEIs: Angiotensin-Converting Enzyme Inhibitors; ARB: Angiotensin Receptor Blockers; NSAIDs:
Non-Steroidal Anti-Inflammatory Drugs; PPIs: Proton Pump Inhibitors.

3.2. Risk of Fracture between HT-with-Thiazide and HT-without Thiazide Group

As Table 2 indicates, the incidence densities of fractures (per 1000 person-months)
were 1.83 (95% CI: 1.76–1.90) and 1.97 (95% CI: 1.94–2.01) in the sex- and age-matched
HT-with-thiazide and HT-without-thiazide cohorts, respectively (Supplementary Table S2).
After PSM, the values were 1.82 (95% CI: 1.76–1.89) and 1.99 (95% CI: 1.92–2.06) in the
HT-with-thiazide and HT-without thiazide cohorts, respectively, and the aHR for the
HR-with-thiazide group was 0.93 (95% CI: 0.88–0.98). Kaplan–Meier survival analysis
revealed a significantly lower cumulative incidence of fractures in the HT-with-thiazide
group (log-rank test; p = 0.0012; Figure 2).

89



J. Clin. Med. 2022, 11, 3304

Table 2. Incidence density of fracture.

Variables
After PSM

Without-Thiazide With-Thiazide

Number 18,483 18,483
Follow up person months 1,428,347 1,457,827

New fracture case * 2848 2666
Incidence rate * (95% C.I.) 1.99 (1.92–2.06) 1.82 (1.76–1.89)

Crude Relative risk (95% C.I.) Reference 0.92 (0.87–0.97)
Adjusted hazard ratio † (95% C.I.) Reference 0.93 (0.88–0.98)

Competing Risk (95% C.I.) Reference 0.93 (0.88–0.98)

* per 1000 person-months. † Adjusted variables including age, sex, comorbidities and medication.

Figure 2. Kaplan–Meier curves of the cumulative proportions of fracture in the use of thiazide and
without the use of thiazide.

Multiple cox regression revealed that the aHR of fractures for the HT-with-thiazide
group was significantly lower than that of the HT-without-thiazide group. Other significant
risk factors for fractures were sex; age; urbanization level; income; the comorbidities of
diabetes mellitus, hyperlipidemia, cerebrovascular accident, abnormal renal function, and
COPD; and the medications of corticosteroids and NSAIDs (Supplementary Table S3).

In Figure 3, subgroup analysis revealed that the aHR for women and men was 0.98
(95% CI: 0.91–1.05) and 0.86 (95% CI: 0.80–0.93), respectively, and the HR-with-thiazide
group exhibited a significantly reduced risk compared to the HR-without-thiazide group.
For the age 41 to 50 years group, the aHR was 0.87 (95% CI: 0.76–0.99). For the with-CCBs
group, the aHR was 0.92 (95% CI: 0.86–0.90). For the with-ACEI or ARBs group, the aHR
was 0.91 (95% CI: 0.86–0.96).
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Figure 3. Subgroup analysis of adjusted hazard ratio for fractures in patients with thiazide compared
with patients without thiazide. * per 1000 person-months; aHR (adjusted Hazard Ratio) adjusted
variables including age, sex, comorbidities and medication; CCBs: Calcium Channel Blockers; ACEIs:
Angiotensin-Converting Enzyme Inhibitors; ARB: Angiotensin Receptor Blockers.

4. Discussion

Hypertension is a common chronic disease among older adults. Several hypotheses
accounting for the pathophysiology have been proposed. One of the hypotheses concerns
maladaptation to a high-salt diet. Hypertension may be a physiological response intended
to excrete excess salt. Natriuresis is a key treatment for hypertension [24]. Diuretics
could remove excessive salt to achieve hypertension control. A review concluded that
the use of a low-dose thiazide reduced all mortality and morbidity in adult patients with
moderate-to-severe primary hypertension [25].

Older people are also more susceptible to osteoporotic fractures and even low-energy
injuries due to low bone density and being prone to falls. Hip fracture is also one of the
risks associated with higher mortality and morbidity among older adults. The cumulative
mortality rate for 12 months was 33%, and the 1-year mortality rate increased significantly
by 2% per year [26] Several cost-effective pharmacologic treatments may be used to prevent
fractures, such as vitamin D and calcium supplements and bisphosphonates [27]. Deno-
sumab is an effective option for preventing fracture, which reduces bone resorption to
achieve bone mass preservation [28].

Our study aimed to determine whether thiazide could be used to reduce fracture
risk in patients with hypertension. This has remained controversial in prior research. A
meta-analysis determined that the use of thiazide was associated with reduced risk in
case-control studies but not in cohort studies. That study concluded that the use of thiazide
might not protect against fractures [29]. However, some studies have different conclusions.
A recent study using a Swedish database concluded that the use of bendroflumethiazide or
hydrochlorothiazide could reduce the risk of hip fractures [30]. That study also noted that
the choice of antihypertensive can influence fracture risk. A recent meta-analysis including
22 observational studies concluded the use of thiazide was associated with a lower fracture
rate of the hip [31]. A meta-analysis that compared patients with diuresis with and without
thiazide determined that thiazide reduced overall fracture risk by 14% and hip fracture risk
by 18% [32].

91



J. Clin. Med. 2022, 11, 3304

In the present population-based retrospective cohort study, we determined that pa-
tients with hypertension and thiazide had a lower overall fracture risk. The adjusted risk
ratio for the HT-with-thiazide group was 0.926, indicating thiazide has a protective effect
against fracture for patient hypertension.

A meta-analysis found the protective effect on fracture risk is associated with the long
duration and continuity of thiazide use [33]. Similar to our study, the protective effect
seems more significant after 72 months from Kaplan–Meier curves (Figure 2). Another meta-
analysis concluded that the association between the use of thiazide and risk of osteoporotic
fracture is not significant. However, this study also concluded that the different general
status of a patient might have different levels of benefit [34]. This study gave us an
important implication that we should find the specific population that could benefit from
thiazide diuretics for preventing fracture. In our study, subgroup analysis was used
to determine whether thiazide could protect against fractures in perimenopausal and
postmenopausal women.

A retrospective cohort study using the MJ Health Database in Taiwan indicated that
the mean age at menopause for women in Taiwan is 50.2 [35]. The adjusted fracture risk
ratio was 0.88 in a subgroup of females aged 41–50. (95% C.I. 0.73–1.06) The possible
explanation is sample size was not large enough to meet statistical significance. The
adjusted fracture risk ratio was 0.87 in a group aged 41–50. (95% C.I. 0.76–0.99) A possible
explanation for this is as follows: As people reach their forties and start to lose protection
from hormones, thiazide can compensate to improve calcium reabsorption and increase
bone density. However, during their fifth decade or older, people completely lose the
protection of hormones. Bone mineral loss accelerates and worsens, and thiazide does not
provide sufficient protection.

Bone mineral density (BMD) measurements provide a snapshot of bone health, in-
cluding the presence of osteoporosis and the risk of fractures. Two randomized con-
trolled trials revealed that thiazide achieved significant benefits in BMD in postmenopausal
women [36,37]. To sum up, thiazide could produce a positive effect on BMD, but increased
BMD does not necessarily indicate reduced fracture risk.

A meta-analysis revealed that the risk of osteoporotic fractures among individuals
with hypertension was higher than individuals without hypertension, with an odds ratio
of 1.33 [38]. A longitudinal study indicated that hypertension is an independent risk factor
for fractures in women but not men [39]. Although our study observed that thiazide had a
protective effect on fracture in patients with hypertension, we were unable to determine
whether the protective effect originates from the control of blood pressure or thiazide
facilitating calcium reabsorption.

The most common indication for thiazide is hypertension; others include edema or
ascites secondary to cirrhosis or heart failure. In several studies, the research participants
were not specifically individuals with hypertension [21,29,40]. Different from those studies,
the participants in our study used thiazide specific for hypertension.

Our study has several limitations. First, the claims records in the NHIRD are mainly
used to calculate medical unit services and service costs. Several key indicators recorded in
clinical practice are not included in the database, such as the severity, type, and mechanism
of patient fractures. We used PSM to eliminate possible confounding factors that were
recorded in the database. Second, the retrospective cohort design of this study excluded
causal inference and limited the precision of our study. Therefore, we matched the study
group with the control group by propensity score to reduce this bias. Third, BMD is a
useful indicator of bone health. A previous study concluded that thiazide could improve
BMD [41]. However, BMD values are not recorded in the NHIRD. Further cohort studies
or studies using hospital electronic medical records systems might help to clarify the
relationships between BMD and the use of thiazide.
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5. Conclusions

In conclusion, our study revealed that thiazide use for hypertension can reduce overall
fracture risk. When deciding between antihypertensive agents, thiazide may be a favorable
choice if the patient is at elevated risk of fragility fractures. Through subgroup analysis,
we also determined that women over 40 years of age who used thiazide were at a reduced
risk of fractures. This could be an indication for the use of antihypertensive medications in
perimenopausal women.
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Abstract: Background: Scaphoid fractures correspond to 60% of all carpal fractures, with a risk of
10% to progress towards non-union. Furthermore, ~3% present avascular necrosis (AVN) of the
proximal pole, which is one of the main complications related to the peculiar vascularization of the
bone. Scaphoid non-union can be treated with vascularized and non-vascularized bone grafting.
The aim of the study is to evaluate the rates of consolidation of scaphoid non-union treated using
two types of grafts. Methods: A systematic review of two electronic medical databases was carried
out by two independent authors, using the following inclusion criteria: non-union of the proximal
pole of the scaphoid bone, treated with vascular bone grafting (VBG) or non-vascular bone grafting
(NVBG), with or without the use of internal fixation, patients aged ≥ 10 years old, and a minimum of
12 months follow-up. Research of any level of evidence that reports clinical results and regarding
non-union scaphoid, either using vascularized or non-vascularized bone grafting, has been included.
Results: A total of 271 articles were identified. At the end of the first screening, 104 eligible articles
were selected for the whole reading of the text. Finally, after reading the text and the control of the
reference list, we selected 26 articles following the criteria described above. Conclusions: The choice
of the VBG depends mainly on the defect of the scaphoid and on the surgeon’s knowledge of the
different techniques. Free vascular graft with medial femoral condyle (MFC) seems to be a promising
alternative to local vascularized bone grafts in difficult cases.

Keywords: scaphoid; non-union; vascular bone grafting; non-vascular bone grafting

1. Introduction

Scaphoid fractures are the most common wrist fractures, accounting for 60% of all
carpal fractures. Although consolidation can occur without needing surgical treatment,
the non-union rate is ~10% [1]. The main risk factor for non-union is fragment dislocation,
associated with non-union rates of up to 55% [2]. Additionally, the displacement and
time of surgery may play an important role: Davis suggests that all fractures with >3 mm
displacement should be operated on early to prevent the development of non-union [3].

Avascular necrosis (AVN) is one of the most feared complications. It has an estimated
occurrence of 3% of all cases of scaphoid fractures; it occurs mainly in the proximal pole,
probably due to the particular vascularization of this bone [4,5]. Magnetic resonance
imaging (MRI) is recommended to diagnose AVN. However, the gold standard is an
intraoperative evaluation of the absence of bleeding in the proximal fragment [6]. Plain
radiographs of the hand and wrist are partially valuable for diagnosing and evaluating
displacement. However, scaphoid views are the most useful. Therefore, MRI or CT scans
are indicated in most scaphoid fractures [7,8].

When a scaphoid non-union occurs because of late diagnosis or failed treatment, it
can cause a scaphoid non-union advance collapse (SNAC), a condition characterized by
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progressive deformity and degenerative changes ranging between radial styloid arthritis
and pancarpal arthritis. The resultant wrist architecture is known as dorsal intercalated
segment instability (DISI) deformity, which affects the patient in terms of a limited range of
movement, grip strength, and daily living activities [9,10].

The risk of developing wrist osteoarthritis increases in proportion to the time elapsed
between injury and surgery [11,12]. Surgical treatment involves reducing and fixation
of the scaphoid, either with a non-vascularized bone graft (NVBG) or vascularized bone
graft (VBG).

There is little evidence about the best type of graft in the current literature. In a
systematic review, Munk et al. found a slightly higher union rate in pedicled vascularized
grafts (90%) compared to non-vascularized bone grafts with internal fixation (84%) [13].
Many authors agree that a vascularized bone graft is preferred in avascular necrosis and
proximal pole non-union, especially when vascularity is compromised and augmentation of
the local biology is needed [14]. More recently, a vascularized graft from the medial femoral
condyle has been described for scaphoid waist non-union, with the advantage of lower
donor site morbidity [15]. Although free vascularized bone grafts are increasingly used
and may have a better union rate than pedicled bone grafts [16], this major surgery should
be reserved for the failure of conservative treatment or when a small proximal pole needs
to be reconstructed. The aim of the treatment of scaphoid non-union is pain relief, better
hand function, and the prevention of late-onset painful post-traumatic osteoarthritis [17].
Following the non-union, progressively degenerative changes may occur with the formation
of cysts, bony resorption with loss of bone stock, and the development of apex dorsal
angulation or the humpback deformity [9]. The importance of vascularity has been enforced
by finding that conventional NVBGs could only achieve a 47% union rate in the presence of
AVN. However, in the absence of AVN, NVBGs could achieve union rates of 94% [18]. It was
widely believed that providing adequate blood flow would help treat cases of non-union.
Several in vivo studies have aimed to demonstrate that VBGs accelerated bone healing
by preserving osteocytes and preventing the slower creeping substitution; canine models
demonstrated increased blood flow and superior mechanical properties in VBGs compared
to NVBGs [14,19].

This systematic review aims to evaluate the available literature on the rates of consoli-
dation of scaphoid non-union treated using two types of grafts (VBG and NVBG) to help
decision making in the management of these injuries and to establish the outcomes of bone
grafting surgery.

2. Materials and Methods

2.1. Research Selection

According to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [20], two databases (PubMed and Google Scholar) were revised by
two authors (DAS and SM). The keywords used in the research were “scaphoid” AND
(non-union OR ill-union OR pseudoarthrosis OR delayed healing OR avascular necrosis),
AND (surgical OR operating OR surgery OR grafting OR non-conservative OR not blood-
less) AND (vascularized OR non-vascularized). For every original article included in the
research, a standard form of input data was used to extrapolate the number of patients,
gender, the average age at the time of treatment, type of grafting, donor site, complications,
and mean follow-up, post-surgery immobilization, and research year. The quality assess-
ment of the research was carried out double-blind by two independent reviewers (AV and
GT). Any disagreement on data was resolved by consulting a senior surgeon (VP).

2.2. Inclusion and Exclusion Criteria

All articles identified in our systematic review included the treatment of scaphoid
non-union using vascular bone grafting (VBG) or non-vascular bone grafting (NVBG). The
initial screening of the titles and the abstracts was carried out using the following criteria
of inclusion: non-union of the proximal pole of the scaphoid bone, treatment with VBG or
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NVBG with or without the use of internal fixation, patients ≥ 10 years old, and a minimum
of 6 months follow-up.

The exclusion criteria were all the articles that did not mention the use of bone grafting
to treat the scaphoid non-union and those that did not refer to the avascular necrosis
of the proximal pole. Studies focused on other topics or without a clear reference on
post-surgical grafting results and those with a limited science-based methodology or no
available abstracts or full text have been excluded.

2.3. Assessment of Bias Risk

In this systematic review, the bias risk evaluation was carried out using the ROBINS-I
tool for non-randomized studies: it consists of a three-step assessment. The first step
concerns the initial planning of the systematic review. The second step is evaluating the
common biases that can be found in these studies. The third step concerns the overall bias
risk. Two authors (AV and GT) carried out the evaluation independently. Any discrepancies
were discussed with the senior researcher (VP) for the final decision. All evaluators agreed
on the final decision of each assessment step (Table 1).

Table 1. The main results of the non-scaphoid unions included metanalysis, systematic reviews, case
studies, cohort studies, and prospective and retrospective series.

Ref Author
Level of

Evidence/Type
of Paper

N of
Patients

Surgery FU Results Limit of the Study

[21] Korompilias
et al.

IV
Therapeutic 23 VBG 24 m

Fixation of the bone graft with 1 or 2
K-wires + external fixator has clear
advantages: to provide better wrist

support than a brace or cast, and
secondarily to be able to perform a

post-operative MRI to assess the
vascularity of the proximal pole once the

K-wires are removed upon obtaining
the union.

Absence of a
comparison group

Lack of a postoperative
CT scan in all patients

[22] Mouilhade
et al. 15 VBG

Zaidemberg graft allows better vision of
the proximal pole of the scaphoid and
does not destabilize the extrinsic volar

ligaments of the carpus. The Kuhlmann
graft allows for easier height restoration

and better graft adaptation to the
scaphoid surface.

Anatomical/cadaveric
comparative study

[23]
Barrera-
Ochoa
et al.

IV
Therapeutic 32 VBG 12 m

Vascularized periosteal flaps (VPFs)
represent an additional method to

conventional VBGs; it improves difficult
non-union in the presence of poor

prognostic factors in children,
adolescents, and adults.

The technique combines 2
procedures, each of which

could be considered
individual.

Absence of comparisons
with other techniques.
Small sample size and

short follow-up

[24] Severo et al. Review VBG vs.
NVBG

There is a preference in the literature for
vascularized bone grafts over
conventional NVBG. The 1,2-

intercompartmental supraretinacular
artery pedicled (ICSRA-VBG) technique

provides easy visualization and
dissection of the pedicle, which makes

this technique critical for treating
scaphoid non-union with AVN of the

proximal pole.

[13] Munk et al. Review 5246 VBG vs.
NVBG 12 m

The addition of internal fixation of an
NVBG does not significantly increase

the union rate of a scaphoid non-union.
With a VBG, there is an increase in union

rate and a reduction in immobilization
time.
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Ref Author
Level of

Evidence/Type
of Paper

N of
Patients

Surgery FU Results Limit of the Study

[25] Hovius et al. Review 5745 VBG vs.
NVBG 12 m

The study shows that NVBG is used as
the standard treatment for simple,

non-displaced non-unions. When AVN,
proximal pole non-union, and/or

pseudoarthrosis is present, a
vascularized graft is preferred.

[26] Capo et al. Case report 1 NVBG 12 m

Despite a chronic non-union of the
scaphoid (28 years), surgical treatment

has allowed healing and good
clinical-functional outcomes. The

natural history of chronic scaphoid
non-union does not always result in the

progressive degeneration of the
radioscaphoid joint.

[27] Rahimnia
et al.

Retrospective
study 41 VBG 12 m

Patients who achieve full scaphoid
union report significantly better

outcomes in radio-ulnar deviation and
handgrip strength (p < 0.03; p < 0.04).

Smoking represents the main negative
prognostic factor affecting non-union.

Small sample size and
many patients lost to

follow-up
Not able to determine the

time of union.
Not evaluated the

revascularization of
scaphoid bone

[28] Tsumura
et al.

IV
Therapeutic 19 VBG 12 m

1,2-ICSRA VGB with a dorsomedial
approach was useful for treating

scaphoid non-union with a humped
deformity. The study shows that taking
up to about 15 mm in length and width
and about 10 mm in thickness from the

graft should be sufficient to correct most
back deformities.

There is not a statistical
analysis of outcomes.

Small sample size and
short follow-up

No control group

[29] Moon et al. Review 1 NVBG 12 m

The findings suggest that NVBG can
result in high union rates when the

scaphoid maintains adequate perfusion
and stable graft fixation

[30] Higgins
et al.

Histopathological
study 7 VBG vs.

NVBG 6 m

Vascularized osteochondral grafts
performed in the medial femoral

trochlea provide synovial nutrition and
generous surrounding subchondral

bone beds for graft perfusion
and survival.

[31] Ross et al. III 4177 VBG vs.
NVBG 12 m

Scaphoid non-union is treated more
often with an NVBG vs. VBG (91.4% vs.
8.6%); however, the use of VBG results
in a greater likelihood of receiving a CT

scan in follow-up and more X-rays
(mean 5.3 X-rays vs. 4.7, p < 0.001).
Higher family income results in a

greater likelihood of receiving a VBG.

Other important clinical
outcomes are not

considered.
Potential errors in coding
leading to a sampling bias.

Individual surgeon
indications, patient

preference, the exact
reasons for reoperations

are not determined.

[17] Ferguson
et al. II 5464 VBG vs.

NVBG 12 m

Union was achieved in 81% of the
included cases. The mean union rates

between VBG and NVBG were 84% and
80%, respectively. When avascular
necrosis of the proximal pole of the

scaphoid was identified, the mean rate
was 74% with VBG, compared with 62%

with NVBG.

[32] Chaudhry
et al.

Prospective
study 19 VBG 12 m

In conclusion, the results demonstrate
that MFC vascularized free graft

achieved excellent results in a subgroup
of scaphoid non-unions with one or

more poor prognostic factors (union rate
88.5%; union rate with the presence of

AVN 85%).

Small sample size and
short follow-up.
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Evidence/Type
of Paper

N of
Patients

Surgery FU Results Limit of the Study

[33] Malizos
et al.

Prospective
study VBG

The study highlights some key points:
smoking cessation (pre- and

post-operative) to reduce its negative
effects on the union; dorsal grafts (based
on 1,2 or 2,3 ICSRA) are more used for

proximal non-unions, while volar grafts
are preferred for non-unions to the
middle segment of the scaphoid. A

technical tip common to both
approaches is to take a larger graft based

on pre-operative measurements and
adapt it to the size of the defect.

Use of the MRI instead of
CT scan for the follow-up

protocol.

[34] Tsantes et al. Review 825 VBG 12 m

According to the results of the study, the
consolidation rate was 86.3% for the 1.2
ICSRA graft, 93.9% for the volar bone

graft (preferentially used for correction
of hump deformity) and 88.8% for the
free MFC graft (allows replacement of

the proximal articular portion in cases of
difficult non-union of the proximal pole

of scaphoid).

[35] Sgromolo
et al. Review VBG

VBG allows for healing, improved
vascularity, and correction of humped
deformity in AVN or premature failure

of an NVBG.

[2] Talal Al-Jabr
et al. Review 245 VBG 12 m

In this study, the mean union rate for
patients undergoing free VBG is 93.65%:
using a VBG from the MFC, the union
rate was 100% (56 pts), while from the

iliac crest, it was 87.3% (188 pts).

[36] Kawamura
et al. Review VBG vs.

NVBG

This study suggests that vascularized
bone grafting may improve the healing
of scaphoid non-unions with proximal

pole AVN.

[37] Pinder et al. Review 1602 VBG vs.
NVBG 12 m

The union incidence rate for NVBG was
88% (84–92; 95% CI), for VBG was 92%

(85–96; 95% CI). In the presence of AVN,
the incidence with a vascularized bone
graft from the MFC and distal radius

was 100% and 96%, respectively,
whereas, with the use of NVBG from the

iliac crest, the union rate was 27%.

[18] Merrell et al. Meta-analysis 1827 VBG vs.
NVB 24 m

Results show that in scaphoid
non-unions with AVN, the union was
achieved more often in patients who

received a VBG combined with screw or
K-wire fixation than NVBG and screw

fixation (88% vs. 47% union; p < 0.0005).

Subject to detection and
publication bias.

Lack of foreign-language
articles is a limitation

Effort to control for quality
by setting predetermined

standards for inclusion
and exclusion

[38] Derby et al. Review VBG 12 m

When initial failure of an NVBG is
present or if there is an AVN of the

proximal pole, the use of a VBG should
be considered. For the correction of

DISI/carpal collapse, radial volar grafts
and CFM-free grafts have good

outcomes.

[15] Elgammal
et al.

Retrospective
study 30 VBG 12 m

MFC-free vascular graft allowed union
in 24 of 30 patients. It is considered an

appropriate treatment in cases of
non-union of the scaphoid with

humpback deformity and/or AVN to
the proximal pole with the substantial

post-operative improvement of the
scapholunate and lateral interscaphoid

angles (p < 0.05; p < 0.001).

Small sample size and
short follow-up
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[39] Pokorny
et al. Review VBG

This study affirms that the main
indications for VBG in non-union of the

scaphoid are any non-union with
proximal pole avascular necrosis and
non-union that has failed a previous

conventional bone graft attempt.

[40] Elzinga
et al. Review VBG

The volar carpal artery and pronator
quadratus VBFs are the most used volar

VBFs for scaphoid non-union: they
provide flaps with minimal donor site

morbidity. The pisiform VBF is an
option for replacing the proximal pole of

the scaphoid but is often too small for
humpback deformity. Volar distal ulnar
VBF is not a first-line option for treating

scaphoid non-unions due to the
morbidity of ulnar artery harvesting.

3. Results

3.1. Studies Included

A total of 271 articles were identified. After the exclusion of duplicates, 151 articles
were selected. At the end of the first screening, we selected 56 articles eligible for reading
the whole text following the selection criteria described above. Finally, after checking
the reference list, we selected 25 articles, consisting of meta-analyses, systematic reviews,
case studies, cohort studies, or prospective and retrospective series, following the criteria
described above. A PRISMA flow chart of the selection and screening method is provided
(Figure 1).

The main results of the articles included were summarized (Table 1).

3.2. Non-Vascular Bone Graft (NVBG)

A total of 11 articles included in our study focused on treating scaphoid non-union
treated using non-vascular bone graft (NVBG).

In a case study by Moon et al. [29] on a non-union in a 26-year-old patient who
presented constant pain 9 months after undergoing open reduction and internal fixation
(ORIF) with a mini screw, the patient was treated with NVBG-treated scaphoid body
fracture. It appears that 12 weeks after surgery, the fracture showed a 40% recovery at the
CT scan, and during the successive evaluation, 7 months after surgery, there was a loss of
10◦ volar bending in terms of range of motion (ROM), a grip force of 94% compared to the
healthy contralateral limb, and a union confirmed by X-ray.

Some studies in the literature compare both types of bone graft in the treatment of non-
union scaphoid: Ross et al. [31], in their case studies involving 4177 patients, concluded that
both techniques produce low failure rates (6.1% for NVBG vs. 5% for VBG); the difference
in the probabilities of failure was not statistically significant (p = 0.425). The union rate was
94% for the non-union of scaphoid treated with NVBG, similar results to those shown in
Pinder et al. [37]: in 35 examined subgroups, the use of non-vascularized bone grafts was
reported with a union rate of 88%.

Union rates are reduced considerably when non-vascularized bone grafts are applied
in the presence of avascular necrosis of the proximal pole of the scaphoid: in 144 studies
examined in a review by Ferguson et al. [17], when the AVN of the proximal pole of the
scaphoid is identified, the average union rate varies from 74% with VBG compared to 62%
with NVBG.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis); flow
diagram of the systematic review of the literature.

There were no statistically significant differences in the union rate when comparing
the use of an additional internal fixation to non-vascularized bone grafts in the work of
Munk et al. [13]: examining the first group of patients treated with NVBG without internal
fixation after a period of immobilization of 15 weeks, a union rate of 80% was found,
while in the second group, with the use of the NVBG with internal fixation, after a period
of immobilization of 7 weeks, the union rate was 84%. In contrast to these results, in a
metanalysis made by Merrel et al. [18], it is clear how the union was reached more often in
those patients who received a vascularized graft combined with the fixation with screws or
K wires compared to the non-vascularized wedge grafts combined with the fixation with
screws (88% union in 34 patients vs. 47% union in 30 patients, p < 0.0005).

Concerning the techniques describing the use of NVBG for the treatment of non-union
of the scaphoid with necrosis of the proximal pole, only three sets of cases were recovered
in the analysis of Severo et al. [24]. Matsuki et al. [41] assessed the rate of consolidation
of fractures of the proximal pole of the scaphoid in which NVBG was associated with the
fixation of a Herbert screw; 11 patients were assessed, and consolidation was observed in
all. Using the same technique, Robbins et al. [42] studied 17 patients with a 1-year follow-up
and observed a consolidation rate of 52%. Ribak et al. [43] estimated the consolidation
rate using NVBG in 40 patients; of these, 16 had proximal pole necrosis and 11 reached
consolidation (68%).
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The comparison between cartilage quality in non-vascular osteochondral grafts with
vascular osteochondral flaps in an animal pig model is interesting [30]. In the NVGB,
cartilage development is reduced compared to vascularized grafts; chondrocytes reside
in gaps. The cartilage matrix is not well developed compared to the VBG group. The
basophilic matrix cartilage is reduced due to the inadequate synthesis of collagen fibers
and the amorphous extracellular matrix.

We also observe the narrowing of chondrocytes, large gaps between chondrocytes
and the capsular matrix, and intra-cytoplasmic vacuolization in some chondrocytes. In the
group of vascularized flaps, all the phases of development of the cartilage are observed
under the optical microscope. Chondromites with clearly visible nuclei and basophile
cytoplasm reside in the gaps of the cartilaginous matrix and are distributed individually
or in groups. The cartilaginous matrix shows a distinct basophilia around chondrocytes,
although reduced in inter-lacunar areas. All cytoplasmic characteristics and chondrocyte
nuclei in the gaps retain their normal structure. The visual morphological assessment of
cartilage in the vascular group revealed a smooth and continuous surface in all samples
(n = 7) with a predominantly viable cell population (n = 6; 85.7%). The score for the viability
of chondrocytes and surface morphology of cartilage morphology is significantly higher
in the VBG group (p < 0.05). The distribution of chondrocytes is predominantly columnar
(n = 6; 85.7%) in vascular cartilage compared to a disorganized or cluster distribution in
non-vascularized grafts (p < 0.05).

Capo et al. [26] presented an interesting case concerning a non-chronic union (28 years)
of scaphoid treated with NVBG and internal fixation with a screw and K-wire. The objective
pre-surgery test showed tenderness above the scaphoid and the dorsally radio-scaphoid
articulation. The wrist range of motion (ROM) showed an extension of 45◦, a bending
of 40◦, and pronation and supination of 80◦ degrees. Its grip strength was limited to
about 50% relative to the other healthy contralateral side. Six months after the surgery, the
X-rays showed complete recovery with the remodeling of the bone callus near the failure to
join the scaphoid. The patient had a slight tenderness around the anatomical snuffbox at
the physical examination. Sensitivity was intact in all nervous distributions. The DASH
score (arm, shoulder and hand disability) was 36, and the grip force of the hand was 64%
compared to the healthy side counter, with a slight increase over the previous values.

3.3. Vascular Bone Graft (VBG)

A total of 23 studies examined by us consider the use of vascularized bone grafts (VBG)
to treat non-union scaphoids. In Korompilias et al. [21], union was reached in 100% of
patients treated with vascular bone graft by distal radius after an average of 10 weeks: the
DASH scores and the degree of post-surgery satisfaction showed significant improvement
in all patients. No patient suffered pain after a follow-up of at least 2 years. Consistent
results can also be observed in a prospective cohort study of 32 patients [23]: 6 months
after surgery, complete bone healing with vascularized periosteal flaps was observed in all
patients except 1. An overall gain of 20 in ROM was observed compared to pre-surgery
control and 3 months of follow-up; there were no significant differences between treated
and untreated (healthy) wrists.

Regarding the data on force measurements, from before to after the surgery, a sig-
nificant improvement was noted with an overall gain of 41% compared to the strength
of the healthy contralateral side. Pain at rest and during exercise decreased significantly
after surgery, measured by the Visual Analogue Scale (VAS) score; on average, 1.1 ± 1.4
(range, 0–6) at rest and 2.4 ± 1.7 (range, 0–8) during exercise. Significant improvements
were found in the quick-DASH and the MMWS (Modified Mayo Wrist Score).

An increasing interest in indicating the use of VBG based on dorsal radio circulation
has been observed, particularly with the use of the 1.2 ICSRA. In support of these data,
a recent work [18] showed a consolidation rate of 88% compared to 47% using the VBG
and NVBG, respectively. The effectiveness of the vascular bone graft using 1,2-ICRSA has
also been proven by Rahimnia et al. [27]. Overall, 30 out of 41 patients reached the union,

102



J. Clin. Med. 2022, 11, 3402

and 11 did not. The overall average DASH score and the average MMWS score were 26
and 78, respectively; the average follow-up was 49 months after surgery. The MMWS score
improved from 60 pre-surgery to 83 at the last follow-up. Excellent results were achieved in
14 patients (46.6%), good in 10 (33.3%), discreet in 5 (16.6%) and poor results only in 1 (3.5%).
The DASH score decreased from 54 to 21, and the grip force was 73% compared to the
strength of the healthy contralateral hand. The pre-surgery and post-surgery radius-ulnar
deviation have improved significantly, while the flexion–extension showed no significant
differences. The study also included 26 patients with AVN; 20 reached the scaphoid union,
and 6 did not (76.9% vs. 23.1%).

Contrasting data in the literature concern the role of smoking as a possible factor
influencing failure to merge in scaphoid fractures: for many authors [24,27,31,33], smoking
is regarded as a genuine risk factor with a predominant role in the emergence of the
proximal pole avascular necrosis. Ferguson et al. [17] argue that it was impossible to
examine the actual influence of smoking on union rates, as most studies only described the
proportion of smokers at the time of patient recruitment rather than how many smokers
from the population achieved union. The reported union rates ranged from 17% to 100%
for non-unions treated with NVBG and 27% to 100% treated with VBG.

Different results have been reported on the treatment of non-cancered scaphoids
through a VBG graft using the 1,2-ICSRA, and its usefulness for treating non-cancered
scaphoid with a DISI deformity (dorsal instability of the intercalary segment) remains unclear.

In Tsumura et al. [28], there were 19 patients in whom the scaphoid failed to join with
a DISI deformity: the length of the scaphoid was measured, defined as the distance from
the center of the scaphoid joint to the tip of the proximal pole on Rx-graphs in AP, and
inter-scaphoid lateral angle (ISA), radioulnar angle (RLA), and scafolunate angle (SLA)
were also measured using CT imaging. Hump deformities have been defined as an ISA
45◦ or higher, DISI deformities as an RLA 15◦ or higher and SLA 70◦ or higher. The union
rate at the last follow-up executed with a minimum of 6 months after the surgery was
94.7%. In the 19 patients, the post-surgery ISA was adequate in 17 and inadequate in 2. For
DISI deformity, all post-surgery SLA and RLA were within the normal limit (normal SLA,
30–60◦; normal RLA from −15 a + 15).

A comparison of failure rates between pedunculated VBG and free VBG was made
by Ross et al. [31]: among vascularized bone grafts, 314 (87.7%) were stem grafts, and 44
(12.3%) were encoded as free micro-vascular flaps. There were no statistically significant
differences between the two repair techniques for lack of union regarding age, type of
insurance plan, geographical region, or comorbidity score. Among patients with vascular
bone grafts, the failure rate with pedunculated grafts was 4.8% (n = 15/314), which was
not statistically different from the rate with free grafts (6.8%, n = 3/44, p = 0.499).

Chaudhry et al. [32] focused on the free vascular graft MFC (medial femoral condyle)
in a subgroup of patients with non-scaphoid unions associated with 1 or more unfavorable
prognostic factors (consolidation delay >5 years, proximal pole fracture, AVN, previous
surgery for lack of union). These authors reported a union rate of 88.5% (17/19 patients)
with an average union time of 7.0 months (range, 2–18). For all patients with AVN, the
union rate was 85% (11/13 patients). There were two confirmed non-unions reported (2/19;
10.5%).

Tsantes et al. [34] considered the treatment of scaphoid non-unions with various types
of VBG grafts. These authors considered a total of 541 patients treated with VBG 1,2-ICSRA.
Avascular necrosis was evident in 242 of them. Graft consolidation and scaphoid union
were observed in 467 patients (86.3%). This rate was 77.9% in patients with AVN, while
when avascular necrosis was not evident, the union rate was 96.2%. This difference was
statistically significant (p < 0.05, RR = 1.23). For the graft of volar bone from the distal
radius, there were 132 patients: the consolidation of the graft and the union was reached
in 124 patients (93.9%). The union was significantly higher (p < 0.05) in patients without
avascular necrosis (94.7%) than in those with necrosis (85%) (RR = 1.11).
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In free grafts of the medial femoral condyle (MFC) for 143 patients with non-union
of the scaphoid, the consolidation of the graft and the union was reached in 127 (88.8%)
patients. In patients with avascular necrosis, this rate was 86.9%, while when avascular
necrosis was not evident, the union rate was 92.3%. This difference was not statistically
significant (p < 0.05).

In the Al-Jabri et al. [2] study, a comparison was made in 245 patients with non-union
of scaphoid who had undergone iliac crest-free VBG (n = 188) or femoral medial condyle
(n = 56). Free vascular bone graft from the MFC showed a significantly higher union rate
than the group with iliac crest VBG (100% vs. 87.7%) (p = 0.006). Pain at the donor site
was described in all studies, and the use of a knee brace for 2 weeks was adopted for
free femoral VBG. Five patients (8.9%) suffered from ectopic bone formation, with three
requiring a resection. However, no major complications, such as knee fracture or knee
instability, were reported with medial femoral VBG. For vascularized bone grafts free of the
iliac crest, the rate of complications was significantly higher than the medial femoral VBG,
with 60 patients showing an incidence of bone deformation of the donor site of 61.37% and
a 31.7% incidence of impairment of the lateral cutaneous nerve of the thigh.

Elgammal et al. [15] evaluated the effectiveness of free vascular grafting by MFC
on 30 patients with scaphoid non-union: radiographic healing occurred in 24 out of
30 reconstructed scaphoids. Four patients who did not reach the union were heavy smokers
with poor follow-up compliance. Twenty-four patients experienced some improvement in
wrist pain, twentyt received complete relief, and four received partial relief. The average
visual analog pain score improved from 6 (range 4–8; SD 1) pre-surgery to 2 after surgery
(range 0–6; SD 2). The mean ranges of motion at the final follow-up were 45◦ extension
(range 30–65◦; SD 11◦), 40◦ bending (25–55◦; SD 9◦), 15◦ radial deviation (range 10–35◦;
SD 7◦), and 25◦ ulnar deviation (range 15–45◦; SD 7◦). The average grip force was 38 kg
(range 19–65; SD 12), 74% of the healthy contralateral side. The DASH average score
improved from 40 pre-surgery (range 20–80; SD 18) to 20 post-surgery (range 0–80; SD 11).
Concerning the quality of life, a total of 20 patients returned to their previous work without
any functional limitations, 7 with some activity limitations, and 3 patients never returned
to their previous jobs.

4. Discussion

The treatment of non-scaphoid unions is quite heterogeneous; some disputes remain
unresolved, but, despite this, some key concepts concerning the indications of the types of
grafting have been further reiterated.

Several authors agree that non-vascular bone grafting is less technically challenging
than a VBG and is mostly used as a standard treatment for simple fractures, not dislo-
cated, in the absence of humpback deformities and avascular necrosis of the proximal
pole [21,25,29,35,36]. VBG can be taken from several donor sites, but the iliac crest and the
distal radius are the most used. Healing occurs by creeping replacement and resorption,
which prolongs the union time and reduces mechanical stability during the healing phase.
Since 1960, the Matti–Russe procedure has been the most widely used technique and was
originally used to collect the donor site, the iliac crest, but similar union rates could also
be obtained with grafts from the distal radius [41]. Less morbidity of the donor site is an
advantage of the distal radius over the iliac crest.

In the literature, how NVBG fixation with a screw and/or K wire influences the non-
union consolidation rate remains unclear: Moon et al. [29] state that high consolidation
rates could be achieved when an NVBG is rigidly fixed a screw or k-wire. However,
Munk et al. [13] concluded that the addition of internal fixation does not significantly
increase the union rate.

Evidence supports that the arterial contribution to the proximal pole is poor compared
to the two-thirds distal scaphoid: the proximal pole, being entirely intra-articular, is covered
by hyaline cartilage with a single ligamentous insertion, the radio-hull-lunate ligament.
Therefore, its vascularization is completely dependent on intraosseous circulation. When
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the continuity solution is lost due to the fracture, this circulation is compromised, favoring
the non-union [42].

Vascularized bone grafts are increasingly used to treat scaphoid non-union. These
grafts can be taken from different places, but they mostly come from the distal radius.
The proximity of the distal radius allows the rotation of a peduncle without the need
for microvascular anastomosis [29]. Kuhlmann and Zaidenberg described the first two
vascular bone grafting techniques. In 1986, Kuhlmann et al. [44] described a technique
in which VBG was taken from the volar portion of the distal radius (carpal volar artery),
used to treat failures that occurred after the use of the Matti–Russe technique of the NVBG.
Zaidenberg et al. [45] published an article describing the use of VBG removed from the
dorsal-radial distal portion using the 1,2-ICSRA.

Although the use of a VBG is technically more challenging than an NVBG, several
authors [17,27,29,35,36,41,45] mention several fundamental reasons for the preference of
the use of VBG over NVBG: the shorter consolidation time, a high joining rate with good
clinical-functional results, and a better ability to revascularize the bone.

The dorso-radial grafts are more suitable for managing non-scaphoid unions involving
the proximal pole without a significant hump deformity [29]. Jones et al. [16] concluded
that 1,2-ICSRA VBG was not suitable for patients with hump deformities because the graft
was not large enough and the vascular peduncle was too short. For proper correction of
deformities, a separate volar approach and increased dissection of soft tissues are often
required, allowing an adequate restoration of carpal height [17,40].

Several bone graft fixation methodologies have been described. Rigid internal fixation
with a screw has clear biomechanical advantages over immobilization with 1 or 2 Kirschner
wires. In an extensive risk factors assessment study for failure after the bone graft of 1,2-
ICSRA, a higher failure rate was recorded when fixation other than screws was used to
immobilize the graft [33]. Korompilias et al. [21], on the other hand, are conducive to
a temporary mixed immobilization of the wrist with an external fixator + K wires: this
provides better support than an orthosis or a cast. In addition, the use of removable
Kirschner wires has the advantage of allowing an MRI after surgery, which is crucial to
assess the vascularization of the proximal pole and the vitality of the graft, if necessary.

In cases where a vascular peduncle graft has failed, in the presence of avascular
necrosis and/or humpback deformities, a free vascular bone graft may be a good option.
The two most widely used free vascularized bone grafts are derived from the iliac crest and
medial femoral condyle. The free graft obtained from the iliac crest is based on the deep
circumflex iliac artery and vein, while that obtained from the medial femoral condyle is
based on the descending gene artery and vein or superomedial gene vessels. Examining
the current literature, Al-Jabri et al. found a union in 88% of iliac crest cases compared to
100% of medial femoral condyle cases; this difference was significant [2].

Chaudhry et al. [32] found in their study that free vascular graft from MFC was
particularly indicated in a subset of patients with non-jointed scaphoid associated with one
or more unfavorable prognostic factors (presence of AVN, hump deformity, delay of non-
union >5 years, failure of previous surgery). In this case, the advantages include consistent
arterial anatomy with few variations, blood vessels larger than 1.5 mm, and peduncle
length appropriate for correcting hump deformity. This results in a high consolidation rate
with lower donor site morbidity. The free grafting of the femoral condyle requires a domain
of microsurgical techniques, specific training, and a long learning curve [15].

From a statistical-epidemiological point of view, it was observed by Ross et al. [31] that
sex, type of insurance, comorbidity score, and region of the country did not affect the type
of repair of the non-union. Income was identified as a factor influencing the probability
of receiving an avascular bone graft. It has been calculated that patients in households
with a higher median income have been most often associated with surgery for non-cancer
scaphoids with VBG.

Evaluating all the available articles about vascular and non-vascular bone grafting
in scaphoid nonunion, some limitations were highlighted. Many studies did not have a
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sufficient statistical analysis, some of them due to a small sample size. Furthermore, a large
variability in surgical techniques, surgeons, and contexts establish a significant bias in the
full comprehension of the treatment options for scaphoid nonunion.

5. Conclusions

There are several surgical treatment options for non-union scaphoid fractures. Care-
ful evaluation and early diagnosis are crucial to establishing the best treatment option.
Therefore, to exclude or confirm the presence of AVN in the treatment of non-scaphoid
unions is of fundamental importance in adapting the management strategies (the presence
of punctual hemorrhage displayed intra-operative to the release of the hemostatic band).

The choice of the VBG depends mainly on the defect of the scaphoid (position of
the non-union, presence of AVN and/or deformity to hump, history of previous surgical
operations and possible damage to the donor site). The selection of a vascular peduncle
depends on the surgeon’s familiarity and comfort with the technique.

For non-proximal unions, dorso-radial VBG grafts based on 1.2–2.3 ICSRA are com-
monly used, while for non-union scaphoid medial grafts, volar grafts are preferred: the
advantages of volar flaps include the ability to come close to the scaphoid, facilitating the
correction of hump deformities, while at the same time restoring height.

Free vascular graft MFC is a promising alternative to local vascularized bone grafts in
difficult cases of the non-union scaphoid with one or more adverse prognostic factors. Very
promising initial results were found in terms of union rates, time of union, and functional
outcomes with a low incidence of donor site morbidity.

A single best surgical option for the scaphoid nonunion has not been shown so far.
Further multicentric studies are necessary to fully describe a precise diagnostic algorithm
and to choose the best treatment option for each case of scaphoid nonunion.
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Abstract: Background: Numerous studies have pointed out how visual impairment relates to falls
in the elderly, causing dangerous consequences, such as fractures. The proximal femur fracture
is one of the most frequent fracture types related to poor vision. This study investigates the link
between fall-related hip fractures and visual impairment. Methods: The present is an observational
monocentric case–control study. We collected the ophthalmologic anamnesis and measured the visual
acuity of 88 subjects with femur neck fracture (case group), comparing it with 101 adults without
fractures and a recent fall history. Results: The results showed no statistical difference between the
two groups regarding visual acuity, with a p-value of 0.08 for the right eye and 0.13 for the left one.
One of the major ophthalmologic morbidities found was cataracts, present in 48% of the control
group and 30% of the case group. Conclusions: The data obtained suggest that visual impairment
might not be crucial in determining falls in the elderly.

Keywords: aged; cataracts; elderly; falls; femur fractures; hip fractures; sight defects; vision; visual
acuity; visual impairment

1. Introduction

As the population ages and becomes more fragile, the rate of falls having significant
health consequences rises, creating a worldwide phenomenon. Fractures are one of these
consequences, with femur neck fractures being dangerous for their association with fitness
depletion and mental disorders [1,2]. When possible, surgical treatment is the preferred
choice [3], with various techniques and implants used based on the fracture pattern and
the patient’s fitness. However, any surgery has risks, especially in the older population [4].
Particularly in well-developed countries, hip fractures are a significant cause of death and
physical disability in the elderly, mainly in the postoperative period, representing a real
health emergency. International and national guidelines suggest treating these patients as
soon as possible, within 24–48 h, to avoid these serious consequences [5].

Why do old adults fall? Many researchers have attempted to answer this question
by addressing different explanations. Among these, there is visual impairment: growing
old means losing visual acuity [6]; therefore, it seems logical to expect higher chances of
accidental falls. Moreover, osteoporosis, sarcopenia [7,8], arthrosis, dementia, and balance
problems [9] make falls far more likely in those aged over 65 [1]. Numerous studies in the
scientific literature show how visual impairment in elderly patients seems connected to a
higher fall rate, often resulting in fractures, especially hip ones [10]. The present study aims
to investigate the matter further. It adds different data compared to the previous literature,

J. Clin. Med. 2022, 11, 3926. https://doi.org/10.3390/jcm11143926 https://www.mdpi.com/journal/jcm
109



J. Clin. Med. 2022, 11, 3926

because it shows no significant correlation between visual impairment, falls, and femur
neck fractures, widening the debate.

2. Materials and Methods

We conducted an observational monocentric study with a case–control design to
compare patients’ visual acuity affected by a femoral neck fracture and a cohort of randomly
selected subjects.

From July 2020 to December 2021, we collected 88 patients with FNF, surgically treated
at the orthopedic clinic of the University of Catania, enrolled after Ethical Committee
approval. The patients admitted through the emergency department were grouped from
medical records based on the following personal data: gender, age at the time of trauma,
fall mechanism, fracture type. The patients selected for the study were those with femoral
neck fractures classified as AO/OTA: 31A–31B, over 65 years old at the time of trauma,
and referring only to accidental falls as the cause of the fractures. They were subjected
to an ophthalmic examination comprehending the use of the optotype and a thorough
ophthalmic anamnesis.

The control group was created by randomly contacting 101 adults aged over 65,
offering them a free ophthalmologic exam. Only patients without a history of FNF and
who had not experienced accidental falls in the past six months were selected. Once they
reached the hospital, they were given the same exam as the case group, such as eye chart
test and ophthalmic anamnesis.

We assessed 189 adults’ visual acuity, for a total of 378 eyes. The results between the
two groups were statistically analyzed with the t-Student test.

Moreover, we analyzed the odds ratio (OR) of the fracture population (case group),
considering as cut-off 3/10 of visual acuity, as used to indicate visual impairment globally
(Figure 1). According to the Italian law, in fact, mild visual impairment is attributed to
those who have a visual acuity no greater than 3/10 in both eyes or in the best eye, even
with the best correction, and those who have a peripheral binocular visual field residual
lower than 60% [11].

Figure 1. Visual acuity.

The case group’s mean age was 84, ranging from 66 to 99. The control group’s mean age
was 76 (range 66–93). Despite the age gap, the visual acuity difference in these groups was
not statistically significant, with a p-value of 0.09 for the right eye and 0.13 for the left one.

The odds ratio gave similar results, considering VO < 0.3 as a cut-off for the study. In
fact, the OR = 0.54 with C.I. (95%) = 0.71 ± 0.05. Both measures showed no correlation
between visual impairment (intended as VO < 0.3) and femur neck fractures.

One of the major ophthalmologic morbidities found was cataracts, present in 48% of
the control group and 30% of the case group. Other ophthalmic conditions were glaucoma,
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maculopathies, and tumors. The presence of these diseases was not numerically predomi-
nant if compared to the statistical sample. The only condition that we found more frequent
in the FNF group was glaucoma; the others were all more frequent in the control group.
Maculopathies and cancer were found mainly in the control sample. The detailed data are
displayed in Table 1.

Table 1. Study statistics.

Case Group Control Group p-Value

Patients (n) 88
M/F = 0.51

101
M/F = 1.14

Mean age 83.9
R: 66–99

76
R: 66–93 p = 0.15

Visual acuity mean right (std)
0.71 0.78 p = 0.08

(±0.20) (±0.82)

Visual acuity mean left (std)
0.68 0.82 p = 0.13

(±0.22) (±0.80)

Cataract (%)
27 49

30% 48%

3. Discussion

Hip fractures are a major public health problem, especially in western countries. As
one of the most frequent injuries in the elderly (over 65 years of age), their incidence is still
rising worldwide: they are expected to reach over 6 million by 2050 [3].

This condition accounts for a high morbidity and mortality rate; throughout the years,
different techniques have been developed for its treatment [12].

Conservative therapy is not advisable since it lowers the quality of life and the overall
survival rate of the patients; therefore, surgery is the treatment of choice for most cases,
allowing early rehabilitation and functional recovery [13]. Over time, different systems have
been developed, and surgeons choose based on the fracture pattern and patients’ fitness.
From intramedullary nailing to hip arthroplasty, research nowadays focuses on improving
mechanics and materials for the best outcomes in terms of quality and duration [14]. Hip
surgery is still a high-risk surgery, especially for the elderly patients who undergo these
types of procedures.

Amongst the most frequent causes of hip fracture, it is essential to cite visual impairment,
osteoporosis, sarcopenia, dementia, and all other factors that make elderly subjects particularly
fragile. Sight defects belong to this panorama, often neglected by patients that do not have
easy access to prevention and healing facilities. Several works in the literature have tried to
measure this association, with the first ones being conducted in the 1970s [15]. The majority
showed some correlation, but, of course, every study has its limits and biases [16].

In fact, previous studies have used different methods to evaluate visual impairment,
trying to obtain accurate data. Some used questionnaires to assess visual acuity, giving
a picture of patients’ perceptions rather than objective testing [17]; others studied large
health insurance databases [2] to provide the highest number of cases possible. We could
not find a study in the past literature on falls and sight defects that does not evidence a
correlation between the two.

The data displayed for the present study were not expected. Moreover, given the
different mean ages between the groups, we expected to find better visual acuity in the
control group. Ageing is a risk factor for worse visual acuity [18]. When analyzing subjects’
anamnesis, we found a higher rate of cataracts in the control group, where the subjects’
mean age was 76 years. The case group instead had a mean age of almost 84 years. This
study’s results stimulate further reflections and research due to the absence of a significant
difference in the groups studied. The cause–effect correlation between sight problems
and falls is unclear; falls resulting in hip fractures might not be directly correlated to
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sight problems. It is vital to investigate how the event happened; every fall described
as accidental has its peculiarities that only a scrupulous anamnesis of the patient can
capture. The location in which it happened, the trigger situation, the patient’s response,
and their reflexes and coordination are elements that do not depend on eyesight only.
Other factors probably influence these episodes more, as some studies have shown [19],
such as balance disorders, gait problems, pharmaceutical use, and a history of falls. The
most cited risk factor for falls is fall history [20], which indicates that patients are prone
to falling, but the root of the problem remains unknown and is probably multifactorial.
Regarding elderly patients, it is important to take into account the use of many different
pharmaceuticals [21], often related to falls, since some active substances can alter normal
reflexes and coordination. The presence of gait disorders [22] before the event, often
underdiagnosed and undertreated, is another cause. Finally, fractures after these incidents
happen in frail patients, and osteoporosis [23] is one of the main comorbidities associated
with increasing the likelihood of fractures as a consequence of a fall.

Prevention is vital, but defining the causes of falls is essential, especially in senior
patients. Since eyesight is not so reliable, other factors should be considered first. Patients
with fall history should receive physicians’ attention, and, after determining the main risk
factors, they should be guided towards prevention strategies. Coordination and balance
disorders are frequently linked to falls; recent studies have suggested that preventive
physiotherapy [24] might be vital in preventing falls. Preventive strategies should also
include the fall’s consequences: a proper osteoporosis diagnosis and treatment can be very
helpful in avoiding fractures [25].

The present study has several limitations. The collection of the control group might
have been biased: subjects contacted for the ophthalmic examination might have been
interested in participating due to the presence of sight defects, which they were suddenly
given the opportunity to receive treatment for. Another limitation is the sample size,
comparable to similar studies in Europe [26], being a monocentric study with 12 months of
data collection.

Moreover, the case group could have been larger. In fact, we included a specific type
of femur fracture, without considering other patients affected by different types of femur
neck fractures with similar accidental traumatic events.

4. Conclusions

Amidst the risk factors correlated to accidental falls in the elderly, visual impairment has
been considered one of the most important in the current literature. In contrast with this vision,
the data displayed in this article underline how there are no statistically significant differences
in visual acuity between fractured and non-fractured patients. Therefore, the present study
questions past knowledge, underlining how sight defects might not play a critical role in this
condition. For this reason, further studies are needed to investigate this matter.
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Abstract: Nonunion occurs in 2–10% of all forearm fractures due to different mechanical and bio-
logical factors, patient characteristics, and surgeon-dependent causes. It is a condition that causes
functional and psychosocial disability for the patient because it is a unique anatomical segment in
which all the bones and structures involved embody a complex functional unit; therefore, it is a
challenge for the orthopedic surgeon. The ultimate goal of the care of these patients is the restoration
of function and limitations related to impairment and disability. The aim of this review is to provide
an extended description of nonunion forearm fractures, related risk factors, diagnosis, classifica-
tion systems, and the available evidence for different types of treatment as a tool to better manage
this pathology.

Keywords: forearm; nonunion; epidemiology; risk factor; children; treatment; external fixation;
bone graft

1. Introduction

Forearm nonunion represents a challenge for orthopedic surgeons both in terms
of diagnosis and treatment, sometimes requiring reconstruction skills and good patient
compliance because of the difficult treatment and long follow-up. The Food and Drug
Administration (FDA) describes nonunion as a fractured bone that has not healed within
nine months after trauma and shows no signs of progression of healing on radiographs
over the course of three consecutive months [1]. In addition to this definition, nonunion has
no chance of healing without additional operation. In the pediatric population, it is defined
as an absence of fracture healing progression as shown on sequential radiographs or no
evidence of healing by more than 10 weeks following the injury. Nonunion occurs in 2–10%
of all forearm fractures, with or without infection and bone loss. A peak incidence has been
observed in the age range between the ages of 35 and 44 and decreases thereafter [2], with
a higher incidence in women after menopause. The most common fracture in the pediatric
population is a forearm fracture [3], but nonunion is an uncommon complication after surgi-
cal treatment of displaced bones and has been described in only a few cases in the literature.
Forearm nonunion is a condition that causes functional and psychosocial disability for the
patient, resulting in the lowest health-related quality of life compared with other long bone
nonunion and disease such as type 1 diabetes mellitus, stroke, and acquired immunode-
ficiency syndrome [4]. Forearm nonunion consists of different mechanical and biological
factors: the type of fracture, patient characteristics, and surgeon-dependent causes. The
evaluation of a suspected forearm nonunion includes medical history, laboratory tests, and
clinical and instrumental factors. Successful treatment is the restoration of function and
limitations related to impairment and disability. The aim of this review is to provide a
correct forearm nonunion characterization with related risk factors, diagnosis, classification
systems, and management with available evidence for different types of treatment.
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2. Evaluation

2.1. Risk Factors

Forearm nonunion is due to failure of bone healing and is caused by many factors.
In clinical practice, these factors are divided into mechanical and biological ones [5,6],
as shown in Table 1, and in the literature, they are divided into general and local risk
factors [7,8], as shown in Table 2.

Table 1. Mechanical and biological factors.

Mechanical Factors [5,6]

• Insufficient immobilization
• Nonoperative treatment
• Poor internal or external fixation

• Excessive motion at the fracture site
• Malreduction or an unbalanced osteosynthesis system

Biological Factors [5,6]

• Local: bone defects, open fracture, infection, soft tissue injuries, segmental fractures,
pathological and comminuted fractures, and inter-fragmentary gap

• Systemic: neuropathy, diabetes, chronic smoking, chronic alcoholism, drugs, and
radiation therapy

Table 2. General and local risk factors.

GENERAL RISK FACTORS

• Gender [8]
• Age [6]
• Poor protein diet [6]
• Calcium and phosphorus deficit [8]
• Lack of vitamin D [7]
• Osteoporosis [8]
• Diabetes [7]
• Low muscular mass
• Alcohol [8]
• Smoking [6]
• Drugs (NSAIDS, opioid) [6]
• Infection [7,8]
• Radiation therapy [6]
• Neuropathies
• Genetic disorders (osteogenesis imperfecta)

LOCAL RISK FACTORS

• Fracture type [7,8]
• Mechanism of injury [7,8]
• Exposure [6,7]
• Biological damage during the first surgery [6,8]
• Surgical techniques during fracture synthesis [7,8]

2.2. History and Physical Examination

The assessment of a suspected forearm nonunion should start with the remote patho-
logical history of the patient, together with investigation of the preliminary elements to
guide the diagnostic path: the presence of risk factors, mechanism of trauma, details of prior
surgical procedures, distress with weight bearing, and factors of infection. The physical
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examination should detect differences with the contralateral side in terms of the presence
of shortening, range of movement, and lower grip strength; and assess the skin covering
the nonunion and its mobility. Tenderness on palpation and preternatural mobility at
the fracture site may result. The latter could represent a clinical sign of incomplete bone
healing that could be associated with pain, poor functionality, and mechanical instability.
The clinical examination should also assess the presence of any deformity, soft tissue,
limb vascularity, and arm muscle circumference as an indicator of nutritional status. It is
important to diagnose aseptic versus septic nonunion [9] because if sepsis is present, the
management varies significantly.

2.3. Imaging

The diagnostic evaluation continues with radiographic aspects through the antero-
posterior, lateral, and oblique views of the injured bone and adjacent joints in addition
to the same view of the original fracture. Radiological signs include variable bone callus
presentation, fracture stumps sclerosis with persistence of a fracture line, and the presence
of a defect or a deformity. Radiography of the contralateral side may be useful as it may
outline shortening and concurrent malunions or normal characteristics for the patient.
In addition, computed tomography (CT) scans are frequently used in current practice
(Figure 1) to identify unhealed fractures, which is useful for anticipating negative evolution
of the reparative process.

(A) (B)

Figure 1. Forearm nonunion CT scans of a 43-year-old patient. (A) Coronal view, (B) Sagittal view.

Contrast-enhanced ultrasound (CEUS), also with the adjunct of Doppler, is helpful for
investigating the presence of vessels from the perspective of vascularized flaps. Enhanced
magnetic resonance with dynamic contrast (DCE-MRI) has been proposed to analyze the
infection status and perfusion of a nonunion [10].

2.4. Laboratory Analysis

Additional diagnostic insights include an evaluation of inflammation markers (white
blood cells, erythrocyte sedimentation rate, and C-reactive protein (CRP)); biochemical
elements, such as liver function, thyroid and parathyroid, calcium, and vitamin D; in
addition to multiple samples for culture examination before any antibiotic prophylaxis.
Brinker et al. [11] found that the most common abnormality was vitamin D deficiency.
Criteria indicative of an infection are a white blood cell count greater than 11,000 × 109, an
erythrocyte sedimentation rate >30 mm/h, and a CRP level >1.0 mg/dL; three positive tests
have a predictive infection value of 100% [12] These tests are useful for an initial distinction
between septic and aseptic nonunion.
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2.5. Characterization

The most utilized nonunion classification system was proposed by Weber and Cech,
describing atrophic, oligotrophic, and hypertrophic based on callus formation as shown on
the radiograph. Hypertrophic nonunion, usually resulting from insufficient fracture stabi-
lization and showing adequate vascularization, is marked by extensive callus formation
with a horse-shoe or elephant-foot radiographic configuration (Figure 2).

Figure 2. A 38-year-old patient presented a hypertrophic symptomatic nonunion with a broken plate
after 9 months.

Atrophic nonunion, resulting from dysfunction in biological activity with insufficient
vascularization but adequate fracture stabilization, typically radiologically shows minimal
callus around a fibrous tissue-filled fracture gap. Oligotrophic nonunion shows some of the
radiographic and biologic features of each type and typically presents biologic potential
for healing with no initiation of healing and minimal to no callus formation. The AO
(Arbeitsgemeinschaft für Osteosynthesefragen) classification scheme adds the concept of
pseudoarthrosis in cases in which the formation of a false joint due to the persistence of
movement at the site of fracture occurs [8]. Unfortunately, there is no specific classification
for forearm nonunion and regarding future directions, it would be useful to create a
dedicated one that is based on the following: the score obtained from the Weber and Cech,
the sites of nonunion (distal, diaphysis, or proximal), whether it affects one or both bones,
pediatric or adult, state of infection, with vascular deficiency, and with or without bone loss.

3. Pediatric Treatment

Forearm fractures are usual in children: 34% of cases occur in children at ages ranging
from 5 to 14 years [13]. Nonunion is prevalent in children older than 10 years as compared
to children under 10 years due to lesser bone remodeling potential in older children. In
particular, it depends on open reduction and wide bone exposure, poor fixation, an inad-
equate period of immobilization (<8 weeks), and early hardware removal (<3 months).
Generally, in children, the ulna is more involved than the radius [14]. Trauma in the middle
third of the ulna, also called the “water-shed zone”, is critical because the intraosseous
circulation may be compromised, which may invalidate bone healing [15,16]. The distal
third of the radius is involved due to damage of the pronator quadratus vascularization. In
children’s forearm fracture nonunion, it is important to evaluate the type of treatment that
has been carried out previously. Ogonda et al. [17] analyzed elastic stable intramedullary
nailing (ESIN) fixation in both-bone forearm fractures and showed that the frequency of
ulna nonunion was higher in anterograde nailing than in retrograde, and radius nonunion
was less frequent due to compression of the fracture line. However, Yaradilmis et al. [18]
demonstrated that intramedullary nailing is minimally invasive and provides biological
fixation. In addition, plate-screw nonunion fixation depends on wide soft tissue dissec-
tion and stripping of the bone periosteum to provide adequate exposure [19]. Metabolic
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disorders should be corrected to stimulate bone healing; if a lack of vitamin D is present,
supplementation should be provided to promote better consolidation. Loose et al. [20]
showed that a conservative approach could be adopted in asymptomatic patients; however,
if a young patient is considered symptomatic when they present with an angular defor-
mity, functional deficit or movement restriction, and pain, it is important to assess surgery.
The best operative management consists of osteosynthesis with or without bone grafting
(Figure 3).

(A) (B) (C)

Figure 3. (A): Five-year-old patient treated with nonoperative treatment; after 4 months, they
presented a displaced oligotrophic nonunion with pain and range of motion (ROM) deficit. (B): He
was treated by cruentation of the fracture’s sites, reduction, stabilization with k wires, and cast.
(C): Post k-wires removal.

First, fibrous tissue is removed followed by decortication and opening of the medullary
canal. In a septic nonunion, it is important to analyze bioptic samples. Second, bone grafting
with an allograft or autograft has been performed. Stabilization of a nonunion is achieved
with tubular plates, dynamic compression plates or locking compression plates (DCPs or
LCPs), Kirschner wires, rush rods, or an external fixator. After surgery, cast immobilization
is required. An algorithm from the authors is illustrated in Figure 4.

Figure 4. Treatment algorithm for pediatric aseptic forearm nonunion.

Surgical treatment of pediatric forearm nonunion provides satisfactory outcomes but
is associated with sequelae and residual functional disability with several complications,
such as radio-ulnar fusion, radial nerve palsy, myositis ossificans at the ulna, and olecranon
bursitis with elbow stiffness.
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4. Adult Forearm Nonunion Surgical Treatment

The goal of surgical management of forearm nonunion is to recover the proper bone
length, anatomy, and functionality, and remove pain. Achieving a successful outcome
in the management of forearm nonunion treatment requires optimization of both the
patient’s biological state and the stability of the nonunion site. Conservative treatment
is only for special patients who are not suitable candidates for surgical treatments. The
gold standard for managing septic forearm nonunion is a staged approach [21] to control
infection via the use of a debridement, antibiotic spacer, and cultures followed by definitive
surgery while for the aseptic situation, a single-stage treatment is used [22]. Management
of nonunion forearm fracture in adults includes different types of surgical treatment such
as bone grafting with compression with plates, the Masquelet technique, and external
fixation. Compression plating and autologous bone grafting have mainly been regarded as
the keystone of nonunion treatment. Both mechanical and biologic failure are corrected
by restoring stability (by compression plating) and introducing osteoinductive and/or
osteoconductive agents (by autologous bone graft). In oligotrophic or atrophic nonunion,
bone grafting is necessary to fill the gap between the two ends. Ring et al. [23] obtained a
100% union rate with an autogenous iliac crest bone graft and 3.5 mm plate and screw for a
forearm nonunion.

4.1. Bone Grafting

Different kinds of bone grafts exist, but autologous cancellous bone is still being
considered as the gold standard to provide a biological stimulus for the consolidation
process. A bone graft can be cancellous, corticocancellous, and/or vascularized. Cancellous
grafts can derive from the iliac crest, distal radius, olecranon, lateral epicondyle, tibial
metaphysis, or reamer/irrigator/aspirator (RIA) of the femur. A corticocancellous graft
includes the tricortical iliac crest, free fibula, and medial femoral condyle. The size of the
gap may be influenced by the choice of being vascularized or not. A vascularized bone
graft is used for gaps greater than 5 to 6 cm; in particular, the free fibula is a great option as
shown for forearm nonunion by Adani et al. [24]. An autologous graft has the advantage
of being osteogenic, osteoinductive, and osteoconductive; it is biologically superior to
homologous grafts. However, the disadvantages include donor site morbidity, pain, and
limited supplies. For forearm nonunion, the best utilized autograft options include the iliac
crest bone graft (ICBG) as shown by Regan et al. [25] and RIA of the femur. With the RIA
technique, a graft of greater volume than ICBG is obtained as shown by Dawson et al. [26]
and RIA is superior in improving the cost-benefit when surgical time is considered and
lowering donor-site pain. On the other hand, significant blood loss may occur. Compared
with an autograft, an allograft prevents donor-site morbidity and may reduce the surgical
time. Allografts can contribute to bone reconstruction thanks to their osteoinductive and
osteoconductive properties but require a vital environment to be effective. Moreover, the
use of structural allografts can be complicated by infection, incomplete remodeling, fracture,
and disease transmission. Vascularized bone grafts can be obtained from the fibula, iliac
crest, rib, radius, ulna, scapula, femur, humerus, and pubic bone or metatarsals, among
other sites. At present, the most frequently applied technique for bone defects > 5–6 cm
in the septic non-union of one or both forearm bones is the free vascularized fibular graft
(FVFG). Because of its anatomical and mechanical characteristics, it is an excellent graft for
the reconstruction of forearm bone defects. The fibula has a diameter similar to that of the
forearm bones, the morbidity of the donor zone is minimal, and the length available for
extraction is usually sufficient [27]. One of the main advantages of FVFG is that in a single
surgical intervention, it enables reconstruction of one or both forearm bones in addition to
coverage of any soft tissue defects in patients with complex trauma or in infected areas with
poor vascularization [28]. Vascularized bone grafts have an improved rate of survival in a
poorly vascularized bed. Gan et al. [29] demonstrated for bone defects in pseudarthroses
of the forearm that a vascularized fibular graft is an optimal option with fracture healing.
Among its advantages, vascularized bone grafting facilitates the provision of nutrients to
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the deep structures of the graft and enables stable osteosynthesis, thus allowing prompt
mobilization of the limb and promoting functional recovery [30]. A potential disadvantage
is that the operation requires microvascular surgical skills.

4.2. Induced Membrane Technique

The induced membrane technique, also known as the Masquelet technique [31], is
applicable under both aseptic and septic conditions leading to substantial bone loss and
requires no advanced skills in microvascular surgery. The technique involves a two-stage
procedure to restore the bone defect. Ma et al. [32] studied the induced membrane technique
for infected forearm nonunion in 32 patients who haled without recurrent infection or
loosening of internal fixation, finding it to be an effective solution. Walker et al. [33]
demonstrated successful use of this method in forearm nonunion for defects up to 5.4 cm
in size. Pachera et al. [34] reported a case of a 53-year-old patient with a left forearm
deformity due to an atrophic nonunion of the ulna and a malunion of the radius, which was
successfully managed with the use of the Masquelet technique associated with a corrective
osteotomy of the radius, performed with the aid of a 3D model. Potential problems with the
Masquelet technique include loosening of the fixation implant, infection, fracture through
the graft, and bone resorption.

4.3. Ilizarov with Bone Transport

Ilizarov fixation with bone transport is a viable treatment option for atrophic fore-
arm nonunion and is particularly indicated in cases of significant soft tissue damage or
nonunion with infection. The Ilizarov methodology allows bridging of bone losses (caused
by osteogenesis) with bone transport and provides stable fixation without implantation
of permanent foreign bodies, thus permitting wrist and elbow movement. This technique,
therefore, allows for immediate therapy of the hand, wrist, and elbow in addition to early
use of the extremities during the activities of daily living. Moreover, circular systems can
be used to correct complex multiplanar deformities in small areas of soft tissue defects and
immediate mobilization. Its disadvantages are the long duration of external osteosynthesis
materials, the frequency of pin-tract infections, and the pain accompanying the transport.
Zhu et al. [35] studied the effectiveness of the Ilizarov technology for the treatment of
infected forearm nonunion with satisfactory clinical results, finding radical debridement
is the key to controlling bone infection. Orzechowski et al. [36] demonstrated that the
Ilizarov is the method of choice in the treatment of forearm nonunion with concomitant
shortening and axis deformity. Liu et al. [37] treated 12 patients with diaphyseal forearm
bone defects caused by infection with bone transport using a monolateral external fixator
and all patients achieved infection-free union.

5. Conclusions

Forearm nonunion is an uncommon but complex condition problem, with countless
different presentations. In a future prospective, it would be useful to create a specific
classification system to guide the right management. The question: “Why did the fracture
not heal?” should be addressed by the surgeon to investigate risk factors, correct the
metabolic abnormalities, and study the nonunion imaging characteristics to optimize the
patient’s biology and stability at the affected site. What kind of graft should be used? This
depends on the presence of infection, patient characteristics, and the size of the defect:
a cancellous graft should be used when there is cortical contact while vascularized free
fibula should be preferred for defects larger than 5–6 cm. Different surgery treatments
have been used successfully and future studies should investigate the role of 3D printing
in the pre-operatory planning, its intraoperatory advantages, and its role in bone grafting
selection. This paper presents some limitations related to its narrative nature. In fact,
a quality evaluation of the literature was carried out; therefore, a statistical comparison
between the references was not possible. For this reason, it appears to be difficult to confront
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different studies having also a low grade of evidence. Therefore, we strongly support the
need to design new studies in this direction.
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Abstract: Background: Hip fracture in the elderly means that between a quarter and a half of patients
do not regain the levels of independence and walking ability that they previously had, according
to the literature, after the fracture. Material and methods: Retrospective study of 537 patients aged
≥65 years who survived at the sixth month after fracturing their hip, of which the age, sex, type of
fracture, surgical risk, independence (BI), walking ability, cognitive level (PS), comorbidities, indicated
drugs, complications, surgical delay, hospital stay, and surgical technique are known. Using Pearson’s
χ2 test, all the variables were contrasted with respect to the limitation or not, at the sixth month of the
recovery of both independence and pre-admission walking ability. Multivariate analysis provides
the necessary adjustment to the previous contrast. Results: We have found that age and PS ≥ 5 at
admission limit recovery from both dependency and walking ability. Surgical risk, independence
(BI) upon admission, anemia, and constipation during the hospital stay limit the recovery of the BI.
Worsening of walking ability during the hospital stay and the type of extra-articular fracture, which
was surgically treated by osteosynthesis, limit the recovery of walking ability. Conclusions: The
factors previously exposed, and perhaps the fact that patients with hip fractures are not routinely
referred to rehabilitation, explain the high proportion of patients who do not recover their previous
independency (36%) or walking ability (45%) to the fact of fracturing.

Keywords: hip fracture; age; aging; recovery of independence; recovery of walking ability

1. Introduction

Hip fracture is the second most common fragility fracture after wrist fracture [1].
Between 28% and 35% of people aged ≥65 years have at least one fall at the same height per
year that can potentially end in a fracture, and this incidence increases with age. It is called
“multi-fall syndrome”, which affects 30–50% of the institutionalized elderly population [2].
The incidence of hip fracture in Spain was 2.1% each year between 1997 and 2010, a year in
which it was 325 cases in men and 766 in women for every 105 inhabitants, and it affects
more significantly those aged 85 years or older [3].

The most pessimistic information about the percentage of elderly people who recover
their previous function after suffering a hip fracture is 23% [4], but the most optimistic
estimate that it can reach more than half, in which case the functional deficit baseline,
25-hydroxy-vitamin D deficiency and complication with “delirium” [5,6] are the most
limiting factors for mobility recovery.
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Among the instruments used to standardize the measurement of the physical health
of the elderly related to the activities of daily living (ADL), the Barthel Index (BI) [7] in its
Spanish version [8] has been chosen as it is widely used in geriatrics.

In previous studies, there are multiple scales used to assess mobility and gait. The
Tinetti scale [9] is one of them, the “Cumulated Ambulation Score” (CAS), described by
Foss N.B., et al. in 2006 [10] and used by Danish authors [11]. Other scales are gait-specific,
such as the aforementioned FIM scale [12], which has a module that assesses gait function.
The “Functional Ambulation Classification” (FAC) was also initially described more than
three decades ago for the evaluation of walking ability in stroke patients [13,14], but it has
been used in elderly patients with hip fractures, too, is used in this studio [15,16], and has
the advantage of its simplicity in clinical application. It is the one that we will apply in a
summarized way, as it is exposed in material and methods.

Much research studies the recovery of patients in the context of rehabilitation programs.
However, the results are not conclusive and more research is required [17]. However, there
are not so many who study the factors that may limit the recovery of these patients.

A greater fear of falling after a hip fracture is related to the female sex, polypharmacy,
poor physical functioning and daily activities, and depressive symptoms one year after
the fracture occurred [18]. Frölich et al., in a prospective cohort study, found that those
who were the frailest patients were the ones who failed to return to their independent
living, but they consider that the majority of the community-dwelling patients returned
to independent living only with a minor increase in care needs; they also consider that
standing within 24 h from hip fracture surgery was vital in maximizing short-term func-
tional recovery [19]. One systematic review proposed the hand grip strength and frailty
as emerging significant predictors of poor functional outcomes and mortality in the litera-
ture, in addition to other predictors grouped in medical factors (comorbidity, anesthesia,
sarcopenia), surgical factors (delay in intervention, type of fracture), socio-economic factors
(age, sex, ethnicity) and system factors including lower case-volume centers [20]. Age, male
sex, trochanteric fracture, preoperative delay, postoperative drainage use, serum albumin,
and ADL at discharge and internal fixation are related to functional recovery [21,22]. Some
of these factors can also influence mortality after hip fracture as advanced age, male sex,
living in a rural area, diabetes, tumor, preoperative delay, and postoperative drainage
use [22].

This research aims to study which factors exist in our population of patients aged
≥65 years, which limit, and to what degree, the recovery of the situation of independence
(BI), as well as their ability to walk prior to suffering a hip fracture.

The hypothesis of this study is based on the fact that the factors that denote poor basal
functioning, as well as the presence of health problems and other complications, will be
factors that may influence the recovery of the baseline situation.

2. Materials and Methods

2.1. Study Design—Participants

In a retrospective longitudinal study, all patients were treated at the University Hos-
pital of Burgos (HUBU). Inclusion criteria: Patients aged 65 years or older who, by a
low energy mechanism, suffered a hip fracture in the biennium 14 March 2019–14 March
2021. All patients admitted to the HUBU with these characteristics were included in
the study, followed after discharge from the outpatient clinics of the Orthopedic Surgery
and Traumatology Service of the same hospital through face-to-face and non-face-to-face
consultations through interviews with the patients, their families, and/or responsible care-
givers. Exclusion criteria: Patients with peri-prosthetic fractures, peri-synthesis fractures,
and pathological fractures, that is, on bones affected by primary tumor or metastasis, were
excluded from the study; likewise, patients who were referred to other hospitals without
completing the treatment or follow-up period for any cause, except death. Data collection
was carried out on all patients who were admitted to the emergency room for hip fractures
and underwent surgery by the Orthopedic Surgery and Traumatology Service.
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2.2. Sample Size

The sample size was estimated following the procedure for finite populations, using

the formula n = N×(Zα=1.96)2×p×q
δ2×(N−1)+(1.96)2×p×q . The known population reported by the National

Institute of Statistics (INE) (https://www.ine.es/jaxiT3/Tabla.htm?t=2852, accessed on 25
May 2022) and a similar study [23] was taken into account, establishing a proportion of
hip fractures in the population of 0.389% (p = 0.000398, and its complementary q = 0.99602)
and assuming a sampling error of 1% (δ2 = 0.01). Based on this, it was concluded that the
sample should be made up of 152 patients with hip fractures under care by the HUBU.

2.3. Main Outcomes—Instruments

The head of the Traumatology Section of the Orthopedic Surgery and Traumatol-
ogy (OST) Service was responsible for collecting the data from each participant’s elec-
tronic medical record for further analysis. In order to study variables that may influence
cognitive impairment, sociodemographic data such as age (dichotomized in <85 and
≥85 years) and sex (woman/man) and clinical data such as the type of fracture (intracap-
sular/extracapsular), the type of treatment (surgical/conservative), the surgical technique
(arthroplasty/synthesis), complications during admission such as “delirium” or consti-
pation, the surgical risk assessed according to the American Society of Anesthesiologists
Physical Status Classification (ASA) [24], prescription of different drugs before admission
and after hospital discharge, and concomitant pathologies at the time of admission. The
main variable refers to ambulation capacity according to the functional ambulation classifi-
cation (FAC) [10,11] (categorized their levels 4–5 as “good”, 3–4 as “regular”, and 0–1 as
“bad” walking ability).

There are multiple ways to standardize the measurement of the physical health of the
elderly: the activities of daily living (ADL) index (“Activities of Daily Living” or “ADL”) [7]
and the instrumental activities of daily living (IADL) [8]. In specific questions of mobility,
the functional independence measure (FIM) [9] is available, which is fundamentally vali-
dated for patients with neurological diseases, and its application is complex. The Barthel
Index (BI) [10] in its Spanish version [11] has been chosen because it is the most widely used
tool in the functional assessment of elderly patients suffering from hip fracture [12–16].
The categorization of the BI has been performed in four: “1” (BI = 100): fully independent,
“2” (100 < BI ≥ 90): slightly dependent, “3” (90 < BI ≥ 60): moderately dependent and “4”
(BI < 60): severely or totally dependent. “BI Recovery” is the difference between the BI
(variable with four categories 1 to 4) at the income and at the sixth month, so that, if the
value is negative, it is understood that they did not recover. “Walking ability recovery” is
the category difference in “walking ability” at admission and at the sixth month so that
“they do not recover” if said difference is a negative value. The cognitive impairment
was assessed using Pfeiffer Scale (PS) [25]. It is a questionnaire that collects the number
of errors of the evaluated patient when ten simple questions are posed and establishes
four categories of the definition of cognitive impairment depending on the dependence of
people in the intellectual area: 0–2 errors is the absence of deterioration or autonomy in the
intellectual area, 3–4 errors is slight impairment and help of other people in intellectually
complex matters, 5–7 errors is moderate deterioration and require help on a regular basis
but not always, and 8–10 errors denote severe deterioration and continuous supervision. In
the present study, cognitive impairment according to PS is expressed as a dichotomous vari-
able: absence of cognitive impairment or mild impairment (PS ≤ 4 errors) and moderate or
severe cognitive impairment (PS ≥ 5 errors). Data on FAC, BI, PS, and institutionalization
prior to admission, at discharge, and at 6 months if the patient survives is collected. All
clinical or sociodemographic information is obtained in the emergency department, on the
hospitalization floor, or in face-to-face or telematic consultations after hospital discharge.

2.4. Statistical Analysis

To characterize the sample, the mean and standard deviation (SD) were used in the
case of continuous variables and absolute frequencies and percentages if the variables
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were categorical. Both categorical variables from more than two categories and continuous
variables were dichotomized based on previous studies and tended to obtain groups as
homogeneous as possible. Bivariate analyses were performed to study the relationship
between clinical features at “BI Recovery” and “Walking ability recovery”, 6 months using
the Pearson independence test (χ2), as well as the likelihood ratio. In the analyses with
significant results, the ratio of advantages or “odds” (OR) with its limits (lower/upper) was
also obtained. In addition, in order to quantify the magnitude of relationships of bivariate
analysis and identify possible predictive factors of main variables at 6 months, depending
on the different clinical characteristics, an analysis was performed using binary logistic
regression, where dichotomous dependent variables are “BI Recovery” and “Walking
ability recovery”. All the significant variables obtained in the previous bivariate analysis
were included as independent in the referred multivariate study, and the OR = eβi∗(±Δi)

with its limits (lower/upper) was also obtained too.
Statistical analysis was performed with SPSS software version 25 (IBM-Inc., Chicago,

IL, USA). For the analysis of statistical significance, a p-value < 0.05 was established.

3. Results

3.1. Recovery of the Initial Situation

The study sample consisted of 665 people, 128 of whom died during the 6 months
after hip fracture. The age of the participants was between 65 and 102 years, with a mean
of 86.2 years, 76.7% women (n = 510) and 23.3% men (n = 155) (Figure 1). In the group of
surviving patients in the series, 36.1% did not regain independence at the sixth month, nor
did 44% regain walking ability prior to the fracture.

Figure 1. Participants flow.

3.2. Influence on Lack of Recovery by 6th Month of the Category of the BI Prior to Admission
3.2.1. Regarding the Previous Situation or Admission

In the bivariate analysis carried out between the BI recovery variable (yes/no) with
the variables studied that take into account the situation before the patient was admitted
(Table 1), an association was found with age ≥ 85 years, type of extracapsular fracture,
also comorbidities such as chronic renal failure and high blood pressure, likewise the use
of antihypertensive drugs, all of which are risk factors for non-recovery. There is also
a relationship with independence (BI at admission ≥ 60, BI at admission ≥ 90), better
cognitive status (PS at admission ≤ 4), and better gait (FAC category ≤ 2). No association
was found with age, sex, or institutionalization prior to admission.
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Table 1. Bivariate analysis recovery of the BI (yes/no); significant factors prior to or at admission.

No BI Recovery at 6th Month

Bivariate Analysis Recovery of the BI RO Limits

Prior to/at Admission χ2 p RO Lower Upper

≥85 years 34.05 <0.001 3.255 2.183 4.854

Extracapsular hip fracture 5.05 0.025 1.511 1.052 2.172

Chronic renal insufficiency prior admission 7.63 0.006 1.891 1.220 2.931

Arterial hypertension prior admission 5.03 0.025 1.543 1.071 2.224

Antihypertensive drugs prescribed before entering 4.38 0.036 1.495 1.041 2.147

BI at admission ≥ 60 45.24 <0.001 1.716 1.589 1.853

BI at admission ≥ 90 18.05 <0.001 2.293 1.570 3.350

PS at admission ≤ 4 10.19 0.001 2.148 1.355 3.404

(FAC category ≤ 2) not bad gait (good or regular) 23.81 <0.001 16.000 3.846 66.563

BI: Barthel Index; FAC: functional ambulation classification; RO: Odds Ratio; PS: Pfeiffer Scale.

Binary logistic regression (Table 2) (Nagerkelke’s R2 = 0.289) finds (in bold) age in
completed years, surgical risk (ASA), independence (highest BI: 0–100), and cognitive
impairment (number of errors in the EP) as risk factors for non-recovery of BI.

Table 2. Binary logistic regression of recovery of the BI (yes/no); situation prior to admission.

Prior to/at Admission No BI Recovery at 6th Month

R2 = 0.294 Coef. β χ2 Wald p Value RO L. Inf L. Sup

Age (years) 0.107 36.506 <0.001 1.113 1.075 1.153

Sex male −0.247 0.909 0.340 0.781 0.470 1.298

Extracapsular fracture 0.338 2.468 0.116 1.402 0.920 2.137

ASA III ó IV 0.478 4.923 0.026 1.612 1.057 2.459

BI at admission (0 a 100) 0.070 34.216 0.000 1.073 1.048 1.098

Walking ability (FAC categories 1–3) −1.448 3.234 0.072 0.235 0.048 1.139

N◦ errors PS (0–10) 0.186 8.929 0.003 1.204 1.066 1.360

Arterial hypertension (yes) 0.149 0.488 0.485 1.161 0.764 1.765

Chronic renal insufficiency (yes) 0.345 1.771 0.183 1.412 0.849 2.347

BI: Barthel Index; ASA: American Society of Anesthesiologists Physical Status Classification; FAC: functional
ambulation classification; PS: Pfeiffer Scale.

3.2.2. Regarding the Effect That the Fracture and Admission Exert

We obtained the bivariate analysis (Table 3), and the following risk factors were found:
the use of synthesis as a surgical technique, hospital stay ≥ 11 days, BI at discharge < 90,
deterioration of at least one category in the BI between hospital admission and discharge,
impairment of at least one category in the ability to walk, better cognitive status at discharge
(PE ≤ 4), cognitive impairment in at least one category in the PS, “de novo” institutionaliza-
tion at hospital discharge it associates greater risk than staying at home, and the following
events: hemoglobinemia ≤ 8.5 mg/dL, being transfused with ≥3 packed red blood cells,
delirium, and constipation. The variable’s type of treatment and surgical delay were not
significant in this bivariate analysis.
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Table 3. Bivariate analysis recovery of the BI (yes/no); significant variables—effect of the fracture
and outcome.

Bivariate Analysis Recovery of the BI (Yes/No) RO Limits

Events during Admission χ2 p RO Lower Upper

Synthesis as a surgical technique 5.82 0.016 1.608 1.108 2.335

Hospital stay ≥ 11 days 10.12 0.001 1.907 1.293 2.812

BI at discharge < 90 11.27 0.001 1.948 1.330 2.853

Deterioration ≥ 1 category in the BI 109.22 <0.001 14.365 8.014 25.751

Impairment ≥ 1 category (FAC 1–3) in the ability to walk 17.58 <0.001 2.192 1.526 3.147

Better cognitive status at discharge (PS ≤ 4) 7.62 0.006 1.911 1.222 2.989

Cognitive impairment in at least one category in the PS 13.79 <0.001 7.102 2.323 21.716

“De novo” institutionalization at hospital discharge 23.52 <0.001 3.262 2.014 5.282

Still remain at home when discharged from hospital 9.28 0.002 1.765 1.236 2.520

Hemoglobinemia ≤ 8.5 mg/dL 15.29 <0.001 2.278 1.515 3.425

Constipation 17.29 <0.001 2.165 1.512 3.099

BI: Barthel Index; FAC: functional ambulation classification; PS: Pfeiffer Scale.

The multivariate analysis (Table 4) has estimated significant variables with adjustment
for not regaining independence: older age, higher BI (0–100) at hospital discharge, but above
all, deterioration of BI during admission, in addition to hemoglobinemia ≤ 8.5 mg/dL,
and constipation.

Table 4. Binary logistic regression of recovery of the BI (yes/no); situation during admission.

Income Events and Effects No Recovery of Baseline Independence

R2 = 0.503 β χ2 Wald p RO L. Inf L. Sup

Age (years) 0.115 31.046 0.000 1.122 1.078 1.169

Sex male −0.120 0.161 0.688 0.887 0.495 1.592

Surgical thecnique syntesis 0.403 2.532 0.112 1.497 0.911 2.460

Hospital stay ≥ 11 days 0.507 3.622 0.057 1.661 0.985 2.801

IB (0–100) at discharge 0.025 7.886 0.0050 1.025 1.008 1.043

Loss of independence (BI) at least 1 category 3.236 81.737 0.000 25.430 12.609 51.287

Cognitive status: PS (number of errors) 0.065 0.726 0.394 1.067 0.919 1.240

Cognitive impairment at least 1 category 0.860 1.280 0.258 2.363 0.533 10.480

Walking ability at least 1 category 0.325 1.716 0.190 1.384 0.851 2.252

Institutionalization at discharge −0.479 1.974 0.160 0.619 0.317 1.208

New institutionalization at discharge 0.320 0.638 0.424 1.378 0.628 3.022

Heglobinemia ≤ 8.5 mg/dL 0.677 4.067 0.044 1.969 1.019 3.803

Be transfused during admission −0.219 0.482 0.487 0.803 0.433 1.491

“Delirium” during admission 0.388 1.665 0.197 1.474 0.818 2.657

Constipación pertinacious during admission 0.706 6.693 0.010 2.026 1.187 3.459

BI: Barthel Index; PS: Pfeiffer Scale.
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3.3. Influence on Lack of Recovery by 6th Month of the Category of the Walking Ability Prior
to Admission
3.3.1. Regarding the Previous Situation or Admission

Using Pearson’s χ2 tests and likelihood ratio (χRV 2) with the dependent variable re-
covering (yes/no) walking ability (Table 5), risk factors have been found for non-recovery
at the sixth month, age ≥ 85 years, extracapsular type of fracture, ASA III or IV surgical
risk, BI < 90 prior to admission, moderate or severe cognitive impairment (PS ≥ 5), in-
stitutionalization prior to admission, comorbidities at admission: chronic anemia, heart
failure, having the patient prescribed anticoagulants and proton-pump inhibitors before
the fracture. The poor ability to walk before admission has been significant as a protective
factor for non-recovery at six months; this effect does not change and gains greater associa-
tive strength in the multivariate adjustment. There is no association with sex or with BI at
admission < 60 points.

Table 5. Bivariate analysis recovery of the FAC (yes/no); variables significantly associated; situation
prior to admission.

Bivariate Analysis Recovery of the Walking Ability (Yes/No) RO Limits

Prior to/at Admission χ2 p RO Lower Upper

≥85 years 53.60 <0.001 4.105 2.796 6.026

Type extracapsular of fracture 7.58 <0.001 1.657 1.168 2.351

ASA III or IV surgical risk 11.60 0.001 1.853 1.309 2.623

BI < 90 prior to admission 13.60 <0.001 1.957 1.379 2.778

Cognitive impariment PS ≥ 5 8.08 0.004 1.834 1.222 2.754

Institutionalization prior to admission 11.69 0.001 1.985 1.350 2.917

Chronic anemia 4.75 0.029 1.727 1.080 2.761

Heart failure 3.64 0.057 1.513 1.009 2.269

Anticoagulant drugs prescribed before admission 3.76 0.052 1.552 1.017 2.367

Proton-pump inhibitor before admission 4.22 0.04 1.587 1.042 2.419

Bad walking ability (FAC category 3) 43.23 <0.001 0.508 0.466 0.555

ASA: American Society of Anesthesiologists Physical Status Classification; BI: Barthel Index; PS: Pfeiffer Scale;
FAC: functional ambulation classification.

The binary logistic regression (Table 6) has obtained the only significant results
(R2 = 0.500) for not recovering walking ability, thanks to the adjustment, in addition to
older age, the extracapsular type of fracture, surgical risk, number of errors in PS, and use
of proton-pump inhibitor, on or prior to admission. IB (0–100) independence and, above
all, worse ambulation (FAC) prior to admission have been protective factors for the lack of
recovery of gait; these two effects are found in the bivariate analysis.

Table 6. Binary logistic regression of recovery of the FAC (yes/no); situation prior to admission.

Prior to/at Admission No Recovery of Baseline Walking Ability at 6th Month

R2 = 0.500 Coef. β χ2 Wald p Vaule RO L. Inf L. Sup

Age (years) 0.114 34.341 0.000 1.121 1.079 1.164

Sex male −0.394 1.922 0.166 0.674 0.386 1.177

Extracapsular fracture 0.537 5.236 0.022 1.710 1.080 2.709

ASA III ó IV 0.404 2.559 0.110 1.498 0.913 2.457

BI prior to admission (0 a 100) −0.043 9.946 0.002 0.958 0.933 0.984
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Table 6. Cont.

Prior to/at Admission No Recovery of Baseline Walking Ability at 6th Month

Cognitive impairment prior to admission 0.258 13.024 0.000 1.295 1.125 1.490

Walking ability prior to admission −3.584 79.328 0.000 0.028 0.013 0.061

Institutional origin prior to admission 0.574 3.403 0.065 1.776 0.965 3.269

Chronic anemia prior to admission 0.430 1.667 0.197 1.537 0.801 2.949

Chronic renal insufficiency prior to admission 0.187 0.366 0.545 1.206 0.658 2.210

Anticoagulant drugs prior admission −0.046 0.021 0.885 0.955 0.516 1.769

Proton-pump inhibitor prior admission 0.591 4.230 0.040 1.806 1.028 3.172

ASA: American Society of Anesthesiologists Physical Status Classification; BI: Barthel Index.

3.3.2. Regarding the Effect That the Fracture and Admission Exert

In the bivariate analysis with variables during admission and at the end of it (Table 7),
we have found that the following are risk factors for non-recovery of gait: surgical technique
by synthesis, start of standing, and gait beyond the third postoperative day, BI < 90 at
discharge, BI < 60 at discharge, poor walking ability at hospital discharge, impairment
during admission of at least one category in ambulatory ability, cognitive impairment
according to PS ≥ 5, loss during admission of at least one category according to the same
PS, and new institution at discharge.

Table 7. Bivariate analysis recovery of the FAC (yes/no); variables significantly associated; effect of
the fracture and outcome.

No Walking Ability Recovery at 6th Month

Bivariate Analysis Recovery of the Walking Ability (Yes/No) RO Limits

Events during Admission χ2 p RO Lower Upper

Surgical technique by synthesis 10.00 0.002 1.809 1.263 2.589

Start of standing and gait beyond 3rd day PI 4.36 0.037 1.525 1.044 2.227

BI < 90 at discharge 58.85 <0.001 4.549 3.062 6.759

BI < 60 at discharge 11.06 0.001 1.945 1.325 2.856

Bad walking ability at discharge (FAC category 3) 13.99 <0.001 1.999 1.400 2.857

Impairment ≥ 1 category (FAC 1–3) in the ability to walk 8.53 <0.001 1.711 1.205 2.431

Cognitive impairment according to PS ≥ 5 9.99 0.002 1.948 1.301 2.918

Cognitive impairment in at least one category in the PS 5.62 0.018 3.646 1.294 10.273

New institution at discharge 15.82 <0.001 2.708 1.661 4.413

Hemoglobinemia ≤ 8.5 mg/dL 8.46 0.004 1.771 1.217 2.577

Being transfused ≥ 3 packed red blood cells 16.17 0.001 2.572 1.468 4.507

Delirium 21.5 <0.001 2.429 1.675 3.523

Constipation 22.41 <0.001 2.353 1.657 3.342

Impaired renal function during admission 4.56 0.033 1.578 1.057 2.357

Urinary tract infection 8.02 0.005 2.260 1.306 3.913

Acute urine retention 10.09 0.001 2.669 1.470 4.846

New prescription of vitamin D at discharge 13.70 <0.001 1.960 1.382 2.781

Residential destination when discharged from hospital 36.86 <0.001 0.333 0.233 0.474

New institutionalization at discharge 15.82 <0.001 2.708 1.661 4.413

BI: Barthel Index; FAC: Functional Ambulation Classification; RO: Odds Ratio; PI: Post Intervention.
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We have also found various complications that occurred during admission as risk fac-
tors: hemoglobinemia ≤ 8.5 mg/dL, being transfused and if performed with three or more
packed red blood cells, delirium, constipation, impaired kidney function during admission,
urinary tract infection (UTI), acute urine retention (AUR), need to a new prescription of
vitamin D at discharge.

There are four variables: deep venous thrombosis (DVT), acute ischemic stroke (AIS)
during admission, liquid thickeners, and new neuroleptics prescription at hospital dis-
charge, which are risk factors in the analysis, but the result must be interpreted with
reservation, because in the 2 × 2 table, at least one box has expected values less than 5, and
therefore, despite their significance, we will not include them in the multivariate analysis.

Neither the type of treatment nor the hospital stay, nor the surgical delay influence the
non-recovery of walking capacity.

Institutionalization as a residential destination (new and not new) at discharge is a
protector factor in the non-recovery of walking, contrary to new institutionalization, so
patients with an institutional destination at discharge have significantly greater possibilities
to maintain their previous level of capacity for ambulation.

The multivariate analysis (Table 8), with binary logistic regression (R2 = 0.275), only
confirms as true factors associated with not recovering the ability to walk the loss of at least
one category of ability to walk during admission and synthesis as a technique surgery used.

Table 8. Binary logistic regression of recovery of the FAC (yes/no); situation during admission.

Income Events and Effects No Recovery of Baseline Walking Ability at 6th Month

R2 = 0.275 Coef. β χ2 Wald p Value RO L. Inf L. Sup

Age (years) 0.075 18.318 0.000 1.078 1.042 1.116

Sex male 0.239 0.937 0.333 1.269 0.783 2.058

Surgical technique synthesis 0.475 4.960 0.026 1.609 1.059 2.445

BI at discharge (0–100) −0.004 0.218 0.641 0.996 0.981 1.012

Walking ability at discharge (FAC 1–3) −0.183 0.390 0.532 0.832 0.468 1.480

Loss walking ability during admission 0.868 14.706 0.000 2.382 1.529 3.712

Loss ≥ 1 category PS during admission 0.219 0.133 0.715 1.245 0.383 4.047

PS (number of errors) at discharge 0.095 2.846 0.092 1.100 0.985 1.229

Residential destination when discharged −0.433 2.694 0.101 0.648 0.386 1.088

New institutionalization at discharge 0.481 2.150 0.143 1.618 0.851 3.077

Anemia on admission 0.214 0.591 0.442 1.239 0.718 2.137

Be transfused during admission −0.171 0.435 0.510 0.843 0.506 1.402

Delirium 0.205 0.735 0.391 1.228 0.768 1.964

Constipation 0.266 1.387 0.239 1.304 0.838 2.029

Impaired renal function −0.075 0.095 0.758 0.928 0.575 1.497

UTI 0.347 1.105 0.293 1.415 0.741 2.701

AUR 0.259 0.526 0.468 1.295 0.644 2.605

New thickeners at hospital discharge 1.673 2.028 0.154 5.328 0.533 53.270

New vitamin D prescription at discharge 0.066 0.088 0.767 1.068 0.692 1.647

BI: Barthel Index; FAC: functional ambulation classification; PS: Pfeiffer Scale; UTI: urinary tract infection; AUR:
acute urine retention.

Functional loss during admission (see Tables 9 and 10, as well as Figure 2) after hip
fracture in the elderly in our series is basically related to cognitive impairment before said
admission, but in a different direction. There is a direct relationship or risk factor regarding
the deterioration of the ability to walk. On the other hand, there is an indirect relationship
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so that patients with greater cognitive impairment at admission experience less loss of
independence during admission.

Table 9. Profile of patient losing independence in at least one BI category during admission according
to binary logistic regression.

Loss BI ≥ 1 Categories during Admission

R2 = 0.168 β χ2 Wald p OR L. Inf L. Sup

Age (years) 0.184 23.588 <0.001 1.202 1.116 1.295

Sex: male −0.151 0.096 0.757 0.860 0.332 2.228

PS errors number (0–10) −0.446 9.799 0.002 0.640 0.484 0.847

BI (0–100) at admission −0.015 0.778 0.378 0.985 0.953 1.018

FAC (1–3) at admission −0.237 0.299 0.585 0.789 0.338 1.844

BI: Barthel Index; PS: Pfeiffer Scale; FAC: functional ambulation classification.

Table 10. Profile of patient losing independence in at least one FAC category (≥2 levels) during
admission according to binary logistic regression.

Change ≥ 1 Category FAC during Admission

R2 = 0.293 β χ2 Wald p OR L. Inf L. Sup

Age (years) −0.005 0.124 0.725 0.995 0.970 1.021

Sex: male −0.388 3.145 0.076 0.678 0.441 1.042

PS errors number (0–10) 0.129 5.235 0.022 1.138 1.019 1.270

BI (0–100) at admission 0.008 0.654 0.419 1.008 0.988 1.028

FAC (1–3) at admission −2.284 53.251 0.000 0.102 0.055 0.188

FAC: functional ambulation classification; PS: Pfeiffer Scale; BI: Barthel Index.

Figure 2. Summary of the interaction between functional factors in the elderly with hip fracture in
our patients.
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Below (Figure 2), the relationships between functional variables are exposed so that in
blue, we have those that prevent and in red, those that are risk factors for non-functional
recovery in the sixth month.

4. Discussion

Age is the factor that, in almost any publication, is associated with the limitation in
the recovery of the previous function after a hip fracture in the elderly and in any period of
time: 2 and 6 months [26]; 4 months [27], 6 months [28,29], 8 months [30], 1 year [31,32],
6 y 18 months [33], or not specifying a certain time, but when a more or less specific
rehabilitation program ends [34–42]. In general, men have the worst evolution, according
to much of the literature consulted [36,37,43]. According to Sylliaas et al. [44], women have
a worse evolution, although there are also authors who, coincidentally with our work, do
not appreciate differences [32,45]. In our study, as in the literature consulted, age, both in
bivariate and multivariate analysis, is a risk factor for the non-recovery of independence
and, also, for the non-recovery of ambulatory capacity.

In our investigation, the average stay is not associated with a lack of functional
recovery. Martin-Martin et al. [40] associate it with worse mobility and Orive et al. [33]
with BI impairment. The surgical delay in this work does not condition the functional
evolution either, but there are studies in which surgical delay ≥ 48 h limits mobility [28] or
the recovery of independence [33].

The pathology associated with the patient who is admitted to be treated for a hip
fracture has different importance. The frailty of the elderly can be defined by the number
of severe or terminal chronic diseases that the patient has [46], obtaining an index that
is adjusted for age and baseline functional status. Kua J. et al. [47] have highlighted that
the previously known geriatric scale [48] called Reported Edmonton Frail Scale, has a
high prognostic value in all hospital admissions for acute processes in the elderly, and
specifically a significant impairment (OR = 6.19, p = 0.01) of basic activities of daily living
(ADL) [49,50] in the sixth month after hip fracture.

The number of concurrent comorbidities has been described as a factor of poor func-
tional prognosis at four months [41] that we have not found. In fact, in our multivariate
adjustment, no comorbidity influences the recovery of function at six months. Parkin-
son’s disease has a proven relationship with ambulatory capacity in patients with hip
fractures [51]. In addition, it has been described that hypertension and diabetes are co-
morbidities associated with a greater limitation of functional recovery [36,41]. In addition,
it has been described that hypertension and diabetes are comorbidities associated with
greater limitation of functional recovery [52,53]. The greater surgical risk of our patients
limits the recovery of [43] independence in terms of the BI value, not as well as the recovery
of the march in our research, as other authors refer [30,33].

Several authors [51,54] associate the need for help to walk or not being able to walk
alone outside the residential setting before admission with not regaining independence
(IADL) [55] a year after the fracture. McGilton et al. [56] consider that poor global functional
status, gait, and cognitive status at admission are limiting to recovery. Lower BI and
more errors in the PS impair both the global functional status and the ability to walk
Mariconda M. et al. [57] at one year. In our series, cognitive impairment prior to admission
limits the recovery of both independence and gait in the sixth month after the hip fracture.
The most independent patients, according to the BI before the fracture in this series, are
the ones with the most limited global functional recovery (BI) in the sixth month. This
phenomenon and with the same index is described in the literature [33] with prospective
research at 6 and 18 months. However, in our patients, functional deterioration during
admission is directly related to said previous cognitive deterioration only in the case of
walking. Patients with a worse baseline cognitive situation acquire a lesser loss of their
independence between admission and discharge. Similarly, patients with worse gait have
at admission (higher value of the FAC variable), as occurs with dependency, with less
functional reserve at admission, less loss generated by the fracture, and they maintain
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levels at the sixth month not as different from the previous ones. Therefore, the high value
of the FAC variable prevents the non-recovery of the gait function. The essential factor so
that these functions, independence and ability to walk, are not recovered is their qualitative
loss during admission, especially in the case of loss of dependency (OR = 25.43, 95% CI:
12.61–51.28). Our work coincides with Dubljanin-Raspopović E. et al. [27] in that cognitive
impairment is a pre-eminent factor in global functional (BI) and gait non-recovery.

Our patients from a nursing home before fracture have, after adjusting variables,
a recovery of BI and gait not significantly different from those who lived at home, coinciding
with Ariza-Vega P. et al. [31]. Other works instead [32,42] consider that institutionalization
prior to admission limits gait recovery.

The extra-articular fracture type has, in general, a worse functional prognosis in the
literature [32,40,45,52], just as we have clearly found in our multivariate analysis regarding
the non-recovery of gait function. The worse prognosis in the evolution of BI can, at least
in part, be explained by age since our patients with extra-articular fractures have a higher
mean age, as in almost all the literature [16,53]. Di Monaco [58] does not find differences
in prognosis between the types of fracture. A meta-analysis [59] showed that the use of
total arthroplasty in patients with displaced intracapsular fractures gives better functional
results than osteosynthesis, and total hip arthroplasty, according to prospective studies,
is preferable in this type of fracture both due to its functional outcome as having fewer
complications [60–62]. The synthesis, in our research, by the bivariate analysis, is followed
by less recovery of both dependency (BI) and walking capacity at six months. This effect,
in the multivariate analysis, is annulled in terms of non-recovery of BI; and persists as
a risk factor in the non-recovery of walking. The mean age of our survivors does not
differ significantly between those who underwent synthesis or arthroplasty. The only
complications that we have been able to relate to the functional prognosis after multivariate
adjustment have been anemia, coinciding with Foss N.B. et al. [10], and constipation;
however, for other authors [63], they are ulcers by pressure and “delirium”.

It is a relative limitation that the measurement of the evolution at six months is a
shorter time than that of some publications, which was already mentioned that they take 12
or 18 months, although there is no lack of medium-term studies: six months like ours, even
at two, and four months in some cases. It has been pointed out that most of the recovery
of global independence (BI) occurs in the first trimester [51]. The scientific evidence of
a retrospective observational study is less than that of a cohort study, fundamentally
because it is a mere consultation of registered data, no matter how rigorous the anamnesis
and record of it have been. Our hip fractures do not follow any rehabilitation program,
which may be related to the high percentages of lack of functional recovery that we have; in
agreement with Orive et al. [33] when they state that not referring to rehabilitation increases
the possibility of deterioration of the BI prior to six months, more than two times (OR = 2.34,
95% CI: 1.31–4.16) and at 18 months more than three (OR = 3.18, 95% CI: 1.62–6.25) with
respect to undergoing rehabilitation treatment.

As strengths, it should be noted that the sample is large enough. Includes all fractures
treated by our hospital in relation to its health area. This minimizes potential selection
biases that often accompany a retrospective study. Take all possible variables. In addition to
performing statistical analysis comparing dichotomous qualitative variables, binary logistic
regression, in which we also incorporate quantitative independent variables for adjustment,
allows us to eliminate biases such as effect modification or interaction, especially in relation
to age. Although retrospective, it is still a longitudinal study, which to a large extent allows
its conclusions to be taken as a valid explanation of the knowledge of the factors that truly
influence limiting functional recovery in the elderly with hip fractures in our environment.

The results of this research show the factors in our population of patients aged
≥65 years, which limit, and to what extent, the recovery of the situation of indepen-
dence (IB), as well as their ability to walk before suffering a hip fracture, as established in
the objective of the research.
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5. Conclusions

The factors associated with both the lower recovery of the BI and the ability to walk
are older age and worse cognitive status at admission. Perhaps the lack of referral to
rehabilitation of our patients is a very important factor to take into account in the poor
recovery from dependency and walking.

Limitations to the recovery of independence are one’s own independence (high BI) on
admission and discharge, the loss of it during admission, and the high surgical risk (ASA).

Both dependency (low BI) as well as impaired ambulatory capacity during admission
limit recovery of gait.

Patients suffering from extracapsular fractures and surgical treatment by synthesis
limit the recovery of walking in the sixth month. Likewise, patients taking proton-pump
inhibitors prior to admission have less recovery from walking.

Hemoglobinemia < 8.5 mg/dL, as well as constipation, are the complications that are
associated with a worse prognosis of dependence, but not “delirium”.

Sex does not influence, neither have any comorbidity been found, nor the greater
number of concomitant comorbid processes with hip fracture related to functional prognosis
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Abstract: Introduction: Subsequent osteoporotic vertebral fractures (SOVF) are a serious compli-
cation of osteoporosis that can lead to spinal deformity, chronic pain and disability. Several risk
factors have been previously identified for developing SOVF. However, there are conflicting reports
regarding the association between sarcopenia and multiple vertebral compression fractures. As
such, the goal of this study was to investigate whether sarcopenia is an independent risk factor of
SOVF. Methods: This was a retrospective case–control study of elderly patients who underwent
percutaneous vertebral augmentation (PVA) due to a new osteoporotic vertebral compression fracture
(OVCF). Collected data included: age, sex, BMI, steroid treatment, fracture level and type, presence
of kyphosis at the level of the fracture and bone mineral density (BMD). Identification of SVOFs
was based on clinical notes and imaging corroborating the presence of a new fracture. Sarcopenia
was measured using the normalized psoas muscle total cross-sectional area (nCSA) at the L4 level.
Results: Eighty-nine patients that underwent PVA were followed for a minimum of 24 months. Aver-
age age was 80.2 ± 7.1 years; 58 were female (65.2%) and 31 male (34.8%). Psoas muscle nCSA was
significantly associated with age (p = 0.031) but not with gender (p = 0.129), corticosteroid treatment
(p = 0.349), local kyphosis (p = 0.715), or BMD (p = 0.724). Sarcopenia was significantly associated with
SOVF (p = 0.039) after controlling for age and gender. Conclusions: Psoas muscle nCSA can be used
as a standalone diagnostic tool of sarcopenia in patients undergoing PVA. In patients undergoing
PVA for OVCF, sarcopenia is an independent risk factor for SOVF.

Keywords: sarcopenia; osteoporosis; recurrent fractures; psoas; cross-sectional area

1. Introduction

Osteoporosis is a chronic bone disease characterized by a decrease in bone mass and
increased risk of pathological fractures. Osteoporotic vertebral compression fractures
(OVCF) are the most common complication of osteoporosis due to the high mechanical
load of the spine [1]. Previous studies have found that the risk of fractures increases due to
different causes such as the degree of osteopenia (loss of bone mass), presence of previous
pathological fractures, and female gender [2,3].

As the population ages, osteoporotic fractures are becoming more common and iden-
tification of patients that are at increased risk of developing recurrent OVCF has gained
importance. Osteoporotic vertebral compression fractures are an increasingly prevalent
cause of intractable back pain, decreased mobility and prolonged bed riddance, carrying a
significant socioeconomic burden [4].

Sarcopenia is a process of depletion of muscle mass in the body. Similar to osteoporosis,
the incidence of this condition increases in geriatric populations and depends on various
systemic conditions and diseases [5,6].
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The diagnosis of sarcopenia is typically based on a combination of low handgrip
strength, slow gait speed and decreased appendicular skeletal muscle mass in the upper
and lower extremities as measured by dual X-ray absorptiometry (DEXA) [7,8]. Sarcopenia
can also be estimated using measurement of paraspinal muscle cross sectional area (CSA)
which closely correlates to the total body muscle mass [7,9–12]. Previous studies have
used computed-tomography (CT) or magnetic resonance imaging (MRI) modalities to
assess the total psoas CSA (tCSA) at the level of either the L3 or the L4 vertebra [13,14].
The psoas tCSA of patients can be normalized against the vertebral body area or body
height. [12,15,16]. Sarcopenia can thus be estimated by low values of the normalized psoas
CSA (nCSA) [16,17].

Previous studies have found that sarcopenia and frailty are correlated with increased
complication rates, prolonged postoperative hospitalizations and an increase in overall
mortality following major medical events such as oncological disease and major surg-
eries [16,17]. However, other studies did not find a clear association between poor clinical
outcomes and sarcopenia following spine surgeries. [18]. Hida et al. reported that sarcope-
nia, measured as decreased leg skeletal mass index, was a risk factor for vertebral fractures
in elderly Japanese women. In this study, the prevalence of sarcopenia was 42% and 25%
in fracture and non-fracture groups, respectively [19]. On the contrary, Ashish et al. did
not find that sarcopenia was an independent risk factor for recurrent fractures. However,
they did find that sarcopenia was more prevalent in a subgroup of patients with previous
OVCF [20]. A major complication of OVCF is subsequent osteoporotic vertebral fractures
(SOVF) at adjacent levels. Development of multiple compression fractures can lead to
spinal deformity, chronic pain and disability [2,21,22]. SOVFs after percutaneous vertebral
augmentation are common, with an incidence of 12% to 52% of patients [23]. Therefore,
the identification of risk factors may help in developing adjuvant interventions to improve
clinical outcomes.

Refs. [5–17]. As such, the goal of this study was to investigate whether sarcopenia can
be correlated to an increased risk of SOVFs following percutaneous vertebral augmentation.

2. Materials and Methods

2.1. Patient Population

This was a retrospective case–control study. The database of our tertiary hospital
was searched for elderly patients who underwent percutaneous vertebral augmentation
(PVA) due to VOFs of the thoracolumbar junction between the years 2007 and 2017 with a
post-operative clinical follow-up of at least 24 months. Patients who developed SOVF and
underwent a repeat single level PVA for their fracture formed the study group. Patients
who did not suffer from SOVF following their first PVA formed the control group. Exclusion
criteria included (1) age younger than 55 years, (2) high-energy trauma, (3) previous PVA
before their enrollment to this study, (4) spinal deformities due to previous VCFs (i.e., local
kyphosis), (5) pathological fractures (due to malignancy or infection), and (6) lack of pre-
operative CT or clinical follow-up. Data collected included: age, sex, BMI, corticosteroid
treatment, fracture level, presence of kyphosis at the level of the fracture and degree of
osteoporosis as measured using mean Hounsfield units (HU) values for L4 and L5 vertebrae.
Identification of SVOFs was based on clinical notes and imaging corroborating the presence
of a new fracture (X-rays, CT, magnetic resonance imaging or bone scintigraphy).

The study received institutional review board approval and informed consent was
waived due to its retrospective nature.

2.2. Radiological Analysis

Subsequent osteoporotic vertebral fractures were assessed on preoperative thora-
columbar CT scans according to AO Spine thoracolumbar injury classification system [24].
Preoperative sagittal plane computer tomography (CT) images were used to measure local
kyphosis at the level of the fracture by measuring the angle between the upper-endplate of
the caudal vertebra and the lower-endplate of the superior vertebra adjacent to the facture.
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Bone mineral density (BMD) on CT has been described as a tool for assessment of the risk of
biomechanical complications in spinal surgery [25]. CT machines with automatic exposure
control allow for easy measurement of tissue density (its linear attenuation coefficient),
expressed by Hounsfield units (HU). Similar to the technique described by Schreiber et al.
using HU in the cancellous bone of the vertebral body [26]. The images were analyzed using
Centricity Universal Viewer, Next-gen Picture Archiving and Communications System
(PACS), (GE Healthcare, Wood Dale, IL, USA). HU measurements were performed for all
vertebrae included in the CT scan, at the L4 and L5 levels, using 5 mm elliptical range of
interest (ROIs). The ROIs defined were restricted to cancellous bone and avoided obvious
bony lesions (such as hemangiomas) and the posterior venous plexus. Average HU values
were than calculated from three ROI measurements per patient in the axial plane.

Psoas measurements were obtained from axial CT images using Image J software,
(U.S. National Institutes of Health, Bethesda, MD, USA) [9]. Muscles were measured
bilaterally at the midlevel of the L4–5 facet. Psoas muscle tCSA was calculated as the sum
of the right and left psoas muscles CSA. Vertebral body CSA was measured at the inferior
endplate of L4. Psoas nCSA was then calculated as the ratio of bilateral psoas CSA to
vertebral body CSA to normalize for body habitus [12,14,15,27]. Sarcopenia was defined as
psoas nCSA less than the sex specific median in accordance with previous studies [15,16,28].

2.3. Statistical Methods

Statistical analysis was performed using R version 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria) (http://www.r-project.org, accessed on 10 January 2022). The
dependent variable is the occurrence of subsequent osteoporotic vertebral fracture. The
independent variables were age, gender, fracture classification, primary PVA procedure, use
of corticosteroids, local kyphosis, BMD, and psoas CSA. In univariable analysis, variables
were compared between groups by Fisher’s exact test for categorical variables and the
Wilcoxon signed-rank test for numerical variables. Statistical significance was defined
as p < 0.05. Multivariable analysis was performed using multiple logistic regression.
Parameters were included in multivariable analysis based on clinical significance and
statistical significance in univariable analysis.

3. Results

In total, 287 patients were initially identified, and 89 suitable patients remained
following application of the exclusion criteria. Mean age was 80.2 ± 7.1 years; 58 were
female (65.2%) and 31 male (34.8%). Patient demographics and clinical variables are
presented in Table 1.

Table 1. Patient demographics and baseline characteristics.

No Adjacent Level Fracture Adjacent Level Fracture p

N = 63 N = 26

Age (years) 80.2 ± 7.2 80.1 ± 7.1 0.986

Male 26 (41.3%) 5 (19.2%) 0.054

Female 37 (58.7%) 21 (80.8%)

Use of corticosteroids 3 (4.8%) 2 (8.0%) 0.62

Patients’ post-operative follow-up time following the first PVA ranged between
1 and 79 months. During this period, SOVFs were diagnosed in 26 (29.2%) of the patients.
Sarcopenia was diagnosed in 65.4% (17) of patients with SOVF compared to 38.1% (24) of
the non-sarcopenic patients. (p = 0.5)

In patients diagnosed with SOVF, both psoas tCSA and nCSA were lower compared
to the control group. Although both parameters did not reach statistical significance, this
difference was much more prominent for the nCSA (p = 0.06) compared to the tCSA (p = 0.6).
No significant differences were found between the groups when comparing age, fracture
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classification, PVA technique, local kyphosis at the level of the fracture or chronic steroid
use. Table 2

Table 2. Univariable analysis for associations between patient characteristics and adjacent level fracture.

No Adjacent Level
Fracture
N = 63

Adjacent Level
Fracture
N = 26

p

PVA Procedure

Kyphoplasty 38 20

Vertboplasty 9 4 0.99

Not Available 16 2

AO Spine Thoracolumbar
Injury Classification System

A0 10 2

A1 27 12

A2 2 1 0.51

A3 8 4

Not Available 0 1

Psoas tCSA (cm2)
Psoas nCSA

8.3 ± 2.5
0.75 ± 0.20

7.6 ± 1.8
0.67 ± 0.14

0.435
0.064

Psoas nCSA < Q2
Psoas nCSA ≥ Q2

24 (38.1%)
39 (61.9%)

17 (65.4%)
9 (34.6%) 0.054

Local kyphosis (degrees) 8.6 (2.0–15.6) 6.4 (−2.0–16.5) 0.642

BMD (HU) 71.9 ± 35.7 71.0 ± 41.0 0.875
PVA: percutaneous vertebral augmentation; BMD: bone mineral density; tCSA: total cross-sectional area; nCSA:
normalized cross sectional area.

Psoas tCSA was significantly associated with gender (p = 0.017) but not with age
(p = 0.216), use of corticosteroids (p = 0.685), local kyphosis (p = 0.219), or BMD (p = 0.420),
whereas Psoas nCSA was significantly associated with age (p = 0.031) but not with gender
(p = 0.129), use of corticosteroids (p = 0.349), local kyphosis (p = 0.715), or BMD (p = 0.724).

In multivariable analysis, sarcopenia was significantly associated with SOVF
(p = 0.039) after controlling for age and gender. No other independent predictors of
adjacent level fracture were identified (see Table 3).

Table 3. Multivariable analysis for independent predictors of adjacent level fracture.

Predictor OR (95% CI) p

Adjacent level fracture
Psoas nCSA < Q2 2.79 (1.05–7.41) 0.039

Age 1.00 (0.93–1.07) 0.986
Male gender 0.35 (0.11–1.08) 0.068

nCSA normalized cross sectional area.

4. Discussion

Our study establishes sarcopenia as an independent risk factor for subsequent ver-
tebral fragility fractures in individuals who had previous PVA for a first osteoporotic
fracture. Furthermore, we found that low psoas muscle nCSA can be used as a standalone
diagnostic tool for risk assessment of SOVF in patients undergoing PVA. The associations
found between the psoas muscle CSA, older age and female gender reflect the higher
prevalence of sarcopenia in these subgroups of patients, which is similar to findings of
previous studies [27,29,30].

Several possible mechanisms can be proposed to explain why sarcopenia increases
the risk of SVOF. The first is that bone and muscle interconnect not only because of
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their adjacent surfaces but due to their chemical and metabolic properties [30]. As such,
sarcopenic patients may have relatively weaker bones that are more susceptible to fracture
compared to non-sarcopenic patients. Additionally, weakness of the paraspinal and core
muscles may decrease the ability of the spinal column to manage external loads of daily
activities, which in turn exposes it to repeated fractures.

Previous studies have found that low bone density and alterations in the spinal sagittal
balance due to an increase in kyphosis are independent risk factors for SOVF. Thus, the
main strategies for preventing SOVF to date have included medications to improve bone
density, correction of spinal deformity and improvement of the surgical techniques for
PVA. In a recent meta-analysis, female gender, lower T-score, thoracolumbar junction
fracture, intravertebral cleft, higher injected cement volume, and intradiscal cement leakage
were identified as independent risk factors for adjacent level fracture, whereas BMI, use
of corticosteroids and Cobb angle change were not [31]. Similarly, we did not find an
association between postoperative Cobb angle or the use of corticosteroids with SOVF.
Female gender was more prevalent in the SOVF group compared to the control group,
nearly reaching statistical significance (p = 0.054). In contrast, the degree of osteopenia, as
measured on CT scans, was not associated with an increased risk of SOVF. This may be
explained by the fact that our measurements were not normalized for large populations, as
is the case with DEXA scans measurements, in order to calculate the T-score value.

Wang et al. have previously studied the association between sarcopenia and SOVF [27].
Similar to our results, they too found that sarcopenia was an independent risk factor of
SOVF in their patient cohort. This risk was further associated with lower BMD, advanced
age and female sex. These authors used a patients cohort consisted solely of Chinese
ethnicity who similarly underwent PVA for an osteoporotic vertebral fracture. Although
the rate of SVOF in both cohorts was similar to our results (29% vs. 27%), the diagnosis of
sarcopenia was two-fold more prevalent in our study population (65.4% vs. 32.8%).

This difference may be attributed to several factors, the most important of which is
the method chosen for the assessment of sarcopenia. In our study, we used a simple and
approachable measurement for the diagnosis of sarcopenia focusing only on the psoas
muscle and adjacent vertebral body CSA, whereas Wang et al. utilized much more complex
and cumbersome diagnostic criteria that used measurements of both the psoas and the
posterior paraspinal muscles CSA coupled with functional parameters measured by grip
strength and gait speed.

Age and sex distribution between the cohorts are additional factors that may have
contributed to the large discrepancy in the prevalence of sarcopenia between the two studies.
Our patients were a decade older than the patients included in Wang’s study (80.2 ± 7.1
vs. 70.61 ± 8.87). Additionally, in Wang’s study, the sarcopenic cohort consisted of a vast
majority of females compared to the percentage of female patients in our cohort (85% vs.
65%). Lastly, the population ethnicities included in each study were different. While our
population is Middle Eastern/Caucasian, Wang at al. included patients of Asian origin,
who are renowned for having low bone mineral density, which may have contributed to
the recurrent osteoporotic vertebral fractures more than the sarcopenia [32,33]. It may
therefore be deduced that the addition of functional assessment to the imaging-based
diagnosis of sarcopenia would reduce the sensitivity and enhance the specificity of the
diagnosis. However, we were able to establish that, even with the use of a simpler and
straightforward diagnostic tool, a clinically relevant diagnosis of sarcopenia can be achieved.
This significantly increases the useability for routine preoperative assessment of patients
treated for OVCF.

There are some limitations to this study. First this is a retrospective study in which
some additional factors that could influence the risks for SOVF, such as body mass index
(BMI), other medical conditions and routine medical treatments, were unavailable. Al-
though we based our measurement techniques for diagnosing sarcopenia and osteoporosis
on previous studies, there is still disagreement in the literature regarding the optimal
method and cutoff values for the diagnosis of these conditions. As such, comparing our
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results to previous studies may be misleading. Lastly, our patient cohort was composed of
a relatively small number of patients of Caucasian ethnicity.

Further research is required in order to validate our results with larger patient co-
horts and different ethnic groups, as well as to investigate whether specific treatment
strategies aimed to increase body lean mass can additionally reduce the risk of recurrent
osteoporotic fractures.

5. Conclusions

The result of our study further solidified the role of sarcopenia as a risk factor for
recurring fracture in osteoporotic patients. Clinical estimation of this risk assessment could
be reached using a straightforward analysis of the patients’ psoas muscle nCSA, without the
need for additional functional tests. We recommend that this technique be used routinely
in the preoperative evaluation of patients diagnosed with OVCF.
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Abstract: Spinal surgeons have not yet considered sleep disturbance an area of concern; thus, a com-
prehensive study investigating the epidemiology of sleep disturbance in patients with degenerative
spinal disease is yet to be conducted. This study aimed to fill this research gap by investigating the
epidemiology of sleep disturbance in patients who underwent spinal surgery for degenerative spinal
disease and identifying the associated risk factors. This nationwide, population-based, cohort study,
used data from January 2016 and December 2018 from the Korea Health Insurance Review and As-
sessment Service database. This study included 106,837 patients older than 19 years who underwent
surgery for degenerative spinal disease. Sleep disorder was initially defined as a diagnosis of a sleep
disorder made within one year before the index surgery and identified using the International Classi-
fication of Diseases, 10th revision, codes F51 and G47 (main analysis). We also investigated the use of
sleep medication within 90 days prior to the index surgery, which was the target outcome of the sen-
sitivity analysis. The prevalence of sleep disturbance was precisely investigated according to various
factors, including demographics, comorbidities, and spinal region. Logistic regression analysis was
performed to identify the independent factors associated with sleep disturbance. The results of the
statistical analysis were validated using sensitivity analysis and bootstrap sampling. The prevalence
of sleep disorder was 5.5% (n = 5847) in our cohort. During the 90 days before spinal surgery, sleep
medication was used for over four weeks in 5.5% (n = 5864) and over eight weeks in 3.8% (n = 4009)
of the cohort. Although the prevalence of sleep disturbance differed according to the spinal region,
the spinal region was not a significant risk factor for sleep disorder in multivariable analysis. We
also identified four groups of independent risk factors: (1) Age, (2) other demographic factors and
general comorbidities, (3) neuropsychiatric disorders, and (4) osteoarthritis of the extremities. Our
results, including the prevalence rates of sleep disturbance in the entire patient population and the
identified risk factors, provide clinicians with a reasonable reference for evaluating sleep disturbance
in patients with degenerative spinal disease and future research.

Keywords: sleep disturbance; sleep disorder; sleep medication; epidemiology; prevalence; surgery;
spine; degenerative spinal disease; risk factors

1. Introduction

Sleep plays an essential role in both cognitive and physiologic function [1,2]. Therefore,
sleep disturbance can not only have detrimental effects on quality of life, but also potentially
cause mental and physical illness, eventually increasing the risk of mortality [3,4]. Sleep
disturbance is prevalent globally, and nationwide studies have revealed that more than
20% of the general population suffers from sleep disturbance [5–7].

Chronic pain is one of the major risk factors associated with sleep disturbance [8,9],
and sleep disturbance has been reported to be prevalent in patients with degenerative joint
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diseases of the extremities [10,11]. Recent studies have revealed that sleep disturbance is
also prevalent in patients with degenerative spinal disease, with a reported prevalence
ranging from 11 to 74% [12–15]. Interestingly, studies have identified that in patients with
degenerative spinal disease, the radiologic severity of degeneration is a stronger predictor
of sleep disturbance than overall pain intensity [12,13]. In addition, the radiologic indices
associated with sleep disturbance differed according to the spinal regions. For example, in
patients with lumbar stenosis, sleep disturbance was more associated with foraminal-type
stenosis than central-type stenosis [13]. In contrast, in patients with cervical myelopathy,
central-type stenosis was more closely associated with sleep disturbance than foraminal-
type stenosis [12]. From these results, the authors deduced that the mechanisms of sleep
disturbance may differ according to the spinal regions and that sleep disturbance in patients
with cervical myelopathy might be caused by the same factors causing sleep disturbance in
patients with spinal cord injury, such as symptoms associated with cord injury, including
pain, sleep breathing disorder, and sleep movement disorder, as well as inhibition of
the neural pathway for endogenous melatonin production passing through the cervical
spinal cord.

Considering that the radiologic degree of spinal degeneration is closely associated
with sleep disturbance, sleep disturbance is expected to be particularly prevalent in patients
who are considering surgical treatment for degenerative spinal disease, which could have
influenced their choice to undergo surgical treatment. However, sleep disturbance has
hitherto not been a matter of concern to spinal surgeons, and few studies have investigated
the epidemiology of sleep disturbance in patients who underwent spinal surgery. Although
several recent studies have been conducted for this purpose, they had the following
limitations [12–14,16,17]. First, most of these studies are single-center studies with a limited
number of patients. Thus, the prevalence rates of sleep disturbance and the estimates for
their risk factors can be biased, reflecting the skewness of their study samples. Second,
because of the small sample size, a comprehensive epidemiologic analysis including all
spinal regions and considering various morbidities that are prevalent in patients with
degenerative spinal disease could not be performed. This information would be very useful
not only for clinicians, but also for researchers to understand the etiology or mechanisms
of sleep disturbance in patients with degenerative spinal disease.

Our study has two distinct research purposes. First, by using a nationwide database
that included the entire population, we aimed to investigate the epidemiology of sleep
disturbance in patients who underwent spinal surgery for degenerative spinal disease.
Based on the large dataset, the epidemiology of sleep disturbance was precisely investigated
according to various clinical profiles, including demographics, various comorbidities,
and spinal regions. We particularly focused on investigating the prevalence of sleep
disturbance according to spinal regions, which has not been reported in previous studies
due to the limited number of cases. Second, using this information, we attempted to
identify independent risk factors for their sleep disturbance.

2. Patients and Methods

2.1. Database

In this nationwide population-based cohort study, data were obtained from the Korea
Health Insurance Review and Assessment Service (HIRA) database. The HIRA database
contains all inpatient and outpatient data from hospitals and community clinics in Korea, al-
lowing for a nationwide cohort study that includes the entire population. Diagnostic codes
were assigned according to the modified version of the 10th revision of the International
Classification of Diseases (ICD-10) and the seventh revision of the Korean Classification
of Diseases. Drug use under diagnosis was identified using anatomical therapeutic chem-
ical (ATC) codes and the HIRA general name codes. This study was approved by the
Institutional Review Board of our hospital (IRB No. 2020-03-009-001).
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2.2. Study Patients

We included patients aged >19 years who underwent surgical treatment (index surgery)
for degenerative spinal disease between 1 January 2016 and 31 December 2018 (Figure 1).
Degenerative spinal diseases were identified using the following codes: Spinal stenosis
(M48.0), spondylolisthesis (M43.1), spondylolysis (M43.0), other spondylosis (M47.1 and
M47.2), and cervical disc disorder (M50).

 
Figure 1. Enrollment of study patients.

The spinal region of surgical treatment was identified using the following electronic
data interchange codes: Cervical surgery including cervical decompressive (N2491, N2492,
N0491, N1491, N1497, N2497) and fusion (N2461, N0464, N2463, N2467, N2468, N0467,
N2469) surgery; thoracic surgery including thoracic decompressive (N1492, N1498, N2498)
and fusion surgery (N0465, N2464, N2465, N2466, N0468), and lumbar surgery including
lumbar decompressive (N0492, N1493, N1499, N2499) and fusion (N0466, N1466, N0469,
N1460, N1469, N2470) surgery. We excluded patients who were treated under the ICD-10
codes of spinal infection (A18.00, M46, M49, G06, and T814), spine fractures (S1, S2, S3,
T02.0, T02.1, T02.7, T08, T09, T91, M48.3, M48.4, and M48.5), or malignancy (C) within two
years before the index surgery (Figure 1).

2.3. Definitions of Sleep Disturbance

Sleep disturbance in the cohort was identified using the following two methods (Figure 2).
First, sleep disturbance was primarily defined as a diagnosis of sleep disorder within one
year before the index surgery. Preoperative sleep disorder was identified using the following
diagnostic codes: Nonorganic sleep disorders (F51), and sleep disorders (G47). This was
then used as the target outcome in the main analysis. Second, in the sensitivity analysis
performed to internally validate our results, sleep disturbance was additionally defined by
the use of sleep medication during the 90 days before the index surgery. Sleep medication
was defined as drugs currently available for insomnia approved by the Korean Food and
Drug Administration, including flurazepam, triazolam, flunitrazepam, brotizolam, zolpidem,
eszopiclone, doxepin, doxylamine, and diphenhydramine [18]. Among them, antihistamines,
including doxylamine and diphenhydramine, were excluded. The ATC and HIRA general
name codes for sleep medication are presented in Supplementary Table S1. Data regarding
preoperative sleep medication were used as the target outcome in the sensitivity analysis.
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Figure 2. Definitions of sleep disturbance in the main and sensitivity analyses. The term “sleep
disorder” has been used when sleep problems were identified using International Classification of
Diseases, tenth revision (ICD-10) codes alone. The term “sleep disturbance” has been used when
sleep problems were identified using the following two criteria: Diagnosis of a sleep disorder using
ICD-10 codes and the use of sleep medication.

2.4. Factors Associated with Sleep Disturbance

Demographic data at the time of surgery were retrieved. Medical conditions diagnosed
in the year before the index surgery were identified using ICD-10 codes (Supplementary
Table S2) and evaluated using the Charlson comorbidity index (CCI) [19–21]. We also in-
vestigated neuropsychiatric disorders that were possibly associated with sleep disturbance
using ICD-10 codes (Supplementary Table S2). The diagnosis of depression was confirmed
using the ATC codes for the use of antidepressants (N06A, Supplementary Table S3).

We also evaluated osteoarthritis of the extremities using a validated method in our
database [22]. Patients with osteoarthritis of the extremities were identified using the ICD-
10 codes for osteoarthritis (M15 to M19) with corresponding radiographs of the extremities.
The HIRA electronic data interchange codes for X-rays of the extremities are presented in
Supplementary Table S4.

2.5. Statistical Analysis

Data are reported as the mean ± standard deviation for numerical variables, and as
numbers and frequencies (%) for categorical variables. The prevalence of sleep disturbance
was precisely presented according to the factors associated with sleep disturbance and the
spinal regions. For the main analysis, sleep disturbance, defined as the diagnosis of a sleep
disorder within one year before the index surgery, was chosen as the dependent variable.
Logistic regression analysis was performed to identify independent factors associated
with sleep disturbance, with adjustment for variables identified to be significant in the
univariable analysis (p < 0.05).

Our statistical model was validated using the following procedures. First, a sensitivity
analysis was performed to validate risk factors. Sleep disturbance was defined according
to the use of sleep medication during the 90 days before the index surgery and was used
as the dependent variable for the sensitivity analysis. Second, all estimates from the main
and sensitivity analyses were validated using the bootstrap method. All estimates were
internally validated with relative bias based on 1000 bootstrapped samples. Relative bias
was estimated as the difference between the mean bootstrapped regression coefficient
estimates and the mean parameter estimates of multivariable model divided by the mean
parameter estimates of the multivariable model.

Multicollinearity between covariates was tested using a variance inflation factor. Data
extraction and statistical analysis were performed using the SAS Enterprise Guide 6.1 (SAS
Institute, Cary, NC, USA).

152



J. Clin. Med. 2022, 11, 5932

3. Results

Between 2016 and 2018, 198,844 patients underwent spinal surgery (index surgery)
for degenerative spinal disease (Figure 1). Among them, we excluded patients who were
treated under the ICD-10 codes of malignancy (n = 11,504), spinal infection (n = 1937), and
spinal fracture (n = 81,463) within two years before the index surgery, and those who had
missing data (n = 376).

A total of 106,837 patients were included in this study, with a mean age of 62.9 years
and 52% (n = 55,595) being women.

3.1. Annual Prevalence of Sleep Disturbance According to the Three Definitions

Among the 106,837 patients, sleep disorders were diagnosed within one year before
the index surgery in 5.5% (n = 5847, Table 1). During the 90 days before spinal surgery, sleep
medication was used for over four weeks in 5.5% of the cohort (n = 5864) and over eight
weeks in 3.8% (n = 4009) of the cohort. During the study period, the number of patients
with preoperative sleep disorders and those who used sleep medications continuously
increased (Table 1).

Table 1. Annual prevalence of sleep disturbance according to the three definitions.

Year
Spinal

Surgery (n)

Patients Diagnosed with Sleep Disorder
within One Year from the Index Surgery

Prevalence According to Sleep Medication during the Preexisting 90 Days

Over 4-Week Sleep Medication Over 8-Week Sleep Medication

(n)
Incidence

(%)
95% CI (n)

Incidence
(%)

95% CI (n)
Incidence

(%)
95% CI

2016 35,507 1866 5.3% [5.0–5.5] 1839 5.2% [4.9–5.4] 1229 3.5% [3.3–3.7]
2017 35,459 1912 5.4% [5.2–5.6] 1932 5.4% [5.2–5.7] 1319 3.7% [3.5–3.9]
2018 35,871 2069 5.8% [5.5–6.0] 2093 5.8% [5.6–6.1] 1461 4.1% [3.9–4.3]

All 106,837 5847 5.5% [5.3–5.6] 5864 5.5% [5.4–5.6] 4009 3.8% [3.6–3.9]

3.2. Prevalence of Sleep Disturbance According to the Baseline Characteristics and Comorbidities

Sleep disorders were common in patients of older age, female sex, urban residence,
and surgery at a tertiary hospital (Table 2). The difference was most pronounced by age,
and patients aged over 80 years had approximately three-fold higher chances of having
sleep disturbance than those between 20 and 49 years (8.8% vs. 2.7%).

Table 2. Prevalence of sleep disturbance according to the baseline characteristics.

Variables Categories All
Patients Diagnosed with Sleep
Disorder within One Year from

the Index Surgery

Prevalence according to Sleep Medication
during the Preexisting 90 days

Over 4-Week Sleep Medication Over 8-Week Sleep Medication

Number of Patients 106,837 5847 5.5% 5864 5.5% 4009 3.8%

Age Mean ± SD 62.9 ± 11.8 66.7 ± 10.5 66.9 ± 10.3 66.6 ± 10.4

20–49 14,014 378 2.7% 358 2.6% 266 1.9%
50–69 58,533 2857 4.9% 2881 4.9% 2007 3.4%
70–79 28,671 2115 7.4% 2116 7.4% 1393 4.9%
80+ 5619 497 8.8% 509 9.1% 343 6.1%

Sex Male 51,242 2298 4.5% 2203 4.3% 1503 2.9%
Female 55,595 3549 6.4% 3661 6.6% 2506 4.5%

Region Urban 88,826 4953 5.6% 4903 5.5% 3323 3.7%
Rural 18,011 894 5.0% 961 5.3% 686 3.8%

Hospital Tertiary 18,442 1154 6.3% 1169 6.3% 814 4.4%
General 20,772 1257 6.1% 1537 7.4% 1072 5.2%
Others 67,623 3436 5.1% 3158 4.7% 2123 3.1%

Patients with a sleep disorder had a slightly higher CCI score than those without it
(1.56 ± 1.44 vs. 1.12 ± 1.26). However, the prevalence of sleep disorders did not show
an increasing trend according to categorized CCI scores (Table 3). Conversely, patients
with CCI scores ≥ 6 points had approximately one-half lower chances of having sleep
disturbance than those with CCI scores ≤ 2 points (2.9% vs. 6.0%). Patients with specific
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comorbidity had a higher prevalence of sleep disorder than the overall prevalence (5.5%,
Table 3). Sleep disorder was especially frequent in patients with neuropsychiatric comor-
bidities, including depressive disorder (11.8%), dementia (12.0%), Parkinson’s disease
(11.4%), migraine (11.9%), tension-type headache (11.4%), and other-type headache (10.9%).
Diagnosis of sleep disorder was also frequent in patients with concurrent osteoarthritis of
the extremities, especially in the ankle (9.1%), wrist (8.1%), and shoulder (7.9%).

Table 3. Prevalence of sleep disturbance according to comorbidities.

Variables Categories All
Patients Diagnosed with Sleep
Disorder within One Year from

the Index Surgery

Prevalence According to Sleep Medication
during the Preexisting 90 Days

Over 4-Week Sleep Medication Over 8-Week Sleep Medication

Number of
patients 106,837 5847 5.5% 5864 5.5% 4009 3.8%

Charlson
comorbidity
index score

Mean ± SD 1.14 ± 1.28 1.56 ± 1.44 1.67 ± 1.52 1.66 ± 1.54

0–2 75,632 4551 6.0% 4423 5.8% 3028 4.0%
3–5 27,691 1195 4.3% 1310 4.7% 887 3.2%
≥6 3514 101 2.9% 131 3.7% 94 2.7%

Comorbidities Myocardial
infarction 967 72 7.4% 73 7.5% 51 5.3%

Congestive
heart failure 3394 286 8.4% 314 9.3% 217 6.4%

Peripheral
vascular
disease

12,062 969 8.0% 934 7.7% 644 5.3%

Chronic
pulmonary
disease

24,116 1867 7.7% 1825 7.6% 1227 5.1%

Rheumatologic
disease 4010 292 7.3% 298 7.4% 198 4.9%

Peptic ulcer
disease 17,189 1341 7.8% 1331 7.7% 905 5.3%

Liver disease
Mild 6686 485 7.3% 496 7.4% 341 5.1%
Moderate to
severe 83 7 8.4% 9 10.8% 5 6.0%

Diabetes
Uncomplicated 23,105 1492 6.5% 1660 7.2% 1137 4.9%
Complicated 6733 434 6.4% 559 8.3% 362 5.4%
Hemiplegia or
paraplegia 849 50 5.9% 70 8.2% 42 4.9%

Renal disease 2053 179 8.7% 211 10.3% 157 7.6%
End stage
renal disease 379 39 10.3% 57 15.0% 39 10.3%

Osteoporosis 15,495 1185 7.6% 1189 7.7% 813 5.2%

Concurrent
neuropsychi-
atric disorders

Depressive
disorder 23,921 2818 11.8% 3740 15.6% 2806 11.7%

Cerebrovascular
disease 9502 808 8.5% 971 10.2% 695 7.3%

Dementia 1388 167 12.0% 160 11.5% 109 7.9%
Parkinson
disease 875 100 11.4% 175 20.0% 152 17.4%

Migraine 3222 384 11.9% 356 11.0% 242 7.5%
Tension type
headache 3011 343 11.4% 329 10.9% 219 7.3%

Other-type
headache 4304 469 10.9% 449 10.4% 303 7.0%

Concurrent
osteoarthritis
of extremities

Shoulder 8503 674 7.9% 648 7.6% 450 5.3%
Elbow 2276 141 6.2% 121 5.3% 86 3.8%
Wrist 2268 183 8.1% 192 8.5% 135 6.0%
Hip 7104 542 7.6% 531 7.5% 357 5.0%
Knee 24,338 1828 7.5% 1898 7.8% 1274 5.2%
Ankle 4024 368 9.1% 353 8.8% 239 5.9%

The proportions of patients who had over 4- or 8-week sleep medication during the
90 days before the index surgery were generally concordant with the proportions of those
who were diagnosed with sleep disorders (Tables 2 and 3).
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3.3. Prevalence of Sleep Disturbance According to Spinal Regions

The prevalence of sleep disorders was 6.9%, 5.7%, and 4.4% in patients with thoracic,
lumbar, and cervical spinal lesions, respectively (Figure 3). Prevalence rates of sleep distur-
bance defined by the use of sleep medication were also concordant with the proportions
of those who were diagnosed with a sleep disorder, and the patients who underwent
thoracic spine surgery consistently showed the highest prevalence rates according to all
three definitions of sleep disturbance (Figure 3).

Figure 3. Prevalence of sleep disturbance by spinal region according to the three definitions.

3.4. Prevalence of Sleep Disturbance According to Concurrent Neuropsychiatric Disorders and
Osteoarthritis of Extremities

The two most common types of concurrent neuropsychiatric disorders in our cohort
were depressive disorder (21.8%, n = 23,921) and cerebrovascular disease (8.9%, n = 9502;
Table 3), which were more common in patients with thoracic or lumbar lesions (Table 4).
The prevalence of the three types of sleep disturbance according to the spinal region and
concurrent neuropsychiatric disorders are presented in Table 4. The prevalence of sleep
disorder in patients with a specific neuropsychiatric disorder was higher in those with a
lumbar lesion than in those with a cervical lesion.

The three most common regions of concurrent osteoarthritis in our cohort were the
knee (22.8%, n = 24,338), shoulder (8.0%, n = 8503), and hip (6.6%, n = 7104; Table 3).
Osteoarthritis of the upper extremities was the most common in patients with a cervical
lesion, and that of the lower extremities was common in patients with thoracic or lumbar
lesions (Table 5). We present the prevalence of three types of sleep disturbance according to
spinal region and concurrent osteoarthritis of the extremities in Table 4. The prevalence
of sleep disorder in patients with concurrent osteoarthritis of the upper extremities was
higher in those with lumbar lesions than in those with cervical lesions.
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Table 4. Prevalence of sleep disturbance according to spinal regions and concurrent
neuropsychiatric disorders.

Spinal
Regions

According to
Concurrent

Neuropsychiatric
Disorders

Cases (n) with Its
Proportion (%)

Patients Diagnosed with
Sleep Disorder within one

Year from the Index Surgery

Prevalence According to Sleep Medication
during the Preexisting 90 Days

Over 4-Week Sleep
Medication

Over 8-Week Sleep
Medication

Cervical All cases 18,819 (100) 837 4.4% 812 4.3% 563 3.0%

Depressive disorder 3660 19.4% 372 10.2% 526 14.4% 403 11.0%
Cerebrovascular
disease 1380 7.3% 107 7.8% 136 9.9% 97 7.0%

Dementia 103 0.5% 10 9.7% 14 13.6% 11 10.7%
Parkinson disease 88 0.5% 8 9.1% 20 22.7% 17 19.3%
Migraine 566 3.0% 60 10.6% 54 9.5% 37 6.5%
Tension type
headache 513 2.7% 49 9.6% 45 8.8% 29 5.7%

Other-type headache 742 3.9% 71 9.6% 59 8.0% 37 5.0%

Thoracic All cases 1027 (100) 71 6.9% 63 6.1% 42 4.1%

Depressive disorder 271 26.4% 30 11.1% 36 13.3% 24 8.9%
Cerebrovascular
disease 127 12.4% 16 12.6% 12 9.4% 7 5.5%

Dementia 18 1.8% 1 5.6% 0 0.0% 0 0.0%
Parkinson disease 6 0.6% 1 16.7% 2 33.3% 2 33.3%
Migraine 24 2.3% 2 8.3% 3 12.5% 2 8.3%
Tension type
headache 31 3.0% 3 9.7% 2 6.5% 1 3.2%

Other-type headache 45 4.4% 3 6.7% 3 6.7% 1 2.2%

Lumbar All cases 86,991 (100) 4939 5.7% 4989 5.7% 3404 3.9%

Depressive disorder 19,990 23.0% 2416 12.1% 3178 15.9% 2379 11.9%
Cerebrovascular
disease 7995 9.2% 685 8.6% 823 10.3% 591 7.4%

Dementia 1267 1.5% 156 12.3% 146 11.5% 98 7.7%
Parkinson disease 781 0.9% 91 11.7% 153 19.6% 133 17.0%
Migraine 2632 3.0% 322 12.2% 299 11.4% 203 7.7%
Tension type
headache 2467 2.8% 291 11.8% 282 11.4% 189 7.7%

Other-type headache 3517 4.0% 395 11.2% 387 11.0% 265 7.5%

Table 5. Prevalence of sleep disturbance according to concurrent osteoarthritis of extremities.

Spinal
Regions

Categories Extremities
Cases (n) with
ItsProportion

Patients Diagnosed with
Sleep Disorder within

One Year from the Index
Surgery

Prevalence According to Sleep Medication
during the Preexisting 90 Days

Over 4-Week Sleep
Medication

Over 8-Week Sleep
Medication

Cervical All cases 18,819 (100) 837 4.4% 812 4.3% 563 3.0%

Upper
extremities Shoulder 2214 11.8% 156 7.0% 142 6.4% 101 4.6%

Elbow 568 3.0% 25 4.4% 24 4.2% 18 3.2%
Wrist 532 2.8% 39 7.3% 42 7.9% 27 5.1%

Lower
extremities Hip 446 2.4% 38 8.5% 45 10.1% 29 6.5%

Knee 2283 12.1% 155 6.8% 173 7.6% 123 5.4%
Ankle 459 2.4% 46 10.0% 38 8.3% 31 6.8%

Thoracic All cases 1027 (100) 71 6.9% 63 6.1% 42 4.1%

Upper
extremities Shoulder 94 9.2% 8 8.5% 4 4.3% 2 2.1%

Elbow 27 2.6% 3 11.1% 3 11.1% 2 7.4%
Wrist 25 2.4% 2 8.0% 3 12.0% 2 8.0%

Lower
extremities Hip 94 9.2% 8 8.5% 10 10.6% 5 5.3%

Knee 334 32.5% 31 9.3% 34 10.2% 23 6.9%
Ankle 68 6.6% 6 8.8% 9 13.2% 8 11.8%

Lumbar All cases 86,991 (100) 4939 5.7% 4989 5.7% 3404 3.9%

Upper
extremities Shoulder 6195 7.1% 510 8.2% 502 8.1% 347 5.6%

Elbow 1681 1.9% 113 6.7% 94 5.6% 66 3.9%
Wrist 1711 2.0% 142 8.3% 147 8.6% 105 6.1%

Lower
extremities Hip 6564 7.5% 496 7.6% 476 7.3% 323 4.9%

Knee 21,721 25.0% 1642 7.6% 1691 7.8% 1128 5.2%
Ankle 3497 4.0% 316 9.0% 306 8.8% 200 5.7%
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3.5. Risk Factors for Sleep Disorder: Main Analysis

Multivariable analysis identified the following variables as significant risk factors
for sleep disturbance in patients who underwent surgical treatment for degenerative
spinal diseases: (Table 6): Age of 50–69 years (odds ratio, OR [95% confidence inter-
val] = 1.40 [1.25–1.57]), age of 70–79 years (OR = 1.80 [1.60–2.03]), age over 80 years
(OR = 2.22 [1.92–2.58]), female sex (OR = 1.14 [1.07–1.21]), urban residence (OR = 1.18
[1.09–1.27]), surgery at a tertiary hospital (OR = 1.08 [1.00–1.16]), peripheral vascular dis-
ease (OR = 1.22 [1.13–1.32]), chronic pulmonary disease (OR = 1.31 [1.23–1.40]), peptic
ulcer disease (OR = 1.26 [1.17–1.35]), mild liver disease (OR = 1.27 [1.14–1.41]), depressive
disorder (OR = 2.86 [2.70–3.02]), cerebrovascular disease (OR = 1.12 [1.10–1.20]), dementia
(OR = 1.49 [1.26–1.78]), Parkinson’s disease’ (OR = 1.51 [1.22–1.88]), migraine (OR = 1.61
[1.44–1.82]), other-type headache (OR = 1.25 [1.03–1.52]), shoulder arthritis (OR = 1.15
[1.06–1.26]), knee arthritis (OR = 1.11 [1.04–1.18]), and ankle arthritis (OR = 1.32 [1.17–1.48]).
All the results from the main statistical analysis are presented in Supplementary Table S5.

Table 6. Risk factors for sleep disorder: Main analysis.

Variables Categories

Model 1 (Univariable) Model 2 (Fully Adjusted)
Model 3 (Bootstrap

Validation after Fully
Adjusted)

Odds Ratio
(95%

Confidence
Interval)

p-Value

Adjusted
Odds Ratio

(95%
Confidence

Interval)

p-Value

Adjusted
Odds Ratio

(95%
Confidence

Interval)

Relative Bias
(%)

Age 50–69 vs.
20–49 years

1.85
[1.66–2.06] <0.001 1.40

[1.25–1.57] <0.001 1.41
[1.29–1.56] 2.21

70–79 vs.
20–49 years

2.87
[2.57–3.21] <0.001 1.80

[1.60–2.03] <0.001 1.81
[1.64–2.04] 0.89

80+ vs. 20–49
years

3.50
[3.05–4.02] <0.001 2.22

[1.92–2.58] <0.001 2.23
[1.96–2.55] 0.80

Sex Female vs.
male

1.45
[1.38–1.53] <0.001 1.14

[1.07–1.21] <0.001 1.13
[1.08–1.20] −4.45

Region Urban vs.
rural

1.13
[1.05–1.22] 0.001 1.18

[1.09–1.27] <0.001 1.17
[1.11–1.24] −2.97

Hospital Tertiary vs.
others

1.25
[1.16–1.34] <0.001 1.08

[1.00–1.16] 0.047 1.08
[1.00–1.15] −3.33

Comorbidities
Peripheral
vascular
disease

1.61
[1.50–1.73] <0.001 1.22

[1.13–1.32] <0.001 1.22
[1.13–1.31] 0.68

Chronic
pulmonary
disease

1.66
[1.57–1.76] <0.001 1.31

[1.23–1.40] <0.001 1.30
[1.23–1.38] −1.42

Peptic ulcer
disease

1.60
[1.50–1.70] <0.001 1.26

[1.17–1.35] <0.001 1.26
[1.19–1.34] −0.91
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Table 6. Cont.

Variables Categories

Model 1 (Univariable) Model 2 (Fully Adjusted)
Model 3 (Bootstrap

Validation after Fully
Adjusted)

Odds Ratio
(95%

Confidence
Interval)

p-Value

Adjusted
Odds Ratio

(95%
Confidence

Interval)

p-Value

Adjusted
Odds Ratio

(95%
Confidence

Interval)

Relative Bias
(%)

Mild liver
disease

1.38
[1.26–1.52] <0.001 1.27

[1.14–1.41] <0.001 1.26
[1.17–1.37] −1.68

Comorbidities
associated
neuropsychi-
atric
disorders

Depressive
disorder

3.52
[3.34–3.72] <0.001 2.86

[2.70–3.02] <0.001 2.86
[2.72–3.00] 0.03

Cerebrovascular
disease

1.70
[1.58–1.84] <0.001 1.12

[1.10–1.20] 0.040 1.10
[1.02–1.19] −16.00

Dementia 2.41
[2.04–2.83] <0.001 1.49

[1.26–1.78] <0.001 1.50
[1.32–1.71] 0.96

Parkinson
disease

2.25
[1.83–2.78] <0.001 1.51

[1.22–1.88] <0.001 1.50
[1.21–1.83] −1.63

Migraine 2.43
[2.18–2.71] <0.001 1.61

[1.44–1.82] <0.001 1.62
[1.45–1.79] 1.76

Other-type
headache

2.21
[2.00–2.44] <0.001 1.25

[1.03–1.52] 0.023 1.24
[1.06–1.44] −2.75

Concurrent
osteoarthritis Shoulder 1.55

[1.43–1.69] <0.001 1.15
[1.06–1.26] 0.002 1.15

[1.08–1.24] 1.17

Knee 1.59
[1.50–1.68] <0.001 1.11

[1.04–1.18] 0.002 1.11
[1.05–1.17] −1.40

Ankle 1.79
[1.60–2.00] <0.001 1.32

[1.17–1.48] <0.001 1.32
[1.18–1.46] 0.67

Relative bias was estimated as the difference between the mean bootstrapped regression coefficient estimates
(model 3) and the mean parameter estimates of multivariable model (model 2) divided by the mean parameter
estimates of multivariable model (model 2).

3.6. Validation of Risk Factors: Sensitivity Analysis

During the study period, the annual prevalence of sleep disorder in the year before
the index surgery (main analysis) was similar to the proportions of patients who used sleep
medication for over four weeks during the 90 days before the index surgery (Table 1): 5.3%
vs. 5.2% in 2016, 5.4% vs. 5.4% in 2017, and 5.8% vs. 5.8% in 2018. Therefore, the target
outcome for the sensitivity analysis was determined as the use of sleep medication for over
four weeks during the 90 days before the index surgery. Except for region of residence
and other-type headaches, most variables in the main analysis remained significant in
the sensitivity analysis (Table 7). In addition, congestive heart failure, uncomplicated
diabetes, and renal disease, including end-stage renal disease, were newly identified as
significant variables in the sensitivity analysis. All the results from the sensitivity analysis
are presented in Supplementary Table S6.
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Table 7. Risk factors for over 4-week sleep medication during the preoperative 90 days:
Sensitivity analysis.

Variables Categories

Univariable Model 2 (Fully Adjusted)
Model 3 (Bootstrap Validation after

Fully Adjusted)

Odds Ratio
(95% Confidence

Interval)
p-Value

Adjusted Odds
Ratio (95%
Confidence

Interval)

p-Value

Adjusted Odds
Ratio

(95% Confidence
Interval)

Relative Bias
(%)

Age 50–69 vs. 20–49
years 1.97 [1.77–2.21] <0.001 1.32 [1.17–1.49] <0.001 1.31 [1.19–1.44] −2.60

70–79 vs. 20–49
years 3.04 [2.71–3.41] <0.001 1.54 [1.36–1.75] <0.001 1.53 [1.37–1.71] −0.78

80+ vs. 20–49
years 3.80 [3.31–4.37] <0.001 1.95 [1.68–2.27] <0.001 1.94 [1.71–2.22] −0.69

Sex Female vs. male 1.57 [1.49–1.66] <0.001 1.20 [1.13–1.27] <0.001 1.19 [1.14–1.26] −3.96

Hospital Tertiary vs.
others 1.38 [1.29–1.48] <0.001 1.17 [1.08–1.15] <0.001 1.16 [1.09–1.24] −4.46

General vs.
others 1.63 [1.53–1.74] <0.001 1.38 [1.29–1.47] <0.001 1.38 [1.30–1.46] −0.34

Comorbidities Congestive heart
failure 1.80 [1.60–2.03] <0.001 1.16 [1.02–1.33] 0.023 1.17 [1.06–1.32] 6.99

Peripheral
vascular disease 1.53 [1.42–1.65] <0.001 1.09 [1.00–1.18] 0.040 1.09 [1.01–1.18] −0.67

Chronic
pulmonary
disease

1.60 [1.51–1.69] <0.001 1.21 [1.13–1.29] <0.001 1.20 [1.13–1.27] −4.26

Peptic ulcer
disease 1.58 [1.48–1.68] <0.001 1.20 [1.11–1.29] <0.001 1.20 [1.13–1.29] −0.34

Mild liver
disease 1.42 [1.29–1.56] <0.001 1.27 [1.14–1.40] <0.001 1.27 [1.17–1.39] −0.13

Uncomplicated
diabetes 1.46 [1.38–1.55] <0.001 1.12 [1.04–1.20] 0.002 1.11 [1.05–1.19] −4.17

Renal disease 2.01 [1.74–2.32] <0.001 1.23 [1.01–1.49] 0.042 1.22 [1.01–1.48] −5.03
End stage renal
disease 3.07 [2.31–4.07] <0.001 1.97 [1.39–2.79] <0.001 1.96 [1.45–2.71] −0.76

Comorbidities
associated
neuropsychiatric
disorders

Depressive
disorder 7.05 [6.67–7.45] <0.001 5.84 [5.51–6.18] <0.001 5.84 [5.57–6.16] 0.01

Cerebrovascular
disease 2.15 [2.00–2.31] <0.001 1.28 [1.18–1.39] <0.001 1.28 [1.19–1.38] 0.54

Dementia 2.28 [1.93–2.69] <0.001 1.33 [1.11–1.59] 0.002 1.32 [1.13–1.55] −1.68
Parkinson
disease 4.41 [3.73–5.21] <0.001 2.80 [2.34–3.36] <0.001 2.83 [2.46–3.32] 1.00

Migraine 2.21 [1.98–2.48] <0.001 1.30 [1.15–1.47] <0.001 1.31 [1.18–1.44] 1.88

Concurrent
osteoarthritis Shoulder 1.47 [1.35–1.60] <0.001 1.08 [1.02–1.17] 0.013 1.08 [1.01–1.17] 3.82

Knee 1.68 [1.58–1.77] <0.001 1.14 [1.06–1.21] <0.001 1.13 [1.07–1.19] −5.13
Ankle 1.70 [1.52–1.90] <0.001 1.19 [1.06–1.35] 0.004 1.20 [1.09–1.32] 5.14

Relative bias was estimated as the difference between the mean bootstrapped regression coefficient estimates
(model 3) and the mean parameter estimates of multivariable model (model 2) divided by the mean parameter
estimates of multivariable model (model 2).

3.7. Validation of Estimates: Bootstrap Sampling

In the main analysis, the relative bias of the estimates for the risk factors was very
low at between −4.45 and 2.21%, except for that of cerebrovascular disease (−16%). In the
sensitivity analysis, the relative bias of the estimates was also very low between −5.13 and
6.99%. Bootstrap-adjusted odds ratios and 95% confidence intervals for the multivariable
model are also displayed in Figure 4 (main analysis) and Figure 5 (sensitivity analysis).
Multicollinearity among covariates was low, and all variance inflation factors were less
than 1.9.
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Figure 4. Risk factors for sleep disorder (main analysis). Bootstrap-adjusted odds ratios and their
95% confidence intervals have been presented. Risk factors can be categorized into four groups: (1)
Age, (2) other demographic factors and general comorbidities, (3) neuropsychiatric disorders, and (4)
osteoarthritis of the extremities.

Figure 5. Risk factors for sleep medication use for over 8 weeks during the preoperative 90 days
(subgroup analysis). Bootstrap-adjusted odds ratios and their 95% confidence intervals have been
presented. Risk factors can be categorized into four groups: (1) Age, (2) other demographic factors
and general comorbidities, (3) neuropsychiatric disorders, and (4) osteoarthritis of the extremities.
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4. Discussions

To the best of our knowledge, this is the largest study to investigate the epidemiology
of preoperative sleep disturbance in patients who underwent surgery for degenerative
spinal disease. Among the 106,837 patients, the prevalence of sleep disorder was 5.5%
(n = 5847), and during the 90 days before the spinal surgery, sleep medication was used
over four weeks in 5.5% of the cohort (n = 5864) and over eight weeks in 3.8% (n = 4009) of
the cohort. The prevalence of sleep disturbance differed according to the spinal regions,
and sleep disorder was present in 6.9%, 5.7%, and 4.4% of patients with thoracic, lumbar,
and cervical lesions, respectively. However, the spinal region was not a significant risk
factor for sleep disorders in the multivariable analysis (Supplementary Tables S5 and S6).
The presence of sleep disorder in patients who underwent surgery for degenerative spinal
disease was significantly associated with the following factors: Older age; female sex;
urban residence; surgery at a tertiary hospital; general comorbidities, including peripheral
vascular disease, chronic pulmonary disease, peptic ulcer disease, and mild liver disease;
neuropsychiatric disorders, including depressive disorder, cerebrovascular disease, demen-
tia, Parkinson’s disease, migraine, and other-type headache; and arthritis of the shoulder,
knee, and ankle joints.

Compared with the prevalence of sleep disturbance in recent studies in the general
population (1.6 to 18.6%) [23], and in patients with degenerative spinal disease (11 to
74%) [12–17], the prevalence of sleep disturbance in our cohort (3.8 to 5.5%, Table 3)
is quite low. This difference results from the different methods used to evaluate sleep
disturbance. Most previous studies used self-administered questionnaire-based surveys
without objective clinical evidence to evaluate sleep disturbance, and the prevalence could
have been overestimated. In contrast, in our study, sleep disturbance was only defined as
present when the sleep disorder was diagnosed by doctors after a hospital visit or when
sleep medication was prescribed for a sufficient period. Therefore, the prevalence of sleep
disturbance in our cohort could have been underestimated.

The core results of our analysis identifying the independent factors associated with
sleep disturbance are presented in Figure 4. In Figure 4, the bootstrap-adjusted ORs and
95% confidence intervals of individual factors can be evidently divided into four groups:
(1) Age, (2) other demographic factors and general comorbidities, (3) neuropsychiatric
disorders, and (4) osteoarthritis of the extremities. While older age is a strong risk fac-
tor for sleep disturbance in our cohort, other demographic variables including sex and
region of residence, various general comorbidities, and osteoarthritis of the extremities
did not show comparable risks for sleep disturbance (all their adjusted ORs are below 1.4).
In contrast, most neuropsychiatric disorders showed higher ORs for sleep disturbance than
general comorbidities, and depressive disorder was the most prominent risk factor for sleep
disturbance (OR = 2.86 [2.72–3.00]).

Interestingly, the prevalence of sleep disturbance differed according to the location
of the spinal lesion (Figure 3), and univariable analysis identified significant differences
according to spinal regions, especially between the cervical and lumbar regions (p < 0.001,
Supplementary Table S5). However, the location of the spinal lesion was not an independent
risk factor for sleep disturbance in the multivariable analysis (Tables 6 and 7). Based on
the results of our study, we suggest that regional differences in the prevalence of sleep
disturbance in the unadjusted analysis (Figure 3 and Supplementary Table S5) result from
regional differences in factors associated with sleep disturbance, such as neuropsychiatric
disorders (Table 4) and degenerative joint diseases of the extremities (Table 5).

The major advantage of our study is that we could precisely present the prevalence of
sleep disturbance according to four groups of factors (Tables 2–5). Our database represents
the entire Korean population, and these prevalence rates can be used as the base rates for
sleep disturbance in patients with specific risk factors. It is well known that the accuracy of
prediction by a simple ‘base rate’ of the entire population can be comparable to that obtained
from a complex statistical analysis [24]. Although our prediction model (Tables 6 and 7) for
sleep disturbance could be inevitably biased by unknown confounders due to the study’s
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limitations, our prevalence rates of sleep disturbance presented by four groups of factors can
be used as a reasonable source of the base rates.

This study has some limitations. First, the HIRA database is a claims database not orig-
inally designed for clinical research. Although we used validated data retrieval methods
for the HIRA database, possible discrepancies between the diagnostic codes in the database
and the actual diseases may be potential sources of bias. However, the HIRA system is
based on our compulsory national health insurance system, and the control policy for high-
revenue spinal surgeries has been the object of priority. Therefore, therapeutic information
about drug and device use, as well as precise surgical approaches, is thoroughly reviewed
by government officials and is thus considered very accurate. Second, information possibly
related to sleep disturbance, including the radiologic degree of spinal degeneration such as
disc degeneration or canal stenosis, or the degree of neurological impairment, could not be
included in the study. In particular, information regarding the radiologic degree or types
of degeneration could have influenced our results as a confounder [12,13], although most
patients who underwent surgical treatment have an end-stage degenerative spinal disease.
To reduce the influence of such unknown confounders, we performed a two-step validation
procedure, and the results were consistent. Third, we could not include patients with
degenerative spinal deformities because of the limited data capacity for analysis. Finally,
we particularly focused on investigating the sleep disturbance according to spinal regions,
and multivariable analysis showed that the prevalence of sleep disturbance was not signifi-
cantly different among spinal regions. However, due to the lack of important information,
including the presence of various symptoms or signs depending on spinal regions and
their severity, our results could be biased. Previous studies have suggested different mech-
anisms of sleep disturbance according to spinal regions, and further studies including such
important clinical information would be interesting and helpful to understand the actual
mechanisms of sleep disturbance in patients with degenerative spinal disease.

In conclusion, our population-based study using a nationwide database identified
that the prevalence of sleep disturbance in patients undergoing surgery for degenerative
spinal disease was 5.5% (5847 of 106,837 patients). Although the prevalence of sleep
disturbance differed according to spinal regions, the spinal region was not a significant
risk factor for sleep disorder in the multivariable analysis. In addition, we identified four
groups of independent risk factors: (1) Age, (2) other demographic factors and general
comorbidities, (3) neuropsychiatric disorders, and (4) osteoarthritis of the extremities. Our
results, including the prevalence rates of sleep disturbance based on the entire population
and the identified risk factors, provide clinicians with a reasonable reference for evaluating
sleep disturbance in patients with degenerative spinal diseases and future research.
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analysis; Table S6. Risk factors for over 8-week sleep medication during the preoperative 90 days
(sensitivity analysis): all the results from statistical analysis.
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Abstract: Motor imagery (MI) training is increasingly used to improve the performance of specific
motor skills. The Movement Imagery Questionnaire-3 (MIQ-3) is an instrument for assessing MI
ability validated in Spanish although its reliability has not yet been studied in the elderly popula-
tion. The main objective of this study was to test its reliability in institutionalized elderly people.
Secondarily, we studied whether there are differences according to gender and age in MI ability
(measured by the MIQ-3) and in temporal congruency (measured by mental chronometry of elbow
and knee flexion-extension and getting up and sitting down from chair movements). The subjects
were 60 elderly, institutionalized, Spanish-speaking individuals without cognitive impairment or
dementia, and aged between 70 and 100 years. Cronbach’s alpha showed high internal consistency
in the internal visual and external visual subscales and moderate in the kinesthetic subscale. The
intraclass correlation coefficient showed good test-retest reliability for all three subscales. Mixed
factorial analysis of variances (ANOVAs) showed that MI ability decreased with increasing age range,
the imagery time decreased concerning the execution of the same movement, and there were no
gender differences in either IM ability or temporal congruence. The Spanish version of the MIQ-3 is a
reliable instrument for measuring MI ability in institutionalized elderly.

Keywords: physical therapy; imagery; institutionalized persons

1. Introduction

Motor imagery (MI) comprises imagining a movement without executing it to optimize
motor skills [1]. It is a specific cognitive process in which the planning of a movement is
carried out without executing it through actual physical movement [2], and it is observed
to have the same components and involve the same brain areas as when a real movement
is performed [2,3]. This process can also be explained thanks to the existence of the
psychoneuromuscular theory, whose foundations support the idea that MI improves motor
learning based on the role played by mirror neurons when these are activated during the
visualization of a movement in mental practice [2]. In turn, the motor schema involved in
the actual activity is reinforced during MI so that the processes occurring during imagery
aid performance, reinforcing coordination patterns for motor skill development [2].

Therefore, MI practice is a technique that is increasingly used in the therapeutic
context to improve the performance of specific motor skills, and whenever possible, it is
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combined with physical practice [2,4,5]. Thus, MI practice has been studied in healthy
subjects, athletes [6–12], as well as in multiple neurological conditions [13–16] and pain
conditions [17–20], among others. It has also been used in combination with virtual reality
using brain–computer-interface-based systems in people with neurological sequelae [20,21].

A recent systematic review showed improved balance, mobility, and gait speed among
the therapeutic benefits of MI training in older people without neurological conditions [22].
For an MI training program to be effective, the ability to generate imagery needs to be
assessed [23]. However, there are few studies on MI capacity in the elderly, specifically in
institutionalized elderly people. As is well-known, the institutionalization of elderly people
in nursing homes is one of the best options when they can no longer live at home. This
change entails social, affective, self-esteem, and motivation losses, increasing hopelessness
about old age and suffering from chronic diseases and/or disabilities [24]. Among the
latter are those caused by injuries to the locomotor system, as most institutionalized older
people are below average in terms of lower- and upper-limb muscle strength, which is
associated with a low level of physical activity [24]. High physical activity levels have been
associated with a greater capacity to generate motor mental images [20], and MI capacity
must be trained in older people to obtain positive results [22].

Imagery capacity can be assessed in different ways. Studies on the elderly have pointed
out that MI capacity should be carefully assessed, where MI capacity questionnaires and
mental chronometry would be very appropriate, among others [25]. Thus, MI can be
assessed in terms of vividness through self-reported questionnaires such as the Movement
Imagery Questionnaire-3 (MIQ-3) and temporal characteristics through temporal congru-
ency through mental chronometry. Both forms of MI assessment are complementary, as
each assesses different aspects of MI.

The MIQ-3 is an instrument validated in Spanish, consisting of 12 items grouped
into three subscales. It is a multidimensional measure that has been used to measure the
capacity for internal, external, and kinesthetic imagery and whose psychometric properties
have shown good internal consistency as well as internal reliability and predictive validity,
suggesting that it is a suitable instrument for assessing MI abilities in healthy and young
people of both sexes [26,27]. It is important to consider the age of the subject, as it has
been shown that the capacity for imagery decreases progressively with age, affecting the
development of motor skills [22]. Furthermore, scientific evidence suggests that the MI
capacity of some movements is modified due to some age-related alterations, indicating
that aging produces selective effects on mental imagery [28]. Nevertheless, the reliability of
the MIQ-3 for use in the elderly has not been tested so far, nor have similar questionnaires
been validated for use in the elderly. A recent systematic review of MI assessments suggests
that more studies are needed in this context, including older populations [29].

On the other hand, temporal congruence is considered the time course of mental
operations between simulated and real movements [25]. It is measured through mental
chronometry, measuring the time it takes the subject to execute a movement and the time it
takes to imagine that movement.

Liu et al. [30] compared MI ability among populations distributed by gender and in
three age ranges. They concluded that temporal congruency is preserved with age for
simple and usual movements and is impaired for limited and unusual movements. They
also observed a lower capacity for internal visual and kinesthetic imagery in people over
60 years of age relative to younger people. Regarding gender, MI ability was found to be
better in men than in women. However, some studies have found no significant gender
differences in this population [31]. Another study found that women may overestimate the
imagined task relative to actual practice, while men underestimate it [32].

Therefore, more studies are needed to support the use of the MIQ-3 and mental
chronometry to assess MI ability for these groups of elderly people, paying attention to
differences according to age and gender.

This study’s main objective was to determine whether the Spanish version of the
MIQ-3 is a reliable instrument for measuring motor imagery ability in institutionalized
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elderly people. The secondary objectives were to explore MI ability as a function of this
population’s age range, gender, and temporal characteristics (through temporal congru-
ence). As hypotheses, it was established that the Spanish version of the MIQ-3 is a reliable
instrument to measure MI capacity in this population and that MI capacity measured
by this questionnaire is higher in males than in females and decreases as the age range
increases. It is expected that temporal congruency is better preserved in males than in
females, and it similarly decreases with age.

2. Materials and Methods

The design adopted corresponded to reliability studies. A repeated-measures cross-
sectional design was carried out on the subjects in the sample. In addition, the recom-
mendations established in the Guidelines for Reporting Reliability and Agreement Studies
(GRRAS) [33] were followed.

2.1. Participants

The study sample comprised 60 institutionalized elderly people: 27 men (45%) and
33 women (55%). The 60 subjects were divided into groups according to three age ranges.
The first group consisted of 16 people (26.67%) aged between 70 and 79 years (mean
(M) = 72.6; standard deviation (SD) = 1.86). The second group consisted of 26 persons
(43.33%) aged 80–89 years (M = 84; SD = 1.92), and the third group consisted of 18 persons
(30%) aged 90–100 years (M = 92.5; SD = 2.0) (Table 1).

Table 1. Sociodemographic characteristics of the sample.

Variables Frequency (%)

Gender
Male 27 (45%)

Female 33 (55%)
n (%) 60 (100%)

Age (M ± SD) 83.5 ± 7.80

70–79 years 16 (26.67%)
80–89 years 26 (43.33%)

90–100 years 18 (30%)
n, sample size; M, mean; SD, standard deviation.

The inclusion criteria for the study were: Spanish-speaking, aged 70–100 years, of both
genders, and without cognitive impairment or dementia as measured by Pfeiffer’s Short-
Portable Mental State Questionnaire (SPMSQ) [34,35] and Yesavage’s Geriatric Depression
Scale [36]. The exclusion criteria were having suffered traumatic processes in the last
6 months and being under treatment with central nervous system suppressant drugs.
Participants were recruited from the “Residencia de mayores Amavir” social-health center
in Torrejón de Ardoz after the center’s medical committee granted permission. Participation
was voluntary after signing the informed consent form.

2.2. Data Collection Instrument

The MIQ-3 is composed of 12 items grouped into three subscales (internal visual
imagery, external visual imagery, and kinesthetic imagery), which allow for the assessment
of MI in both genders about four movements involving knee elevation, jumping, arm
movement, and leaning forward at the waist, all repeated in three subscales [26,27]. These
movements are described in each statement to be performed under instructions that indicate
the initial position, the action, the mental task, and the score using a seven-point Likert
scale, indicating the difficulty or ease of “seeing” and “feeling” the movements [26]. It has
been validated in different languages and different populations [27].
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2.3. Variables

Gender and age were considered independent and controlled sociodemographic vari-
ables in the study. In addition, MI, measured through the MIQ-3, and temporal congruence,
measured through mental chronometry, were considered dependent variables. Three move-
ments were performed to measure mental chronometry: elbow flexion-extension, knee
flexion-extension, and getting up and sitting down from a chair.

2.4. Procedure

The same researcher oversaw carrying out the two data collection sessions. To ho-
mogenize the conditions, the verbal orders given to the subjects during the sessions were
standardized before the sessions and carried out in the same room and under the same
environmental conditions.

In the first session, the MIQ-3 was administered, and time congruency was measured
by mental chronometry of elbow flexion-extension, knee flexion-extension, and getting
up and sitting down from a chair. Before performing the mental chronometry task, the
experimenter gave a physical demonstration of the movements to be performed. Afterward,
using previously standardized commands, they were asked to perform the different move-
ments and then try to imagine them. The execution and imagination times were calculated
employing a stopwatch, which was pressed by the researcher at the subjects’ “start” and
“stop” commands at the moments of both the actual execution of the movements and the
imagined execution. Each movement was performed and imagined on three occasions, and
each movement’s mean mental chronometry value was then calculated.

In the second session (after one week), the MIQ-3 was administered again for the
study of retest reliability.

2.5. Statistical Analysis

Statistical analysis was carried out using SPSS, version 26.0 for Windows (International
Business Machines Corporation (IBM), Armonk, NY, USA).

First, the descriptive analysis of the results obtained in the two measurements made
with the questionnaire (test and retest) was carried out as well as the mean and the difference
between the measurements.

Subsequently, internal consistency was assessed by calculating Cronbach’s alpha coef-
ficient. Interpretation was based on the following values: very low (0 to 0.2); low (0.2 to 0.4);
moderate (0.4 to 0.6); good (0.6 to 0.8); and high (0.8 to 1). Adequate internal consistency
was between 0.7 and 0.939 since excessively high values could indicate redundant items
within the questionnaire [37].

The test-retest reliability of each questionnaire item was analyzed by calculating the
value of the weighted kappa coefficient, following Cicchetti’s method. The weighted
kappa coefficient values were interpreted following the classification established by Landis
and Koch [38]. Agreement was no agreement if the Kappa index took a value of 0.00;
negligible if it was between 0.01 and 0.20; medium if it was between 0.21 and 0.40; moderate
between 0.41 and 0.60; substantial between 0.61 and 0.80; and near perfect between 0.81
and 1.00 [39,40]. These analyses were carried out with the statistical program Epidat 4.2.
(Consellería de Sanidade, Xunta de Galicia, Spain; Pan American Health Organization
(PAHO); CES University, Medellin, Colombia).

The test-retest reliability of each subscale was analyzed by calculating the intraclass
correlation coefficient (ICC) using a two-factor model with mixed effects and absolute
agreement. The 95% confidence interval for the ICC values was also calculated. The
Weir criteria [41] were followed to interpret the ICC values, where values of 0.50 to 0.69
are considered moderate, values of 0.70 to 0.89 as high, and values of 0.90 and above
as excellent.

The analysis of differences in MI ability measured by the MIQ-3 was carried out
according to sex and age considering that the sample was distributed into three age groups.
Two mixed factorial analysis of variances (ANOVAs) were used for this purpose. This

168



J. Clin. Med. 2022, 11, 6076

design was used to determine whether the differences analyzed were because of the inter-
subject factor (either sex or age range). In this sense, in the first mixed factorial analysis of
variance (ANOVA), the inter-subject factor was the sex of the subjects, while in the second
one, the age range was considered. The hypothesis of interest was the inter-subject factor
interaction by time, with an a priori alpha level of 0.05. In addition, the effect size of the
observed differences was estimated by calculating the partial eta-squared coefficient (ηp

2).
The assumption of the sphericity hypothesis was tested using Mauchly’s test. In those
cases where the assumption of sphericity was not met, the Greenhouse–Geisser correction
was used. In addition, the analysis was completed by employing multiple comparison
tests, using the Bonferroni correction, and determining the effect size, and Cohen’s d
was calculated.

The data analysis for time congruence was carried out using a mixed factorial ANOVA
with respect to sex and age. For differences that conformed to the normal and were
homoscedastic, the Mann–Whitney U test was used for those differences that did not
conform to the normal, and the effect size was determined by calculating Rosenthal’s r with
the formula: r = Z/

√
N [42,43]. Kruskal–Wallis ANOVA was performed for comparison

according to age range.

3. Results

3.1. Descriptive Analysis

The descriptive analysis of the scores obtained in each subscale of the MIQ-3 showed
that in the second session, the values in the three subscales were higher than those obtained
in the first session. In this regard, the differences obtained between the means between the
two sessions were −2.50 in the external visual subscale, followed by −2.25 in the internal
visual subscale and −2.00 in the kinesthetic scale (Table 2).

Table 2. Results of the descriptive analysis in each subscale.

Subscale Mean CI 95% SD

IVS
1st S 14.42 13.63–15.21 3.055
2nd S 16.67 15.86–17.47 3.112

EVS
1st S 18.08 17.32–18.84 2.936
2nd S 20.58 19.90–21.27 2.651

KS
1st S 12.25 11.59–12.91 2.55
2nd S 14.25 13.56–14.94 2.678

IVS, Internal Visual Subscale; EVS, External Visual Subscale; KS, Kinesthetic Subscale; 1st S, first session; 2nd S,
second session; CI, confidence interval; SD, standard deviation.

3.2. Analysis of Internal Consistency

The Cronbach’s alpha analysis showed values that allowed us to establish a high
internal consistency in the case of the questionnaire. The internal and external visual sub-
scales showed good internal consistency, while the kinesthetic subscale showed moderate
consistency (Table 3).

Table 3. Results of the analysis of internal consistency and test-retest reliability of Movement Imagery
Questionnaire-3 (MIQ-3).

No Kw CI (95%) p

Item 1 0.29 0.14–0.45 <0.0001
Item 2 0.47 0.31–0.64 <0.0001
Item 3 0.36 0.20–0.52 <0.0001
Item 4 0.70 0.58–0.82 <0.0001
Item 5 0.26 0.11–0.41 <0.0001
Item 6 0.34 0.18–0.49 <0.0001
Item 7 0.30 0.15–0.45 <0.0001
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Table 3. Cont.

No Kw CI (95%) p

Item 8 0.71 0.59–0.82 <0.0001
Item 9 0.39 0.24–0.54 <0.0001

Item 10 0.40 0.24–0.55 <0.0001
Item 11 0.25 0.12–0.39 =0.001
Item 12 0.70 0.55–0.81 <0.0001

Cronbach’s Alpha ICC CI (95%) p

IVS 0.615 0.611 0.02–0.83 <0.001
EVS 0.651 0.534 0.07–0.80 <0.001
KS 0.556 0.691 0.07–0.90 <0.001

No, item number in MIQ-3; KW, kappa value; CI, confidence interval; p, statistical significance; IVS, Internal Visual
Subscale; EVS, External Visual Subscale; KS, Kinesthetic Subscale; ICC, intraclass correlation.

3.3. Analysis of the Test-Retest Reliability

The analysis using the weighted kappa coefficient established that, of the 12 items,
8 showed a medium degree of agreement, 1 item showed a moderate degree of agreement,
and 3 items showed substantial agreement (Table 3). The analysis corresponding to the
test-retest reliability of each subscale by calculating the ICC made it possible to establish
good reliability values (Table 3). These results are confirmed by the visual distributions of
the Bland–Altman plots for the test-retest comparison of the three subscales of the MIQ-3
(Figures 1–3).

Figure 1. Bland–Altman plot of the internal visual subscale of the MIQ-3.

Figure 2. Bland–Altman plot of the external visual subscale of the MIQ-3.
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Figure 3. Bland–Altman plot of the kinesthetic subscale of the MIQ-3.

3.4. Analysis of Differences in MI Ability as Measured by the MIQ-3 Concerning Sex and Age

The mixed factorial ANOVA indicated in the case of the comparison according to
sex in the three subscales, i.e., internal visual, external visual, and kinesthetic, that there
was no significant interaction between the within-subjects factor (the two measurements
taken) and the between-subjects factor (sex). There was also no significant effect of the
inter-subject factor, but there was a significant effect of the intra-subject factor. Both sexes
behaved similarly, with significantly higher values in the second session than in the first
session. There were no differences between males and females in either measurement
(Table 4).

Table 4. The mixed factorial analysis of variance (ANOVA) results of the differences in motor imagery
(MI) ability measured through the MIQ-3, according to sex.

Inter-Subject Factor MIQ-3

Sex

Internal Visual
Subscale

Mean (SD)
First session Second session

Male (n = 27) 14.41 (2.76) 16.56 (2.91)
Female (n = 33) 14.42 (3.32) 16.76 (3.31)

Time × sex interaction F(1, 58) = 0.12; p = 0.736; ηp
2 = 0.002

Inter-subject factor (Sex) F(1, 58) = 0.02; p = 0.886; ηp
2 < 0.001

Inter-group mean
difference and CI (95%)

First session −0.02 (−1.62; 1.58)
p = 0.983 d < 0.01

Second session −0.20 (−1.84; 1.43)
p = 0.805 d = 0.06

Intra-subject factor F(1, 58) = 67.68; p < 0.001; ηp
2 = 0.537

Intra-group mean
difference and CI (95%)

Male −2.15 (−2.96; −1.34)
p < 0.001

Female −2.33 (−3.07; −1.60)
p < 0.001

External Visual
Subscale

Mean (SD)
First session Second session

Male (n = 27) 18.41 (2.42) 20.67 (2.24)
Female (n = 33) 17.82 (3.31) 20.52 (2.98)

Time × sex interaction F(1, 58) = 0.71; p = 0.403; ηp
2 = 0.012

Inter-subject factor (sex) F(1, 58) = 0.30; p = 0.589; ηp
2 = 0.005

Inter-group mean
difference and CI (95%)

First session 0.59 (−0.94; 2.12)
p = 0.444 d = 0.20

Second session 0.15 (−1.24; 1.54)
p = 0.828 d = 0.06

Intra-subject factor F(1, 58) = 91.13; p < 0.001; ηp
2 = 0.611

Intra-group mean
difference and CI (95%)

Male −2.26 (−3.03; −1.49)
p < 0.001

Female −2.70 (−3.39; −2.00)
p < 0.001
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Table 4. Cont.

Inter-Subject Factor MIQ-3

Kinesthetic
Subscale

Mean (SD)
First session Second session

Male (n = 27) 12.48 (2.55) 14.26 (2.68)
Female (n = 33) 12.06 (2.59) 14.24 (2.72)

Time × sex interaction F(1, 58) = 1.64; p = 0.205; ηp
2 = 0.028

Inter-subject factor (Sex) F(1, 58) = 0.11; p = 0.743; ηp
2 = 0.002

Inter-group mean
difference and CI (95%)

First session 0.42 (−0.91; 1.75)
p = 0.530 d = 0.16

Second session 0.02 (−1.39; 1.42)
p = 0.981 d < 0.01

Intra-subject factor F(1, 58) = 157.80. p < 0.001; ηp
2 = 0.731

Intra-group mean
difference and CI (95%)

Male −1.78 (−2.25; −1.31)
p < 0.001

Female −2.18 (−2.61; −1.76)
p < 0.001

n, sample size; SD, standard deviation; CI, confidence interval; p, statistical significance; F, Fisher; ηp
2, partial

eta-squared coefficient.

Regarding the differences according to MI age range (MIQ-3) in the three subscales,
namely internal visual, external visual, and kinesthetic, it was found that there was a
significant interaction between the within-subjects factor (the two measurements taken)
and the between-subjects factor (age range). There was also a significant effect of the
inter-subject and intra-subject factors. The three age ranges behaved similarly in the three
subscales (internal visual, external, and kinesthetic), with significantly higher values in the
second session compared to the first (Table 5).

Table 5. The mixed factorial ANOVA results of differences in MI ability as measured by the MIQ-3,
by age range.

Inter-Subject
Factor

MIQ-3

Age range

Internal
Visual

Subscale

Mean (SD)
First session Second session

70–79 years (n = 16) 18.12 (2.22) 19.25 (2.02)
80–89 years (n = 26) 13.77 (1.93) 17.73 (1.43)

90–100 years (n = 18) 12.06 (1.77) 12.83 (1.86)
Time × age range interaction F(2, 57) = 31.68; p < 0.001; ηp

2 = 0.526
Inter-subject factor (age range) F(2, 57) = 57.54; p < 0.001; ηp

2 = 0.669

Inter-group mean difference
and CI (95%)

First session
70–79 vs. 80–89 4.36 (2.82; 5.89)

p < 0.001 d = 2.13

70–79 vs. 90–100 6.07 (4.41; 7.73)
p < 0.001 d = 3.04

80–89 vs. 90–100 1.71 (0.23; 3.19)
p = 0.018 d = 0.92

Second session
70–79 vs. 80–89 1.52 (0.16; 2.88)

p = 0.023 d = 0.91

70–79 vs. 90–100 6.42 (4.95; 7.88)
p < 0.001 d = 3.32

80–89 vs. 90–100 4.88 (3.59; 6.21)
p < 0.001 d = 3.03

Intra-subject factor F(1, 57) = 109.86; p < 0.001; ηp
2 = 0.643

Intra-group mean difference
and CI (95%)

70–79 years −1.13 (−1.86; −0.39)
p = 0.003

80–89 years −3.96 (−4.54; −3.39)
p < 0.001

90–100 years −0.78 (−1.47; −0.09)
p = 0.028
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Table 5. Cont.

Inter-Subject
Factor

MIQ-3

External
Visual

Subscale

Mean (SD)
First session Second session

70–79 years (n = 16) 21.13 (2.03) 23.00 (1.55)
80–89 years (n = 26) 17.62 (2.32) 21.38 (1.42)

90–100 years (n = 18) 16.06 (2.24) 17.28 (1.13)
Time × age range interaction F(2, 57) = 14.03; p < 0.001; ηp

2 = 0.330
Inter-subject factor (age range) F(2, 57) = 45.60; p < 0.001; ηp

2 = 0.615

Inter-group mean difference
and CI (95%)

First session
70–79 vs. 80–89 3.51 (1.77; 5.25)

p < 0.001 d = 1.58

70–79 vs. 90–100 5.07 (3.19; 6.95)
p < 0.001 d = 2.36

80–89 vs. 90–100 1.56 (−0.12; 3.24)
p = 0.077 d = 0.68

Second session
70–79 vs. 80–89 1.62 (0.54; 2.69)

p = 0.001 d = 1.10

70–79 vs. 90–100 5.72 (4.56; 6.89)
p < 0.001 d = 4.26

80–89 vs. 90–100 4.11 (3.07; 5.15)
p < 0.001 d = 3.13

Intra-subject factor F(1, 57) = 109.03; p < 0.001; ηp
2 = 0.657

Intra-group mean difference
and CI (95%)

70–79 years −1.88 (−2.71; −1.04)
p < 0.001

80–89 years −3.77 (−4.42; −3.12)
p < 0.001

90–100 years −1.22 (−2.01; −0.44)
p = 0.003

Kinesthetic
Subscale

Mean (SD)
First session Second session

70–79 years (n = 16) 15.44 (1.86) 17.44 (1.63)
80–89 years (n = 26) 11.62 (1.42) 14.12 (1.28)

90–100 years (n = 18) 10.33 (1.61) 11.61 (1.79)
Time × age range interaction F(2, 57) = 6.28; p = 0.003; ηp

2 = 0.181
Inter-subject Factor (age

range) F(2, 57) = 60.47; p < 0.001; ηp
2 = 0.680

Inter-group mean difference
and CI (95%)

First session
70–79 vs. 80–89 3.82 (2.57; 5.08)

p < 0.001 d = 2.39

70–79 vs. 90–100 5.10 (3.75; 5.46)
p < 0.001 d = 2.95

80–89 vs. 90–100 1.28 (0.07; 2.05)
p = 0.034 d = 0.86

Second session
70–79 vs. 80–89 3.32 (2.12; 4.53)

p < 0.001 d = 2.34

70–79 vs. 90–100 5.83 (4.52; 7.13)
p < 0.001 d = 3.40

80–89 vs. 90–100 2.50 (1.34; 3.67)
p < 0.001 d = 1.67

Intra-subject factor F(1, 57) = 168.59. p < 0.001; ηp
2 = 0.747

Intra-group mean difference
and CI (95%)

70–79 years −2.00 (−2.56; −1.44)
p < 0.001

80–89 years −2.50 (−2.94; −2.06)
p < 0.001

90–100 years −1.28 (−1.81; −0.75)
p < 0.001

n, sample size; SD, standard deviation; CI, confidence interval; p, statistical significance; F, Fisher; ηp
2, partial

eta-squared coefficient.
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On the other hand, there were statistically significant differences between the values
of the three age ranges in the internal visual and kinesthetic subscales, with the 70–79 age
group presenting the highest values, followed by the 80–89 age group and, finally, the
90–100 age group with the lowest values. In the external visual subscale, the group aged
70 to 79 years presented the highest values, followed by the group aged 80 to 89 years and,
finally, the group aged 90 to 100 years with the lowest values, with there being significant
differences between the group aged 70 to 79 years and the other two groups (80 to 89 and
90 to 100 years). However, the differences observed were not significant between the 80–89
and 90–100 age groups (Table 5).

3.5. Analysis of Temporal Congruence Concerning Sex and Age

Mixed factorial ANOVA was performed to compare, according to sex, the three
movements corresponding to temporal congruency: elbow flexion-extension, knee flexion-
extension, and getting up and sitting down on the chair. The results obtained indicated that
in the case of the first two movements (elbow and knee flexion-extension), there was no
significant interaction between the intra-subject factor in the two measurements (performed
and imagined) and the inter-subject factor (sex). There was also no significant effect of the
intra-subject factor, but there was a significant effect of the inter-subject factor, F(1, 58) = 5.48;
p = 0.023; ηp

2 = 0.086 in the elbow flexion-extension movement and F(1, 58) = 10.06; p = 0.002;
ηp

2 = 0.148 in the knee flexo-extension movement. Both sexes behaved differently. In men,
the values of the executed measurement (elbow flexion-extension M = 3.71, SD = 0.42; knee
flexion-extension M = 4.06, SD = 0.41) were higher than those of the imagined measurement
in both subscales (elbow flexion-extension M = 3.64, SD= 0.33; knee flexion-extension
M = 3.90, SD = 0.38). In women, the values of the executed measurement (M = 3.96,
SD = 0.48) were slightly higher than those of the imagined measurement in the elbow
movement (M = 3.94, SD = 0.60), and the values of the executed measurement (M = 4.06,
SD = 0.41) were slightly lower than the imagined one in the knee movement. In both
movements, differences (p < 0.05) were found between men and women in both the
executed and imagined measurements, with women’s values being significantly higher. In
the intra-group comparison of the two movements of the two measurements carried out
(the executed and the imagined), it was found that neither in men nor in women were there
significant differences between the two measurements.

As for the get up and sit down on the chair movement, this mixed factorial ANOVA
showed no significant interaction between the intra-subject and inter-subject (sex) factors,
but there was a significant effect of the inter-subject factor F(1, 58) = 6.72; p = 0.012; ηp

2 = 0.104
and the intra-subject factor F(1, 58) = 54.23; p < 0.001; ηp

2 = 0.483. Both sexes behaved
similarly, with higher values for the imagined measurement (male M = 5.10, SD = 0.71;
female M = 5.47, SD = 0.60) than for the executed measurement (male M = 4.61, SD = 0.41;
female M = 4.93, SD = 0.55). There were statistically significant differences (p < 0.05)
between men and women in the two measurements, with women having significantly
higher values. In the intra-group comparison of the two measurements carried out, we
obtained that in both men and women, there were significant differences (p < 0.05) between
the two measurements, with the imagined scores being significantly higher.

Next, the results obtained for temporal congruence were analyzed, i.e., the difference
in the three movements of elbow flexion-extension, knee flexion-extension, and getting up
and sitting down on the chair, comparing the two measurements (executed less imagined)
concerning sex. The Mann–Whitney U-test was used for all movements. These analyses
showed no gender differences in the three movements (Table 6).
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Table 6. Temporal congruency concerning sex.

Inter-Subject Factor Temporal Congruence

Sex

Male (n = 27)
Median
(Q1–Q3)

Female (n = 33)
Median
(Q1–Q3)

Effect Size

Elbow Flexo-Extension
Difference 0.20 (−0.30; 0.35) 0.00 (−0.20; 0.30) p = 0.720

r = 0.05

Knee Flexo-Extension
Difference 0.10 (−0.05; 0.40) 0.10 (−0.30; 0.30) p = 0.162

r = 0.02

Get up and Sit down
Difference −0.60 (−0.80; −0.25) −0.60 (−0.80; −0.30) p = 0.905

r = 0.12

Mann–Whitney U-test was used; Q1–Q3, first through third quartiles; r, Rosenthal’s “r”; p, statistical significance.

Mixed factorial ANOVA was performed to analyze, according to age range (inter-
subject factor), the two measurements (performed and imagined) of the three movements
corresponding to temporal congruency: elbow flexion-extension, knee flexion-extension,
and getting up and sitting down on the chair. These analyses showed a significant in-
teraction between movement execution and imagery (intra-subject factor) and age range
(inter-subject factor) in the elbow flexion-extension (F(2, 57) = 9.68, p < 0.001; ηp

2 = 0.253)
and knee flexion-extension (F(2, 57) = 5.97, p = 0.004; ηp

2 = 0.173). There was also a signif-
icant effect of the inter-subject factor (elbow flexion-extension F(2, 57) = 10.36, p < 0.001;
ηp

2 = 0.267; knee flexion-extension F(2, 57) = 6.42, p = 0.003; ηp
2 = 0.184) but no significant

effect of the intra-subject factor. Thus, the three age ranges did not behave similarly in
both the elbow flexion-extension movement and the knee flexion-extension movement.
While the values of the imagined measurement decreased compared to the executed one in
the 80–89 years and 90–100 years age groups, the values increased in the 70–79 years age
group. In both movements, there were significant differences (p < 0.05) between the value
of the executed and imagined measurement in the 70–79 years (the value of the imagined
measurement being higher) and 90–100 years (the value of the executed measurement being
higher in this case), while in the 80–89 years group, there were no differences between the
two measurements. On the other hand, in the executed measurement in both the elbow
flexion-extension and knee flexion-extension movements, there were statistically significant
differences (p < 0.05) between the three age ranges, with the 70–79 age group showing the
lowest values, followed by the 80–89 age group and, finally, the 90–100 age group showing
the highest values. However, in the imagined measurement of the elbow flexion-extension
movement, there were only significant differences (p < 0.05) between the 70–79 years and
90–100 years groups, with no significant differences between the other groups, and in the
knee flexion-extension movement, there were no significant differences between any of the
three age ranges.

Finally, in the movement of getting up and sitting down from a chair, there was
a significant effect of the intra-subject factor F(1, 57) = 64.25, p < 0.001; ηp

2 = 0.530 (the
two measurements taken, executed, and imagined) and inter-subject factor F(2, 57) = 20.47,
p < 0.001; ηp

2 = 0.418 (the three age groups considered), but there was no significant
interaction between the two factors. In the three age ranges, in this movement of standing
up and sitting down, there were significant differences (p < 0.05) between the executed and
imagined measurement, with higher values for the imagined measurement. On the other
hand, in the executed measurement, there were significant differences (p < 0.05) between
the three age ranges, with the 90–100 age group showing the highest values, followed by
the 80–89 age group and, finally, the 70–79 age group with the lowest values of the three.
Meanwhile, in the imagined measurement, there were only significant differences between
the 70–79 age group and the 90–100 age group.

Next, the results obtained for temporal congruence were analyzed, i.e., the difference
in the three movements of elbow flexion-extension, knee flexion-extension, and getting up
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and sitting down on a chair, comparing the two measurements (performed and imagined)
according to age range by carrying out a Kruskal–Wallis ANOVA. There were no differences
between the three age ranges compared in temporal congruence in standing and sitting.
However, there were significant differences (p < 0.05) between the three age ranges in the
temporal congruence in elbow flexion-extension and knee flexion-extension movements.
Specifically, in elbow flexion-extension, there were significant differences (p < 0.05) between
the 70–79 age group and the other two groups. In the knee flexion-extension movement,
there were significant differences (p < 0.05) between the subjects aged 70–79 years and the
group aged 90–100 years (Table 7).

Table 7. Temporal congruence concerning age.

Inter-Subject
Factor

Temporal
Congruence

Age range

70–79 Years
Median
(Q1–Q3)

80–89 Years
Median
(Q1–Q3)

90–100 Years
Median
(Q1–Q3)

Effect Size

Elbow Flexo-
Extension
Difference

−0.25
(−0.30; −0.15)

0.20
(−0.10; 0.30)

0.20
(−0.10; 0.50)

Global p = 0.001

70–79 vs. 80–89 p = 0.007

70–79 vs. 90–100 p = 0.001

80–89 vs. 90–100 p = 0.999

Knee Flexo-
Extension
Difference

−0.05
(−0.40; 0.10)

0.10
(−0.20; 0.40)

0.35
(0.10; 0.50)

Global p = 0.008

70–79 vs. 80–89 p = 0.086

70–79 vs. 90–100 p = 0.007

80–89 vs. 90–100 p = 0.752

Get up and Sit
down

Difference

−0.65
(−1.10; −0.20)

−0.45
(−0.80; −0.20)

−0.70
(−0.90; −0.30)

Global p = 0.134

70–79 vs. 80–89 p = 0.312

70–79 vs. 90–100 p = 0.999

80–89 vs. 90–100 p = 0.258

Q1–Q3, first through third quartiles.

4. Discussion

The aim of this study was to test the reliability of the Spanish version of the Movement
Imagery Questionnaire-3 in 60 institutionalized elderly people. The first translation, cultural
adaptation, and validation of the Spanish version of the MIQ-3 [27] have recently been
published. This work is focused on healthy young people. For older people, no work
has been found that evaluates the reliability of this test or similar questionnaires for
older people.

The descriptive analysis of the results obtained in the two measurements made with
the questionnaire (test and retest) showed higher values in the second session in the three
subscales, which suggests that the participants showed a better ability to imagine measured
with the MIQ-3 the second time they took the questionnaire. This could be the result of the
MI practice implicit in the development of the first session, in which subjects performed
both the questionnaire itself and the imagery tasks related to temporal congruence. This is
consistent with the results of the study by Rufino et al. [44], where it was observed that a
single MI session already induces use-dependent brain plasticity.

Cronbach’s alpha was acceptable for all the values obtained, and none of the items
was redundant [37]. In this sense, these results are consistent with Trapero-Asenjo et al. [27]
even though the value obtained was lower than in the study by the authors.

Concerning the subscales, the analysis revealed a good internal consistency for both
the internal visual subscale (0.615) and the external visual subscale (0.651) and a moderate
internal consistency (0.556) for the kinesthetic subscale. These results show that the values
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obtained were lower than those obtained in the study by Trapero-Asenjo et al. [27], which
indicated a high internal consistency for the three subscales, with 0.849 for the internal
visual subscale, 0.837 for the external visual subscale, and 0.615 for the kinesthetic subscale.
These lower values in the study by Trapero-Asenjo et al. [27] coincide with the lower values
obtained in validating the MIQ-3 in Portuguese by Mendes et al. [8].

The test-retest reliability analysis of each of the 12 items that make up the question-
naire by means of the weighted and interpreted kappa coefficient value showed medium,
moderate, and substantial degrees of agreement in 8 items. Therefore, these correspond to
adequate test-retest reliability values as established in the classification of Landis and Koch
in 1977 [38]. These findings partially coincide with the results obtained by Trapero-Asenjo
et al. [27], who found moderate to substantial agreement on all 12 items. In contrast, in the
present investigation, items 1 and 3 of the internal visual subscale; items 1, 2, and 3 of the
external visual subscale; and items 1, 2, and 3 of the kinesthetic subscale showed a medium
degree of agreement, i.e., below the values obtained by Trapero-Asenjo et al. [27].

The results of the test-retest reliability analysis of each MIQ-3 subscale by calculating
the ICC showed for the external visual subscale an ICC of 0.534 (95% confidence interval
(CI) = 0.07, 0.80; p < 0.001), in the internal visual subscale a CCI of 0.611 (95% CI = 0.02, 0.83;
p < 0.001), and the highest value was in the kinesthetic subscale, with a CCI of 0.691 (95%
CI = 0.07, 0.90; p < 0.001). These values were interpreted according to Weir’s criteria [41],
showing internal consistency with moderate values in all subscales. These findings are
consistent with the results presented by Trapero-Asenjo et al. [27]; however, the values
obtained were lower, as the ICC of the three scales were high in the study by Trapero-Asenjo
et al. [27], while in this study, the values were moderate.

All these results suggest that the Spanish version of the MIQ-3 is a reliable measure
of MI capacity for use in institutionalized elderly people. The study by Suica et al. [29]
showed that the questionnaires for assessing MI with the best psychometric properties
were the Movement Imagery Questionnaire (MIQ) [45] as well as its versions Movement
Imagery Questionnaire—Revised (MIQ-R) [46], MIQ-3, and the Vividness of Movement
Imagery Questionnaire (VMIQ-2) [47]. The same study showed that most studies assessing
MI had been conducted in a young population [29], thus highlighting the need to validate
MI assessment tools in the elderly. On the other hand, of all these questionnaires, only
the MIQ-3 and the VMIQ-2 assess MI ability and MI vividness, respectively, in the three
subscales of internal visual, external visual, and kinesthetic imagery [26,47]. It has been
shown that these three forms of imagery are separate but related constructs [26,46], so the
assessment of all three is of particular importance for both research and clinical applica-
bility. Thus, this is the first study to confirm that MI capacity can be reliably assessed in
institutionalized elderly people using the Spanish version of the MIQ-3, which currently
represents the most suitable questionnaire for assessing MI ability on all three subscales.
In clinical applicability, it has been proven that the ability to image can be improved with
practice [48]. The results of this study will allow the design of more effective MI programs
in the elderly since they not only allow the evaluation of MI through these questionnaires at
the beginning of programs with MI but also allow them to monitor changes in the capacity
of MI that are happening along the program.

On the other hand, studies have been carried out in which the capacity and vividness
of MI in elderly people has been explored through questionnaires and their temporal
characteristics through temporal congruence studies. It has been seen that the study of
both issues is important, as it was pointed out that the ability to imagine and the temporal
congruence are separate constructs and should be evaluated separately because they are
affected differently by age [32]. To explore those questions, the present study analyzed the
scores of the three subscales of MIQ-3 and three tasks of time congruence according to sex
and age in the elderly population.

Thus, regarding the secondary objectives, in the analysis of differences in MI ability
measured through the MIQ-3, there were no differences between men and women in the
two measurements. These results partially coincide with the findings reported by Campos
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et al. [31]. They assessed in a sample of adult subjects whether there are age and gender
differences by using self-report and a performance-based test, reporting no significant
differences between the sexes concerning MI ability even though males scored higher
than females.

Regarding the differences according to MI age range (MIQ-3), the analysis of the
results suggests that the three age ranges behaved similarly in the three subscales (internal
visual, external, and kinesthetic), with significantly higher values in the second session
compared to the first. This could be associated with a learning process derived from the
execution of the movement.

On the other hand, there were statistically significant differences between the values
of the three age ranges in the internal visual and kinesthetic subscales, with the group of
septuagenarians presenting the highest values, followed by the group of octogenarians
and, finally, the group of nonagenarians and centenarians with the lowest values. In the
external visual subscale, the decrease in scores with increasing age was similar to the
other two subscales. However, in this case, the significant differences were between the
septuagenarian group with respect to octogenarians and nonagenarians to centenarians, but
the differences observed were not significant between these last two groups. These results
confirm the findings of Subirats et al. [32]. They found that MI ability (measured with the
Vividness of Movement Imagery Questionnaire-2 and MI timing using the performances
of the real Timed Up and Go (rTUG) test) is affected by age, with a tendency for MI to
decrease with age in the present study, with no significant differences between the group
of nonagenarians and centenarians with respect to the group of adults aged 70–79 years.
They also confirm the results that Mulder et al. [49] obtained, which showed that older
participants had slightly worse MI ability (measured with the Vividness of Movement
Imagery Questionnaire) than younger participants.

Similarly, they corroborate the findings of Schott [50], whose study examined key
characteristics of MI ability in three groups of healthy older men and women (measured
with the Movement Imagery Questionnaire, the Controllability of Motor Imagery test, and
two different chronometry tests) distributed across three age groups (60–69, 70–79, and ≥80
years) and 40 younger subjects aged 20–30 years. They found that MI ability was better in
younger adults compared to older adults aged 70 years and older but not in older adults
aged 60–69 years. However, as noted above, IM ability can be improved with practice, and
low scores are not exclusive to IM programs [48].

Regarding the differences in temporal congruence, no significant differences were
observed concerning the differences between gender. However, there were differences in
the time used to perform and imagine the movements. Thus, both sexes took significantly
longer to imagine than to execute the movement of sitting down and getting up from
the chair, and on the other hand, the men took longer to execute than to imagine the less
global movements of flexion-extension of the elbow and knee, whereas the women had
very similar results in both moments of the task. Therefore, it seems that in the simplest
movements, the imagery of the movement tends to have a shorter duration than the
movement itself, while in more global movements, such as getting up and sitting down,
the imagery of the movement is reproduced more slowly than the execution of the same
movement in the elderly population. The previous study by Saimpont et al. [25] pointed
out that temporal congruence in the elderly seems to be more reserved in simple and usual
movements, so all these issues should be further explored in future studies.

Regarding the differences in temporal congruence with respect to age, differences were
only observed in the elbow and knee flexo-extension movements. In both cases, it was seen
that as age increased, the imagery time was significantly reduced compared to the execution
time of the same movement. This again suggests that the ability to maintain temporal
congruence varies with increasing age. In this sense, Schott et al. [50] observed that from
the age of 79, the difference between the values of imagery and execution of the movement
increased progressively, so this issue should be further explored in future studies.
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Limitations

To conclude, for the analysis of the study’s main objective, the sample of five people
per item was adequate [51], and for the study of the characteristics of the imagery, the total
sample was also adequate, with a size equal to 60 subjects. However, as a limitation of the
study, the sample consisted of 26 participants in the 80–89 age group, 18 subjects in the
90–100 age group, and 16 subjects in the 70–79 age group. It would be desirable to carry
out studies with a larger sample in each age range to obtain more representative results for
each age group and validate the results in non-institutionalized elderly people.

In the study, the sample was selected based on the absence of cognitive impairment
or dementia as well as depressive disorders, traumatic processes in the last 6 months,
and treatment with central nervous system suppressant drugs. Thus far, no studies have
explored how other health aspects may influence the ability to imagine in older people
(high blood pressure, diabetes, vision, and hearing problems, among others). It is sug-
gested that these data could be collected in future studies. Although it is not possible
to establish relationships due to the design, this will help to understand the sample’s
characteristics better.

Finally, it should also be considered that the participants only belong to one center,
so the results should not be extrapolated. Therefore, future studies should include larger
samples and institutionalized and non-institutionalized elderly in different institutions.

5. Conclusions

The study allows us to conclude that the Spanish version of the MIQ-3 is a reliable
instrument for measuring MI capacity in institutionalized elderly people.

The findings obtained did not demonstrate significant differences in MI ability mea-
sured with the MIQ-3 between women and men in this population. However, the results of
this study support the hypothesis that MI ability decreases with the increasing age range.

In relation to temporal congruency, the analyses did not show differences between
genders and observed that as age increases, the imagery time decreases with respect to the
execution time of the same movement.
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Abstract: We aimed to investigate the association between preoperative body mass index (BMI) and
postoperative long-term mortality in patients who underwent a vertebroplasty. We retrospectively
enrolled patients with a vertebral compression fracture who underwent a vertebroplasty between
May 2013 and June 2020 in a medical center in Taiwan. The survival status of the study sample was
confirmed by the end of March 2021. Cox-proportional hazard models were conducted to examine
the effects of being overweight/obese (≥25 kg/m2 vs. <25 kg/m2) and BMI (as a continuous variable)
on all-cause mortality after adjusting for age, sex, history of smoking, diabetes, hypertension, chronic
kidney disease, and osteoporosis. A total of 164 patients were analyzed (mean age 75.8 ± 9.3 years,
male 25.6%, mean BMI 24.0 ± 4.1 kg/m2) after a median follow-up of 785 days. Compared with a BMI
< 25 kg/m2, a BMI ≥ 25 kg/m2 was associated with a significantly lower risk of all-cause mortality
(HR 0.297, 95% CI 0.101 to 0.878, p = 0.028). These findings were consistent when BMI was examined
as a continuous variable (HR 0.874, 95% CI 0.773 to 0.988, p = 0.031). A low BMI (<22 kg/m2) should
be considered as a risk factor for postoperative long-term mortality in this ageing population.

Keywords: body mass index; mortality; vertebral fracture; vertebroplasty

1. Introduction

The global age-standardized body mass index (BMI) has continuously increased over
the past decades [1]. Despite variations in the prevalence of overweight/obese people in
different regions in the world, a BMI ≥ 25 kg/m2 has been associated with an increase in
all-cause mortality [2,3]. This association may be partly attributed to the high risks of some
non-communicable diseases (e.g., diabetes and cardiovascular diseases) for people who are
overweight/obese. Alternatively, some studies have reported a J- or U-shaped relationship
between BMI and mortality [4,5]. These findings raise the concern that a low BMI may
indicate a risk of mortality, particularly in the elderly [6,7].

Vertebroplasty is commonly performed on patients with osteoporotic vertebral frac-
tures [8,9]. Most patients who undergo a vertebroplasty are from an ageing popula-
tion [8–10]. Although some postoperative outcomes have been investigated in patients
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who underwent a vertebroplasty [11,12], the risk factors associated with long-term mor-
tality in this population are not yet clear. In a large population-based cohort study [13],
a higher risk of musculoskeletal disease mortality was observed in people with a BMI <
24 (95% CI 24 to 25) kg/m2, the cut-off point considered the upper limit of normal [14].
Factors associated with short-term (30-day) mortality after vertebroplasty in ageing people
have been investigated in several studies [15,16]. Nevertheless, the effect of BMI on the risk
of long-term mortality in this population remains unknown. In this study, we aimed to
investigate the association of BMI with postoperative long-term mortality in patients who
had undergone a vertebroplasty.

2. Materials and Methods

We retrospectively enrolled patients with a vertebral compression fracture of the
thoracic or lumbar spine who underwent a vertebroplasty in the Department of Orthopedics
at our hospital between May 2013 and June 2020. Patients diagnosed with pathologic
fractures and those with no information on the assessment of bone mineral density were
excluded. This study was conducted in accordance with the Declaration of Helsinki. The
study protocol was approved (approval number CE22167A) by the Institutional Review
Board of Taichung Veterans General Hospital, Taichung, Taiwan.

Relevant information, including preoperative BMI, history of smoking, diabetes, hyper-
tension, chronic kidney disease, osteoporosis, and level of vertebral fracture, was recorded
from the electronic medical records. The survival status of the study population was con-
firmed by the end of March 2021 according to data obtained from the Ministry of Health
and Welfare, ROC. Thereafter, de-identified data were used for analyses. We divided the
study sample into two groups according to their BMI (≥25 kg/m2 vs. <25 kg/m2) in
order to examine the effect of being overweight/obese (vs. normal weight) on the risk of
all-cause mortality.

Statistical Analysis

All statistical analyses were conducted using the Statistical Package for the Social
Sciences (IBM SPSS version 22.0; International Business Machines Corp., Armonk, NY,
USA). Between-group differences in categorical and continuous variables were examined
using the chi-square test and independent t-test, respectively. Kaplan–Meier survival curves
were plotted for the groups of overweight/obese (BMI ≥ 25 kg/m2) and normal weight
(BMI < 25 kg/m2). Cox proportional hazard models were conducted to examine the effects
of being overweight/obese (vs. normal weight) and BMI (as a continuous variable) on all-
cause mortality with adjustments for age, sex, history of smoking, diabetes, hypertension,
chronic kidney disease, and osteoporosis. The assumption of a Cox proportional hazard
model was tested with scaled Schoenfeld residuals, which confirmed no violation of the
assumption. The cubic spline of baseline BMI versus risk of all-cause mortality by a Cox
proportional hazards model was performed as a sensitivity test. To validate our findings
in the study sample, we examined the associations of preoperative BMI with all-cause
mortality in another cohort of patients (validation cohort). Similar to the study sample, these
patients underwent a vertebroplasty for a vertebral compression fracture of the thoracic
or lumbar spine during the same period. Nevertheless, we did not have information on
comorbidities (diabetes, hypertension, chronic kidney disease, and osteoporosis) in this
cohort. Statistical significance was determined with a two-sided p value of less than 0.05.

3. Results

A total of 164 patients were analyzed (mean age 75.8 ± 9.3 years, male 25.6%, mean
BMI 24.0 ± 4.1 kg/m2), and the median follow-up duration was 785 days. Table 1 shows
the baseline characteristics of the study population according to their BMI. Patients who
were overweight/obese (BMI ≥ 25 kg/m2, mean 28.2 ± 2.8 kg/m2) were younger, more
likely to have diabetes, and less likely to have osteoporosis, compared with those who had
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a normal weight (BMI < 25 kg/m2, mean 21.5 ± 2.5 kg/m2). There were no significant
between-group differences in the other variables at baseline.

Table 1. Baseline characteristics of the study sample according to body mass index.

Variables <25 kg/m2 ≥25 kg/m2 p Value

N 103 61
Age, years 77.2 ± 9.4 73.5 ± 8.6 0.013
Male sex, n (%) 30 (29.1) 12 (19.7) 0.180
Body mass index, kg/m2 21.5 ± 2.5 28.2 ± 2.8 <0.001

<18.5 kg/m2, n (%) 14 (13.6) — —
Smoking, n (%) 10 (9.7) 2 (3.3) 0.126
Diabetes, n (%) 15 (14.6) 18 (29.5) 0.021
Hypertension, n (%) 52 (50.5) 35 (57.4) 0.393
Chronic kidney disease, n (%) 36 (35.0) 20 (32.8) 0.778
Osteoporosis, n (%) 83 (80.6) 38 (62.3) 0.010
Medication for osteoporosis, n (%) a 68 (66.0) 36 (59.0) 0.368
Level of vertebral fracture, n (%) 0.847

T-spine 44 (42.7) 27 (44.3)
L-spine 59 (57.3) 34 (55.7)

Values are mean ± SD or n (%). a Bisphosphonate, receptor activator of nuclear factor kappa-B inhibitor, or
parathyroid hormone.

Figure 1 shows the Kaplan–Meier survival curves in patients who were overweight/obese
and those who had a normal weight. A total of 27 (16.5%) deaths were identified, and the
median survival time was 785 days (interquartile range 595, 1189). We observed that the
survival rate was higher in patients who were overweight/obese than it was in those with a
normal weight (log rank p = 0.021). We examined the associations of baseline characteristics
with all-cause mortality in Table 2. In univariate analysis, age, BMI (≥25 vs. <25 kg/m2,
HR 0.336, 95% CI 0.127 to 0.890, p = 0.028), smoking, and chronic kidney disease were
significantly associated with all-cause mortality. The associations remained significant in
BMI (≥25 vs. <25 kg/m2, HR 0.297, 95% CI 0.101 to 0.878, p = 0.028), smoking, and chronic
kidney disease after multivariate adjustment.

Figure 1. Survival curves of the study patients who were overweight/obese (body mass index≥ 25 kg/m2)
and normal weight (body mass index < 25 kg/m2).
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Table 2. Associations of baseline characteristics with all-cause mortality of the study sample.

Univariate Analysis Multivariate Analysis a

HR (95% CI) p HR (95% CI) p

Age, year 1.052 (1.003, 1.104) 0.037 1.028 (0.979, 1.079) 0.265
Sex (male vs. female) 1.018 (0.430, 2.409) 0.968 0.297 (0.088, 1.008) 0.052
BMI (≥25 vs. <25 kg/m2) 0.336 (0.127, 0.890) 0.028 0.297 (0.101, 0.878) 0.028
Smoking (yes vs. no) 2.844 (1.075, 7.524) 0.035 9.012 (2.166, 37.495) 0.003
Diabetes (yes vs. no) 1.453 (0.614, 3.439) 0.396 1.518 (0.578, 3.986) 0.397
Hypertension (yes vs. no) 2.016 (0.881, 4.617) 0.097 2.216 (0.903, 5.441) 0.082
CKD (yes vs. no) 2.601 (1.211, 5.587) 0.014 3.137 (1.375, 7.157) 0.007
Osteoporosis (yes vs. no) 2.368 (0.815, 6.879) 0.113 1.326 (0.420, 4.188) 0.631

BMI, body mass index. CKD, chronic kidney disease. a Adjusted for age, sex, BMI, smoking, diabetes, hyperten-
sion, CKD, and osteoporosis.

The findings were consistent when BMI was examined as a continuous variable. An
increase in BMI was independently associated with a lower risk of all-cause mortality
(adjusted HR 0.874, 95% CI 0.773 to 0.988, p = 0.031, Table 3). Figure 2 shows the cubic
spline of BMI versus risk of all-cause mortality in the study sample. The point of BMI
below which the risk of mortality started to increase was approximately 22 kg/m2.

Table 3. Effect of body mass index (as a continuous variable) on all-cause mortality.

Hazard Ratio (95% CI) p

Body mass index (kg/m2)
Model 1 0.889 (0.808, 0.977) 0.015
Model 2 0.896 (0.810, 0.990) 0.031
Model 3 0.874 (0.773, 0.988) 0.031

Model 1, unadjusted. Model 2, adjusted for age and sex. Model 3, adjusted for variables in Model 2 plus smoking,
diabetes, hypertension, chronic kidney disease, and osteoporosis.

Figure 2. Cubic spline of body mass index versus risk of all-cause mortality in the study sample.
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We examined our findings in the validation cohort (n = 266, mean age 76.0 ± 9.4 years,
male 22.9%, mean BMI 24.6 ± 4.0 kg/m2). A total of 101 (38.0%) deaths were identified
in this cohort by the end of March 2022, and the median survival time was 1531 days
(interquartile range 970, 2358). A preoperative BMI ≥ 25 kg/m2 (vs. <25 kg/m2) was
associated with a lower risk of all-cause mortality (HR 0.570, 95% CI 0.377 to 0.861, p = 0.008,
Table 4). This association remained significant after adjustment for age and sex (HR 0.588,
95% CI 0.387 to 0.891, p = 0.012). The findings were consistent when BMI was examined as
a continuous variable (adjusted HR 0.945, 95% CI 0.895 to 0.998, p = 0.041).

Table 4. Effect of body mass index on all-cause mortality in the validation cohort.

Hazard Ratio (95% CI) p

Body mass index ≥25 vs. <25 kg/m2

Model 1 0.570 (0.377, 0.861) 0.008
Model 2 0.588 (0.387, 0.891) 0.012
Body mass index (kg/m2)
Model 1 0.941 (0.893, 0.992) 0.025
Model 2 0.945 (0.895, 0.998) 0.041

Model 1, unadjusted. Model 2, adjusted for age and sex.

4. Discussion

In this study, we demonstrated that being overweight/obese (vs. normal weight)
was associated with a lower risk of all-cause mortality (HR 0.297, 95% CI 0.101 to 0.878,
p = 0.028) in patients with a compression fracture of the thoracic or lumbar spine who
had undergone a vertebroplasty during a median follow-up period of more than 2 years
(785 days). Our findings were consistent when BMI was examined as a continuous variable
(HR 0.874, 95% CI 0.773 to 0.988, p = 0.031). The point of BMI below which the risk of
mortality began to increase was approximately 22 kg/m2 in this ageing population (mean
age 75.8 ± 9.3 years). Our findings suggest that low-BMI (probably <22 kg/m2) ageing
people who had undergone a vertebroplasty for a vertebral compression fracture may be at
a higher risk for all-cause mortality.

The “obesity paradox” has been observed in patients with various medical conditions.
A lower BMI was associated with a higher risk of mortality in patients with coronary
artery disease [17,18] and chronic heart failure [19,20]. Similar findings were noted in
patients with cancers [21,22]. Moreover, observation of the “obesity paradox” was more
prominent in the elderly [23–25]. The aforementioned results are consistent in surgical
patients [26,27]. In a large surgical cohort [27], the perioperative mortality rate was higher
in patients with a BMI <25 kg/m2 compared with those who had a BMI ≥ 25 kg/m2. In
line with previous reports and our findings, patients who were overweight/obese were
associated with a lower risk of mortality after orthopedic surgery [28], particularly in
the elderly [29,30]. People who underwent a vertebroplasty for vertebral fractures were
commonly older than 65 years of age [8–10,31,32]. However, the effect of BMI on the risk
of postoperative mortality in this population is not yet clear. Our findings suggest that
patients who had undergone a vertebroplasty for a vertebral compression fracture with a
BMI less than 25 kg/m2 (or 22 kg/m2) were at a higher risk of long-term mortality.

The mechanisms that account for the “obesity paradox” are not yet well understood.
Patients who are underweight (BMI < 18.5 kg/m2) may be of a poor nutritional status.
However, even if we had excluded the patients with a BMI <18.5 kg/m2 (n = 14) from
the analyses, a lower risk of mortality was still noted in those with a BMI ≥ 25 kg/m2

(adjusted HR 0.311, 95% CI 0.102 to 0.951, p = 0.041 vs. BMI 18.5 ≤ 25 kg/m2). Some
researchers have hypothesized that surgical patients who are overweight/obese may have
a better preoperative nutritional status than those who are at a normal weight [33,34].
Additionally, there is likely to be an increase in both physiological stress and metabolic
demands after surgical intervention, causing those patients with a low BMI to possibly
be unable to appropriately adapt to these conditions [35], thus resulting in unfavorable
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outcomes. This scenario is more likely to be observed in an ageing population [36]. A
low BMI in the elderly has been associated with malnutrition and sarcopenia [37,38], both
of which have been associated with poor outcomes and mortality in older adults with
fractures [39,40]. These findings may help explain the inverse relationship between BMI
and mortality in our patients. Given that the effect of BMI on postoperative long-term
mortality in patients who have undergone a vertebroplasty for a vertebral fracture has not
yet been made clear, our results raise the concern that a low BMI results in adverse patient
outcomes in this ageing surgical population.

Our study does have some limitations. First, this was a retrospective study with a
relatively small number of study patients. The causal relationship between a low BMI
and mortality risk could not be confirmed. Second, we did not have any information
on the control status and medication use of some chronic diseases (e.g., blood pressure
and diabetes control). Third, we did not investigate the cause-specific mortality in this
relatively small study population. These factors should all be taken into account when
interpreting our results. Despite these limitations, our findings underline the importance
of preoperative BMI on postoperative outcomes in elderly surgical patients. This issue
certainly deserves further investigations.

5. Conclusions

In summary, an increase in BMI was associated with a lower risk of all-cause mortality
in patients who had undergone a vertebroplasty for a vertebral compression fracture. As
these patients are usually older than 65 years of age, a low BMI (e.g., <22 kg/m2) should be
considered a risk factor for postoperative long-term mortality.
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Abstract: (1) Background: As age in western populations is rising, so too are fractures, e.g., of the
distal fibula. The aim of this study was to find out whether a novel, minimally invasive intramedullary
osteosynthesis technique for the treatment of distal fibula fractures in elderly patients results in
not only a reduction of postoperative complications, but also a shorter hospitalization time, an
improved clinical outcome, and preserved autonomy in geriatric trauma patients. (2) Methods: In
this prospective study, the results following surgical treatment for distal fibula fractures in geriatric
patients after using DePuy Synthes® one-third semitubular plate (Group I) or a minimally invasive
intramedullary photodynamic Bone StabilizationSystem (IlluminOss®) (Group II) were compared at
6 weeks, 12 weeks, 6 months, and 1 year after initial treatment. (3) Results: Significant improvement
regarding clinical outcome was shown in Group II 6 and 12 weeks after surgery. (4) Conclusions: Our
study results demonstrate that the use of this new intramedullary stabilization system in combination
with an immediate postoperative weight bearing seems to be a safe and stable treatment option for
ankle fractures in geriatric patients, especially in the early stages of recovery.

Keywords: ankle fracture; elderly; fibular; fragility fracture; intramedullary stabilsation; IlluminOss®;
osteosynthesis

1. Introduction

Ankle fractures (FX), common injuries constituting about 9% of all FX [1] of the human
skeleton, are considered the third most common FX in geriatric patients [2,3]. In recent
years, an increasing number of elderly patients have suffered from ankle FX [4,5]. The
majority of these elderly patients already suffered from numerous comorbidities at the
time of the accident [6]. The focus of fracture treatment in the elderly population is to
achieve as much freedom as possible, in combination with maintaining quality of life
comparable to the pre-accidental level. Nevertheless, operative treatment is associated with
typical complications, such as mal- or nonunion, and especially skin problems ranging
from delayed wound healing to severe skin defects [7–12].

Open reduction and internal fixation (ORIF) has become the standard of care for
displaced ankle FX in adults [13,14]. Several techniques for internal ankle fixation are
commonly used, ranging from simple lag screw fixation to plate osteosynthesis with non-
locking to locking screw systems up to biodegradable systems [15–20]. In this context,
several studies in the common literature focus on intramedullary (IM) fixation of the distal
fibula FX, fracture stabilization, and the appearance of soft tissue-related complications in
the older population [21–27].

In addition to fracture healing and the complications related to the surgery itself,
postoperative therapy is a prognostic factor for the patient’s satisfaction, functional outcome,
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and return to normal daily activities [28–31]. For older patients suffering from an ankle
fracture, returning to their normal daily life is important in terms of their quality of life and
freedom [32–34]. In older patients with preexisting comorbidities, surgical treatment must
not only respect the soft tissue conditions, but should also have the goal of a shortened
pre- and post-operative therapy time window, shortened hospital stay, faster time of
recovery, and achievement of full resilience as quickly as possible [6,35]. Therefore, the
main goal of any post-operative therapy is to reduce time of recovery to a minimum and
to achieve full physical capacity as early as possible. In the past, a few clinical trials
have shown that early weight bearing and functional treatment avoiding a plaster cast
may shorten the immobilization period, but it also may provoke a loss of reduction,
depending on morphology and initial stability of the FX, as well as patients’ age and
comorbidities [28,32,36–39]. A few clinical trials have demonstrated that IM ankle FX
fixation might be a good method to preserve the soft tissue, but it could lead to fibula
shortening and loosening of the implant [21,22,26,27,40,41].

Thus far, surgical treatment of FX with IM nailing has already shown promising
results in the treatment of various complex fractures of the femur [42], tibial shaft [43],
and clavicle [44]; hence, IM nailing has become a standard implant. To the best of our
knowledge, there still exists no prospective randomized trial assessing the treatment of
distal fibula FX using these modern implants.

In this context, surgical treatment of ankle fractures using IM fixation systems were
controversially discussed because of their biomechanical performance and implant costs [45,46].

The aim of this study was to analyze whether open reduction internal fixation (ORIF)
of distal fibula FX, using a standard semitubular plate or closed reduction and IM fixation
using a new minimally invasive intramedullary Photodynamic Bone Stabilization System
(IlluminOss®), allows for a better outcome for immediate postoperative weight bearing
and the reduction of complications in older patients with a wide range of comorbidities.

2. Materials and Methods

2.1. Patients

Institutional Review Board approval was obtained prior to this study (IRB approval
No: 103/15, Ethical Committee of Technical University Munich, Registration in the German
Clinical Trails Register trail number DRKS00025496). This was a prospective randomized
single center study with two parallel groups. The study was conducted under consideration
of the CONSORT statement (Figure 1). All patients over 65 years suffering from a distal
fibula FX according to AO classification (AO 44 B1.1, B1.2, B1.3) with consecutive indication
for surgery and a Charlson Comorbidity Index (CCI) greater than one who presented at
our academic level-one trauma center between 06/2015 and 06/2018 were prospectively
enrolled [47,48]. The CCI predicts the 10-year survival in patients with multiple comorbidi-
ties and takes into consideration 19 comorbid diseases, including cardiovascular disorders,
diabetes mellitus, liver and lung diseases, cerebrovascular incident and transient ischemic
attacks, dementia, COPD, and connective tissue diseases [47]. Written informed consent
of the patients was obtained. A randomization plan (Randlist®, DatInf GmbH, Tübin-
gen, Germany) was used to divide patients regarding treatment using either the DePuy
Synthes® one-third semitubular plate (DePuy Synthes®, Umkirch, Germany) (Group I) or
the IlluminOss® Photodynamic Bone Stabilization System (llluminOss Medical, Inc., East
Providence, RI, USA) (Group II).

Exclusion criteria were mental disorders, patients under comprehensive legal support,
and pathological or open FX [40].

2.2. Surgical Technique and Postoperative Therapy

All patients were operated on by expert trauma surgeons, experienced in lower extrem-
ity surgery. After assessment by the anesthetists, general anesthesia was performed in all
cases. A single prophylactic dose of 1.5 mg cephalosporin was administered preoperatively.
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The patients were placed in a supine position on a radiolucent table with a pillow under
the ipsilateral gluteal region and the injured ankle.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.

In group I, all surgeries were performed under tourniquet control (250 mmHg) using
a standard lateral approach to the distal fibula according to AO recommendations. ORIF
was performed according to AO guidelines using a 3.5 mm lag screw and semi-tubular
neutralization plate, as well as 3.5 mm cortical screws [41]. The syndesmotic stability was
verified with the lateral hook test [49].

Group II required preoperative preparations. The IlluminOss® Photodynamic Bone
Stabilization System needs hardening by visible light (436 nm). The length of the light fiber
cable is predetermined to 183 cm. Therefore, the light box is placed outside of the sterile
surgical field on the fractured side, but as close as under sterile surgery conditions possible
to assure the connection between the light cable and light box.

Primarily the closed reduction of the fracture was performed using image intensifier
control in two planes. Then, the tip of the fibula was incised using a straight awl under
fluoroscopy control. After the correct position was achieved, the entry portal was enlarged.
Then, the straight awl was removed, followed by the insertion of a 4 mm cannulated awl
(Figure 2A,B) allowing for the insertion of a ball tip guidewire bridging the FX into the
medullary canal. Consecutively, the cannulated awl was removed. The ball tip guidewire
assured that the now inserted cannulated burrs for reaming the medullary canal stayed
in the designated position to be able to clear the fracture site. Reaming was performed in
0.5 mm steps to clean the channel with a minimum diameter of 6 mm up to a maximum di-
ameter of 8.0 mm (Figure 3A,B). To avoid additional fractures of the fibula shaft, additional
reamers with a diameter more than 8.00 mm should not be inserted. Furthermore, the sur-
geon should perform a fluoroscopy while reaming and have experience in intramedullary
osteosynthesis. Then, the cannulated burr was removed while the guidewire remained
in situ. Consecutively, a dilator and sheath were placed in the fibula under fluoroscopy
control. When reaching the correct position, the guidewire and the dilator were removed.
During the preceding surgical steps, the OR nurse assembled the implant by removing air
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from the balloon and transferring the monomer into a syringe. The prepared implant was
handed to the surgeon and, finally, the monomer was inserted into the fibula via the already
placed sheath (Figure 4A–C). When the right position was confirmed, the sheath was slowly
separated and removed. Then the balloon was infused with the monomer (Figure 5). The
last two steps were assured under fluoroscopy guidance. When the light cable was handed
to the surgeon, the timer was put onto the front of the light box. The specific light emission
time was adapted to the length of the chosen implant. The visible light corroborates the
monomer (Figure 6); this process should not be disrupted or stopped. After the input hard-
ening time, the light stopped automatically. Then, the catheter connected to the balloon
was removed using a slap hammer. As the catheter was removed, the syndesmotic stability
was test with the dorsiflexion-external rotation stress test under fluoroscopic control [50].
The last surgical steps include a final fluoroscopic control in two planes, wound closure,
and dressing. Postoperatively, physical therapy was initiated. Preoperative ASA Physical
Status Classification System was collected from the anesthesia documentation [51].

  
(A) (B) 

Figure 2. (A) demonstrates the insertion of the 4 mm cannulated awl with the corresponding
intraoperative fluoroscopic control (B).

  
(A) (B) 

Figure 3. In (A) the 1 mm stepwise reaming with a minimum diameter of 4.5 mm is shown with the
corresponding intraoperative fluoroscopic image of the reaming procedure (B).
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(A) (B) (C) 

Figure 4. This figure demonstrates the insertion of the implant into the fibula via the already placed
sheath (A), the fluoroscopic control of the insertion (B) and confirmation of the final position via
fluoroscopic control and radiopaque markers on the implant (C).

 

Figure 5. This figure shows the infusion of the balloon with the monomer.

 

Figure 6. Here, the curing of the monomer by the visible light of 436 nm is shown.

Group I patients were treated following the rehabilitation protocols (Table 1) of our
trauma department, which allowed partial weight bearing restricted to 20 kg for 6 weeks,
using crouches or a medical walking boot, and pain-adapted motion out of the walking
boot without limitations, according to the recommendations of the German Society for
Orthopedics and Trauma (DGOU) [44]. After the initial 6 weeks, these patients were
allowed to increase the load of weight bearing with the goal to achieve full weight bearing
within 10 weeks after surgery.
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Table 1. Rehabilitation protocols for both study groups.

Rehabilitation Protocol Week 1–6 after Surgery Week 7–12 after Surgery

DePuy Synthes®

One-Third Semitubular Plate
partial weight bearing 20 kg increase weight bearing load

Walking boot train away the walking boot

crouches crouches till full weight bearing

pain-adapted motion without limitation pain-adapted motion without limitation

Week 1–3 after Surgery Week 4–12 after Surgery

IlluminOss® Photodynamic Bone Stabilization System full weight bearing full weight bearing

Walking boot train away the walking boot and switch to an ankle brace

no crouches no crouches

pain-adapted motion without limitation pain-adapted motion without limitation

In Groupe II, full weight bearing was allowed right after surgery using a medical
walking boot without the use of crouches and pain-adapted motion out of the walking boot
without limitations. After 3 weeks, the patients were allowed to train the medical walking
boot away, with the possibility to switch from the walking boot to an ankle brace.

2.3. Follow-Up Evaluation

The first follow-up exam was set up 6 weeks postoperatively. Additional follow-ups
were terminated after 3, 6, and 12 months. The follow-up examinations were performed by
independent investigators not involved in patients’ initial surgical treatment (PZ, FG, MW)
at the outpatient clinic of our level-one university trauma center.

For assessment of pain, the visual analogue scale (VAS) [52], ranging from 0 “no pain”
to 10 “worst imaginable pain”, was used. ROM and ligament stability were registered
during standardized clinical follow-up examination. Moreover, sensomotoric disorders and
postoperative complications were recorded. Minor complications were defined as those
possibly treatable conservatively (e.g., superficial wound infections, delayed union etc.),
whereas major complications needed operative revision (e.g., secondary loss of reduction,
non-union, severe wound infections, etc.).

For the assessment of lower extremity and ankle function, the Olerud and Molander
ankle score (OMAS) [53,54] and the Karlsson and Peterson Scoring System for Ankle
function (KPSS) [55] were comprised and stated the primary outcome markers.

X-rays were taken postoperatively, as well as at the follow-up examinations, and
evaluated with special respect to signs of bony healing and secondary loss of reduction.

2.4. Statistics and Sample Size Calculation

Statistical analyses were performed using the statistical software SigmaStat
(version 3.5; Systat Software, San Jose, CA, USA). The scores at certain time points were
compared with an independent t test after a normality check was passed and equal vari-
ances were detected. Normal distributed data with unequal variances would have been
compared using the Welch’s t test. Arbitrarily, data were tested with the Mann–Whitney U
test. The significance level was set at p = 0.05.

Power analysis was performed prior to this study using G*Power for Mac. The
Wilcoxon signed-rank test was used to compare the means of pre- and postoperative values.
The significance threshold was set at a p value of <0.05.

We derived these figures from preliminary studies with OMAS in ankle fractures [56].
At a significance level of 0.05 and using the Welch’s t test for independent samples,
20 persons per experimental group are needed to achieve a power of 80%.

3. Results

3.1. Epidemiological Data

At first, 45 patients were enrolled in this study. The mean age was 77 years (range
65–93 years). Of the ankles fractured, 24 were right (53%) and 21 left (47%). Three patients
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were lost to follow-up for unknown reasons, whereas 3 patients were only able to attend
the first follow-up examination due to further health-related causes. The remaining 39 of
45 patients (86%) available for all follow-up examinations presented with a mean age of
77 years (range 65–92 years) and a CCI of 2 (range 1–3 points) at the time of injury, with
no statistical differences between both groups. Eighteen patients were assigned to group I
(46%) and 21 patients (54%) to group II.

The most common injury type was ankle sprain resulting from supination and ex-
ternal rotation trauma according to the Lauge Hansen classification [57,58]. All accidents
happened during spare time and were of low velocity character (100%).

Regarding gender distribution, 16 male (41%) compared to 23 female patients (59%)
were included. The interval between trauma and surgery accounted for an average of
8 days (2–20 days). Group I had an interval time of 9 days (5–20 days) and Group II an
interval time of 4 days (2–9 days), which reached statistical significance when compared
(p = 0.01, see Table 2). Correspondingly, the mean length of stay in hospital accounted for an
average of 6.2 days (range 2–21 days): for Group I, 9 days (range 4–21 days) and for Group II,
5.3 days (range 2–8 days), which showed a significant difference (p = 0.05, Table 2).

Table 2. Patient demographics and injury characteristics of both groups are shown. Data are provided
as ∅ mean and +/− standard deviation.

Characteristics
DePuy Synthes®

One-Third Semitubular Plate
IlluminOss® Photodynamic Bone Stabilization System

Mean age (years) ∅76 ± 8 ∅80 ± 8

Sex (male: female) 8:10 7:14

Side (right:left) 10:8 10:11

Mean BMI ∅26 ∅24

Mean CCI ∅2 ± 1 ∅2 ± 1

ASA Scoring

ASA I 2 3

ASA II 13 12

ASA III 3 6

Surgery time (minutes) ∅45 ± 5 ∅36 ± 4

Regarding the side of the fracture, 20 right (51.3%) compared to 19 left (48.7%) ankles
were fractured. In Group I, 10 right (55.6%) and 8 left (44.4%) ankles were treated versus
treatment of 10 right (47.6%) and 11 left (52.4%) ankles in Group II. Regarding the fracture
morphology, no difference in distribution considering the AO classification (AO 44 B1.1,
B1.2, B1.3) in the treated patients could be shown for both groups. In Group I, 15 patients
(83.3%) showed an AO 44 B1.1 type fracture, 2 patients (11.1%) an AO 44 B1.2, and 1 patient
(5.6%) an AO 44 B1.3. A similar fracture morphology distribution was detected in Group II,
were 17 patients (81.0%) with an AO 44 B1.1, 2 with an AO 44.B1.2 (9.5%), and 2 with an AO
44 B1.3 (9.5%) were treated. The body mass index (BMI) for both groups was similar, with
a BMI of 26 in Group I and a BMI of 24 in Group II (see Table 2). The ASA-Score showed no
significant differences between the both groups. In addition, regarding the surgical time, in
general anesthesia, no significant differences could be shown, with a slight advantage for
Group II (see Table 2).

3.2. Clinical Outcome

Only Group I patients (n = 4, 22%) presented with minor complications, such as
swelling and redness of the wound in two cases (11%) and one deep vein thrombosis (5.5%).
In one patient, bronchial pneumonia resulted from a prolonged hospital stay due to difficult
postoperative mobilization (5.5%) treated with intravenous antibiotics for one week. Group
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I showed a significantly higher incidence of minor complications compared to Group II,
which did not have any minor complications (p = 0.01, see Table 3).

Table 3. Overview of the complications for both patient groups, Group I treated with DePuy Syn-
thes one-third semitubular® plate and Group II treated with IlluminOss® Photodynamic Bone
Stabilization System.

Minor Complication
DePuy Synthes®

One-Third Semitubular Plate
IlluminOss® Photodynamic Bone Stabilization System p-Values

Swelling/redness 2 (11%)

deep vein thrombosis 1 (5.5%)

respiratory infection 1 (5.5%)

p = 0.01

Major Complication

deep wound infection 1 (5.5%)

Loss of reposition 1 (4.7%)

p = 0.47

In both study groups, one major complication was observed. In detail, one Group
I patient (5.5%) suffered from a deep wound infection resulting in material loosening
followed by operative debridement, material removal, and intravenous antibiotics for
ten days. One Group II patient (4.7%) showed a loss of reduction such that the operative
procedure was changed to the semitubular plate treatment (p = 0.47, see Table 3).

During the first clinical follow-up examination, all patients were asked if they had
been able to follow the rehabilitation protocol. All patients, regardless of group assignment,
stated that they followed the recommended rehabilitation protocol.

The Olerud and Molander ankle score (OMAS) showed in the first two clinical follow-
ups after 6 and 12 weeks significantly better results in Group II compared to Group I
(p = 0.01, see Table 4). Similar results for the first two clinical follow-ups were recognized
in Group II for the Karlsson and Peterson Scoring System for Ankle function (KPSS),
confirming the good OMAS results (p = 0.01 and 0.02, see Table 4). In the later follow-up
exams after 6 and 12 months, no further statistical difference between both groups was
found (OMAS p = 0.06 and 0.07, KPSS p = 0.06 and 0.06, see Table 4). Regarding the VAS,
only at the first clinical follow up was a statistical difference detected (p = 0.01, 0.09, 0.24
and 0.15, see Table 4). Regarding range of motion (ROM), statistically high significant
differences could be identified in our clinical follow-up exams between both groups for
extension (dorsiflexion) and flexion (p = 0.01, see Table 5).

3.3. Radiological Follow Up

At the final follow-up (12 months postop), 39 patients—18 treated with the
DePuy Synthes® semitubular plate and 21 patients using the IlluminOss® Photodynamic
Bone Stabilization System—demonstrated complete osseous healing on radiographs with-
out any signs of complications (see Figures 7 and 8). No case of non-union was identified.
The one Group I patient who suffered from a deep wound infection and loosening of the
implant needed a conversion to a conservative cast treatment. His fracture healed without
non-union 15 months after the initial surgery. For the single Group II patient who showed
a loss of reduction, fracture healing without non-union was achieved within 14 months
after conversion to a semitubular plate fixation treatment.
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Table 4. Functional Ankle Scoring was assessed using VAS, OMAS, and KPSS for both treat-
ment/patient groups separately at 6 and 12 weeks as well as 6 and 12 months postoperatively.
Results are given as ∅ mean and +/− standard deviation. Group I was treated by DePuy Synthes
one third semitubular, Group II with the IlluminOss® Photodynamic Bone Stabilization System.

Treatment Group Scores 6 Weeks 12 Weeks 6 Months 12 Months

VAS

Group I 4 ±.1 2.94 ± 0.89 2.41 ± 1.00 1.94 ± 0.65

Group II 3.19 ± 0.9 2.52 ± 0.92 2.2 ± 0.76 1.70 ± 0.73

p value 0.01 0.09 0.24 0.15

OMAS

Group I ∅44.3 ± 18 ∅55.9 ± 16 ∅63.8 ± 15 ∅70.3 ± 8

Group II ∅63.7 ± 12 ∅67.5 ± 14 ∅71.2 ± 10 ∅76.2 ± 10

p value 0.01 0.01 0.06 0.07

KPSS

Group I ∅40.61 ± 10 ∅52.30 ± 11 ∅66.52 ± 12 ∅69.98 ± 13

Group II ∅57.04 ± 10 ∅61.17 ± 9 ∅72.3 ± 11 ∅76.63 ± 9

p value 0.01 0.02 0.06 0.06

Table 5. Range of Motion at each single follow-up exam. Results are given as ∅ mean and +/−
standard deviation. Group I was treated by DePuy Synthes one third semitubular, Group II with the
IlluminOss® Photodynamic Bone Stabilization System.

ROM 6 Weeks 12 Weeks 6 Months 12 Months

Group I

Extension(dorsiflexion) ∅4 ± 2 ∅10 ± 3 ∅14 ± 2 ∅18 ± 2

Flexion ∅20 ± 4 ∅23 ± 4 ∅32 ± 4 ∅35 ± 3

Group II

Extension(dorsiflexion) ∅10 ± 2 ∅15 ± 4 ∅18 ± 4 ∅18 ± 2

Flexion ∅25 ± 4 ∅32 ± 3 ∅34 ± 4 ∅36 ± 2

p value

Extension(dorsiflexion) 0.01 0.01 0.03 0.47

Flexion 0.01 0.01 0.07 0.19
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Figure 7. Radiograph of a 77-year-old female patient with an AO type 44 B1.1 ((A) a preoperative)
fracture treated with the IlluminOss® Photodynamic Bone Stabilization System. Postoperative results
after 6 (B) and 12 weeks (C) as well as after 14 months (D) showed excellent fracture healing.

 

 

  

Figure 8. (A) shows the preoperative radiograph of a 72-year-old male patient with an AO type
44B1.1 fracture. The patient was treated with the DePuy Synthes® one-third semi tubular plate system.
Figure (B) presents the postoperative results after 6 and Figure (C) after 12 weeks. In addition, the
14 months postoperative control (D) shows good fracture healing without any secondary complications.

4. Discussion

To the best of our knowledge, this is the first randomized controlled study to compare
semitubular plates with the presented new intramedullary stabilization system in distal
fibula fracture treatment with an immediate postoperative weight bearing regime in the
intramedullary stabilization patient group. With increasing age, the probability of frac-
ture occurrence rises, and also the number of ankle fractures (9% of all human skeleton
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fractures [1]) increases; thus, ankle fractures are considered the third most common FX in
geriatric patients [2,3]. Usually, many of these elderly patients with ankle FX already suffer
from numerous comorbidities at the time of the accident [6]. In this context, treatment
of ankle fractures in the elderly population should result in achieving as much freedom
as possible, in combination with quality of life comparable to before the accident. Nev-
ertheless, operative treatment is usually associated with typical complications, such as
mal- or nonunion, and especially skin problems ranging from delayed wound healing to
severe skin defects [7–12]. Commonly known open reduction and internal fixation (ORIF)
using various techniques is the standard of care for displaced ankle FX in adults [15–17].
Generally speaking, a recent advance in the treatment of fractures of different bones was
the introduction of intramedullary nails [43,44]. Thus far, the use of intramedullary nailing
systems in distal fibula fractures has been investigated under the aspects of FX stabilization,
soft tissue management, and complication rates [25–27]. The majority of these studies were
of retrospective character. The presented prospective randomized study focused on the
comparison of treating ankle fractures of patients at an age over 65 years either using a
rather established semitubular plate AO-system or an intramedullary Photodynamic Bone
Stabilization System (IlluminOss®). Our results show that the IlluminOss® system allows
for a progressive postoperative rehabilitation protocol performing full weight bearing
immediately after surgery, leading to reliable results along with a good functional outcome.

In the general literature, complication rates of up to 25% have been reported for
ankle fractures, especially in geriatric patients [10,13]. These complications include wound
healing problems, redness, hyperthermia, superficial and deep infections, deep leg vein
thrombosis, and loosening of the material resulting in a loss of reposition. Previous studies
in elderly patients with preexisting comorbidities demonstrated that intramedullary nailing
systems in distal fibula FX have a significantly lower incidence of soft tissue complications
and lead to adequate FX stability compared to conventional plate osteosynthesis [26,28–30].
White et al. described in their prospective randomized study on 100 patients (n = 50 ORIF,
n = 50 IM nailing) no superficial wound infections in the IM group compared to eight
(16%) superficial wound infections in the ORIF group [22]. Similar results for wound
infections following IM nailing were described by Cofiman et al. [27]. In their study, only
1 deep infection occurred in the 34 patients available for follow-up after IM nailing [27].
Both studies consider small incisions as beneficial for soft tissue healing [22,27]. In the
actual study, the rate of postoperative complications was lower in the Photodynamic Bone
Stabilization System group (Group II). Similar to White et al. and Cofiman et al., no single
minor complication (superficial wound infection, delayed union etc.) was detected in this
treatment Group II. In contrast, in Group I treated with the DePuy Synthes® one-third
semitubular plate with a rather greater incision, four minor complications (22%) occurred.
In terms of major complications, such as secondary loss of reduction, non-union, major
wound infections, etc., only one major complication was detected in both groups without
reaching significance (Group I 5.5%, Group II 4.7%. See Table 3).

Considering the consistently low complication rates in the above mentioned studies
(White et al., Cofiman et al. [22,27]) as well as in the presented study for the patients treated
with the IM IlluminOss® Photodynamic Bone Stabilization System, we are convinced that
the significantly reduced size of the surgical incision wound plays a decisive role in the
reduction of wound healing disorders, especially in older patients with significant comor-
bidities. Moreover, our data suggest that the small surgical incision allows for an overlook
of the posttraumatic soft-tissue swelling and is not considered as a contraindication to a
potentially earlier surgery, along with earlier mobilization and an earlier discharge from
the hospital.

Early weight bearing and postoperative mobilization are very controversially discussed
in the literature. In this context, patient-related factors, such as age, comorbidities, and
fracture morphology, have a strong impact on the postoperative treatment [14,33,45,48,59].

Smeeing et al. showed in a normal-aged patient population (18–65 y) without comor-
bidities suffering from Lauge-Hansen supination external rotation type 2–4 ankle fractures
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treated with ORIF that a postoperative unlimited weight-bearing and mobilization regimen
improved short-term functional outcome after six weeks, shortened the absence from work,
and improved the time to return to sports compared to the patients who only followed a
limited weight-bearing or unprotected non-weight-bearing therapy regimen. The mean
OMAS (61.2 ± 19.0) after six weeks was up to 10 to 15 points higher compared to the two
other groups [35].

In this context, we were able to prove in the actual study that treatment of distal
fibula fractures with IM stabilization using the innovative IlluminOss® Photodynamic
Bone Stabilization System allowing for an immediate weight bearing in elder patients
with a wide range of comorbidities leads to similar good functional results six weeks
postoperatively, as described by Smeeing in patients under 65 (see Table 4). Therefore,
the actual data present a significant better outcome at the first two follow-up exams
(6 and 12 weeks postoperatively) compared to the ORIF group who followed a restricted
postoperative rehabilitation protocol including partial weight bearing (see Table 1).

We believe this new IM implant used in the presented study allows for a safe and
stable fracture fixation, and it is the key to the early full weight bearing and good clinical
outcome in the enrolled elderly patients with significant comorbidities.

Regarding the hospital length of stay, a significant difference between the two groups
was identified in favor of Group II (p = 0.05, see Table 6). This result confirmed the
significant differences between patients from Group I and Group II in terms of range of
motion and the assessed outcome scores (see Table 4). In addition, patients in Group II had
a significantly shorter preoperative delay caused by posttraumatic swelling of the ankle
compared to patients in Group I (p = 0.01, see Table 6).

Table 6. Interval between trauma and surgery as well as mean length of hospital stay for both groups.

Interval between Trauma and Surgery Days

general ∅8 days

DePuy Synthes® one-third semitubular plate ∅9 days

IlluminOss® Photodynamic Bone Stabilization System ∅4 days

p = 0.01

Length of Hospital Stay Days

general ∅6 days

DePuy Synthes® one-third semitubular plate ∅9 days

IlluminOss® Photodynamic Bone Stabilization System ∅5 days

p = 0.05

The outcome scores assessed in the presented study are self-assessment questionnaires
that reflect the subjective physical well-being and clinical outcome of the individual pa-
tients [60]. All used outcome scores have a graduation divided into five scales, ranging
from poor to fair over good to excellent. Especially in the early follow-up exams after
6 and 12 weeks of the postoperative treatment, functional ankle scoring results showed
a very significant difference (OMAS p = 0.01, KPSS p = 0.01 and 0.02 see Table 4) for the
used scores in favor of Group II (see Table 4). No statistical differences regarding the used
outcome scores were detected in the follow up examination after 6 and 12 months (OMAS
p = 0.06/0.07, KPSS p = 0.06/0.06, see Table 4).

The distinct lack of comparability due to different applied postoperative treatment
regimens is considered a basic limitation. While Group I patients (semitubular plate)
were treated with partial weight bearing for 6 weeks, Group II patients (IlluminOss®

Photodynamic Bone Stabilization System) started full weight bearing right after surgery.
However, recommendations for patients treated with the new intramedullary implant are
still missing the guidelines of the DGOU, as well as of the AO, for patients treated with
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semitubular plates involving partial weight bearing [59]. The allowance of full weight
bearing led to an improved clinical outcome in patients treated with the intramedullary
Photodynamic Bone Stabilization System. The presented results seem to be reliable and
safe, and they should be considered an important contribution of our research.

Due to the small number of patients, the influence of implant removal was not ana-
lyzed. However, the presented follow-up rate of 86.5%, the wide assessment of functional
parameters, and the prospective randomized character of the study certainly present the
strengths of the presented work.

Studies with higher sample sizes are necessary in the future to demonstrate the
benefits and possible disadvantages of these novel implant systems in the treatment of
ankle fractures. Although we were able to show in our clinical prospective study for the
first time a comparison of outcomes in geriatric patients for both implant groups, this
study has its limitations. The fact that in our population, no fracture-related or implant-
related infection occurred in the Photodynamic Bone Stabilization System, thus there was
no necessity for implant removal in this group, does not mean that this complication is
impossible. The used blue light might have antibacterial effects that must be investigated
in future studies. Nevertheless, there is still the question to answer of how to remove
this implant. An implant removal kit is provided on the market by the manufacturer, but
still only a few cases of implant removal are known. Further investigations of possible
complications in the usage of this novel implant have to be done in the future.

Although the current literature shows a trend towards the use of locking plate systems
in distal fibula FX, and especially in osteoporotic FX, we showed that the use of this new
intramedullary system provides a benefit for the geriatric population regarding postopera-
tive clinical outcome, as well as shorter time period to full recovery and full weight bearing,
plus very gentle soft tissue management due to the small incision site as compared to the
locking plate treatment [49,61,62]. For this study, the use of locking one-third semitubular
plates instead of the applied non-locking one-third semitubular plates could have been
beneficial for patients randomized in Group I. Thus far, it could be shown that the use of
locking plates allows an early weight bearing in younger patients suffering from a distal
fibula fracture [20,35]. Nevertheless, the extended surgical approach and operative soft
tissue stress can pose a disadvantage in geriatric patients and lead to soft tissue problems
as compared to minimally invasive surgical methods; hence, minimally invasive surgical
treatment should experience a renaissance [63–65]. Overall, all geriatric patients will benefit
individually from a faster recovery, but also the cost of medical care could be reduced in
general due to shorter hospital stays. Nevertheless, this study focused on the patient’s
outcome; therefore, an additional economic analysis could provide supplementary infor-
mation regarding cost effectiveness. In addition, an analysis of the assumed reduction of
health-related costs is advisable.

In general, adding two more groups to the study—e.g., (a) conservative treatment
and (b) current intramedullary fibular nail—would add an interesting additional aspect
regarding the treatment of distal fibula fractures in geriatric patients, as well as provide
broader coverage of all aspects in the treatment of such fractures.

5. Conclusions

The presented results demonstrate that the Photodynamic Bone Stabilization System
for treating distal fibula fractures in elderly patients with significant comorbidities leads
to good clinical results. In fact, the immediate postoperative weight bearing showed that
the FX stabilization with this new intramedullary system is a safe method for treating
these fragile FXs. However, in comparing the treatment of distal fibula fractures using
semitubular plates with the innovative IM system, the first two follow-up exams after
6 and 12 weeks raised our confidence that this new implant system provides a safe and
stable treatment option. In addition, the patients treated with this new implant will benefit
from the possibility of immediate postoperative full weight-bearing and, therefore, from a
faster return to their normal daily life and freedom.
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In summary, the successful treatment of distal fibula fractures in elderly patients is
essentially dependent on sufficient wound healing and high primary stability to allow for
immediate postoperative full weight bearing and initial functional rehabilitation.
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Abstract: Sleep disturbance is prevalent in patients with degenerative spinal disease, and recent
studies have reported that surgical treatment is more effective for improving sleep quality than
conservative treatment. We aimed to investigate the perioperative changes of sleep problems in
patients who underwent surgical treatment for degenerative spinal disease with a concurrent sleep
disorder, and presented them according to various clinical profiles possibly associated with sleep
disturbance. In addition, we identified factors associated with poor sleep improvement after surgery.
This study used data from the Korea Health Insurance Review and Assessment Service database
from 2016 to 2018. We included 3183 patients aged ≥19 years who underwent surgery for degen-
erative spinal disease and had a concurrent sleep disorder. Perioperative changes in the two target
outcomes, including the use of sleep medication and hospital visits owing to sleep disorders, were
precisely investigated according to factors known to be associated with sleep disturbance, including
demographics, comorbidities, and spinal regions. Logistic regression analysis was performed to
identify factors associated with poor improvement in terms of sleep medication after surgery. All
estimates were validated using bootstrap sampling. During the 1-year preoperative period, the use
of sleep medications and hospital visits owing to sleep disorder increased continuously. However,
they abruptly decreased shortly after surgical treatment, and throughout the 1-year postoperative
period, they remained lower than those in the late preoperative period. At the 1-year follow-up,
75.6% (2407 of 3183) of our cohort showed improvement in sleep medication after surgery. Multivari-
able analysis identified only two variables as significant factors associated with non-improvement in
sleep medication after surgery: depressive disorder (odds ratio (OR) = 1.25 [1.06–1.48]; p = 0.008),
and migraine (OR = 1.42 [1.04–1.94]; p = 0.028). We could not investigate the actual sleep quality and
resultant quality of life; however, our results justify the necessity for further high-quality studies
that include such information and would arouse clinicians’ attention to the importance of sleep
disturbance in patients with degenerative spinal disease.

Keywords: change; sleep disturbance; sleep medication; sleep improvement; surgery; degenerative
spinal disease; sleep disorder

1. Introduction

Despite the importance of sleep for physiologic function [1–4], falling asleep is not
easy for modern people, and sleep disturbance is prevalent in the general population [5–7].
The importance of sleep has been particularly emphasized for older patients with chronic
medical conditions because they frequently experience sleep disturbance which signifi-
cantly influences their disease outcome and life expectancy [4,8–12]. Therefore, sleep is an
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important topic for clinicians. Sleep has not been a subject of interest for researchers and
clinicians caring for patients with spinal disease. However, studies have begun to address
the fact that sleep disturbance is also highly prevalent in these patient populations [13–17],
suggesting various mechanisms for their sleep disturbance [13,14].

Recently, two single-center prospective studies reported changes in patients’ sleep
quality after surgery for degenerative spinal disease and compared these results with
those experienced by patients after conservative treatment [18,19]. They concluded that
surgical treatment for degenerative spinal disease improves sleep quality more effectively
than conservative treatment, especially after a long-term follow-up. Degenerative spinal
disease is a common medical problem globally [20], and 11 to 74% of these diseases are
accompanied by sleep disturbance [13–15,17–19,21]. Therefore, the results of the two
prospective studies are promising for numerous patients with degenerative spinal disease
and chronic sleep disorder.

However, the limitations of these two studies should be addressed. First, these
comparative studies were single-center studies with small sample sizes. The studies
focused on a narrow range of patients with specific types of degenerative spinal disease
in a specific spinal region, such as lumbar stenosis or cervical myelopathy. Therefore,
they could not comprehensively analyze various types of degenerative spinal disease,
which include the entire spinal region. In addition, because the primary purpose of the
two studies was to compare sleep improvement between the conservative and surgical
groups, they did not require a large number of patients who underwent surgical treatment.
Therefore, the number of surgical cohorts was small (<50 patients), and multivariable
analysis to identify factors associated with adverse sleep outcomes after surgery could not
be performed because of the limited sample size. Second, patients’ sleep disturbance was
identified using only single-time questionnaire-based surveys, which could result in the
overestimation of sleep problems [18,19]. Therefore, there was a higher chance of including
patients with temporary or minor sleep problems.

We planned a nationwide, population-based cohort study using a claims database.
This study had two research purposes. First, we investigated changes in sleep problems
in patients who underwent surgical treatment for degenerative spinal disease and had a
concurrent sleep disorder. The use of sleep medication and hospital visits owing to sleep
disorders were chosen as target outcomes in our study. This is because the claims database
guarantees the reliability and accuracy of these two pieces of information as important
objective measures of sleep disturbance [22,23]. In addition, perioperative changes in the
two target outcomes were thoroughly presented according to the various clinical profiles
possibly associated with sleep disturbance, including demographics, comorbidities, and
spinal regions. Second, we identified the factors associated with poor sleep improvement
after surgery for degenerative spinal disease.

2. Materials and Methods

2.1. Database

The data were obtained from the Health Insurance Review and Assessment Service
(HIRA) database which contains data from all the hospitals and community clinics in
Korea. In the database, the seventh revision of the Korean Classification of Diseases and
tenth revision of the International Classification of Diseases (ICD-10) were used to identify
diseases. The anatomical therapeutic chemical (ATC) codes and HIRA general name
codes were used to identify the drugs used. In addition, this study was approved by the
Institutional Review Board of our hospital (IRB No. 2020-03-009-001).

2.2. Study Patients

Patients aged >19 years who underwent surgical treatment (index surgery) for degen-
erative spinal disease from 1 January 2016 to 31 December 2018, were included (Figure 1).
We identified degenerative spinal diseases using the following ICD-10 codes: spinal steno-
sis (M48.0), spondylolisthesis (M43.1), spondylolysis (M43.0), other spondylosis (M47.1
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and M47.2), and cervical disc disorder (M50). Information regarding spinal surgery and
its regions were identified using the corresponding electronic data interchange codes
(Supplementary Materials Table S1). Subsequently, we excluded patients with spinal infec-
tion, spinal fractures, or malignancy within 2 years before the index surgery (Figure 1). The
ICD-10 codes for exclusion are presented in Supplementary Materials Table S2.

 
Figure 1. Patient enrollment.

Sleep disorder of the cohort patients was initially identified using the following ICD-10
codes: nonorganic sleep disorders (F51) and sleep disorders (G47). To identify patients
with a concurrent sleep disorder, we only included patients who visited the hospital with
the two ICD-10th codes as the primary diagnosis of the visits within 1 year before the
index surgery.

2.3. Two Target Outcomes Associated with Sleep Disturbance: Use of Sleep Medication and
Hospital Visits Owing to Sleep Disorders

Our main target outcome of interest was the use of sleep medication during the peri-
operative period. Sleep medication was defined as currently available drugs for insomnia
approved by the Korean Food and Drug Administration [24]. They included flurazepam,
triazolam, flunitrazepam, brotizolam, zolpidem, eszopiclone, doxepin, doxylamine, and
diphenhydramine. Among them, antihistamines such as doxylamine and diphenhydramine
were excluded. The sleep medication codes are presented in Supplementary Materials
Table S3. Based on this definition, we investigated both the types of the sleep medication
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and their prescribed duration during the perioperative period. In addition, we investigated
the number of hospital visits with a sleep disorder as the primary diagnosis during the
perioperative period.

2.4. Definition of the Eight Quarters of Perioperative Periods

To observe the changes in the two target outcomes, we defined the perioperative period
as the period between 1 year before and after the index surgery. Subsequently, we divided
each preoperative and postoperative period into four intervals (quarters), each lasting
90 days (Figure 2). The 1-year preoperative period was divided into the following four
quarters: (1) within 90 days before the index surgery (preoperative 4th quarter); (2) between
the 91st and 180th day before the index surgery (preoperative 3rd quarter); (3) between the
181st and 270th day before the index surgery (preoperative 2nd quarter); and (4) between
the 271st and 360th day before the index surgery (preoperative 1st quarter). The 1-year
postoperative period was also divided into the following four quarters: (1) within 90 days
after the index surgery (postoperative 1st quarter); (2) between the 91st and 180th day after
the index surgery (postoperative 2nd quarter); (3) between the 181st and 270th day after
the index surgery (postoperative 3rd quarter); and (4) between the 271st and 360th day
before the index surgery (postoperative 4th quarter).

Figure 2. Study designs and definitions of the eight perioperative periods.

2.5. Evaluation of Perioperative Changes in the Two Target Outcomes

We investigated the use of sleep medication and hospital visits owing to sleep disorders
during the perioperative period. The two target outcomes were thoroughly investigated
and presented according to four groups of factors known to be associated with sleep distur-
bance in patients with degenerative spinal disease [21]: demographics; general medical
comorbidities; neuropsychiatric disorders; and concurrent osteoarthritis of the extremities.

Information on the four groups of factors was retrieved using the previously described
method [21]. Demographic data at the time of index surgery, including age, sex, region of
residence, and hospital type, were initially retrieved. General medical comorbidities and
neuropsychiatric disorders diagnosed within 1 year before the index surgery were investi-
gated using the corresponding ICD-10 codes (Supplementary Materials Table S4), and the
Charlson comorbidity index (CCI) score was calculated using an optimized method for the
database using ICD-10 codes [25–28]. Diagnosis of depression was confirmed by the use of
antidepressants (ATC code: N06A, Supplementary Materials Table S5). Osteoarthritis in
the extremities was identified using the validated method for our database: [29] (1) ICD-10
codes for osteoarthritis (M15 to M19), and (2) corresponding X-rays of the extremities. The
x-ray codes are presented in Supplementary Materials Table S6.
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2.6. Statistical Analysis

During eight quarters of the perioperative period, changes in the use of sleep med-
ication and number of hospital visits owing to sleep disorder were precisely presented
according to the four groups of factors known to be associated with sleep disturbance in
patients with degenerative spinal disease [21].

Expecting an overall postoperative decrease (improvement) in the use of sleep medica-
tion, [18,19] we tried to analyze factors associated with poor sleep improvement regarding
the use of sleep medication. To assess the changes in sleep medication at 1-year follow-
up after surgery, we compared the prescribed duration of the sleep medication between
the preoperative and postoperative 4th quarters (Figure 2) and identified patients who
showed no improvement in the duration of sleep medication between the two periods.
Subsequently, we calculated the proportions of patients (%) who showed no postoperative
improvement in the duration of sleep medication according to the four groups of factors
associated with sleep disorder. The statistical difference of the proportions was presented
with a standardized mean difference (SMD) known as Cohen’s d. Logistic regression analy-
sis was performed to identify independent factors associated with patients who showed no
postoperative improvement in the use of sleep medication. Adjustments were made for
variables identified as significant in the univariable analysis (SMD > 0.1).

The statistical model was internally validated using the bootstrap method. All esti-
mates in the multivariable model were presented with relative bias estimated on 1000 boot-
strapped samples. Relative bias was defined as the difference between the mean boot-
strapped regression coefficient estimates and the mean parameter estimates of the mul-
tivariable model divided by the mean parameter estimates of the multivariable model.
In addition, the variance inflation factor was used to evaluate multicollinearity between
covariates. Data extraction and statistical analysis were performed using the SAS Enterprise
Guide 6.1 (SAS Institute, Cary, NC, USA).

3. Results

Among the 198,844 patients who underwent spinal surgeries (index surgery) for
degenerative spinal diseases from 2016 to 2018, we excluded patients who had malignancy
(n = 11,504), spinal infection (n = 1937), spinal fracture (n = 81,463) within 2 years before
the index surgery, and those with missing data (n = 376, Figure 1). Among the remaining
106,837 patients, 3148 (2.9%) who visited the hospital because of sleep disorders were
included in our study. Baseline information regarding the cohort patients is presented in
Table 1. Their mean age was 66.7 years, and 59% (n = 1875) were women.

3.1. Overall Perioperative Changes in the Two Target Outcomes

In the entire cohort, both the use of sleep medication and hospital visits owing to sleep
disorders increased continuously throughout the preoperative period (Figure 3). The rate
of this increase also increased continuously during the preoperative period, which was
highest immediately before the index surgery, in the preoperative 4th quarter. However,
shortly after the index surgery, the use of sleep medication and hospital visits owing to sleep
disorders decreased abruptly. The rate of this decrease was highest in the postoperative
1st quarter. There were fluctuations in the subsequent postoperative period; however, the
postoperative use of sleep medication and hospital visits were persistently lower than those
in the preoperative 4th quarter. At the 1-year follow-up, 24.4% (776 of 3183) of patients in
the cohort showed improvement in the prescribed duration of sleep medication (Table 1).

The two most commonly used sleep medications were zolpidem and triazolam
(Figure 4). The proportions of these two drugs increased continuously during the pre-
operative period and decreased during the subsequent postoperative period. Except for
these two drugs, there were no remarkable changes in the use of other drugs.
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3.2. Perioperative Changes in the Two Target Outcomes: According to the Demographics and
Spinal Regions

Hospital visits owing to sleep disorders decreased after surgery regardless of age
group and sex; however, the postoperative decrease in the use of sleep medication was
more pronounced in the female and older age groups (Figure 5).

Figure 3. Overall perioperative changes in the use of sleep medication and hospital visits owing
to sleep disorder: (a) changes in the number of hospital visits, and (b) changes in the prescribed
duration of sleep medication.

 

Figure 4. Types of sleep medication used during the perioperative period.

Perioperative changes in the use of sleep medication and hospital visits owing to
sleep disorders are presented according to the spinal regions in Figure 6. The patterns
of perioperative changes in the cervical and lumbar regions were similar to those in the
entire cohort. In contrast, the preoperative pattern in the use of sleep medication and
hospital visits owing to sleep disorders in patients with thoracic lesions differed from the
overall pattern shown in Figure 3. The use of medication and hospital visits in patients with
thoracic lesions decreased continuously, even during the preoperative period, although the
most abrupt decrease occurred after surgery.
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Figure 5. Perioperative changes in the use of sleep medication and hospital visits owing to sleep
disorder according to the demographics: (a) changes in the number of hospital visits according to the
age groups; (b) changes in the prescribed duration of sleep medication according to the age groups;
(c) changes in the number of hospital visits according to sex groups; and (d) changes in the prescribed
duration of sleep medication according to sex groups.

Figure 6. Perioperative changes in the use of sleep medication and hospital visits owing to sleep
disorder according to the spinal regions: (a) changes in the number of hospital visits, and (b) changes
in the prescribed duration of sleep medication.
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3.3. Perioperative Changes in the Two Target Outcomes: According to the Comorbidities

Information about the comorbidities of the cohort patients is presented in Table 2. We
also presented the changes in the use of sleep medication and hospital visits owing to sleep
disorders according to the CCI scores (Figure 7), neuropsychiatric diseases (Figure 8), and
concurrent osteoarthritis of the extremities (Figure 9).

Figure 7. Perioperative changes in the use of sleep medication and hospital visits owing to sleep
disorder according to the Charlson comorbidity index (CCI) score: (a) changes in the number of
hospital visits, and (b) changes in the prescribed duration of sleep medication.

Figure 8. Perioperative changes in the use of sleep medication and hospital visits owing to sleep
disorder according to the neuropsychiatric disorders: (a) changes in the number of hospital visits,
and (b) changes in the prescribed duration of sleep medication.

Regardless of the type of comorbidity, the use of sleep medication and hospital visits
owing to sleep disorders decreased abruptly in the postoperative 1st quarter, shortly after
surgery. Subsequent postoperative use of sleep medication showed a rebound increase in
the postoperative 2nd quarter; however, the use of sleep medication in the postoperative
4th quarter was lower than that in the preoperative 4th quarter in most patient subgroups
(Figures 7–9). On the other hand, in three patient subgroups, including those with CCI
score ≥ 6 (Figure 7b), depression, and other-type headaches (Figure 8b), the mean use
of sleep medication in the postoperative 4th quarter exceeded that in the preoperative
4th quarter.
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Figure 9. Perioperative changes in the use of sleep medication and hospital visits owing to sleep
disorder according to the osteoarthritis of the extremities: (a) changes in the number of hospital visits,
and (b) changes in the prescribed duration of sleep medication.

Figure 10. Factors associated with non-improvement in sleep medication after surgery: a multivari-
able analysis. Bootstrap-adjusted odds ratios and their 95% confidence intervals are presented.
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3.4. Factors Associated with Poor Improvement in the Sleep Medication after Surgery: Internal
Validation Using Bootstrap Sampling

At the 1-year follow-up after surgery, the duration of the sleep medication decreased
(improved) in 75.6% of patients (2407 of 3183, Table 1). In the univariable analysis, various
factors showed statistical significance by the standard of SMD > 0.1 (Tables 1 and 2);
however, the multivariable analysis identified only two variables as significant factors
associated with non-improvement in sleep medication after surgery (Table 3): depressive
disorder (odds ratio (OR), 95% confidence interval [CI] = 1.25 [1.06–1.48]; p = 0.008),
and migraine (OR = 1.42 [1.04–1.94], p = 0.028). The relative bias of the estimates for
most risk factors was low, except for moderate-to-severe liver disease (678.3%) and other-
type headaches (−139.0%). Bootstrap-adjusted odds ratios and their 95% CIs for the
multivariable model are presented in Table 3 and Figure 10.

4. Discussions

Chronic pain and its intensity are major risk factors for sleep disturbance [30–33].
However, overall pain intensity is not a significant risk factor for sleep disturbance in
patients with degenerative spinal disease [13,14]. Instead, the radiologic degree of degen-
eration is a stronger predictor for sleep disturbance. For example, sleep disturbance in
patients with lumbar stenosis was closely associated with the degree of foraminal-type
stenosis [14], and sleep disturbance in patients with cervical myelopathy was associated
with the degree of central-type stenosis [13]. If severe radiologic degeneration is a major
component of sleep disturbance in patients with degenerative spinal disease, sleep dis-
turbance will be prevalent in patients who undergo surgical treatment for degenerative
spinal disease [14,18,19,21], and sleep disturbance might have influenced their choice of
surgical treatment. In addition, we can reasonably expect that ‘decompressive’ surgical
treatment for degenerative spinal disease will positively influence sleep quality. These
hypotheses are clinically important and should be verified because sleep disturbance in
patients with a severe degree of degenerative spinal disease is not easily improved by
conservative treatment [18,19].

In this regard, we attempted to clearly visualize perioperative changes in sleep med-
ication and hospital visits owing to sleep disorders in patients who underwent surgery
for degenerative spinal disease with concurrent sleep disorders. During the preoperative
period, the use of sleep medication and hospital visits owing to sleep disorders increased
continuously (Figure 3). However, they abruptly decreased shortly after surgical treatment.
In addition, throughout the 1-year postoperative period, they remained lower than those
in the preoperative 4th quarter. When the use of sleep medication immediately before
surgery (in the preoperative 4th quarter) was compared with that of 1 year after surgery (in
the postoperative 4th quarter), 75.6% (2407 of 3183) of the patients in our cohort showed
improvement in sleep medication after surgery. Multivariable analysis identified that the
two neuropsychiatric disorders, depressive disorder and migraine, were associated with
poor outcomes in the use of sleep medication after surgery.

One of the major advantages of our study is that we obtained accurate information
about the two target outcomes during the 1-year preoperative period in all cohorts. As
a claims database based on an obligatory national health insurance system, the HIRA
database contains all inpatient and outpatient data for the entire population. In our claims
database, information about the two target outcomes, including sleep medication and
hospital visits owing to sleep disorders, has been prospectively recorded and reviewed
by government officials; thus, it is available for all patients, regardless of the time interval.
Investigating sleep problems during the 1-year preoperative period in all the study cohorts
is theoretically impossible, even in randomized or prospective studies. This is because re-
searchers would defer surgical treatment for degenerative spinal disease for 1 year without
exception to prospectively collect such information during the 1-year preoperative period.

Therefore, one of the most important findings of our study is the changes in the two
target outcomes during the year before the index surgery. During the preoperative period,
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the use of sleep medication and hospital visits owing to sleep disorders increased continu-
ously. The increasing rates continued during the 1-year preoperative period, culminating
in the preoperative 4th (last) quarter (Figure 3). However, the accelerated preoperative
increase in the use of sleep medication and hospital visits immediately reversed after
surgery and abruptly decreased in the postoperative 1st quarter. The decreasing rate at the
postoperative 1st quarter was even faster than the increasing rate, which culminated in the
preoperative 4th quarter (Figure 3).

In addition, this is the largest study investigating changes in sleep problems after sur-
gical treatment for degenerative spinal disease and has several advantages. First, through a
comprehensive analysis based on a sufficient number of patients (n = 3183), perioperative
changes in the two target outcomes were clearly presented according to various factors
possibly associated with sleep disturbance (Figures 5–9). Second, we included enough
patients with evident preoperative sleep disorders. In the two previous studies, sleep
disturbance in the cohorts was identified using only single-time questionnaire-based sur-
veys, with a high possibility of including patients with temporary or minor sleep problems
despite their prospective study design. [18,19] However, we only included patients who
visited the hospital with sleep disorders as the main reason for the hospital visit. In similar
patient populations, the prevalence rates of sleep disturbance from large database studies
conducted using ICD-10 codes (3.8 to 10.8%) are lower than those from survey-based single-
or multi-center studies (42 to 74%) [13–17,21]. Therefore, our 3183 (2.9%) cohort patients,
chosen using concordant ICD-10 codes for sleep disorder among 106,837 patients who
underwent surgery for degenerative spinal disease, were expected to have more severe
sleep disturbance than those chosen from questionnaire-based surveys [18,19] (Figure 1).
They are more appropriate for evaluating the influence of spinal surgical treatment on
sleep disturbance.

Accordingly, throughout the 1-year preoperative period, the mean duration of sleep
medication use was approximately 30 days per quarter (90 days, Figure 3), which indi-
rectly reflects their severe and chronic sleep disturbance. Nevertheless, their severe and
chronic dependency on sleep medication and resultant hospital visits strikingly decreased
after surgical treatment, regardless of various known risk factors for sleep disturbances
(Figures 5–9) [21]. After surgery, 75.6% (2407 of 3183) of the patients in our cohort with
preoperative sleep disorders showed improvement in sleep medication. Among numerous
independent variables, only two factors, depressive disorder and migraine, were signif-
icantly associated with poor outcomes regarding sleep medication in the multivariable
analysis (Table 3 and Figure 10).

However, our study has limitations. First, our claims database was not originally de-
signed for research. Therefore, important information possibly related to sleep disturbance,
such as the anatomical degree of spinal degeneration or neurologic impairment, was not
included. We can propose that most patients who underwent surgical treatment had severe
degrees of degeneration; however, such additional information could have influenced our
results [13,14]. To reduce the influence of such unknown confounders, we validated our
results using bootstrap sampling, and the results were consistent. In addition, we used
validated data-retrieving methods for the HIRA database, and thoroughly presented the
exact diagnostic and therapeutic codes for all types of diseases and drugs to ensure the
reproducibility of our results. Second, the two target outcomes, the use of sleep medication
and hospital visits owing to sleep disorders, are not precise measures for sleep quality.
Based on our results, we cannot assert that surgical treatment in patients with degenerative
spinal disease and concurrent sleep disorders can improve actual sleep quality and the
resultant quality of life. This conclusion is beyond the scope of our study. Instead, as a
comprehensive preliminary study, our results justify the necessity of further high-quality
studies investigating improvements in actual sleep quality after spine surgery in patients
with degenerative spinal disease and concurrent sleep disorders.

In conclusion, our population-based study using a nationwide database clearly pre-
sented perioperative changes in the use of sleep medication and hospital visits owing
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to sleep disorders in patients who underwent surgery for degenerative spinal disease
with a concurrent sleep disorder. During the 1-year preoperative period, the use of sleep
medication and hospital visits owing to sleep disorder increased continuously. However,
they abruptly decreased shortly after surgical treatment. In addition, throughout the 1-year
postoperative period, they remained lower than those in the preoperative 4th quarter. At
the 1-year follow-up, 75.6% (2407 of 3183) of patients in our cohort showed improvement
in sleep medication after surgery. Multivariable analysis identified that the two neuropsy-
chiatric disorders, depressive disorder and migraine, were associated with poor outcomes
in the use of sleep medications after surgery. We could not investigate the actual sleep
quality and resultant quality of life in our cohort; however, our results justify the neces-
sity of further high-quality studies which include such information and would arouse
clinicians’ attention to the importance of sleep disturbance in patients with degenerative
spinal disease.
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Abstract: To evaluate the reasons for inadequate adherence to osteoporosis therapy and to describe
the strategies for improving adherence to and persistence with regular medications, we conducted
a review of the literature. The primary outcome of the study was the determination of the factors
adverse to the onset and maintenance of anti-osteoporosis therapies. Secondly, we focused on studies
whose efforts led to finding different strategies to improve adherence and persistence. We identified
a total of 26 articles. The most recurrent and significant factors identified were aging, polypharmacy,
and smoking habits. Different strategies to guide patients in their osteoporosis care have been
identified, such as monitoring and follow-up via telephone calls, email, and promotional meetings,
and proactive care interventions such as medication monitoring, post-fracture care programs, and
decision aids. Changes in the drugs regimen and dispensation are strategies tried to lead to better
adherence and persistence, but also improved satisfaction of patients undergoing anti-osteoporosis
treatment. Patient involvement is an important factor to increase medication persistence while using
a flexible drugs regimen.

Keywords: osteoporosis; adherence medications; elderly; frailty; postmenopausal; fractures;
post-fracture care; educational meeting; drug regimen; medication monitoring

1. Introduction

Osteoporosis is one of the main health problems, affecting more than 200 million
people worldwide [1] and a major public health issue considering that fragility fractures,
one of the most serious complications, result in significant increases in morbidity and
mortality, as well as socioeconomic burden [2].

Safe and effective medications are available to reduce the risk of fractures, but numer-
ous patients do not start or do not appropriately follow treatment for osteoporosis, leading
to a significant clinical and financial burden [3,4].

The utilization of health services in a general way is determined by the interaction
between predisposing factors (e.g., race, age, and health beliefs), enabling factors (e.g., social
support and access to health services), and the perceived and actual need for healthcare
services [5].

The process by which patients take their medications as prescribed is defined by the
term adherence and includes initiation, implementation, and discontinuation. Terms such
us compliance and persistence are used in the literature as well [6].

Initiation, implementation, and persistence with osteoporosis medications, especially
oral bisphosphonates, but also other medications such us teriparatide, raloxifene, deno-
sumab, and zoledronic acid, are proven to be suboptimal by several studies [7]. For instance,
after medical prescription, about 20–30% of patients do not initiate taking oral bisphos-
phonates, [7] and the persistence rates at 1 year are commonly estimated between 16 and
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60% [8]. Numerous and multidimensional reasons and factors influence nonadherence,
varying for each patient [9].

This trend of poor persistence and adherence to osteoporosis medications lowers
the gains in bone mineral density (BMD), which is the protecting factor against fragility
fractures [10].

Furthermore, investing the interventions to increase drug adherence could improve
health outcomes and the efficiency of the health system [11]. Economic studies have also
suggested that improving adherence results in cost-effectiveness benefits [12]. Improving
medication adherence could lead to greater benefits than designing a new, more effective
drug [6].

Therefore, improving adherence to osteoporosis medications remains a pivotal, but
challenging task. Several interventions and programs have therefore been developed to
improve osteoporosis medications adherence [3].

The primary outcome of the study was the determination of the factors adverse to the
onset and maintenance of anti-osteoporosis therapies. Secondly, we focused on studies
whose efforts led to finding different strategies to improve adherence and persistence.

2. Materials and Methods

We performed an extensive literature search in PubMed, Scopus, and Web of Science
to identify relevant studies published from January 2012 to January 2022, analyzing the
factors influencing osteoporosis medication adherence and interventions to improve it.
The following search was used: (Osteoporosis AND (compliance OR adherence)) AND
(prevention OR medications for treatment of therapy or follow up or exam or diagnosis).
We limited our search to English language publications. A total of 308 studies were found.
Upon reviewing the titles, excluding those articles which did not examine the barriers to
starting or continuing anti-osteoporosis intervention and did not study the methods to
ameliorate it, we identified a total of 26 articles.

3. Results

We identified 8 studies exploring the barriers and factors influencing patients’ ad-
herence, 10 studies testing and analyzing methods (healthcare systems, interventions,
programs) to improve medication adherence, and 8 more studies which had as a main focus
changes in administration methods as a strategy to increase persistence. The characteristics
of the studies, samples, outcome measures and/or results are set out in Tables 1–3.

Table 1. Characteristics of studies analyzing factors and barriers influencing adherence
and persistence.

Author Study Design Sample Size Outcome Measures Results/Conclusions

Fahrleitner-Pammer et al., 2017 [13] Multicenter, prospective,
noninterventional study 1500

24 months Denosumab
persistance. Medical
CRatio and
Morisky Medication
Adherence Scale
(MMAS-8) questionnaire

Falling episodes before
enrolling, multiple
comobridities,
age > 75 years,
smoking habit

Garcia-Sempere et al., 2017 [14] Population-based retrospective cohort 4856

Primary and secondary
non-adherence (proportion
of days covered (PDC) and
persistence) to osteoporosis
medications 1 year and
4 years after the
first prescription

Age, dementia,
polypharmacy, previous
diagnosis of osteoporosis,
rheumatoid arthritis

Alamri et al., 2015 [15] Qualitative study 40

Interviews about barriers
to implementing
osteoporosis and fracture
prevention guidelines

Lack of information and
educational resources,
difficulty obtaining
required patient
information for fracture
risk assessment,
inconsistent prescribing of
vitamin D and calcium at
the time of admission
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Table 1. Cont.

Author Study Design Sample Size Outcome Measures Results/Conclusions

Gonnelli et al., 2016 [16] Retrospective and prospective study 3206 + 816 4-item Morisky Medication
Adherence Scale (MMAS)

History of osteoporotic
fractures, frequency of
drug administration,
condition of being
overweight/obese, age,
smoking habit

Hall et al., 2017 [17] Randomized controlled trial 790
Patient information and
knowledge of osteoporosis
through interview, FRAX

Osteoporosis knowledge,
fear of medicine

McAlister et al., 2018 [18] Randomized controlled trial 129

2 months’ adherence
(>80% of dose assumed),
rate of non-adherence,
24 months’ adherence to
biphosphonates through
self-report and pills report,
SF-12, DASH, OptQol

Family members with
osteoporosis,
physician–patient relation

Parsons et al., 2019 [19] Exploratory study 12,483 Self-reported adherence
questionnaire

Incident fracture, prior
medication, age, screening
for fracture risk
using FRAX

Salter et al., 2014 [20] Longitudinal qualitative study 30

Interviews about
understanding of
osteoporosis, responses to
screening results, current
usage of preventive
medicine, motivators and
detractors from taking
medication, follow-up with
healthcare professionals

Severe side effects,
confusion, lack of
knowledge about the risks
of osteoporosis

Table 2. Characteristics of studies analyzing methods and healthcare systems to enhance adherence
and persistence.

Author Study Design Treatment Sample Size Outcome Measures Results/Conclusions

Tüzün et al., 2013 [21] Multicenter randomized
controlled study

Use of bisphosphonate
guide and osteoporosis
training booklets.
Intervention group
received four phone
calls and participated in
four interactive
social/training
meetings held in groups
of 10 patients.

448 aged 45–75 years
with postmenopausal
osteoporosis

1. Self-reported
persistence and
compliance with
the treatment.
2. Quality of life of the
patients assessed by the
41-item Quality of Life
European Foundation
for Osteoporosis
(QUALEFFO-41)
questionnaire.

No significant
differences between AT
and PT groups in both
visit 1 and visit 5.

Akarırmak et al.,
2016 [22]

Prospective
non-interventional
observational cohort
registry study

Use of “Training Kit”,
including four training
booklets (“General
Information on
Osteoporosis”,
“Osteoporosis and
Exercise”,
“Osteoporosis and
Nutrition”,
“Osteoporosis and
Patient Rights”) During
12-month follow-up,
four telephone calls and
four individual
face-to-face interactive/
educational meetings.

979 mean age 63.2(7.2)
with postmenopausal
osteoporosis

1. Persistence and
compliance.
2. Effect of
bisphosphonate
treatment on
withdrawals from the
study due to
adverse event.

No significant
difference in terms of
compliance and
persistence (79.4% of
the patients).

Solomon et al., 2012 [23] Randomized pilot study
Telephonic motivational
interviewing
intervention.

2087 with osteoporosis 1. Medication regimen
adherence.

In an intention-to-treat
analysis, median
adherence was 49% in
the intervention arm
and 41% in the
control arm.
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Table 2. Cont.

Author Study Design Treatment Sample Size Outcome Measures Results/Conclusions

Bianchi et al., 2015 [24] Randomized
prospective study

Booklets providing
information on
osteoporosis and the
importance of
adherence to treatment.
Colored memo stickers
for a calendar or diary.
Alarm clock.
Phone calls.

334 post-menopausal
women

1. Adherence to therapy.
2. Persistence with
therapy.

247 of 334 patients (74%)
started the prescribed
therapy.

Kessous et al., 2014 [25] Prospective randomized
l trial

Use of explanatory
pamphlet, article
concerning OP, and a
letter addressed to
primary care
physician that
recommended further
diagnostic workup.

99 with distal
fractures radius

Referral to their primary
care physician and
undergoing an
OP workup.

Intervention increased
the number of patients
who turned to their
primary care physician
from 22.9% to 68.6%
and boosted the
proportion of patients
undergoing a diagnostic
examination from 14.3%
to 40% (p < 0.001).

Stuurman-Bieze et al.,
2014 [26]

Prospective
intervention study

Medication. Monitoring
and Optimization
(MeMO) intervention,
compared to usual
pharmacy care.

937 with osteoporosis

1. Therapy
discontinuation and
nonadherence.
2. Patients’ satisfaction.

32.8% of patients in the
usual care group
initiating osteoporosis
medication were
nonadherent or
discontinued, compared
to 19.0% of patients in
the intervention group
(p < 0.001).

Ganda et al., 2014 [27] Randomized controlled
trial

Secondary-fracture
prevention handled by
specialists, compared
with usual care.

102 men and women
with osteoporotic
fractures

1. Patient compliance
and persistence.

At 24 months’
medication persistence
the medication
possession ratio was
similar in both groups
(64% versus 61%,
respectively; p = 0.75)

Merle et al., 2017 [28]
Multicenter,
randomized controlled
trial

PREVOST
population-based
patient-centered
post-fracture care
program, compared to
usual care.

436 women
aged 50–85 years
(fracture of the wrist
or humerus)

1. Proportion of women
who reported the
initiation of
an appropriate
post-fracture
care program.
2. Proportion of bone
mineral density
scans performed.

At 6 months, 53% of
patients in the
intervention group
began a post-fracture
care program versus
33% in the
control group.

Table 3. Characteristics of Studies analyzing different drug regimens.

Author Study Design Sample Size Outcome Measures Results/Conclusions

Oral et al., 2015 [29]
Multicentric, prospective,
crossover, randomized,
parallel

448 postmenopausal women Persistence and compliance

Patients on a flexible daily
dose of risedronate are more
compliant and persistent than
patients on fixed regimens.

Finigan et al., 2013 [30] Single-center, prospective,
randomized 75 women Adherence

Monitoring caps assesses
adherence more accurately
than tablet counts.

Freementle et al. 2012 [31] Single-center, randomized,
open-label, crossover 250 women Adherence, compliance,

persistence, and satisfaction

Patients were more adherent,
compliant, persistent, and
satisfied with subcutaneous
denosumab injections every
6 months than with
once-weekly
alendronate tablets.

Kendler et al., 2014 [32] Multicenter, randomized,
open-label, crossover 250 women BMQ (Beliefs about

Medicines Questionnaire)

Participants preferred
denosumab to alendronate
while on treatment and had
more positive perceptions of
denosumab than alendronate.
These perceptions were
associated with
better adherence.
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Table 3. Cont.

Author Study Design Sample Size Outcome Measures Results/Conclusions

Muratore et al., 2013 [33] Randomized, open-label,
parallel-group, single centre 87 women Adherence

Neridronate is associated
with higher adherence and a
better effect on BMD
compared to alendronate
and risedronate.

Palacios et al., 2015 [34] Single-center, retrospective,
randomized, open-label 1703

TSQM (Treatment Satisfaction
Questionnaire for
Medication)

Patients were more satisfied
when transitioned to
denosumab versus switching
to a monthly
oral bisphosphonate.

Roh et al., 2018 [35] Single-center, randomized 439 Adherence

Patients with limited health
literacy showed better
adherence to quarterly
intravenous bisphosphonates
compared to weekly oral
bisphosphonates, similar to
rates among patients with
appropriate literacy.

Tamechika et al., 2018 [36] Multicentric, randomized,
prospective, open- label 130 Satisfaction, BMD

Patients were more satisfied
with monthly minodronate
compared to weekly
alendronate or risedronate, it
also showed an improvement
in BMD.

3.1. Factors and Barriers Influencing Adherence and Persistence

The most frequent factors influencing anti-osteoporosis medication adherence or
persistence identified are aging, polypharmacy, and smoking habits. Alamri et al.’s
study, [15] in 2015, found that the Clinical Practice Guidelines for the Diagnosis and Man-
agement of Osteoporosis in Canada, [37] are underutilized in long-term care (LTC).

The most commonly reported barriers to providing optimal bone health care in LTC
were a lack of information and educational resources, difficulty obtaining the required
patient information for a fracture risk assessment and the inconsistent prescribing of vitamin
D and calcium at the time of admission, as well as the difficulty in including osteoporosis
and fracture prevention strategies as topics for quarterly reviews.

In 2017 Fahrleitner-Pammer conducted a study assessing persistence, adherence,
and medication coverage ratio (MCR) in postmenopausal women receiving denosumab
in routine practice in Germany, Austria, Greece, and Belgium [13]. Lower persistence
was associated with elderly age, a history of previous interruptions in therapy, patients’
intolerance to other osteoporosis medications, smoking habit, and a history of falls in the
year before enrollment. Individuals with multiple comorbidities are likely to have a high
medication burden [38] which may be confusing and could result in osteoporosis treatment
being considered a low priority. In addition, when attempting to reduce the medication
burden, physicians and patients may deprioritize osteoporosis therapy.

In García-Sempere’s study, aging was associated with both non-adherence and non-
persistence, similar to what has been seen previously [14]. Poor adherence-only was
associated with sedative treatment and previous stroke, while being male and having
dementia led mostly to impaired persistence. A high medication burden, due to multiple
comorbidities, led to lower non-adherence in this study as well.

Aging, comorbidities, and smoking attitude were identified as worsening factors for
adherence to osteoporosis therapy, probably because these conditions could express the
reduced attention of the patients to their state of health as was explained in the randomized
prospective study conducted by Gonnelli et al. in 2016 [16]. Moreover, being overweight
was associated with worse compliance too. The authors explained this finding with a likely
reduced attention of the patients towards their health condition. They tried to ameliorate
compliance through patient information about fracture risk using the DeFRA algorithm [39],
but this strategy only marginally improved adherence. Osteoporosis prior to fracture is
asymptomatic, and patients are more likely to prioritize other diseases that have a more
direct impact on their daily lives.
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On the other hand, in the study conducted by Parsons et al., [19] the use of systematic
screening for fracture risk using FRAX® in primary care led to the increased use of, and
adherence to, anti-osteoporosis medications, compared to usual care.

Hall et al. examined the effects of a patient-activation intervention on osteoporosis
pharmacotherapy through osteoporosis knowledge, conducting interviews about the rea-
sons for non-adherence to therapy [17]. The most common reasons for non-adherence were
the fear of side effects or contraindications, a dislike of taking medications, and believing
that the prescribed medication would not improve their condition.

McAlister et al. analyzed the effect of an educational program, comparing it with usual
care from a primary care physician through an RCT, identifying the factors influencing
compliance to biphosphonates [18]. The most commonly reported reasons for stopping
bisphosphonate therapy were the side effects, mostly gastrointestinal ones. Moreover,
this study highlights the importance of established physician–patient relationships and
continuity of care in the decision to take long-term preventive therapies. In fact, patients
who were managed by their physician, had a better 2-year adherence than patients dealt
with by the educational program.

A similar scenario is encountered in the Salter et al. trial [20], in which it is suggested
that preventive health measures often pose a challenge in which the general practitioner
has to make individual decisions dependent on the beliefs, understanding, needs, and
expectations of the patient in front of them, debating every new health issue in the context of
the person’s whole life, maximizing health gain, and minimizing adverse consequences [40].

3.2. Methods and Healthcare Systems to Enhance Adherence and Persistence

Different strategies to guide patients in their osteoporosis care have been identified,
such as monitoring and follow-up via telephone calls, email and education meetings,
proactive care interventions, such as medication monitoring, post-fracture care programs,
and decision aids.

3.2.1. Telephone Calls, Emails, Educational Meetings

In an RCT, Tuzun et al. randomized patients with postmenopausal osteoporosis
undergoing treatment with weekly oral bisphosphonates into two groups, an active training
group (AT) and a passive training group (PT). Both groups received a Starter Training Kit
including a bisphosphonate guide and osteoporosis training booklets. The AT group was,
in addition, trained through a standard training package including telephone calls and
interactive educational meetings. The authors evaluated persistency, treatment compliance,
adverse events, vertebral and non-vertebral fractures, and quality of life. There were no
significant differences between the AT and PT groups, most of the patients always used
their drugs regularly according to the recommended days and dosages; the most common
reason for not receiving treatment regularly was forgetfulness and most of the patients
were highly satisfied with the treatment and wanted to continue [21].

In another Turkish study patients with post-menopausal osteoporosis undergoing
treatment with weekly or monthly bisphosphonates were included and randomized into
two groups. The training group was provided with a training kit including booklets
containing information about osteoporosis and followed up with telephone calls and
individual face-to-face interactive/educational meetings focused on disease awareness.
The patients in the control group were followed up by physicians without supplying
training booklets. The authors did not find significant differences between the training
and control groups in terms of compliance and persistence. The patients on the monthly
bisphosphonate regimen showed significantly longer persistence in comparison to patients
on the weekly regimen [22].

In an RCT, Solomon et al. enrolled patients who had been newly prescribed a medica-
tion for osteoporosis and divided them into two groups. Both received information material
on osteoporosis by e-mail, while the patients in the intervention group also received moti-
vational interviewing counseling sessions via telephone with health educators discussing
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osteoporosis medication. They could not find a statistically significant improvement in
adherence to an osteoporosis medication regimen using this method [23].

Post-menopausal women, receiving an oral prescription for osteoporosis for the first
time were recruited and randomized into three groups in an RCT conducted by Bianchi et al.
Group 1 were managed according to standard clinical practice, group 2 received educational
booklets providing information on osteoporosis and reminders as well an alarm clock to
prompt medication administration, group 3 also received phone calls from physicians
and nurses who discussed the topic of osteoporosis with patients. The outcomes were
adherence and persistence to therapy. There were no significant differences among the
three groups. The authors point out that monthly intake of the drug had a higher adherence
than weekly and daily intake [24].

Kessous et al. in an RCT investigated whether a clinical intervention after a distal
radial fracture would encourage patients to visit their primary care physician and start
an OP therapy. Seventy patients were divided into two groups. Both groups were con-
tacted by telephone 6–8 weeks after the fracture and asked to respond to a questionnaire
about their awareness of osteoporosis and fragility fractures. Only the intervention group
received an explanatory pamphlet and an article about osteoporosis with a letter to their
primary care physician that recommended further diagnostic workup. The outcome was
evaluated by a second call for both groups after 6–8 weeks and was considered positive if
the patients’ referral to their primary care physician had resulted in them undergoing an os-
teoporosis workup. The intervention increased the number of patients who turned to their
primary care physician and boosted the proportion of patients undergoing a diagnostic
examination [25].

3.2.2. Medication Monitoring

In a study by Stuurman-Bieze the pharmacy provided structured counseling on aspects
regarding administration, efficacy, and possible side-effects. The pharmacists checked
whether the patients returned for their next prescriptions. If the patients did not redeem
their medication they were contacted if warranted. The results were compared to a reference
group receiving the usual pharmacy care. This intervention can decrease patients’ non-
adherence; 93% of patients were satisfied and mentioned that the pharmacy was the only
place where they received explanations regarding osteoporosis [26].

3.2.3. Post-Fracture Care

Ganda et al. evaluated whether a secondary fracture prevention (SFP) program could
improve compliance and persistence with oral bisphosphonate therapy. An intervention
group was followed by a specialist in the SFP service for the entire duration of the study,
while a control group was seen by the SFP service twice and then followed up by their pri-
mary care physician. At 24 months the medication persistence and medication possession
ratio (MPR) were similar in both groups. Time-based changes in BMD or bone turnover
were not associated with persistence and compliance. These results indicate that one of the
main functions of an SFP program may be the initiation of therapy rather than continuous
patient monitoring [27].

Merle et al. evaluated the impact of a population-based patient-centered post-fracture
care program, PREVOST, in an RCT. The intervention group received a phone call where a
trained case manager focused on the association between fragility fractures and the high
risk of osteoporosis and encouraged the patient to visit their primary care physician to
discuss their personal risk of fragility, fracture, and osteoporosis, to schedule a BMD test,
and to start a pharmacological treatment for osteoporosis if necessary. An information
summary booklet was then mailed to each subject. Reminder phone calls were performed
following the telephone discussion. The patients from the control group received the usual
care. The primary outcome was the percentage of patients who reported the beginning of
appropriate post-fracture care. The secondary outcomes were the percentage of patients
who reported that a BMD had been performed, a treatment prescription and/or a calcium–
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vitamin D supplementation had been given, and information on osteoporosis had been
delivered by the primary care physician. The authors described a significantly improved
post-fracture BMD investigation [28].

3.2.4. Decision Aid

LeBlanc et al. enrolled women with a diagnosis of osteopenia or osteoporosis who
were not taking medications to treat their condition and compared the patients’ estimated
risk of fracture using the FRAX calculator with Osteoporosis Choice, an encounter decision
aid. The latter included the individualized 10-year risk of having a bone fracture, using the
FRAX calculator, with and without the use of bisphosphonate, and the possible harms and
other disadvantage of using bisphosphonates. The primary outcomes were the patients’
decisional conflict, knowledge, decision whether to start medication, adherence to medica-
tion, involvement in decision making by the clinician, fidelity to the intended intervention,
acceptability, satisfaction, and quality of life. The secondary outcome was decision qual-
ity. The Osteoporosis Choice decision aid was found to be better than usual care with or
without the FRAX calculation. More patients started taking a bisphosphonate and filled
their prescriptions in the decision aid group arm compared to the FRAX/usual care group.
The FRAX calculator alone as a clinical decision support tool during the encounter was no
different from usual care across all the measured parameters [41].

In a pilot randomized trial the authors tested the feasibility of a fracture prevention
decision aid in an online patient portal. The patients in the intervention group received the
decision aid which contained a 10-year fracture risk calculator, a summary of the medication
risks and benefits (prescription and nonprescription), and an elicitation of values, while
those in the control group were directed to the National Institute on Aging homepage
which provided web-based information relevant to aging but not specific to osteoporosis.
The first outcomes were decisional conflict and preparation for decision making; the second
outcomes were feasibility and planning for a larger trial. The patients in the intervention
group reported being more prepared for making decisions about their treatment and having
decreased decisional conflict compared to the patients in the control group [42].

3.3. Drug Regimen

Changes in drug regimen and dispensation are strategies attempted to lead not only
to better adherence and persistence, but also improved satisfaction of patients undergoing
treatment with anti-osteoporosis medication. Various studies explore this issue.

Oral et al. conducted a multicentric study including women with post-menopausal os-
teoporosis (OP) [29]. They evaluated the level of compliance and persistence over 26 weeks
in women receiving risedronate daily, following two different regimens: flexible doses or
fixed doses either before breakfast, in-between meals or before bedtime. In both groups the
effect on the urinary N-terminal telopeptide of type 1 collagen was evaluated. The study
resulted in a higher rate of persistence among patients under the flexible regimen; however,
no statistical significance was noted in terms of compliance between the two groups.

Finigan et al. analyzed adherence to raloxifene for 2 years among post-menopausal
women [30]. They compared the methods of tablet counts and of electronic monitoring
with electronic bottle caps and eventually they examined the degree of bone response
to raloxifene. Simple counts of returned tablets may mask irregular patterns of tablet-
taking, therefore electronic monitoring is the most accurate way to monitor actual be-
havior and the resulting adherence levels are consistently lower than those obtained by
counting returned tablets.

Freemantle et al. conducted a study that compared adherence, compliance, and persis-
tence in a group of post-menopausal osteoporotic women who were firstly administered
once-weekly alendronate tablets for 12 months and then for another 12 months were admin-
istered subcutaneous denosumab injections every 6 months; the other group followed the
opposite pattern of osteoporosis therapy medication [31]. Denosumab was associated with
less non-adherence than alendronate. Postmenopausal osteoporotic women were shown
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to be more adherent, compliant, and persistent with subcutaneous denosumab injections
every 6 months than with once-weekly alendronate tablets. These results are aligned to the
degree of satisfaction: women preferred injectable denosumab over oral alendronate. The
BMD variation was analyzed, and further improvements were described when subjects
received alendronate first followed by denosumab, with BMD after the opposite pattern
remaining stable.

In addition, Kendler et al. conducted a study of a group of post-menopausal os-
teoporotic women who during the first year were administered 70 mg of alendronate
daily, and during the second year were given a subcutaneous denosumab injection ev-
ery 6 months [32]. At baseline, 6, 12, 18, and 24 months, patients answered a question-
naire about the necessity of treatment and their concerns regarding osteoporosis therapy.
The BMQ (Beliefs about Medicines Questionnaire) results showed that the subjects in-
cluded in the study reported a greater preference for denosumab to alendronate in both
treatment periods.

Muratore et al. conducted a 3-year randomized study with post-menopausal women
affected by rheumatic arthritis and glucocorticoid induced osteopenia (T score ≥ 2.5) [33]. A to-
tal of 87 patients receiving methylprednisolone therapy were randomized into three treatment
pattern groups for 1 year: 30 on neridronate, 27 on alendronate, and 30 on risedronate.
They compared the adherence to intramuscular neridronate versus oral alendronate or
risedronate therapy. The results from the study showed a higher adherence to intramuscu-
lar neridronate administered monthly than oral alendronate or risedronate administered
weekly. Neridronate was shown to have similar efficacy to alendronate or risendronate in
terms of BMD.

Palacios et al. considered the TSQM (Treatment Satisfaction Questionnaire for Med-
ication) for the first time for the evaluation of osteoporosis treatment satisfaction [34].
They enrolled in the study post-menopausal osteoporotic women that had already been
undergoing osteoporotic therapy for at least 1 month prior to screening with daily or
weekly oral alendronate for transition to risedronate, and any oral bisphosphonate for
transition to ibandronate. The patients were randomized to be administered subcutaneous
denosumab every 6 months, or oral ibandronate or risedronate monthly for 12 months. The
study showed that women with post-menopausal osteoporosis were more satisfied after
transitioning to subcutaneous denosumab every 6 months compared with transitioning to
risedronate or ibandronate every month.

Roh et al. conducted a study of women with distal radius fractures and limited health
literacy [35]. These patients were randomized into two groups: one underwent intravenous
ibandronate injections every 3 months for 1 year and the other group were administered
weekly alendronate orally for 1 year. They reported a higher adherence in the subjects
receiving intravenous ibandronate injections treatment than those receiving alendronate per
os every 3 months, justified both by the pattern of administration and by the gastrointestinal
adverse events.

Tamechika et al. conducted a study with patients affected by glucocorticoids induced
osteoporosis, treated with weekly alendronate or risedronate [36]. These patients were
randomized into two groups: one group continued their original bisphosphonate treatment
weekly, the other group switched to monthly minodronate. Satisfaction therapy and BMD
at the lumbar spine level were evaluated. Even though drug compliance in both groups was
excellent and not statistically significant, switching to monthly minodronate considerably
improved patient satisfaction as well as decreasing TRACP-5b (a bone resorption marker)
and increasing BMD; however, serum BAP level (a bone formation marker) showed no
significant difference between the two groups.

4. Discussion

In the literature it is well established that osteoporosis treatment considerably de-
creases the risk of non-vertebral and vertebral fractures. The management of osteoporosis
is arduous since patients with osteoporosis can be totally asymptomatic until they have a
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fracture, contrarily to other chronic pathologies such as diabetes or heart failure. Due to
poor adherence to osteoporosis treatment, patients develop poor clinical conditions. There-
fore, the need to improve this situation is one of the most important issues in the treatment
of osteoporosis. Improving adherence to osteoporosis medications is a challenging task.
The reasons for nonadherence to osteoporosis treatment are several and multifaceted and
differ for each patient [9].

It is clear that the current usual practice regarding the assessment of osteoporosis
after a fragility fracture is insufficient. There are no appropriate guidelines regarding
the correct follow-up and treatment of patients with fragility fractures; furthermore, a
fragility fracture patient is seen by numerous doctors who may lack the required lines of
communication with one another. Usually patients with a femoral neck fracture tend to
experience a long hospital placement and for this reason they are more likely to receive an
explanation concerning the association between their fracture and osteoporosis.

Various interventions and programs have been designed to improve osteoporosis
medications adherence. Most of the studies evaluating adherence to and persistence in
osteoporosis treatment are based on patient education, using different methods. The
use of telephone calls, emails, and alarm clocks as a reminder to take medication as
prescribed compared with the usual care pathways seems not to improve adherence and
persistence [21–25].

Explanatory pamphlets, articles, and training booklets regarding the correlation be-
tween fragility fractures and osteoporosis can increase awareness and consequently the
percentage of patients who start a diagnostic examination pattern for osteoporosis, as well
as increasing the number of patients who turned to their primary care physician. In the
studies evaluated there was a significant difference in patient participation and involve-
ment. If the patient was advised about and involved in the therapeutic prescription decision
regarding their drug regimen, there was an improvement in continuation; conversely there
was no improvement in adherence when the patient was not involved [26]. Well-informed
patients seem to take their medication regularly [21]. Patient involvement is an important
factor to increase medication persistence while using a flexible dosing regimen. Coherent
with the concept that reducing the complexity and frequency of dosing regimens improves
adherence to and persistence with bisphosphonates in patients with osteoporosis, several
authors point out that a monthly intake of osteoporosis medications has a higher adherence
and persistence in comparison to patients on weekly and daily regimens [22,24]. Switching
from a weekly to a monthly bisphosphonate regimen seems to offer a helpful strategy for
improving long-term fracture prevention [22]. It seems that changing the drug regimen
is only helpful for patients already using osteoporosis drugs and not for new medication
treatments [43].

Other interventions to increase adherence and persistence include Medication Mon-
itoring and Optimization, where pharmacies provided structured counseling on aspects
regarding the administration, efficacy, and possible side-effects of medications, in order
to reduce the fear of therapy and encourage take-up, showing that this decision aid or
better-than-usual care decreases decisional conflict and increases patient knowledge and
involvement in deciding to start therapy [41,42]. Decision aid communicates not only the
risk of fracture but also quantifies the potential risk reduction with bisphosphonate therapy.
Decision aid also brings various essential patient topics (i.e., side effects, cost) to the fore-
front and serves as an invitation for the patient and clinician to address these [41]. Patient
portal-based decision aid was also effective at decreasing decisional conflict, preparing pa-
tients to make a decision on how to prevent fractures, and increasing patients’ self-reported
decision making [42].

Secondary fracture prevention programs should identify patients and initiate treatment
rather than facilitate continuous patient management. These programs not only overcome
the aversion to initiating the appropriate management of patients with incident osteoporotic
fractures, but also result in high compliance and persistence with treatment over time [27].
Some authors have suggested that the initiation of bisphosphonate therapy soon after an
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incident fracture may improve compliance and persistence because the acute fracture event
provides a window of opportunity to instigate positive behavioral change [44].

Moreover, understanding patients’ perceptions and preferences for treatment may
be an effective method for improving adherence to the appropriate osteoporosis therapy
selected [32]. Medications with longer intervals between doses and a reduced risk of
gastrointestinal issues, such as neridronate, minodronate, or denosumab compared with a
weekly intake of bisphosphonate, are proven to increase patients’ satisfaction and therefore
compliance [33,34].

5. Conclusions

This review tried to explore the limitations, barriers, and factors influencing anti-
osteoporosis medication adherence, finding that generally patient education, monitoring,
changes in drug regimens combined with patient support, and patient education through
interdisciplinary collaboration has been shown to have positive effects on adherence to
and persistence with treatment. Greater treatment satisfaction may lead to better treatment
adherence and, ultimately, improvements in treatment effectiveness.
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Abstract: Background: Syndesmotic injuries are common lesions associated with ankle fractures.
Static and dynamic fixation are frequently used in syndesmotic injury-associated ankle fractures.
The purpose of this study is to compare short- and mid-term quality of life, clinical outcomes, and
gait after static stabilization with a trans-syndesmotic screw or dynamic stabilization with a suture
button device. Methods: Here, 230 patients were enrolled in a retrospective observational study.
They were divided in two groups according to the fixation procedure (Arthrex TightRope®, Munich,
Germany) synthesis vs. osteosynthesis with a 3.5 mm trans-syndesmotic tricortical screw). They then
underwent clinical assessment using the American Foot and Ankle Score (AOFAS) at 1, 2, 6, 12, and
24 months after surgery. Quality of life was assessed according to the EuroQol-5 Dimension (EQ-5D)
at 2 and 24 months after surgery in the follow-up; gait analysis was performed 2 and 24 months
postoperatively. Results: Significant differences were found at a two-month follow-up according
to the AOFAS (p = 0.0001) and EQ-5D (p = 0.0208) scores. No differences were noted in the other
follow-ups (p > 0.05) or gait analysis. Conclusion: The dynamic and static fixation of syndesmotic
injuries in ankle fracture are both efficacious and valid procedures for avoiding ankle instability. The
suture button device was comparable to the screw fixation according to functional outcomes and
gait analysis.

Keywords: ankle fractures; syndesmotic injury; dynamic fixation; trans-syndesmotic screw

1. Introduction

Ankle fractures are one of the most common injuries and often require surgical treat-
ment to restore the anatomic congruity of the ankle mortise to provide stable load trans-
mission and to ease rehabilitation [1–4]. In ankle fractures, syndesmotic injury occurs in
approximately 50% of type Weber B and in all type Weber C fractures [5]. Thus, there
are two common situations in which the syndesmosis is compromised according to the
Lauge–Hansen classification: pronation external rotation (PER) fractures and supination
external rotation fractures (SER) [5].

Syndesmosis injury could result in syndesmosis instability due to an SER fracture
mechanism according to Stark and colleagues. Their study found that 39% of SER fractures
with deltoid ligament rupture showed diastasis on stress testing [6]. Syndesmotic injuries
can also be seen in 13% to 20% of ankle fracture patterns [7], Maisonneuve fracture [8,9],
and posterior malleolar fractures [10]. Isolated syndesmosis injuries are common in the
competitive athletic population [11,12]. The metallic trans-syndesmotic screw has been
the gold standard for stabilizing unstable syndesmosis [13–15]. More recently, dynamic
fixation such as the suture button device, especially the suture button device, has been
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reported with some potential advantages, including allowing physiological movement
while retaining the required reduction. Flexible fixation also offers less risk of implant
removal and recurrent syndesmotic diastasis as well as earlier rehabilitation [16–18].

Biomechanical investigations have demonstrated that the strength of the suture button
device is comparable to that of a tricortical 3.5 mm syndesmotic screw [19,20]. However,
the international literature has only a few high-quality studies that assess the quality
of life and gait after syndesmosis fixation. Doll et al. [21] proposed a study protocol to
assess the differences in gait analysis and clinical outcome after suture button device or
screw fixation in acute syndesmosis rupture, but the trials have not yet been published. A
pedobarographic analysis supports the nonsuperiority of a device when compared to the
other tools [22,23]. The purpose of our study is to compare the short- and mid-term quality
of life, clinical outcomes, and gait after static stabilization with a trans-syndesmotic screw
or dynamic stabilization with a suture button fixation device (Arthrex TightRope®). It has
been hypothesized that dynamic stabilization could thus reduce recovery time due to the
removal surgery in trans-syndesmotic screws but not the patient’s quality of life.

2. Materials and Methods

2.1. Demographic Data

Of the 312 patients in our study, 26.4% were lost to follow up. There are no differences
between these patients and the remaining cohort. Thus, 230 patients with syndesmosis
injury associated with bimalleolar and Maisonneuve fractures were treated and analyzed
from December 2015 to December 2019 (Figure 1). The exclusion criteria were pediatric an-
kle fractures, isolated syndesmosis injuries, tibial plafond fractures, Weber type A fractures,
trimalleolar fractures, open fractures, and pathological ankle fractures. Our cohort was
aged 40.8 ± 13.2 years (range 18–63); 140 patients (60.9%) were male and 90 patients (39.1%)
were female. In 129 patients (56.5% of cases), the right side was affected, and 101 patients
(43.5%) had a left-side injury. The BMI average was 23.8 ± 4.7 (Table 1).

Figure 1. Study flowchart.

Table 1. Patient characteristics and baseline.

Characteristics
Group 1—Trans-Syndesmotic

Screw (n = 110)
Group 2—TightRope

(n = 120)
p-Value

Age (years) 41.2 ± 14.56 35.68 ± 11.57 0.34433
Gender (Male/Female) 64/46 76/44 0.66

Side (Left/Right) 44/66 57/63 0.08537
Weber (B/C) 57/53 62/58 0.74
Average BMI 24.2 ± 4.6 23.9 ± 4.6 0.72
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2.2. Classification Systems

Danis–Weber classification divides fractures into three groups considering the peroneal
fracture with respect to syndesmosis. In type A, the peroneal malleolus fracture is below
the syndesmotic level and is due to SA. In type B, the fracture is at the syndesmosis and is
due to SER or PA. The malleolar fracture is above the syndesmosis in type C and is due to
PER [24]. According to Denis–Weber classification, 119 patients (51.7%) were type B, and
111 patients (48.3%) were type C.

2.3. Surgical Techniques

All of our patients were treated for lateral malleolus fixation with a 1/3 tubular
plate with 3.5 mm screws as well as an interfragmentary screw. The tibial malleolus was
synthesized with two 3.5 mm half-thread cannulated screws. In Weber B with small medial
fragments, the synthesis was performed with two 2.5 mm half-thread cannulated screws.
The syndesmosis was stabilized in all Weber type C (PER) cases. In the Weber type B (SER)
fractures, the syndesmosis was synthesized after performing lateral and medial malleoli
osteosynthesis and stress tests such as the Hook Test and the Cotton Test with positive
results. The result was considered positive when there were 2 mm of diastasis of the
syndesmosis during the stress tests assessed intraoperatively under fluoroscopy.

The syndesmosis was synthesized in GROUP 1 with a 3.5 mm trans-syndesmotic
tricortical screw through the hole of the fibula’s plate; the screw was removed after 45 days
via outpatient surgical treatment. No weight-bearing was allowed until the screw removal.
In GROUP 2, the syndesmosis was stabilized with a dynamic Tight-Rope synthesis without
using a force calibrator. A cast immobilization was packed for 15 days post-operatively
to facilitate the healing of the soft tissues. The two cohorts underwent the same post-
operative protocol. The surgeries were performed by a four-surgeons team experienced in
ankle trauma.

2.4. Outcomes Evaluation

Follow-ups were performed at 1, 2, 6, 12, and 24 months after the surgical treat-
ment. At each follow-up, patients were studied with standard X-ray radiograms with
antero-posterior, lateral, and Mortise views; they also underwent physical and clinical
examinations using the American Foot and Ankle Score (AOFAS). Gait analysis was per-
formed with the Oxford Foot Model (OFM) [25] that used multi-segment kinematics. A
12-camera VICON 612 system (Vicon Motion Systems Ltd., Oxford, UK) was used to collect
the 3D kinematics of one foot as well as both lower limbs of each subject at 100 Hz. A
static standing trial was performed to define the segment axes before three markers were
removed for the walking trials. Subjects were asked to walk at their usual speed along a
10 m walkway. These trials were identified visually by looking at all traces from the session
(average 20 trials). The following motions were determined: the hindfoot relative to the
tibia (Hindfoot/Tibia), the forefoot relative to the hindfoot (Forefoot/Hindfoot), and the
forefoot relative to the tibia (Forefoot/Tibia) [26]. Gait analysis was performed at 2 and
24 months after the surgery for GROUP 1 and GROUP 2.

The evaluation of the clinical and psychological conditions of the patients used the
EuroQol-5 Dimension (EQ-5D) that was created as a generic measurement instrument for
measuring the quality of life and its ease of use in self-administration. The EQ-5D consists
of two separate sections: In the first one, there is a subjective assessment of five dimensions
(mobility, self-care, daily activities, pain/anxiety, and anxiety/depression). Every item
provides the possibility to choose a level of severity. Each item ranges from 1 to 3. Level
1 represents no problem, while level 3 indicates extreme limitations. The aggregation of
answers forms a five-digit number, which represents the state of health of the respondent.
The three levels of response for each of the five items offer a maximum of 243 possible
descriptions of the health status and allow one to highlight the presence/absence of possible
problems and their intensity. Finally, an algorithm can calculate a synthetic score (EQ-5D
Index) of the perceived health status. The implementation of this algorithm provides that
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each dimension of the health status is associated with a specific weight, as calculated for
the general population using techniques from cost-utility analyses [27]. The EuroQol-5
Dimension (EQ-5D) was performed at 2 and 24 months for every patient of GROUP 1 and
GROUP 2. Clinical assessment data were electronically collected by the same authors (A.V.
and S.D.A.).

2.5. Statistical Analysis

Continuous data are presented as the mean and standard deviation, as appropriate.
The analysis of variance test and Tukey–Kramer method were used to compare the AOFAS,
EQ-5D, and gait analysis parameters. The selected threshold for significance was p < 0.05.
The estimated sample size for this study was obtained using the Bernoulli model with a
z-score = 95%. All statistical analyses were performed using the 2016 GraphPad Software
(GraphPad Inc., San Diego, CA, USA).

3. Results

The syndesmosis injuries were treated according to two different devices: one group
was treated with a tricortical trans-syndesmotic screw (GROUP 1); the other group was
treated with suture button fixation, TightRope (GROUP 2). The demographic characteristics
of the sample are reported in Table 1. According to the demographics, no statistical
differences were found between the cohorts (p > 0.05).

At a one-month follow-up, the Group 1 mean AOFAS score was 50.7 ± 6.4, while
the corresponding Group 2 mean score was 51.7 ± 6.3 (p > 0.05). At two months, the
average AOFAS score of Group 1 was 59.5 ± 11.01, while that of Group 2 was 66.7 ± 11.8
(p = 0.0001). At 24 months, the average AOFAS score of Group 1 was 94 ± 2.4, and that of
Group 2 was 94.7 ± 1.5 (Table 2). The difference in mean EQ-5D scores was found to be
significant at 2 months of follow-up; these scores were similar at 24 months of follow-up
(Table 2).

Table 2. Group results according the AOFAS and EQ-5D scores.

Trans-Syndesmotic
Screw Group 1

Suture Button Device
Group 2

p-Value

AOFAS 4 Weeks 50.7 ± 6.42 51.71 ± 6.30 0.9997
AOFAS 2 Months 59.5 ± 11.01 66.73 ± 11.76 0.0001
AOFAS 6 Months 84.6 ± 8.93 87.92 ± 8.38 0.4936
AOFAS 12 Months 89.1 ± 7.01 93.08 ± 5.06 0.2318
AOFAS 24 Months 94.0 ± 2.39 94.69 ± 1.46 1.00
EQ-5D 2 Months 0.0 ± 0.44 0.18 ± 0.41 0.0208
EQ-5D 24 Months 0.8 ± 0.06 0.87 ± 0.04 0.6701

At a two-month follow-up, significant differences were found for the following pa-
rameters: hindfoot/tibia dorsiflexion (p = 0.03), forefoot/tibia supination (p = 0.03), and
forefoot/tibia adduction (p = 0.03). No other significant differences were found accord-
ing to the gait analysis parameters (p > 0.05) at the two-month and 24-month follow-up
(Tables 3 and 4).

In total, we reported 18 complications: 13 with wound dehiscence with superficial
infection and 5 with wound necrosis. In the case of superficial infection, a second operation
was performed with surgical wound debridement, biopsy samples, and targeted antibiotic
therapy. In the second case, outpatient debridement and the placement of vacuum-assisted
continuous-therapy (VAC-therapy) was performed (Table 5).
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Table 3. Gait analysis results at two months.

Trans-Syndesmotic Screw
Group 1

Suture Button Device
Group 2

p-Value

hindfoot/tibia inversion 3.2 ± 2.8 4.1 ± 1.6 0.0562
hindfoot/tibia dorsiflexion 6.2 ± 2.4 7.4 ± 2.9 0.0296
hindfoot/tibia rotation 10.6 ± 2.2 11.3 ± 2.9 0.1860
forefoot/hindfoot supination 10.4 ± 3.3 11.5 ± 2.4 0.0649
forefoot/hindfoot dorsiflexion 23.3 ± 4.1 24.2 ± 4.6 0.3142
forefoot/hindfoot adduction 7.8 ± 3.1 9.4 ± 4.8 0.0721
forefoot/tibia supination 7.2 ± 3.3 8.5 ± 2.4 0.0297
forefoot/tibia dorsiflexion 11.6 ± 3.1 11.8 ± 3.3 0.7603
forefoot/tibia adduction 8.8 ± 3.1 10.2 ± 3.2 0.0320

Table 4. Gait analysis results at 24 months.

Trans-Syndesmotic Screw
Group 1

Suture Button Device
Group 2

p-Value

hindfoot/tibia inversion 4.9 ± 1.8 4.7 ± 1.6 1.00
hindfoot/tibia dorsiflexion 7.7 ± 3.0 8.2 ± 2.9 0.9998
hindfoot/tibia rotation 11.1 ± 4.2 12.0 ± 2.9 0.9847
forefoot/hindfoot supination 10.7 ± 4.3 12.7 ± 3.4 0.3039
forefoot/hindfoot dorsiflexion 24.3 ± 7.1 26.3 ± 5.6 0.3039
forefoot/hindfoot adduction 10.2 ± 4.7 10.7 ± 3.8 0.9965
forefoot/tibia supination 7.8 ± 2.3 9.1 ± 3.4 0.5786
forefoot/tibia dorsiflexion 13.6 ± 2.1 12.8 ± 2.3 0.9462
forefoot/tibia adduction 10.8 ± 3.6 11.2 ± 4.2 0.9992

Table 5. Postoperative complications.

Trans-Syndesmotic Screw
Group 1

Suture Button Device
Group 2

wound necrosis 3 2
superficial infections 5 8

4. Discussion

Suture button device-treated patients at 2 months of follow-up had a faster recov-
ery and higher foot dorsiflexion and forefoot supination and adduction than the trans-
syndesmotic screw fixation cohort. The faster recovery in dynamic fixation was associated
with a higher quality of life two months after the surgery. The procedures’ functional
outcomes were comparable six months after surgery. Syndesmotic lesions are widespread
clinical conditions and can occur with concomitant ankle fractures or without fractures;
however, the latter is extremely rare [28,29].

The treatment of the syndesmotic complex injury is necessary to avoid chronic insta-
bility [30]. Although the current gold standard for the treatment of syndesmotic lesions is
the fixation of the syndesmotic screw, the use of the suture button technique has aroused
interest and has increased rapidly over the last decade [31]. There is a strong debate in
the literature about the screw placement and whether and when to remove it. Screw aban-
donment causes it to rupture because of the physiological movements of the syndesmosis
between the tibia and fibula, although a low percentage of patients have experienced syn-
desmotic malreductions after it breaks. There are no absolute indications in the literature
on the timing of trans-syndesmotic screw removal. Early removal of the syndesmotic screw
before ligament healing can lead to instability and diastasis of the syndesmosis as well as
an increase in complications related to the second surgery such as infection. This, in turn,
could increase the recovery time and pain while harming the psychological state of the
patients [32–35]. The use of a dynamic fixation such as a suture button device allows for
physiological movements, and it does not require further intervention for its removal. In
our study, a better functional outcome was recorded at two months of follow-up; in fact, the
average AOFAS score of Group 1 was 59.5 ± 11.01, while that of Group 2 was 66.7 ± 11.8
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(p = 0.0001). The weight bearing ban in patients treated with a tricortical screw has been
assumed as the principal reason for the data. Moreover, the second surgery need for the
screw removal could partially delay the physical recovery and provide a negative effect
directly on the gait and indirectly on the quality of life.

Lubberts et al. [35] performed cadaver biomechanical studies and argued that the
stabilization of the syndesmosis with a suture button device seems to stabilize the coronal
plane but not the movement in the sagittal plane. This outcome can be explained consider-
ing that the suture button device is placed in dynamic compressions on the coronal plane,
but the construct is installed through perforated channels that far exceed the diameter of
the sutures of the suture button device [35]. This facilitates a considerable residual sagittal
instability because of the persistence of diameter differences. LaMothe et al. [36] assessed
fibular motion in a cadaveric model after fixation with a tetra-cortical 4.0 mm screw or a
single suture-button construct using fluoroscopy, as validated by a four-camera motion-
capture system. They found that the screw or suture-button fixations could constrain
coronal plane fibular motion in response to an external rotation stress test. In contrast,
Ebramzadeh et al. [37] and Forsythe et al. [38] observed that a single suture button construct
could maintain syndesmotic stability in the coronal plane. Adding to these discrepancies,
Soin et al. found that two suture button constructs provided similar syndesmotic stability
in the coronal and sagittal planes compared to a single tetra-cortical syndesmotic screw,
but neither restored native motion [39]. Teramoto et al. [36] found that one or two suture
button constructs were not able to restore stability in both the coronal and sagittal planes
compared to the intact syndesmosis or fixation with a tetra-cortical syndesmotic screw.

In our series, the ankle stability was intraoperatively clinically assessed, and malre-
ductions or instabilities were recorded. At the same time, no further radiological or tomo-
graphic evaluations were performed; the literature includes studies of screw syndesmosis
fixation using bilateral CT to evaluate the reduction in the syndesmosis. These studies have
reported malreduction rates of 15–44% in 1.5–8.4 years of follow-up [40–42]. Most studies
evaluating suture button device fixation for unstable syndesmosis reported malreduction
rates of 0% but used only simple radiography to assess malreduction [17,43–48]. Only the
study by Treon et al. [49] reported a syndesmotic malreduction rate of 11% when a suture
button device was used. Naqvi et al. [47] compared the trans-syndesmotic screw and suture
button device fixation with CT scans of both ankles to assess the reduction in the syndesmo-
sis and found no malreduction with suture button device fixation in 23 patients after a
follow-up of at least 18 months. Anand et al. published a multicenter case series consisting
of 36 patients. They demonstrated that the ankle suture button device maintained satisfac-
tory reduction in the ankle mortise in 97% of cases, with a mean follow-up of 14 months [50].
Sagi and colleagues [42] used CT and clinical follow-up at a minimum of two years from
fracture fixation. They showed that this strategy produces significant improvements in
terms of reducing syndesmosis. In conflict with this evidence, a recent study reported
questionable advantages in assessing the quality of distal tibial-fibula joint reduction when
a suture-button system is used due to a considerable rate of false-negatives [51].

The dynamic nature of the push-button suture device could theoretically allow for a
certain degree of physiological micro-mobility of the syndesmosis, leading to an earlier
return, full weight bearing, and a better objective range of motion measurements. Screw
fixation does not allow for normal movement of the syndesmosis during healing; if stabi-
lization is not achieved or if the load is early, the screw breaks or the implant is mobilized.
Thornes et al. [47] noted that patients in the suture button group were maintained without
weight bearing for a significantly shorter mean time than patients in the syndesmotic screw
group (4.1 weeks versus 6.3 weeks, p = 0.01), with no patient in the suture button group
requiring implant removal. Degroot et al. [45] reported an average lift time at full load of
5.7 weeks with TightRope, with no signs of implant failure or residual displacement in
a follow-up of 20 months. Cottom et al. and Thornes et al. demonstrated that full and
fast loading could lead to accelerated rehabilitation [52,53]. Interestingly, some included
studies reported that patients in the dynamic fixation group appeared to have less pain
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and discomfort, which may also contribute to faster, full weight bearing [54–56]. It could
be assumed that a faster recovery could improve the quality of life in ankle fracture pa-
tients treated with dynamic fixation. The functional limitation due to physical therapy
interruption and the additional surgery in trans-syndesmotic screw patients could cause
a negative interpretation of their clinical condition and backsliding during physical reha-
bilitation. To the best knowledge of the authors, no previous study aimed to assess the
comparison between the two procedures according to the gait analysis performed. In 2020,
Doll et al. [21] proposed a study protocol for a prospective randomized pilot study with the
purpose of comparing the monitor ankle range of motion and maximum ankle power in
gait as functional outcome parameters of instrumented gait analysis, as well as the clinical
and radiographic outcome for assessing the stabilization of acute syndesmosis rupture.
We strongly encourage the participation of these kinds of trials and study groups. The
study accounts for different limits: the small sample size is the principal. Nodal irritation
or secondary extension and radiologically visible osteolysis are the principal complications
of suture button devices; due to the reduced number of participants, the study was not
able to demonstrate this problem. Despite ankle fractures being common injures and the
fact that several trials are available, in our study, the midterm follow-up and the recurrent
functional assessment in addition to gait analysis reduced the higher recruitment possibility.
At the same time, the retrospective nature of the review could limit the proper evaluation.
Prospective randomized clinical trials are strongly encouraged. The strengths of the study
are the quality-of-life evaluation and gait analysis; both typologies of syndesmosis fixation
are not common for this kind of lesion, and rarely were the measurements reported in
the same trial. Moreover, our findings could help the surgeons and patients make an
appropriate choice.

5. Conclusions

The dynamic and static fixation of syndesmotic injuries in ankle fracture are both
efficacious and valid procedures for avoiding ankle instability. The suture button device
was comparable to the screw fixation according to functional outcomes and gait analysis.
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