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Abstract: Background: Fractures of the radial head are common injuries, whereas, in the case of
displaced fractures, surgical treatment using screw or plate osteosynthesis, excision, or replacement
of the radial head is required. However, data about patient-related outcomes (PROM) for different
types of radial head fractures is limited in the current literature. Therefore, this study was conducted
to evaluate the functional outcome after operatively treated radial head fractures and to further
correlate these results with the initial modified Mason classification. Methods: In this retrospective
study, all suitable patients with surgical treatment of a radial head fracture were identified. Only
patients with Mason II-IV fractures were included. All patients completed the Elbow Self-Assessment
Score (ESAS) questionnaire. Data on fracture classification, type of surgery, and revision operations
(if needed) were assessed. Results: A total of 92 patients suffering from fractures of the radial head
(57 Mason II, 35 Mason IlI-fractures) who were operatively treated at our institution were enrolled.
There were 42 (47.7%) female and 50 (54.3%) male patients with an average age of 47.5 + 14.1 years.
Screw osteosynthesis was performed in 67 patients, plate osteosynthesis in 20 patients, and five
patients received radial head arthroplasty. The average ESAS score accounted for 89.7 & 16.7. Mason
II fractures showed significantly better functional results with higher ESAS scores (92.3 £+ 13.9
vs. 85.4 £ 20.1) as well as significantly lower rates of necessary implant removal (0 vs. 5 (14.3%)
than Mason III fractures. Screw osteosynthesis showed significantly better functional ESAS scores,
91.0 & 16.5, than plate osteosynthesis, with 85.3 + 17.6 (p = 0.041), but was predominantly used
in Mason II fractures. Conclusions: Surgical treatment using screw- and plate osteosynthesis of
radial head fractures provides a good overall outcome. The postoperative function is associated with
the initial Mason classification as the patients’ reported outcome was worse in Mason III fractures
compared to Mason type II fractures. In this context, the ESAS score can be considered a useful tool
for the assessment of the patient-based functional outcome.

Keywords: proximal radius; patient-reported outcome; ESAS

1. Introduction

Fractures of the radial head are common injuries with an incidence of 12.4/100,000 people [1],
typically occurring at an average age of 48 years. Female patients are, on average, 10 years
younger than the male cohort [2]. A fall on the outstretched hand with the elbow in a
slightly flexed and pronated position presents the typical trauma mechanism. However,
radial head fractures also appear as part of complex dislocation injuries of the elbow [3].

The most established classification system was originally published by Mason in
1954 [4]. Today’s most commonly used classification is the modified Mason classification
described by Hotchkiss [5]. In addition, a treatment algorithm is derived from this modified
classification. Mason type I fractures show minimal displacement (<2 mm) and mostly
present with an undiminished range of motion. In these cases, conservative treatment

J. Clin. Med. 2023, 12, 5870. https:/ /doi.org/10.3390/jcm12185870 1 https:/ /www.mdpi.com/journal /jem
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is broadly accepted. Conservatively treated fractures of the radial head with a short
immobilization of only 48 h provide good clinical results [6]. Fractures with a displacement
of 2 mm or more without signs of comminution are classified as type Il fractures. In these
cases, motion may be mechanically blocked. The best treatment regime for Mason type II
fractures is still controversially discussed. If surgery is decided upon, a screw osteosynthesis
is usually performed. However, conservative therapy for Mason II fractures also provides
comparable results, although the rate of postoperative radiological signs of osteoarthritis
is higher [7]. Multiple fragments, along with severe comminution is considered as a type
III fracture, which can only be treated by excision according to Hotchkiss” publication
in 1997 [5].

Opver the years, surgical treatment options have improved, and not every comminuted
radial head needs to undergo excision. Nonetheless, it is still common sense that Mason
type III and IV fractures should be treated with open reduction and internal fixation
(ORIF) using screw or plate osteosynthesis. Irreparable fractures can be treated by radial
head prosthesis or resection of the radial head, depending on the extent of concomitant
ligamentous injuries [8].

The overall outcome after radial head fractures shows good results not only for
conservatively treated Mason I fractures [9] but also for complex Mason III types treated
with radial head resection, prosthesis, or reconstruction [10,11]. However, the number of
studies evaluating the functional outcome following radial head fractures is limited. In
particular, not enough attention has been paid to patient-reported outcomes, which are
nowadays considered an increasingly important benchmark [9,12]. Most studies compare
the results between different treatment options for one fracture type (Mason classification),
but different fracture types, according to Mason, were not compared.

For this reason, the aim of this study was to evaluate and compare the patient-reported
functional outcome of surgically treated Mason type Il and type III radial head fractures.
As a hypothesis, it can be assumed that the surgical treatment of radius head fractures
provides good results overall.

Mason type II fractures are probably associated with better functional outcomes than
Mason III fractures. In addition, a correlation between the necessary treatment method
(plate or screws) and the outcome is to be expected.

2. Materials and Methods
2.1. Study Population and Data Collection

In this single-center cohort study, the in-house fracture register was investigated for
patients suffering from radial head fractures treated surgically between the years 2003 and
2016. Only isolated radial head fractures were included in the study. Patients suffering
from complex injuries, including concomitant ligamentous injuries such as monteggia-like
lesions or elbow dislocations, were excluded. Ligament stability is tested intraoperatively
after the completion of the osteosynthesis. The width of the joint space under varus and
valgus stress is assessed under fluoroscopic control. In the event of instability, this was
addressed using reconstruction with suture anchors. Furthermore, multiple trauma was
also considered an exclusion criterion.

2.2. Data Collection (Parameters)

Epidemiologic baseline information (age, gender) of enrolled patients was obtained
from the hospital’s data management program (SAP SE, Walldorf, Germany). Based on the
preoperative X-rays and CT scans, all fractures were classified according to the Hotchkiss
modification of the Mason classification system. Whenever the Mason classification is
mentioned in this paper, it refers to the modification by Hotchkiss [5]. Further information
on follow-up operations, such as surgery for revision or elective implant removal, was
assessed. In case the patient gave his informed consent, they were asked to complete the
Elbow self-assessment score (ESAS) questionnaire.
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The ESAS is a patient-reported outcome measure (PROM) that allows patients to rate
their subjective elbow function [13]. The questionnaire was developed and validated by
Beirer et al. in 2016. It includes illustrative photos, useful for the patient to determine
the objective range of motion. Questions on pain level and functionality are also part
of the ESAS. In addition to the subjective function, the questionnaire can also be used
to objectively assess the range of motion in order to be able to determine a persisting
postoperative flexion contracture of the elbow.

2.3. Surgical Technique

All patients underwent surgery via a lateral approach modified according to Ka-
plan [14]. The type of treatment was based on the instability and complexity of the fractures
according to the Hotchkiss modification of the Mason classification. Simple 2-part frac-
tures were stabilized using 2 mm lag screws (Medartis AG, Basel, Switzerland), whereas
multi-fragmentary fractures were treated with 2.4 mm LCP radial head plates (DePuy
Synthes GmbH, Oberdorf, Switzerland) as well as with 2.0 mm TriLock Radial Head Plates
(Medartis AG, Basel, Switzerland). In case of irreparable fractures, radial head arthroplasty
(RHA) was performed (MoPyC, Tornier SAS, Montbonnot Saint Martin, France). Figure 1
shows typical cases with pre- and postoperative x-rays of a mason type Il fracture treated
with screw osteosynthesis and a mason type III fracture treated with plate osteosynthesis.

Figure 1. X-ray diagnostics; (A,B) Mason type II fracture in AP and lateral oblique view; (C,D) Mason
type III fracture postoperatively after plate osteosynthesis in AP and lateral oblique view; (E,F) Mason
type II fracture in AP and lateral oblique view; (G,H) Mason type II fracture postoperatively after

screw osteosynthesis in AP and lateral view.

2.4. Postoperative Treatment

The initial cast immobilization was terminated on day two after the surgery. Early
functional exercising under physiotherapeutic assistance with a free range of motion was
subsequently started. The prevention of postoperative stiffness of the elbow is essential in
the aftercare of any type of radius head fracture. This applies to conservative therapy as
well as to all surgical procedures such as screw osteosynthesis, plate osteosynthesis, and
radial head prostheses. Therefore, all patients are instructed to start physiotherapeutic
exercise at an early stage. Lifting weights was not allowed for six weeks until clinical and
radiological control in our outpatient clinic took place.
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2.5. Statistics

Frequencies of variables were specified with the number and the percentage share. For
bivariate analyses, continuous variables were described using mean =+ standard deviation.
Binary variables were compared with percentages in cross-tables. Pearson’s-Chi-Square
test was used to validate significance. Continuous variables were compared using the
Student’s t-tests. Differences of not normally distributed variables were assessed using the
Mann-Whitney-U Test. The level of significance was defined as p < 0.05. Statistics were
calculated using SPSS (IBM SPSS Statistics for Windows, Version 22; Armonk, NY, USA).

3. Results
3.1. Baseline Epidemiological Data

A total of 92 patients met the inclusion criteria and returned the ESAS questionnaire:
42 (45.7%) of those patients were female and 50 (54.3%) were male. The average age was
47.5 + 14.1 years, with a minimum of 17 years and a maximum of 77 years. The average time to
follow up was 49.9 £ 37.1 months. Classification of the fracture morphology revealed 57 (62%)
Mason type II fractures and 35 (38%) Mason type III fractures. The left elbow was affected more
often (n= 49, 53.3%)) compared to the right side (n= 42, 45.7%). Analysis of the distribution of
accidents over one calendar year showed a seasonal concentration in the summer months along
with a peak in August (1 = 16) (see Figure 2).
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Figure 2. Monthly incidence of operatively treated radial head fractures.

3.2. Treatment and Revisions

The majority of 67 (72.8%) fractures were treated using screw osteosynthesis, 20 (21.7%)
patients underwent plate osteosynthesis, and for 5 (5.4%) patients the fracture was found
to be irreparable, resulting in the implantation of a radial head prosthesis.
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In three cases (3.3%), revisional surgery was indicated. Two patients suffered from
secondary dislocation of the fragments after screw osteosynthesis. One patient suffered
from persistent postoperative elbow instability, so a ligament reconstruction in terms of a
revision was indicated as well. Elective implant removal was performed in 5 (5.4%) patients
due to subjective irritation from the implant. Four (4.3%) of those implant removals were
performed after plate osteosynthesis.

3.3. Outcome

Functional outcome was obtained using the ESAS PROM. The average functional
outcome score reached 89.7 4= 16.7 points. There was no gender difference regarding the
functional outcome. Female patients had an average ESAS Score of 89.7 £ 17.2 points, male
patients of 89.7 & 16.5 points. The patients” age had no statistically relevant influence on
the ESAS value (Pearson correlation coefficient —0.013 (p = 0.900).

Restriction of full extension of the elbow could be observed in 20 (20.7%) patients.
Flexion was limited in 19 (20.7%) patients. Two (2.2%) patients reported a maximum
flexion of 90° or less. Another 17 patients (18.5%) were able to bend to a maximum of
120°. All other 73 (79.3%) patients reported full ability of flexion, as shown in the elbow
self-assessment questionnaire. Complications leading to revision surgery occurred in
only 3 (3.3%) patients. Two patients who had been treated with screw osteosynthesis
showed secondary dislocation of the fracture in the postoperative X-ray control. Therefore,
revision with conversion to plate osteosynthesis was necessary in one of these patients
and conversion to radial head prosthesis in the other. The third patient showed persistent
ligamentous instability during the postoperative follow-up, so stabilization was carried
out after 4 weeks using suture anchors.

3.4. Comparison of Mason Type 11 and III Fractures

Table 1 presents the differences between the Mason classification types. Looking
at the epidemiological baseline data, no significant differences in age and gender were
found. Since Mason III fractures are defined as unstable and presented with multiple
fragments, these fractures were more likely to be treated using plate osteosynthesis. In
this context, it should be mentioned that revision surgery and implant removal were only
performed in cases of type Il fractures. The difference in implant removal between Mason
classification types reached significance (p = 0.007) but missed it regarding revision surgery
(p = 0.052). The Elbow Self-Assessment Score was significantly lower for Mason type III
fractures, indicating a poorer postoperative function (see Figure 3). This is also reflected
in the range of motion, especially for the full extension of the elbow. Restricted range of
motion could be observed in 9 (15.8%) cases of Mason type Il fractures and 11 (34%) cases
among type III fractures.

Table 1. Baseline characteristics and outcome for Mason type II and type III fractures.

Mason II Mason III p-Value
n (%) 57 (62%) 35 (38%)
Age [years] 46.6 + 11.9 49.1 + 171 0.243
Gender female 27 (47.4%) 15 (42.9%) 0.419
Surgery type <0.01*
Screw osteosynthesis 56 (98.2%) 11 (31.4%)
Plate osteosynthesis 1 (1.8%) 19 (54.3%)
arthroplasty 0 (0%) 5 (14.3%)
Flexion contracture 9 (15.8%) 11 (31.4%) 0.067
ESAS Score 92.3 +£13.9 85.4 +20.1 0.022 *
Revision surgery 0 (0%) 3 (8.6%) 0.052
Implant removal 0 (0%) 5 (14.3%) 0.007 *

Data presented as mean =+ SD or n (%); * = statistically significant.
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Figure 3. Boxplot diagram of ESAS scores in Mason type II and Mason type III fractures. (circles and
stars mark outliers and extreme outliers).

3.5. Screw vs. Plate Osteosynthesis

Besides the modified Mason classification, the type of ORIF was investigated in
relation to the postoperative functional outcome. In total, 67 patients were treated with
screw osteosynthesis, and 20 patients received plate osteosynthesis. Patients who received
screw osteosynthesis showed significantly better functional outcome scores in the ESAS
(91.0 £ 16.5) compared to patients treated with plate osteosynthesis (85.3 &= 17.6; p = 0.041).
Furthermore, the rate of postoperative restricted ROM was significantly higher in the screw
ORIF group (n = 10; 14.9%) compared to the plate ORIF group (1 = 9; 45.0%) (p = 0.007).
Implant removal was performed in 1.5% (1 = 1) of patients treated with screws and in 20%
(n = 4) of patients treated with plate osteosynthesis (p = 0.009).

Table 2 presents the analysis of functional outcomes in the group of Mason type III
fractures. There was no difference between screw osteosynthesis and plate osteosynthesis
in terms of functional outcome as measured using the ESAS score and the prevalence of
restricted ROM. RHA, however, showed better functional ESAS scores without reaching
the level of significance due to the small number of cases in the sample.

Table 2. Functional outcome in Mason III fractures treated with different types of surgery.

Surgery Type
Screw ORIF Plate ORIF RHA Val
n=11 n=19 n=5 pryate
ESAS 84.6 £ 25.6 849 £17.9 89.1 £17.3 (18.2%) 0.887
Restricted ROM 2 (18.2%) 8 (42.1%) 1 (20%) 0.332

Data presented as mean + SD or 1 (%); RHA = radial head arthroplasty; ORIF open reduction internal fixation.
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A multivariant linear regression analysis was performed using age, gender, fracture
type according to the modified Mason classification, and type of surgery as variables,
whereas the ESAS score was considered as the dependent outcome variable. This analysis
did not reveal any of the mentioned variables as independent predictors, showing the
following p-values: age p = 0.952; gender p = 0.898; Mason fracture type p = 0.071 and type
of surgery p = 0.607.

4. Discussion

The presented study demonstrates a good overall postoperative functional outcome
after operative treatment of Mason type II and III radial head fractures. Regardless of the
type of operation, surgical therapy provides good results in the ESAS score with a low
complication rate of only 3.3 percent.

There are several studies investigating the outcome after radial head fractures. Nev-
ertheless, most studies only compare different treatment options for the same fracture
type according to the Mason classification [7,11,15-17]. Sufficient data about the functional
outcome comparing different Mason fracture types are still lacking in the current literature.
The importance of patient-reported outcomes is constantly increasing in the evaluation
process of postoperative outcomes. For this reason, this study was conducted to evalu-
ate the overall postoperative outcome based on the patient-reported ESAS questionnaire
in cases of displaced fractures of the radial head, including different types of fractures
and treatment.

In his original publication describing the modification of the Mason classification,
Hotchkiss also provided management guidelines, including a recommendation for treating
Mason III fractures with excision or arthroplasty [5]. These recommendations can be
repeatedly found in current literature [16,18-20]. In the presented sample of patients, only
five cases were considered irreparable radial head fractures and, therefore, treated using
RHA. All other enrolled fractures underwent surgical reconstruction using either screw or
plate osteosynthesis showing good clinical results with an average ESAS score of 85.4 points
in the Mason type III group. The continuous development in the field of implants with
a special focus on anatomically preformed plates and interlocking screws for angular
stability has led to a distinct improvement in the quality of radial head reconstructions so
that arthroplasty or radial head resections are performed less frequently.

Despite the improvement in surgical methods and implants, Mason type III fractures
remain challenging for upper extremity surgeons, usually resulting in poorer postoperative
function. This is underlined by the results of this study, showing a lower average ESAS
score of 85.4 & 20.1 in the Mason III fracture group compared to an ESAS score of 92.3 4= 13.9
in the Mason II fracture group.

Although these facts may be self-evident to the experienced surgeon, there is no
publication in the current literature that scientifically demonstrates this based on patient-
reported outcome measures.

To the best of our knowledge, the presented study used the Elbow Self-Assessment
score for the investigation of function after radial head fractures for the first time since
its publication and validation in 2017 [13]. As of today, only a few studies have used
the ESAS, which is why only a little evidence regarding the practical feasibility of this
score exists [21,22]. The results of this study demonstrate that the ESAS can detect clinical
differences in elbow functionality with high sensitivity. Furthermore, the quality of the
clinical use of this PROM is confirmed using the presented results.

Lee et al. conducted a similar study on radial head fractures in 2018 [23]. Func-
tional outcome and range of motion were investigated in a clinical examination by two
Board-certified orthopedic surgeons using the QuickDASH score [24]. The authors found
comparable results to this study with worse overall functional scores for Mason type
I (QuickDASH 18 Range 0-68.2) compared to Mason type II fractures (QuickDASH
26.2 Range 0-86.4). This coherence with the QuickDASH score further demonstrates that
the ESAS PROM is a useful tool for examiner-independent follow-up investigations of
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patients with elbow pathologies and is particularly suitable for use in register studies with
high case numbers. The detection of the range of motion, which is not possible using other
established scores like the DASH [24] or MEPS (Mayo Elbow Performance Score) [25], is an
advantage of the ESAS.

Plate osteosynthesis provided worse functional results compared to screw osteosynthe-
sis with regard to the ESAS score when the two procedures were compared independently
of the fracture severity. Since plate osteosynthesis is used almost exclusively for Mason III
fractures, it is only reasonable to look at this subgroup separately. Within the Mason III
fracture group, no functional differences were found between plate and screw osteosyn-
thesis. This suggests that the outcome is rather defined by the severity of the injury than
by the type of surgery chosen. Nevertheless, the modified Mason classification could
not be identified as an independent predictor of the functional outcome. Hereby, further
investigations, including higher patient numbers, would be required.

Wu et al. also compared the outcome of screw-osteosynthesis with those of plate
osteosynthesis, as well as with those of arthroplasty in 3-part radial head fractures and
found functional outcomes comparable to our results but with a higher complication rate
for plate osteosynthesis [15]. However, in their trial, no prospective, randomized study
design was presented, so no reliable statements about the best treatment method can
be derived.

In this study, Mason II fractures were very often treated surgically, which corresponds
to the individual therapeutic algorithm of the authors. In general, however, there are still
controversial opinions on the optimal treatment of isolated Mason type II radial head
fractures. Guzzini et al. examined 50 patients with conservative treatment after mason type
IT fractures and described excellent functional outcome scores (DASH) and only marginal
persistent limitations in range of motion [7].

In a systematic review of the literature, Lazerath et al. found that there were no
differences in functional outcomes at mid-term follow-up when comparing Mason type
II fractures treated surgically or conservatively. Nevertheless, the rate of osteoarthritis
was higher in conservatively treated patients even though the mean follow-up period was
shorter for the nonoperative cohort [26]. In our approach, we, therefore, favor surgical
therapy for young patients to reconstruct the radiocapitellar joint surface as anatomically
as possible, as the late effects of osteoarthritis are more evident in these patients.

The choice of the best possible osteosynthesis method always requires a precise preop-
erative analysis of the fracture. The final decision, however, depends on the intraoperative
fracture assessment of the surgeon. A general statement regarding a superior osteosynthesis
technique cannot be derived from the data.

Limitations

This study is potentially subject to several biases. First, there is a possible selection bias
between the patients who participated in the survey and those who declined to participate.
Since the presented study is not a randomized trial, the choice of treatment was made
by the surgeon. Therefore, no independent conclusion about the best surgical procedure
can be derived from the present study results. Another limitation is the relatively low
international application of the ESAS score. Even if the score is sufficiently validated, there
are only limited studies that allow comparability.

5. Conclusions

This study demonstrates positive postoperative clinical outcomes of surgically treated
radial head fractures with low rates of revision surgery. The higher complexity of Mason
III fractures is reflected in slightly worse functional outcomes compared to Mason II
fractures. Furthermore, this study shows good clinical applicability of the ESAS PROM
whereby subjective function and gross range of motion can be measured in a valid way
and independent of the examiner.
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Abbreviations

AP anteroposterior

DASH  disabilities of the arm, shoulder and hand
ESAS elbow self-assessment score

MEPS  mayo elbow performance score

ORIF  open reduction internal fixation

PROM  patient reported outcome measure

RHA radial head arthroplasty

ROM range of motion
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Abstract: Background: From the beginning of the COVID-19 pandemic, reports in the literature
confirm a significant increase in suicide attempts in children and adolescents. At the Bambino
Gesu Pediatric Hospital Emergency Department (Rome, Italy), there was a dramatic increase in
suicidal jumpers. Many of these presented vertebral fractures. Methods: This retrospective study
includes all suicidal jumpers with vertebral fractures treated from April 2017 to March 2023. We
collected and compared data from three years before to three years after the pandemic, analyzing
vertebral fractures. Results: From April 2019 to March 2020, 141 cases of suicide attempt arrived at the
emergency department. Five of these were suicidal jumpers without vertebral fractures. From April
2020 to March 2023, 362 cases of suicide were hospitalized and 19 were suicidal jumpers; 12 reported
vertebral fractures (mean age 14 years). Seven patients were treated by percutaneous pedicle fixation.
Three patients needed an open spinal surgery by posterior approach. One case with cervical fractures
was treated by Halo-Vest. Conclusions: This is the first report that shows a sharp increase in vertebral
body fractures due to suicide jumping attempts in children and adolescents. This could be a new
epidemiological phenomenon persisting or even increasing over time in the pediatric population as a
consequence of the COVID-19 pandemic.

Keywords: pediatric spine fractures; suicidal jumpers; spine fracture surgery; COVID-19; suicidal at-
tempts

1. Introduction

Suicide is a relatively rare event in pediatric population, but its prevalence increases
during adolescence and it is highly lethal [1]. The World Health Organization states that
suicide is a social problem, and prevention is particularly important for managing suicide
attempts in the youngest population, which has longest life expectancy [2]. According to
the World Health Organization, suicide is the fourth leading cause of death among 15- to
29-year-olds [2] and the United Nations International Children’s Emergency Fund in “The
State of the World’s Children 2021” highlights that suicide is the second leading cause of
death among 15- to 19-year-olds in Europe [3]. Almost 1200 youth between the ages of 10
and 19 years die by suicide every year in Europe [3]. According to the Centers for Disease
Control and Prevention (CDC), 2018 suicide is the second most common cause of death
among 10- to 14-year-olds and 20- to 34-year-olds in USA [4]. Suicide in youths is globally
recognized as an important public health problem [2].
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Poisoning by pesticides represents the 20% of suicides in low- and middle-income
countries [2], but there are large differences between countries and genders in suicide
attempt methods [5,6]. In an analysis of 15 European countries, Varnik et al. [6] claimed
that hanging and jumping from height were, respectively, the first and the second suicide
method for both genders in people between 15 and 24 years of age, followed by using a
moving vehicle for males and poisoning for females. According to Kolves et al., the most
frequent suicide method in children and adolescent aged 10-19 years in different countries
worldwide is hanging. Jumping from height is also an important alternative method [5].

Many recent studies reported in the literature confirm a significant increase in mental
health disease in children and adolescents from the beginning of the COVID-19 pandemic,
with a rise in suicidal ideation and suicide attempts [7-17].

From the beginning of the COVID-19 pandemic, admission of patients with mood
disorders, self-injurious behaviors, and suicidal ideation significantly increased in our
hospital [16]. We noted a significant increase in suicidal attempts by jumping from height
in adolescent patients, compared with pre-COVID data. Many of these suicidal jumper
attempts resulted in vertebral fractures.

There are few studies on the type of injuries associated with falls from heights in
pediatric patients. In general, traumatic spinal injuries in the pediatric population are
uncommon and are frequently related to motor vehicle crashes [18,19]. In patients younger
than 4 years in age, most vertebral fractures involve the upper cervical spine (C0-C4) [20],
and this is due to anatomical age-related conditions. Thoracic spine is the most common
localization of spine fractures in the general pediatric population, followed by lumbar
spine [21,22]. Conservative treatment, for 6 to 8 weeks with a thoraco-lumbo-sacral orthosis,
is the gold standard for stable fractures [21,23]. Neurological impairment is reported in
about 5% of cases [21] and is considered a risk factor for progressive spinal deformity [23].

The care of vertebral fractures in suicidal jumpers is peculiar and must consider the
issue of patients’ mental health.

This work highlights the new and widespread epidemiological phenomenon of a
high frequency of suicidal attempts with an uncommon modality in adolescents following
the COVID-19 pandemic. It is particularly important to analyze the treatment of numer-
ous complex vertebral fractures in polytrauma pediatric patients who committed suicide
attempts by jumping from heights.

2. Material and Methods

In this retrospective study, we reviewed all patients treated at Bambino Gesu Chil-
dren’s Hospital Emergency Department in Rome from 1 April 2017 to 31 March 2023 for
suicidal attempt.

We compared the three-year post-COVID 19 pandemic beginning with the three-year
period before pandemic. Italian government imposed a national lockdown on 9 March
2020, but in this study we decided to start the pandemic period from 1 April, about 1 month
after, to better highlights the effects.

In our hypothesis, the dramatic increase in suicidal attempts by jumping from height
within the pediatric and adolescent population in Italy, and consequent increase in incidence
of vertebral fractures, is the direct consequence of pandemic restrictions and limitations of
everyday life and normal social interaction on the mental health of the youngest part of the
Italian population.

To our knowledge, this is the first work specifically focusing on the increase in the
occurrence of suicidal jumpers’ vertebral fractures within the pediatric population during
the COVID-19 pandemic.
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Only patients with vertebral fractures for a suicidal attempt were included. Fracture
classification, treatment, and midterm follow-up were analyzed.

Thoracolumbar, subaxial cervical, and sacropelvic fractures were classified according
to AO spine [24-26] and cervical fractures were classified using the Anderson—-D’Alonso
classification [27].

The fracture pattern in these jumpers is not different from other nonsuicidal high-
energy spine fractures treated in patients of similar age, but particular consideration has
been given to the choice of treatment, which to some extent is different from the treatment
for patients without suicidal attempt issues. We decided treatment according to the grade
of fracture instability, neurological impairment, and psychiatric treatment needed. Usually,
patients who attempted suicide require immediate and prolonged psychiatric treatment
with a long hospitalization period in dedicated wards. Since the possibility of early
mobilization of the patient without orthosis is paramount to begin successful psychiatric
rehabilitation treatment, in many “borderline” spine fractures (vertebral fractures without
neurological impairment that in a patient without psychiatric issues could be treated with
a prolonged orthosis or cast immobilization), we opted for percutaneous surgical treatment
to avoid long bracing treatment.

The study received approval from the local ethical committee (Ethics Committee of
the Bambino Gesu Pediatric Hospital, Rome, Italy, ID 2426-OPBG-2021). Written informed
consent was obtained from all participants and/or their parents for minors.

3. Results

At Bambino Gesu Children Hospital, there were 141 cases of suicidal attempts from
1 April 2017 to 31 March 2020 and 5 (2.8%) of these were suicidal jumpers; none of them
reported vertebral fractures.

From 1 April 2020 to 31 March 2023, there were 362 suicidal attempts with 19 (5.2%)
suicidal jumpers. Twelve (63.2%) of the suicidal jumpers had a vertebral fracture (M:F = 4:8)
(Table 1).

Table 1. Patients involved in the study.

Vertebral Spin Hospitalization
Patient  Age Sex Fracture—AO Other Fractures Other Injuries pine osptatizatio Follow-Up
Classification Treatment Days
right distal tibia, pneumothorax,
L1 (Ad), L4 (A1),  nightfibula, left splenic injury, Pezclitziggus zﬁo“éi?fﬁf
1 VCGC 15y9m ! ’ proximal humerus, subdural . 118
Coccyx (A0) . . pedicle Implant
left ulnar styloid hematoma, diffuse N
V. fixation removal
process axonal injury
T12 to L2 21 months
. Percutaneous No deficit
2 AM. l4ylm M L1 (A3) right ankle pedicle 20 Jmplant
fixation removal
1;11gg}}11tt ?;:EE;E&:’ pneumothorax, L3to L5 17 months
3 ZPE 14yllm M L3(Al),L4(A4)  branch, right tibia, a"“.mfthmus lels“’“' Perc“;a.nleous 37 I\IT" dleﬁ“t
bilateral wrist right peronea pedicle mplant
Wlheels/ nerve injury fixation removal
. . . 17 months
4 BTMA 12y7m F D11 (A1) multiple ribs Conservative 15 No deficit
D8 (A0), D11 .
5 RSM. 16ylm F (Al),L1(Al), L4 right ankle, left Conservative 12 11 months
No deficit

(A1) distal radius
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Table 1. Cont.
Vertebral Spine Hospitalization
Patient  Age Sex Fracture—AO Other Fractures Other Injuries Treftment l;)a s Follow-Up
Classification y
(AC42) (é?(i)i)cil multiple Halo-Vest
’ / ribs, right acetabulum, ' liver injury, splenic ~ and L1 to L3
(A1), L2 (A3), L3 o STy Ve 10 months
6 LGG 10y5m F ilio-ischiopubic injury, pleural Percutaneous 64 .
(A0), L4 (A0), Tatoral branch. Tef effusion edicle No deficit
Right sacroiliac bilateral branch, left E :
joint heel xation
8 months
complete
L4 to Pelvis neurogenic
ight acetabulum, paraplegia, posterior bowel and
L5 (A0), Sacral % complete open fusion, bladder
7  HB. 15y5m F U-Shaped olecranos. right femural neurogenic bowel left sacral 30 dysfunc-
Fracture (C3) ’fgi and bladder plate and L4 tion; motor
shaft dysfunction to S1 decom- deficit of
pression the right
limb partial
recovered
D5 to D8 9 months
. . . Percutaneous No deficit
8 D.G. 12y10m F Dé6(Al), D7 (A1) multiple right ribs pneumothorax pedicle 210 Implant
fixation removal
T10 to L2
D12 (A1), L1 .. Percutaneous 6 months
9 MD ly5m M (A3) anal injury pedicle %6 No deficit
fixation
right orbital maxilla P L1 tto 51 6 th
10 GA. 16y6m M L2(A4),L5(A4) surface right open tibia ercutaneous 40 months
dfbua pedicle No deficit
-and libu’a fixation
ulmonar T1toL3
P ary open pedicle
contusion,
mplete screw 1 month
11 BV. 15y3m F L1 (A4) et e wel | fixation and 14 Urinary
an. cEl;bla dder posterior L1 retension
. decompres-
dysfunction .
sion
orbital floor, bilateral nose L14 ftto ilium
bones, ilio-ischiopubic left eit open
12 PE 12y p D(AD),Sacral - bones, Horlschiopubic fe fixation and 33 1 month
fracture (B3) branch, pubic symphysis iliosacral No deficit
diastasis screw

Legend: Bold text for patients with previous neuropsychiatric diagnosis. Underlined text is for lesions surgically

treated. A, B, and C (AO classification), AD (Anderson—d’Alonso classification).

The mean age was 14 years (range 10 to 16). Only two patients had a neuropsychiatric
diagnosis before the suicide attempt (16.6%). The most common level of fracture was L1 (six
cases). Thoracic spine was involved in four cases and lumbar spine in ten. Hospitalization
period ranged from 12 to 210 days, with high variability mostly due to neuropsychiatric care.

Vertebral fractures are a direct consequence of the impact of jumpers’ bodies with
soil. Owing to the pandemic lockdown restrictions in Italy, data for suicidal attempt
circumstances from first emergency teams that rescued patients are not available; thus, it is
not possible to determine a relationship between the height of the jump or nature of the
impact surface and severity or pattern of fractures.
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According to AO spine thoracolumbar classification [24], there were five AQ, ten Al,
three A3, and five A4 vertebral fractures, alone or in association (Table 1). Moreover, there
was an “U shaped sacral fracture” (C3 AO spine) [26], a transforaminal sacral fracture (B3
AO spine) [26], a coccyx fracture (Al AO spine) [26] and an Anderson-D’Alonso C2 type I
fracture [27].

In the latter case, a burst C5 fracture (A4 AO spine) and a compression C6 fracture (Al
AO spine) [25] were associated with the C2 fracture and she was conservatively treated
with a Halo-Vest for 3 months.

Only two patients with thoracolumbar A0 and A1l types of fractures (cases 4 and 5,
Table 1) were conservatively treated with a rigid thoracolumbar orthosis for 3 months with
good compliance and results. Percutaneous pedicle fixation was applied in seven patients
with an indirect decompression and to restore and improve sagittal balance (Figures 1
and 2; Table 1, case 6 and 10). Only in two cases we observed neurological impairment.
In both cases, an open spinal decompression and posterior spinal fusion was performed.
All surgically treated patients used a soft spine orthosis for 1 month to facilitate early
mobilization and to reduce muscular pain.

(D)

Figure 1. Cont.
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(G)

Figure 1. Case 6 (Table 1): (A,B) preoperative axial CT scan of L1 and L2; (C) preoperative sagittal
CT scan of lumbar spine; (D,E) anteroposterior and lateral X-ray of lumbar spine after surgery;
(F) sagittal CT scan of post-traumatic cervical spine; (G) X-ray lateral view in Halo-Vest.

All patients had other appendicular fractures or other injuries that in some cases
needed surgical treatment. Eight patients underwent other procedures: seven orthopedic
surgeries for appendicular fractures, one maxillofacial surgery for an orbital floor fracture,
and one vascular and one proctological surgery. Many different medical specialties were
involved in these patients’ care.

Four patients had preoperative neurologic deficits. The first patient (case 1, Table 1)
presented with a diffuse axonal injury and a left hemiparesis that completely recovered in 4
months. The second (case 3, Table 1) had a transitory right peroneal nerve palsy. The third
(case 6, Table 1) had a paraplegia and complete neurogenic bowel and bladder dysfunction;
the latter had a complete neurogenic bowel and bladder dysfunction which improved
during the last month (case 12, Table 1).

16



J. Clin. Med. 2023, 12, 7412

© (D)

Figure 2. Case 10 (Table 1): (A) preoperative axial CT scan of L5; (B) preoperative axial CT scan of
L2; (C) preoperative sagittal CT scan of lumbar spine; (D) postoperative X-ray lateral view in sitting
position.

At last follow-up, the third patient showed a persistent complete sphincter deficiency
and a partial recovery of paraplegia. Nowadays, she can walk with crutches for short
distances. Otherwise, the latter patient only has a urinary retention.
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One year after trauma, four patients underwent implant removal surgery (cases 1, 2, 3,
and 8, Table 1) with excellent clinical and radiological results. All these patients resumed
their daily activities, including sports.

4. Discussion

Recent literature highlights concern about the consequences of the COVID-19 pan-
demic on pediatric population mental health [7-16]. In this study, the comparison between
3 years before and 3 years after pandemic demonstrates an increase in suicidal attempts.
Comparing the two periods, suicidal attempts after the pandemic increased by 61.1% and
suicidal jumpers increased by 73.7%. In the 3 years before the pandemic, no vertebral
fractures in suicidal jumpers were noted. Otherwise, in the other 3 years analyzed, during
the pandemic, 63.2% of suicidal jumpers reported vertebral fractures.

The purpose of our study was to analyze this new and dramatic phenomenon and,
in particular, to report the peculiarity of vertebral fracture treatment in young suicidal
jumpers during the pandemic.

To our knowledge, this is the first study that shows a significant increase in suicide
jumping attempts and a related increase in vertebral fractures in pediatric patients after the
pandemic.

Regarding the twelve patients included in the study and according to concerns re-
ported in the literature on the increase in neuropsychiatric diseases, only 16.6% had a
previous neuropsychiatric diagnosis. Even if it is not statistically significant, considering
the limited timeframe and low number of patients involved, in our opinion, these raw
data show the devastating effect of the COVID-19 crisis on the social environment and
behavioral habits of youngest Italian population.

Before the COVID-19 pandemic, jumping from heights was an unusual suicide attempt
behavior in our country’s adolescent population, and experience with surgical treatment
of spine fractures in adolescent patients involved in these suicidal attempts was almost
inexistent.

In this study, different types of vertebral fractures were found and most were surgically
treated (83.3%). The pattern of fractures presented in this study are similar to high-energy
spine fractures due to other kinds of injuries (e.g., motor vehicle crash), but their frequent
recurrence in a relatively short period of time is a new finding. Some of the fractures treated
are rare in the pediatric population (i.e., spinopelvic dissociation) and are more frequent
in adults who jumped from heights. Sacral fractures are about 0.16% of all pediatric
trauma [28] and cervical fractures are also rare and different according to age [29]. Only
1.5% of pediatric trauma cause cervical spine injury, but 60 to 80% of vertebral pediatric
injuries involve the cervical spine [29].

In the literature, conservative treatment with orthosis for 6 to 8 weeks is suggested for
stable vertebral fractures without neurologic impairment [21,23]. Nonsurgical treatment is
also indicated in the case of burst fractures without neurologic impairment, since no signifi-
cant differences have been demonstrated in functional outcomes compared to operative
treatment [30,31].

In this study, surgery was performed not only to decompress or to restore a better
sagittal balance but also to achieve a faster recovery. Conservative spine treatment with
rigid orthosis or casts for a long period following a suicide attempt could be an additional
burden for these patients. Surgical percutaneous treatment for thoracolumbar fractures
allows early mobilization, and this can ensure to the patient a quick resumption of daily
activities. Suicidal jumper patients are usually adolescents, with multiple injuries and
severe mental health diseases, who face long periods of psychiatric and multidisciplinary
treatments. Surgery can be considered a temporary internal fixation as an alternative
to conservative treatment with a rigid orthosis, which could be a hitch to the patient’s
therapeutic path.

However, cervical spine surgery is much more invasive and the only case with multiple
cervical fractures and good results was conservatively treated with a Halo-Vest. In this
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patient, neurological impairment was not observed, and a surgical treatment had no real
advantage over conservative treatment to obtain better fracture reduction and stabilization.
In this case, surgery could have a potential higher risk of complications (i.e., surgical site
infection, vascular and nervous iatrogenic damage, blood loss) and instrumentation spread
on more levels. Patients and relatives occasionally experience difficulty in complying with
Halo-Vest treatment, even if Halo is somehow preferable to collar bracing or casting; during
long treatment, patient discomfort is less when using Halo-Vest, particularly regarding
alimentation and hygiene. In our case, patient and parents showed good compliance with
Halo-Vest, and the orthopedic treatment did not impair her psychiatric therapy.

In this study, four patients had neurologic lesions and two with severe outcomes.
Treatment of these patients was challenging, especially when they were isolated from
relatives and friends. Moreover, spinal treatments had to be coordinated with the need
for treatment of other associated injuries. A multidisciplinary team has been essential to
optimize the management of these patients and avoid major complications.

The main limitation of this study is the low number of involved patients; a multicenter
study at European level, where there were similar pandemic conditions and restrictions,
could certainly widen the cohort of patients with the aim to define the best treatment guidelines.

In future research, we could expand these preliminary results in order to clarify if this
dramatic phenomenon and related injuries will remain as a grim result of postpandemic
changes in social behavior or if suicidal jumper attempts in adolescents will return to
prepandemic incidence.

5. Conclusions

This study shows an exponential increase in pediatric vertebral fractures due to suicide
jumping attempts after the COVID-19 pandemic. These are high-energy fractures that are
rather unusual in adolescents, and rarely observed in specific cases (such as spinopelvic
dissociation). The unusual high frequency of suicidal attempts with an uncommon modal-
ity in adolescents is a new epidemiological phenomenon after the COVID-19 pandemic.
The high number of complex vertebral fractures, in polytrauma pediatric patients who
committed a self-harm act, could be a big issue for a spine surgeon. The choice of treat-
ment must be guided by biological and biomechanical knowledge, but also by the mental
health condition of young patients and by other necessary treatments. In our experience,
percutaneous surgery was the treatment strategy used most and allowed for fast recovery.
Suicidal jumper patients must be handled by a multidisciplinary team to optimize and
personalize therapeutic management. In future studies, we could clarify if suicidal jumper
attempts in adolescents will return to prepandemic incidence or, conversely, if this dramatic
phenomenon will remain as a long-term consequence of COVID-19 pandemic.
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Abstract: Background: There are conflicting results in the literature regarding the superiority of
proximal femoral nails over dynamic hip screw (DHS) plates. The primary aim of this study is to
evaluate mid-term post-injury patient-reported outcome measures (PROMs) and return to sport (RTS)
in middle-aged patients treated with the DHS plate for unstable trochanteric fractures. Methods:
Fifty-seven middle-aged patients (3564 years) treated for proximal femoral fractures of type 31-A2
and 31-A3 according to the AO/OTA classification with the DMS Dynamic Martin Screw (KLS Martin
Group, Jacksonville, FL, USA) between January 2017 and December 2019 were enrolled. Results:
Forty-nine patients were included in this retrospective study, and the average age was 54.1 years (SD
8.4). The average follow-up duration at final follow-up was 60.5 months (SD 8.6). Post-operative
complications included only one case of aseptic loosening of the implant, with a complication rate of
2%. There were no infections, peri-implant fractures, or other complications reported. Two out of
the forty-nine patients (4.1%) required treatment with a total hip arthroplasty due to post-traumatic
arthritis. The Harris Hip Score at final follow-up was 77.1 (SD 20.1), and the Western Ontario and
McMaster Universities Osteoarthritis Index was 21.6 (SD 13.7). The overall rate of RTS was 57.7%.
Conclusions: Treatment with DHS for unstable trochanteric fractures is a safe option in middle-aged
patients, ensuring a good functional recovery.

Keywords: angle-adjustable dynamic hip screw; unstable trochanteric fracture; proximal femoral
fracture; middle-aged; DHS

1. Introduction

Hip fractures are associated with high mortality and morbidity and are among the most
common injuries worldwide [1]. Of these, almost 50% are accounted for by trochanteric
fractures of the femur, which can be classified as either stable or unstable [2].

Specifically, the Arbeitsgemeinschaft fiir Osteosynthesefragen/Orthopedic Trauma
Association (AO/OTA) classification divides trochanteric fractures into three groups: 31A1
simple pertrochanteric fractures, with two fragments, considered stable after anatomical
reduction; 31A2 multifragmentary pertrochanteric fractures with disruption of the medial
cortex, considered unstable; and 31A3 intertrochanteric fractures with reverse obliquity.
Subtrochanteric fractures, where the fracture line extends distally to the lesser trochanter,
are classified as 32A [3].

Treatment includes intramedullary fixation with proximal femoral nails (PFNs) and
extramedullary fixation with dynamic hip screw (DHS) plates with or without a trochanteric
stabilization plate (TSP), fixed-angle blade plates, and proximal femoral locking plates [4].
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The DHS plate was once considered the benchmark for treating trochanteric fractures,
particularly those that are stable [5,6]. PFNs have become an increasingly popular fixation
technique for these fractures since their introduction in the 1980s [7,8]. PFNs represent
a more recent innovation, featuring funnel-shaped intramedullary nails that are slightly
curved to match the shape of the proximal femoral diaphyseal trochanteric region. The
primary benefit of PFNs lies in their ability to minimize surgical damage to both bone and
soft tissue [9].

Nowadays, there are conflicting results in the literature regarding the superiority of
PENs over DHS plates [2,10,11]. In particular, in unstable trochanteric fractures with lateral
wall damage, DHS plates in conjunction with the TSP play a critical role in providing a
buttressing effect and preventing excessive fracture collapse, excessive medialization, limb
shortening, and varus malalignment [4,12,13]. PFNs have been shown to have advantages
such as improved patient return to pre-operative status, reduced intraoperative blood loss,
and a lower incidence of complications [14,15]. In addition, PFNs can also be used in the
treatment of unstable fractures and subtrochanteric fractures [16].

Hip fractures in young adults (<65 years) are generally the result of high-energy
trauma, often associated with high-impact injuries such as car accidents, sports injuries, or
falls. In contrast, the highest peak in the older population is due to low-energy secondary
injuries [17].

The majority of the international literature focuses on the outcomes of trochanteric
fractures in older patients, despite the fact that younger patients have a higher risk of
mortality than older patients who suffer a hip fracture [1]. In addition, the existing literature
focuses on the most common intracapsular hip fractures, with very few publications on
outcomes following extracapsular hip fractures [18]. Moreover, considering young patients,
there is a lack of data on returning to sports activities.

Aim of this study is to evaluate mid-term post-injury patient-reported outcome mea-
sures (PROMs) and return to sport (RTS) in middle-aged (<65 years) patients treated with
the DHS plate for unstable trochanteric fractures. The secondary objective is to assess peri-
operative and post-operative complications, including the rate of surgical reintervention.

2. Materials and Methods

Patients treated with an angle-adjustable DHS plate system between January 2017 and
December 2019 were retrospectively evaluated. All procedures were performed at a single
center by experienced trauma surgeons.

In this study, middle-aged patients who had been treated with the DMS Dynamic
Martin Screw (KLS Martin Group, Jacksonville, FL, USA) for proximal femoral fractures of
type 31-A2 and 31-A3 according to the AO/OTA classification were enrolled.

The inclusion criteria comprised individuals aged between 35 and 64 years (as per
the definition of early and late middle-aged), a follow-up of at least 48 months (more than
4 years), and the availability of radiographic documentation (X-rays or CT scans) for both
the trauma and post-operative follow-up. Exclusion criteria included pathological fractures,
polytraumatized patients, open fractures, and loss of follow-up data.

Demographic and peri-operative data were collected, including the time from trauma
to surgery, American Society of Anesthesiologists (ASA) classification, in-hospital compli-
cations, length of hospital stay, hemoglobin levels, blood transfusions, surgical duration,
and the type of anesthesia administered.

The assessment also included the evaluation of acute complications, such as post-
surgical local hematoma, vascular injury, or nerve injury, as well as follow-up complications,
including readmission or reoperation rates and their respective causes, such as infection,
screw cut-out, aseptic mobilization, non-union, and peri-implant fracture.

At the final follow-up, all patients underwent a clinical examination which included
patient-reported outcome measures (PROMs) such as the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) and Harris Hip Score (HHS). Additionally,
RTS was assessed, both in terms of participation and performance, and associations were
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evaluated between peri-operative characteristics and RTS as well as documenting the types
of sports that patients resumed at the final follow-up.

Radiographic assessment was also performed during the final follow-up to evaluate
the presence of device mobilization or any progression of osteoarthritis (Figure 1).

Figure 1. X-ray assessments at the time of trauma (A), immediately post-operatively (B), and at the
final follow-up (C).

Patients received routine venous thromboembolism prevention with low-molecular-
weight heparin until full weight-bearing was resumed. Alternatively, chronic anticoagulant
therapy was administered as an option. Furthermore, cefazolin was used as a routine peri-
operative prophylactic antibiotic. In detail, cefazolin 2 g was administered intravenously
30 min before the surgical procedure and cefazolin 1 g intravenously every 12 h for 36 h
following the surgery. The post-operative rehabilitation protocol was not consistent for all
patients, with variations in weight-bearing and joint mobilization recommendations.

2.1. Surgical Technique

The patient is placed in the dorsal decubitus position on a radiolucent operating table.
A 15 cm long straight, lateral skin incision is made two finger widths proximally to the tip
of the trochanter major. To countersink the femoral cortex, a 4.5 mm drill bit is used. The
aiming device, which can be adjusted between 135° and 150°, is used to position the guide
wire. The guide wire is then inserted under image intensifier control, ensuring that it is
centrally located in the femoral head’s mid-axis.

Once the guide wire is properly positioned, its length can be read off the scale of the
measuring sleeve. After setting it to the measured value (—10 mm), the DMS combo reamer
is drilled into the bone along the guide wire while being monitored by an image intensifier
until the cone of the third stage has fully entered the lateral cortex. The tap is now screwed
into a point 10 mm away from the cortex, optionally using the centering sleeve and the
T-handle. The thread depth can be read directly from the mark on the centering sleeve. The
length of the lag screw corresponds to the set drilling depth. To insert the lag screw, first
attach it to the screwdriver and the connector before screwing it in with the safety inserter,
11 mm centering sleeve, and T-handle. After the lag screw has been properly positioned,
the handle, safety inserter, and centering sleeve can be removed.

A plate of the proper length can now be passed over the screwdriver and onto the lag
screw. Once the plate is in the proper position relative to the femoral axis, it is adjusted
with the worm gear to correct any valgus or varus.

The worm gear is turned with a screwdriver until the plate is perfectly attached to
the femur. The plate impactor is used to precisely adjust the DMS plate on the femur to
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ensure a secure seat. To secure the DMS plate to the femur, 4.5 mm cortical screws are used.
A 6.5 mm cancellous screw can also be used for fixing the lesser trochanter in the plate
hole directly underneath the worm gear. The fracture is finally compressed by inserting the
DMS compression screw. Compression paths of up to 6 mm can occur in osteoporotic bone.
The compression screw is removed after compression.

2.2. Statistical Analysis

Statistical analysis was performed using SPSS v18.0 (Chicago, IL, USA) by an inde-
pendent statistician. Continuous variables were reported using averages and standard
deviations (SD), while categorical variables were presented using frequency distributions
and percentages. Biserial correlations were performed using a two-tailed test. The level of
significance was set to p < 0.05.

3. Results

From January 2017 to December 2019, 57 patients were treated with the DMS Dynamic
Martin Screw (KLS Martin Group, Jacksonville, FL, USA) for proximal femoral fractures of
type 31-A2 and 31-A3 according to the AO/OTA classification. By the final follow-up, one
patient (1.8%) had died from causes unrelated to the treatment, five patients (8.8%) met the
exclusion criteria, and two patients (3.5%) were excluded due to a lack of data.

As a result, a total of 49 patients were included in this retrospective study; of these,
29 were male (59.2%) and 20 were female (40.8%). Nineteen cases (38.8%) involved the
right hip and thirty (61.2%) involved the left hip. At the time of surgery, the average age
was 54.1 years (SD 8.4).

Table 1 contains specifics about the baseline demographics at the time of surgery.

Table 1. Baseline demographic data at time of surgery.

Patient Population Number %
Total no. 57 100
Died 1 1.8
Non-traceable 2 3.5
Exclusion criteria 5 8.8
Available 49 85.9
Indication Number %
31 A2 39 79.6
31 A3 10 20.4
Sex Number %
Male 29 59.2
Female 20 40.8
Age Average (Y) SD
54.1 8.4
Side Number %
Left 30 61.2
Right 19 38.8

Data on pre-traumatic health conditions are reported in Table 2.

The average time from trauma to surgery was 1.18 & 0.7 days. Thirty-one (63.3%)
patients received spinal anesthesia. Surgical procedures had an average duration of
110.8 & 29.7 min. Cerclage wires were used in 18 patients (36.7%). Pre-operative hemoglobin
levels averaged at 13.53 £ 1.29 g/L, while first-day post-operative hemoglobin was
9.83 £ 2.3 g/L and discharge hemoglobin was 9.74 & 2.5 g/L. Packed red cells were trans-
fused in 27 patients (55.1%).
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Table 2. Data on pre-traumatic health conditions.

ASA Average SD

1.7 0.6

ASA Number %
1 17 34.7
2 28 57.1

3 4

BMI Average (kg/m?) SD
24.3 3.7

Osteoporosis Number %
9 18.4

On the first or second day, 16 patients (32.7%) were mobilized into a vertical position
with partial weight-bearing. The average duration of hospital stay was 6.5 &= 3.1 days.
One patient experienced a post-surgical hematoma, which was surgically drained, and
another patient had prolonged diffuse paresthesia in the surgically treated limb. No
further complications, such as deep vein thrombosis or pulmonary embolism, urinary tract
infection, heart failure, pneumonia, acute kidney injury, and vascular injury, arose during
hospitalization in the analyzed patient cohort.

Complete intraoperative data, including in-hospital complications, are reported in

Table 3.

Table 3. Peri-operative and in-hospital data.

Time from Trauma to Surgery Average (Day) SD
1.18 0.7
Time from trauma to surgery Number %
Day 0 8 16.3
Day 1 24 49
Day 2 17 34.7
Surgical time Average (min) SD
110.8 29.7
Cerclage No. of patients %
18 36.7
Type of anesthesia Number %
Spinal 31 63.3
General 17 34.7
Hemoglobin (g/L) Average SD
Pre-operative 13.53 1.29
Day 1 9.83 2.3
At discharge 9.74 2.5
Transfusion of packed red cells No. of patients %
27 55.1
Assisted verticalization with weight-bearing Number %
1st day 5 10.2
2nd day 11 22.5
By discharge 10 20.4
No verticalization at discharge 23 46.9
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Table 3. Cont.

Days of hospitalization Average (day) SD
6.5 3.1

In-hospital complications Number %
2 41

The final evaluation was conducted on 49 patients, taking into consideration factors
such as death and exclusion criteria. The average follow-up duration at final follow-up
was 60.5 months (SD 8.6). During follow-up, no complications such as local infection or
peri-implant fracture were observed. Seven patients (14.3%) underwent the removal of the
synthesis devices, including one case due to aseptic mobilization despite osseous healing.
Two of the patients (aged 58 and 61 years, 4.1%) who underwent synthesis device removal
were subsequently treated with total hip replacement for post-traumatic arthritis (Figure 2).
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Figure 2. Patient underwent removal of synthesis devices and total hip replacement ((A): X-ray
after treatment with DHS; (B): X-ray after removal of synthesis devices; (C): X-ray after total hip
replacement surgery).

During radiographic assessment at the final follow-up, no further mobilizations or
cut-outs were observed (Figure 3). In a single case, there was a presence of non-union of
the greater trochanter, which remains clinically asymptomatic.

Of the patients enrolled in the study, 26 (53%) had been engaged in sports activities
before the traumatic event. The overall rate of RTS was 57.7% (15 patients), defined as a
return to participation, while the return to the same performance level occurred in 34.6%
(nine patients). The average time for RTS for all sports was 34.3 weeks (SD 11.3).

The average HHS at final follow-up was 77.1 (SD 20.1). The average WOMAC score
at final follow-up was 21.6 (SD 13.7). At the final follow-up, 15 (30.6%) showed excellent
outcomes (HHS > 90), 14 (28.6%) good outcomes (HHS: 80-89), 13 (26.5%) fair outcomes
(HHS: 70-79), and 7 (14.2%) poor outcomes (HHS < 70). Data related to PROMs and RTS
are reported in Table 4.
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Figure 3. Three cases at follow-up: right hip with DHS (A) and left hip with DHS and cerclage (B,C);
DHS = dynamic hip screw.

Table 4. Outcome data at final follow-up.

Final Follow-Up Average (mos) SD
60.5 8.6

Return to sport Number %
Participation 15 53
Performance 9 34.6
Return to sport Average (w) SD
343 11.3

Clinical outcome Average (pts) SD
HHS 77.1 20.1
WOMAC 21.6 13.7

Quality score HHS Number Y%
Excellent > 90 15 30.6
Good 80-89 14 28.6
Fair 70-79 13 26.5
Poor <70 7 14.2

The correlation between patient characteristics in the peri-operative period, PROMs
at final follow-up, and correlation with RTS, intended as participation, was evaluated.
As documented in Table 5, no statistically significant correlations emerged, except with
PROMs at final follow-up.

Of the fifteen patients who resumed sports activities, seven (47%) practiced cycling,
two (13%) football, four (27%) swimming, and two (13%) running. All the patients partici-
pated in sports at a non-competitive level.
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Table 5. Correlation between patient characteristics and return to sport.

Return to Sport (N = 26)

Yes (N =15) No (N =11) p Value
Age 55.54(SD 9.47) 55.45 (SD 4.95) 0.805
BMI 23.65 (SD 3.12) 23.63 (SD 3.5) 0.644
ASA 1.76 (SD 0.6) 1.72 (SD 0.47) 0.787
Time from trauma to surgery 1(SD 1.15) 1.63 (SD 0.67) 0.142
Surgical time 105.6 (SD 31.5) 119.6 (SD 24.25) 0.229
Days of hospitalization 5.61 (SD 1.8) 5.4 (SD2.4) 0.917
Harris Hip Score 90.15 (SD 13.7) 67.54 (SD 13.23) <0.05
WOMAC 13.76 (9.9) 27.1(SD 10.4) <0.05

4. Discussion

To the best of our knowledge, this is the first study that evaluates the use of the
DHS plate in a cohort of middle-aged patients treated for unstable trochanteric fractures.
Specifically, the type of DHS used is angle-adjustable, enhancing anatomical fit and respect
for the femoral phenotype being treated.

The optimal treatment for unstable trochanteric and intertrochanteric fractures, whether
to use a DHS plate or a PEN, remains a topic of debate in the literature. Specifically, unstable
trochanteric fractures, especially intertrochanteric fractures, continue to pose a challenge
to the orthopedic surgeon. These fractures are linked with increased rates of failure and
the need for subsequent surgical revisions, regardless of the method of fixation employed.
Moreover, the literature does not clarify the role of DHS treatment in middle-aged pa-
tients (<65 years old), who are underrepresented in studies that predominantly focus
on an older population. This older group, however, has different types of issues and
functional demands.

The cohort enrolled in this study exhibits characteristics that are distinct from those
of other studies in the literature. Specifically, the average age is 54.1 (SD 8.4) years, and
patients underwent surgery within the first 48 h following trauma, with an average time
from arrival at the emergency department to surgery of 1.18 (SD 0.7) days. The discussion,
which aims to assess the role of DHS in the treatment of unstable trochanteric fractures
in middle-aged patients, is based on studies in the literature with the closest matching
average age and demographic characteristics to the cohort evaluated in this study.

The surgical time was 110.8 (SD 29.7) minutes. In the literature, shorter operative
times are reported. Sharma et al., in their study involving 29 patients with an average
age of 62.3 years treated with DHS, reported an average time of 69.7 min [19]. Adeel et al.
reported an average time of 58.7 (SD 7.8) minutes in 34 patients with an average age of
60.9 (SD 12.5) years [20]. Even shorter durations are reported in treatments using PFNs,
with Xu et al., in a meta-analysis of 1889 patients, highlighting a statistically significant
difference in the duration of surgery, with an average of 9.5 min less for treatments using
PENSs [21]. Furthermore, if there is a need for an antirotation screw in addition to the DHS,
the time increases further, as found by Mueller et al. in a study of 375 patients [22].

The DHS carries the drawback of requiring significant exposure and soft tissue strip-
ping, which may lead to significant blood loss [23,24]. The patients evaluated in this
study experienced an average decrease in hemoglobin of 3.8 g/L from their arrival at
the emergency department to discharge, with 55% of the patients requiring at least one
transfusion of packed red cells. In the literature, there is heterogeneity in this aspect, with
some studies reporting a transfusion rate of up to 67.9%, while another study reported only
3.4% [9,19,21,25].

A meta-analysis published by Xu et al. reports data indicating less blood loss in
patients treated with PFN [26]. A meta-analysis by Hao et al. compared different surgical
techniques for intertrochanteric femoral fractures, focusing on intraoperative blood loss [27].
Their results highlighted the notable advantage of proximal femoral nail antirotation
(PENA), which had the lowest blood loss and the shortest operative time of the five
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treatments considered. After PFNA, the order of blood loss for each method was observed
in ascending order: proximal cortical contouring plate, gamma nail, femoral head resection,
and DHS. Strategically reducing blood loss during surgery not only minimizes the need
for allogeneic blood transfusions, but also reduces the potential risks associated with
transfusion reactions, disease transmission, and immunomodulation [28,29]. The reduced
duration of surgery and lower incidence of blood loss may be attributed to the smaller
incision and lesser muscle trauma. The PEN implant is placed using a minimally invasive
technique that does not involve exposing the fracture site, in contrast to the DHS, which
requires a larger incision [9,26].

Although not assessed in this study, several studies in the literature have evaluated
the use of intraoperative fluoroscopy. DHS typically requires less fluoroscopic exposure
compared to PEN [11,25,30,31]. Given that PFN procedures are performed through a
minimally invasive approach, it can be expected that more fluoroscopic guidance would be
necessary to ensure correct implant placement, achieve good stability, and reduce the risk
of implant failure. For this reason, some authors suggest that DHS might be the preferable
option for patients who must limit their exposure to radiation, such as younger individuals
or those with multiple chronic conditions [26].

The cohort of patients presented in this study showed a shorter length of hospital
stay compared to the data reported in the literature, with an average stay of 6.5 (SD
3.1) days. This early discharge was made possible due to meticulous pharmacological
management of peri-operative pain, immediate rehabilitation, and a reduced rate of peri-
operative complications. In fact, during hospitalization, only one patient developed a
post-operative hematoma that required surgical drainage, and another patient experienced
diffuse paresthesia in the operated lower limb. No other intraoperative complications were
reported. The literature reports lengths of stay ranging from 10 to 14 days on average, with
no statistically significant difference between patients treated with DHS and those treated
with PFNs [19,22,25,32].

In the patient cohort featured in this study, at the final follow-up, post-operative com-
plications only included one case of aseptic loosening of the implant, with a complication
rate of 2%. There were no infections, peri-implant fractures, or other complications reported.
The reoperation rate was 14.3%, with six out of seven patients undergoing removal of the
fixation devices for reasons not associated with treatment failure.

Failures in cases treated with DHS alone have often been linked to excessive sliding
of the compression screw, which can lead to the collapse or medial shift of the distal
fracture fragment. This can occur even if the compression screw is ideally placed within
the femoral head. Such failures are typically due to the loss of support from the calcar or to
a deficiency in the lateral femoral wall, resulting in fracture collapse under load [33-35]. In
the literature, non-union and implant failure are common complications associated with
compromised fixation stability [36]. Sharma et al., in a study of twenty-nine patients treated
with DHS, reported one case of loss of reduction and one case of implant failure, with
a total complication rate of 7% [19]. Huang et al., in a study of thirty patients, reported
two cases of fixation failure (6.7%) [9]. Yu et al., in a study of 110 patients, reported a
non-union rate of 1.8% [35]. The incidence of post-operative complications such as fracture
non-union, implant failure, revision of fixation failure, or arthroplasty did not show a
significant difference between the use of PENs and DHS. This finding is highlighted by the
comprehensive meta-analysis published by Xu et al., conducted on 1889 patients, which
reported a non-union rate of 1.7% in patients treated with PFNs and 2% in patients treated
with DHS, and an implant failure rate of 2.5% with PFNs and 3.5% with DHS, with no
statistically significant differences [26].

In the cohort in this study, two out of forty-nine patients (4.1%) required treatment
with a total hip arthroplasty due to post-traumatic arthritis. Saudan et al. reported a
prosthetic implantation rate at the final follow-up of 2.2%, while Parker et al. reported a
rate of 4.3%, with both studies having a minimum follow-up of one year [25,30]. Acute
arthroplasty treatment is a trending topic in the current literature, with some authors
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suggesting immediate replacement treatment, especially in cases of existing osteoarthritis
or poor bone quality [37-39].

There are limited studies in the literature that have evaluated modern PROMs, such
as HHS and WOMAC. In our study, the functional outcomes at follow-up were satisfactory,
with an HHS of 77.1 (SD 20.1) and a WOMAC score of 21.6 (SD 13.7). Memon et al., in a
study of 122 patients treated for unstable pertrochanteric fractures, reported an average
HHS of 69.3 (SD 10) at 2 years’ follow-up [40]. In a study of 34 patients, Kassem et al.
reported an HHS of 77.9 (SD 8.4) at 1 year follow-up [41]. The use of DHS in femoral neck
fractures in adults aged between 18 and 69 years showed superior results, with an average
HHS of 88 [42]. Watson et al. reported an average WOMAC score of 41 in a study involving
62 patients [43].

No study in the literature has evaluated RTS after proximal femur fractures. It can
be hypothesized that the treatment we employed is less invasive on the gluteal muscles,
which are necessary for sporting activity, when compared to PFNs. The findings of this
study are thus capable of shedding light on the feasibility and success of resuming sporting
activities after this type of surgery. This knowledge is crucial for both physicians and
patients to understand the potential impact on an active lifestyle. However, the reported
data are lower compared to the rates of RTS after elective hip arthroplasty in a middle-aged
population [44].

This study has several limitations, including the lack of a control group, the limited
number of patients assessed, the retrospective nature of the study, and the relatively brief
duration of the follow-up period.

5. Conclusions

Treatment with angle-adjustable DHS plates for unstable trochanteric fractures is a
safe option in middle-aged patients, ensuring good functional recovery comparable to
outcomes achieved with intramedullary fixation or other extramedullary fixation systems.

Furthermore, this study represents the first publication on a cohort of patients treated
with this device. Additional studies are required to assess complication rates and func-
tional outcomes in comparison to patients treated with intramedullary nailing or with
acute arthroplasty.
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Abstract: Background: Femoral neck fractures (FNFs) are frequent orthopedic injuries in elderly
patients. Despite improvements in clinical monitoring and advances in surgical procedures, 1-year
mortality remains between 15% and 30%. The aim of this study is to identify variables that lead to
better outcomes in patients treated with total hip arthroplasty (THA) for FNFs. Methods: All patients
who underwent cementless THA for FNF from January 2018 to December 2022 were identified.
Patients aged more than 80 years old and with other post-traumatic lesions were excluded. Patient
data and demographic characteristics were collected. The following data were also registered:
time trauma/surgery, surgical approach, operative time, intraoperative complications, surgeon
arthroplasty-trained or not, and anesthesia type. In order to search for any predictive factors of better
short- and long-term outcomes, we performed different logistic regression analyses. Results: A total
of 92 patients were included. From multivariable logistic regression models, we derived that a direct
anterior surgical approach and an American Society of Anesthesiologists (ASA) classification < 3
can predict improved short-term outcomes. Moreover, THAs performed by surgeons with specific
training in arthroplasty have a lower probability of revision at 1 year. Mortality at 1 year was
ultimately influenced by the ASA classification. Conclusions: A direct anterior approach and specific
arthroplasty training of the surgeon appear to be able to improve the short- and long-term follow-up
of THA after FNFE.

Keywords: femoral neck fracture; total hip arthroplasty; direct anterior approach; outcome

1. Introduction

Femoral neck fractures (FNFs) are very common injuries in the elderly population.
Recent studies have reported that the prevalence of FNFs is expected to show a strong
increase worldwide by 2035 to 2050 [1-6].

Hip fractures have an important impact on the US healthcare system, with an an-
nual incidence of 1000 per 100,000 beneficiaries [7,8]. It is estimated that the incidence
of FNFs will increase from 1.66 million in 1990 to 6.26 million by 2050 [9]. In terms of
type of treatment, the anatomic site of fracture plays an important role in determining the
procedure needed. Intracapsular injuries consist of subcapital and transcervical groups,
with arthroplasty being the common surgical treatment. In contrast, extracapsular fractures
occur distal to the joint capsule insertion and can be distinguished into basicervical, in-
tertrochanteric, and pertrochanteric groups, with osteosynthesis being the best recognized
treatment [9].

Despite improvements in clinical monitoring and advances in surgical treatment, the
1-year mortality rates in patients who reported an FNF remain considerable, being 15% to
30% [7,10].

Currently, the common treatment of FNFs is internal fixation in 60% of cases, hemi-
arthroplasty in 30% of cases, and total hip arthroplasty (THA) in the remaining percentage
of cases [11,12].
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However, we have to consider that the use of THA as the primary treatment of FNFs
continues to increase annually [13].

These changes in the application of the different surgical options depend on the results
reported in several randomized trials and have been confirmed by meta-analyses that
compared THA to hemiarthroplasty and internal fixation for displaced FNFs, showing that
THA is associated with better outcomes and a lower incidence of re-operations [14,15].

Many factors can play a significant role in determining the outcome after THA for
FNF. Recently, many studies have investigated the consequence of a surgical approach
(direct anterior [DA], posterolateral [PL], and lateral direct [LD]) for total hip arthroplasty
on short- and long-term follow-ups. Reported benefits of the DA approach are as follows:
minor dislocation risk [16-18], lesser pain, and higher functional recovery in the early
postoperative days (first 2 weeks after surgery) compared to the PL approach [19,20] and
higher self-reported scores for functional recovery at 2 weeks after surgery compared to the
LD approach [21]. However, these postoperative advantages often were absent at 3-month
and 1-year follow-up evaluations [20,22].

Functional status in the first postoperative days after THA may play a role of higher
importance in FNF patients considering their generally increased age and reduced level of
activity compared to their elective counterparts [23].

Furthermore, growing evidence has suggested that early postoperative deambulation
in the group of patients who suffered an FNF could influence mortality at follow-up [24-28].

The aim of this study is to identify the factors that lead to better outcomes in the early
period and at 1-year follow-up in patients who underwent a THA operation after FNE.

2. Materials and Methods
2.1. Study Design and Patients

All patients who underwent cementless total hip arthroplasty for FNF from 1 January
2018 to 31 December 2022 were preliminarily identified. Patients who underwent THA
for pathologic fracture, osteonecrosis, or lateral femoral fractures (trochanteric fractures)
were excluded. Additionally, we considered exclusion criteria cases of bilateral FNF and
the presence of ipsilateral acetabular injuries. Finally, patients aged more than 80 years
old and subjects with a reported non-independent deambulatory capability at baseline
were excluded.

The study was regularly approved by the North Aemilia Ethical Committee with
number 631/2023 on 12 December 2023.

All procedures were performed after collecting written informed consent from each
patient and in accordance with the ethical standards of the institutional and national com-
mittees of research and the 1964 Declaration of Helsinki and its subsequent amendments.

Patient data and demographic characteristics were collected, including age, gender,
BMI, Garden classification of fracture, and ASA classification. Furthermore, we registered
the following operative data: time between trauma and surgery (days), surgical approach
(DA or LD), operative time, reported intraoperative complications (periprosthetic femoral
fracture or surgical acetabular protrusion), and anesthesia type (spinal or general).

We verified, as previously reported, if the surgical procedure was performed by
an arthroplasty-trained surgeon (AR-trained) or by a non-arthroplasty-trained surgeon
(non-AR-trained).

2.2. Surgical Technique

In all patients, the THA was completed through an LD approach or a DA approach
under spinal or general anesthesia. Both surgical approaches were performed in the
supine position.

For DA, a regular operating room table was used, and the patient was positioned with
the hip over the table break junction, thus allowing table reflexion and hyperextension
of the hip joint. The contralateral leg was typically inserted in the sterilization procedure
before incision in order to make possible a correct check of limb length during surgery
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and a correct figure-four adduction during the femoral exposure. In obese patients, we
conducted a pannus retraction with adhesive tape to avoid any possible related difficulties
during stem broaching and positioning. An oblique incision was made originating 2—4 cm
distal and lateral to the ASIS. Dissection was taken deep to expose the overlying thin
fascia of the tensor fascia lata, which was then incised with the same axis as the cutaneous
incision. Blunt finger dissection was utilized afterward, and the interval was developed
between the sartorius and the TFL. Two wound protectors were positioned at this point
in order to reach the minimization of soft tissue, muscle, and skin damage caused by
retraction. The ascending branch of the lateral circumflex femoral artery and vein was
identified and tied before cauterization, and the anterior hip capsule was exposed. The
femoral neck osteotomy was then completed either with a single cut or sometimes with a
napkin-ring-type parallel two-cut technique to facilitate the removal of the femoral head.
Femoral exposure on our regular operating room table started with external rotation of the
femur typically over 90°. A proximal femoral hook was useful in this phase to elevate the
proximal femur and facilitate better exposure. The leg was extended by lowering the leg to
the floor followed by adduction of the extremity. The femoral exposure was accomplished
by reflexing the table to extend the extremity and placing the leg figure-four under the
opposite leg with flexion of the knee of the operated leg lower to 45°. A retractor was then
placed on the femur medial to the neck cut and a double-pronged retractor was placed
under the greater trochanter. Soft tissue releases were performed identifying the piriformis
fossa and proceeding along the greater trochanter while elevating the proximal femur
with the hook device. The visualization of the osteotomy plane enabled the broaching and
placement of a femoral trial component to commence. Closure of the wound was initiated
with repair of the TFL fascia with either a running or interrupted suture. In all cases, a
drain was correctly positioned.

For the direct lateral approach, we proceeded with releases of the anterior third of the
gluteus medius and minimus while preserving the posterior femoral attachment of the
major part of these muscles. The proximal part of the incision was limited by the superior
gluteal nerve and vessels, crossing 3-5 cm proximal to the tip of the greater trochanter.
Distally, the anterior fibers of the vastus lateralis were elevated from the anterior femur.
Next, the anterior attachment of the hip capsule was released from the anterior base of the
femoral neck, and an anterior longitudinal capsulotomy was opened as necessary with
a proximal transverse T-shaped incision. Femoral exposure was completed with careful
release of the postero-lateral capsule and positioning of the leg in figure-four under the
opposite leg with a flexion of the knee over 90°. Closure of the wound started from the
muscular fibers of the gluteus medius and minimus and then with fascia repair with an
interrupted suture. In all cases, a drain was correctly positioned.

During all surgeries, intraoperative fluoroscopic imaging was used in order to
exclude possible complications. The DA approaches were performed by two different
surgeons, whereas the LD approaches were performed by five different surgeons. The
arthroplasty-trained surgeons were the two surgeons able to implant THA with both the
LD and DA approaches.

Perioperative and postoperative institutional protocols were adhered to with minor
variations depending on surgeon preference. All patients received preoperative antibiotics
before incision.

If no surgical contraindications were present, then, in all patients, walking in the first
2 postoperative days was attempted with dedicated physiotherapy personnel. All included
patients have a minimum of 1-year follow-up.

2.3. Radiographic Evaluation

Postoperative X-rays were checked by two orthopedic surgeons in order to verify correct
component positioning: acetabular shell inclination and anteversion, as well as femoral
subsidence and varus, were measured as previously reported in the literature [29,30].
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Rotation of the proximal femur was verified by measuring the width of the lesser
trochanter. Further fine adjustments were made using the ratio of the projection of the
distal tip of the stem that was verified by known stem size. The inclination of the acetabular
component referenced the interteardrop line and anteversion, following the previously
reported method published by Haddad et al. [31]. The valgus/varus alignment of the
stem was recorded using the method described by Khalily and Lester [32]. Subsidence was
evaluated from the immediate postoperative radiographs and those at final follow-up as a
vertical movement of the femoral component, as validated in previous study.

The postoperative radiographs from the first ten patients were separately analyzed
and evaluated by two independent observers to assess interobserver reliability through the
single measures and with a two-way mixed effect intra-class correlation coefficient. The
registered inter-observer reliability coefficient was in the correct range of tolerance for each
radiographic assessment.

2.4. Outcome Measurement

In order to search for any predictive factors of outcome in the early period and at
1-year follow-up, we performed different multivariable logistic regression analyses.

Early outcome was evaluated using two different parameters: early deambulation
(ED) and capability to reach autonomy in deambulation (AD) without crutches in the first
month after surgical procedure.

ED was attempted in all included cases where the patients in the first 2 postoperative
days were able to complete a supported deambulation of at least 20 meters. The results of
this attempt were independently registered by four physiotherapists blinded to the design
and scope of the study.

The level of autonomy in deambulation (AD) was evaluated by an orthopedic surgeon
during one-month follow-up visit registering whether it was possible for deambulation
without crutches and with a correct muscular response to weightbearing. The results in
terms of AD were independently registered by surgeons blinded to the design and the
scope of the study.

Outcome at 1-year follow-up was evaluated using two different parameters: 1-year
mortality and 1-year revision for any cause.

2.5. Statistical Analysis

All variables were checked in order to verify distribution, mean, median, interquartile
range, and standard deviation.

A preliminary Kolmogorov-Smirnov test was performed for all variables in order to
verify the normality distribution of the variable.

The variance inflation factor was used in order to verify the absence of multicollinearity
inside each multivariate analysis.

The insertion of any variable in the multivariate analysis was followed by calculation
of the derived adjusted R-squared to proceed to a correct adjustment of the models.

A multivariable logistic regression analysis was performed for the two short-term out-
come parameters including the data reported above. These two multivariate analyses were
performed in order to identify predictive factors for failure in achieving early deambulation
and an inability to reach deambulation without crutches at one-month follow-up.

A multivariable logistic regression analysis was then performed searching predictive
factors for 1-year mortality and 1-year revision for any cause including the data reported
above and including measurements of short-term outcomes.

The significance level was set at p < 0.05.

Data elaboration and statistical analysis were performed using SPSS® statistics soft-
ware 20.0 (IBM®, Armonk, New York, NY, USA).
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3. Results

A total of 108 patients were preliminarily included in the study. After the final
collection of data at follow-up, a total of 16 patients were excluded for unavailable complete
information (Figure 1).

Patients with
intracapsular femoral
neck fractures treated

with THA: n = 145

Exclusion criteria:

-pathologic fracture

-older tha 80 years old

-non indipendent deambulatory
capability

Included patients:
n=108

Exclusion for
incomplete follow-up

Study sample n=92
i Y
DA approach n=40 LD approach n=52
X L |
Excluded from statistics n=0 Excluded from statistics n=0
y Y
Analyzed n=40 Analyzed n=52

Figure 1. Flowchart of the studied population.

Thus, 92 patients constituted the pool of analysis of our study.
Demographic data are reported in Table 1.

An ED was registered as successful in 31 cases, and in 25 cases a successful AD at one
month without crutches was possible with adequate muscular response to weightbearing.
The multivariable analysis for short-term outcomes is reported in Tables 2 and 3.

The logistic regression models showed the statistically significant predictive power
of the surgical approach to influence ED. Specifically, the DA surgical approach could
be considered a parameter able to predict the capability of reaching ED from our data
(Figure 2). The second analysis performed for AD at one month showed the statistically
significant predictive power of the surgical approach and ASA classification. Thus, the DA
surgical approach and ASA classification < 3 were able to have a favorable influence on
AD at one month.

The multivariable analysis for outcome at 1-year follow-up is reported in Tables 4 and 5.
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Table 1. Patient characteristics and demographic data.

N=92
Age (mean = std dev) 726 +73
Gender
Male 38
Female 54
BMI 258 +3.1
ASA
1 8
2 29
3 51
4 4
Garden fracture
2 5
3 56
4 31
Time trauma/surgery (hours) 57.1+£13.5
Operative time (min) 118 £ 14.9
Intraoperative complications
Surg acetabular protrusion 4
Femoral fracture
Surgical approach
DA 40
LD 52
Surgical training
AR 43
non-AR 49
Anesthesia type
General 34
Spinal 58
Component positioning
Correct 75
Incorrect
Stem
Varus 3
Acetabular
Inclination 7
Anteversion 5
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Table 2. Multivariable logistic regression analysis for failure in early deambulation.

OR 95% Confidence Interval p
Age 0.781 0.314-0.827 0.083
Female 1.026 0.526-1.331 0.645
BMI 0.890 0.673-0.995 0.286
ASA <3 0.762 0.540-0.913 0.109
Time trauma/surgery 1.153 0.732-1.385 0.622
Operative time 0.807 0.691-1.469 0.581
No intraoperative complications 0.996 0.503-1.542 0.875
DA surgical approach 0.291 0.106-0.374 0.026
AR-trained surgeon 0.467 0.238-0.782 0.171
Spinal anesthesia 0.957 0.580-1.463 0.602
Correct component positioning 0.554 0.296-0.831 0.185

DA: direct anterior; AR: arthroplasty. Bolded and underlined values identify variable with statistical significance.

Table 3. Multivariable logistic regression analysis for inability of deambulation without crutches at
one-month follow-up.

OR 95% Confidence Interval p
Age 0.862 0.764-1.351 0.098
Female 0.615 0.391-1.227 0.189
BMI 0.928 0.732-1.416 0.352
ASA <3 0.349 0.206-0.518 0.034
Time trauma/surgery 0.786 0.365-1.191 0.432
Operative time 0.883 0.475-1.364 0.502
No intraoperative complications 0.512 0.256-0.729 0.091
DA surgical approach 0.447 0.315-0.580 0.026
AR-trained surgeon 0.546 0.129-0.866 0.312
Spinal anesthesia 0.904 0.563-1.672 0.633
Correct component positioning 0.735 0.306-1.147 0.567

DA: direct anterior; AR: arthroplasty. Bolded and underlined values identify variable with statistical significance.

DA
approach

LD
approach

0 2 4 7

First day of deambulation

Figure 2. Graphical distribution of the first day of deambulation in Patients treated with direct
anterior approach and lateral direct approach.
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Table 4. Multivariable logistic regression analysis for revision surgery at one-year follow-up.

OR 95% Confidence Interval p
Age 0.741 0.489-1.266 0.659
Female 0.562 0.273-0.984 0.416
BMI 0.397 0.137-0.558 0.083
ASA <3 0.604 0.218-1.165 0.687
Time trauma/surgery 0.856 0.649-1.453 0.705
Operative time 0.915 0.807-1.511 0.842
No intraoperative complications 0.789 0.625-1.139 0.821
DA surgical approach 0.423 0.156-0.727 0.234
AR-trained surgeon 0.258 0.114-0.392 0.003
Spinal anesthesia 0.891 0.565-1.376 0.908
Correct component positioning 0.672 0.496-0.978 0.536
Early deambulation completed 0.218 0.129-0.564 0.095

DA: direct anterior; AR: arthroplasty. Bolded and underlined values identify variable with statistical significance.

Table 5. Multivariable logistic regression analysis for mortality at one-year follow-up.

OR 95% Confidence Interval p
Age 0.471 0.206-0.872 0.247
Female 0.692 0.491-0.958 0.535
BMI 0.543 0.387-0.824 0.394
ASA <3 0.367 0.194-0.525 0.021
Time trauma/surgery 0.825 0.657-1.237 0.780
Operative time 0.904 0.722-1.369 0.829
No intraoperative complications 0.786 0.315-1.196 0.452
DA surgical approach 0.217 0.108-0.313 0.096
AR-trained surgeon 0.338 0.239-0.482 0.081
Spinal anesthesia 1.026 0.524-1.361 0.755
Correct component positioning 0.487 0.280-0.712 0.274
Early deambulation completed 0.259 0.148-0.306 0.053

DA: direct anterior; AR: arthroplasty. Bolded and underlined values identify variable with statistical significance.

The analysis for 1-year mortality identified statistical significance in the ASA classifica-
tion. In particular, we documented a higher mortality risk at 1 year for ASA classification > 3.
Furthermore, we considered, of particular interest, the strong near-significance value of ED
in relation to 1-year mortality; in fact, even if it were not really significant, the value of ED
in this model could witness the existence of the relationship between early mobilization
and better survival in our data, as already reported in the literature (Figure 3).

Revision surgery was performed in four cases: three cases for atraumatic dislocation,
and one case for early periprosthetic joint infection.

The analysis for 1-year revision risk showed statistical significance for the training of
the surgeons. This logistic regression analysis documented a higher risk for revision when
the surgical procedure was performed by a non-AR-trained surgeon.
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First day of deambulation
Figure 3. Survival of patients in relation to first day of registered deambulation.

4. Discussion

In this study, we present a case series of patients treated with THA after femoral neck
fracture. After statistical processing of the data, we performed multivariate analyses in
order to identify predictive factors of better outcomes in the first month and at 1-year
follow-up.

From our data, it emerged that patients treated with THA through the DA surgical
approach have a higher probability of reaching deambulation in the first days after surgery
and to walk without crutches at one month. This could be derived from the minor muscular
damage of this surgical approach, as is widely recognized in the literature.

Furthermore, we performed a multivariate analysis for revision risk at one year, which
documented a higher risk of re-operation for patients operated on by a surgeon without
specific arthroplasty training.

In our opinion, it is also of particular interest that the near-significance value resulted
in ED predicting 1-year mortality. We suggest further studies to investigate this issue in
this specific population of fractured patients.

Fractures of the femoral neck have important economic implications due to their direct
and indirect medical costs. Total hip arthroplasty is a surgical procedure with a documented
increase in number and extension year-by-year for clinical and epidemiological reasons.
A recent study of the National Database documented, in the last 22 years (from 2001 to
2022), a growth rate of hip replacement surgery of +8.19% [33]. In the same study, the
increase in THASs remains significant, especially when considering the progressive aging
of the population in the last 22 years [33]. A previous study published by Pabinger and
Geissler [34] similarly reported that hip arthroplasty is increasing exponentially in the
OECD (Organization for Economic Cooperation and Development) with different rates
across the countries: USA, +12.87%; Australia, +7.77%; United Kingdom, +6.95%; Germany,
+6.07%; and Spain, +6.73%.

There is growing evidence that total hip arthroplasty may result in improved outcomes
over hemiarthroplasty and internal fixation [13,14]. Furthermore, recent studies have also

42



J. Clin. Med. 2024, 13, 1849

reported that THA could be more cost-effective in these patients when compared to other
surgical treatments [13,14].

Recently, some authors have demonstrated that hospitals in which there is manage-
ment of a high proportion of hip fracture patients may be unfairly penalized with the
current models of payment [35-37]. In fact, it is recognized that there are pronounced
differences between patients who underwent THA for osteoarthritis and those for hip
fractures. Patients with an FNF tend to be older and with more significant clinical associ-
ated problems, frequently experience an increased length of hospitalization, more often
need to be discharged to a rehabilitation facility, and show a higher readmission rate after
surgery [35-37].

In our study, we performed an analysis that demonstrated a better short-term outcome
in patients who underwent THA with the DA surgical approach and a better long-term
outcome in terms of 1-year revision in patients operated on by an AR-trained surgeon.
Furthermore, we consider the influence of ED on 1-year mortality, which could be desumed
from the logistic regression analysis, to be of particular interest. In our opinion, this
relationship needs to be clarified in a larger cohort of patients.

While the surgical approach for THA in elective cases is still a topic of debate with
recognized difficulties in comparing the large number of reported papers [38,39], few
studies to date have compared different surgical approaches in performing THA after
FNF [40,41]. The results of a recent study by Cichos et al. showed that THA performed
with the DA approach is associated with a lower risk of dislocation and mechanical revision
at both 3-month and 1-year follow-ups when compared to the PL approach. Similarly, those
authors reported that the DA approach was associated with an improvement in mortality
rates compared to the PL approach at both 3-month and 1-year registered follow-ups [41].

Furthermore, the same study reported that utilization of the DA approach determined
a higher overall survival at follow-up when compared to other surgical approaches [41].

In the first systematic review and meta-analysis investigating surgical approaches
for arthroplasty after FNF [42], nine eligible studies were included with publication dates
between 2012 and 2016. Data from this meta-analysis showed that the DA approach
provided better early functional mobility in four studies according to other data reported
in the literature.

Bucs et al., in a study that evaluated the efficacy of the DA approach in HHA for
FNFs compared to the DL approach, demonstrated that patients operated on with the DA
approach reported less postoperative pain, resulting in patients more frequently being able
to complete earlier mobilization [43].

Nogler et al. confirmed these data and showed in a different study that patients
operated on with the DA approach had less postoperative pain, minor blood loss, and
an inferior length of hospital stay when compared to those treated with the PL or DL
approaches [44].

Multiple prior studies on elective total hip arthroplasty showed an improvement in
early functional scores, deambulation, and mobilization in DA-approach patients for the
first few weeks after surgery [18,19]. While the consequences of these early improved
capabilities in mobilization and deambulation for long-term outcomes in elective patients
have still not yet been completely clarified, the FNF population is generally in a worse
position compared to their elective counterparts [22,36], given the potential major benefits
of these early small differences. A previous study reported that the level of deambulation
at 2 weeks after surgery could be considered as a significant predictor of survivorship at
1 year in the FNF population [23]. Therefore, in our opinion, we have to give particular
importance to reaching early deambulation after THA for FNFs, and surgery through the
DA approach has a demonstrated positive influence in achieving this result.

Several studies have recently investigated the role of surgeon training in the treatment
of FNEF. Padilla et al. recently reported an interesting study in which the direct medical costs
of THA performed for FNFs between orthopedic surgeons trained in different subspecialties
were compared [45]. These authors demonstrated that in the FNF population, surgeons
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with specific training in arthroplasty achieve lower total costs for the THA episode of
care, whereas surgeons without specific training in arthroplasty often exceed the bundled
payment target. Similar results were also reported by Thomas et al. [46].

Prior studies have mainly sought to elucidate the relationship between the volume
and outcome of the surgical procedures, and have demonstrated that an increase in the
number of patients operated on leads to an improved outcome [47-50]. Maceroli et al. [50]
analyzed the New York State System database to determine if patient outcomes following
THA performed for FNF differed between hospitals with a significant volume of completed
procedures. Those authors reported that patients treated with total hip arthroplasty at the
highest volume hospitals had significantly lower 30-day and 1-year mortality rates and a
minor complication rate at 3-month follow-up.

Browne et al. [49], in their analysis of a nationwide database, identified 97,894 patients
affected by FNF surgically treated in different hospitals with different surgeon volumes.
They found that in-hospital mortality and complication rates were significantly higher in
subjects treated by lower-volume surgeons than higher-volume surgeons, and that compli-
cation rates were higher in hospitals with a lower volume of performed procedures. We
have to consider that their study cohort included patients who underwent internal fixation,
hemiarthroplasty, and total hip arthroplasty, potentially limiting the generalizability of the
results to a THA-only population.

Few studies have investigated the relationship between surgeon specialization training
and outcomes [51,52]. Previous articles have encompassed a limited number of surgical
specialties, and few have been published investigating this item in Orthopedics and Trau-
matology. Hagen et al. [53] identified patients who underwent primary or revision hip
and knee arthroplasty in the United States to study the relationship between hospital
specialization and outcomes. They found an inversely proportional relationship between a
hospital’s degree of orthopedic specialization and the rates of adverse outcomes.

In fact, with an increase in orthopedic specialization, Hagen et al. [53] reported a progres-
sive decrease in mortality, deep vein thrombosis, postoperative hemorrhage, and infection.

The results of our analysis on THA performed after FNF appear to be in accordance
with the previous literature, underlining the importance of a surgical approach in determin-
ing a better outcome in the short term, leading to a better long-term outcome. Furthermore,
our data confirm, as reported by other authors, that surgery for THA after FNF has signifi-
cant advantages when performed by arthroplasty-trained surgeons.

This study should be interpreted considering its limitations. First of all, it has a ret-
rospective design with the potential for transfer bias and the absence of randomization
for surgical approaches. Additionally, the short- and long-term results at follow-up were
collected by four different physiotherapists and by two different orthopedic surgeons.
We followed previously published methods to verify correct femoral and acetabular posi-
tioning; however, all evaluations were performed by X-ray and not by CT imaging, with
possible bias of underestimation. All people were blinded to the design of the study;
however, possible bias could derive from excessive heterogeneity in participants in the
data collection. Finally, this analysis was conducted on a limited number of patients at a
single center and, thus, must be considered as only a preliminary indication to guide future
multicenter prospective trials in order to reach definitive conclusions.

5. Conclusions

In our analysis, a direct anterior surgical approach and an ASA classification < 3 can
predict improved results in the first month after THA for ENF. Furthermore, our results
suggest that THAs performed by AR-trained surgeons have a lower probability of revision
at 1 year. Mortality at 1 year was influenced by the ASA classification.

However, due to the results of our logistic regression models, we consider that the
influence of early deambulation on 1-year mortality after THA for FNF is deserving of
more clinical study.
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Abstract: Background: The external fixation (EF) Ilizarov method, shown to offer efficacy and relative
safety, has unique biomechanical properties. Intramedullary nail fixation (IMN) is an advantageous
alternative, offering biomechanical stability and a minimally invasive procedure. The aim of this
study was to assess outcomes in patients undergoing tibia fracture fixation, comparing the Ilizarov
EF and IMN methods in an early phase of IMN implementation in Serbia. Methods: This was a
retrospective study including patients with radiologically confirmed closed and open (Gustilo and
Anderson type I) tibial diaphysis fractures treated at the Institute for Orthopedic Surgery “Banjica”
from January 2013 to June 2017. The following demographic and clinical data were retrieved: age,
sex, chronic disease diagnoses, length of hospital stay, surgical wait times, surgery length, type of
anesthesia used, fracture, prophylaxis, mechanism of injury, postsurgical complications, time to
recovery, and pain reduction. Pain intensity was measured by the Visual Analog Scale (VAS), a
self-reported scale ranging from 0 to 100 mm. Results: A total of 58 IMN patients were compared to
74 patients who underwent Ilizarov EF. Study groups differed in time to recovery (p < 0.001), length
of hospitalization (p = 0.007), pain intensity at the fracture site (p < 0.001), and frequency of general
anesthesia in favor of intramedullary fixation (p < 0.001). A shorter surgery time (p < 0.001) and
less antibiotic use (p < 0.001) were observed when EF was used. Additionally, we identified that the
intramedullary fixation was a significant predictor of pain intensity. Conclusions: The IMN method
offers faster recovery and reduced pain intensity in comparison to EF, while the length of surgery
predicted the occurrence of any complication.

Keywords: tibial shaft fracture; intramedullary fixation; external fixation; treatment strategies

1. Introduction

Fractures of the tibial diaphysis represent the most frequently encountered fractures of
long bones [1]. With an incidence ranging from 8.1 to 37 per 100,000 individuals annually,
these fractures pose a significant public health concern [1]. The vulnerability of these
fractures to infection and nonunion is attributed to the absence of sufficient soft tissue
coverage and the distinctive vascular supply to the affected region [2]. Furthermore,
fractures of the tibial shaft are classified as injuries with severe quality-of-life impact with
the potential for enduring disability [2,3].

Conservative management of stable tibial diaphyseal fractures, characterized by closed
reduction and cast immobilization, is a common approach [4]. However, this method is not
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without complications, including an elevated risk of deep vein thrombosis, compartment
syndrome, soft tissue damage, and chronic pain due to prolonged immobilization [5].
Despite the lower infection rate associated with conservative cast treatment, it concur-
rently exhibits the highest incidence of delayed union, nonunion, or inadequate union of
fractures [6].

Intramedullary nail fixation is an advantageous alternative, offering biomechanical
stability and a minimally invasive procedure [6]. Many experts consider intramedullary
nails the treatment for tibial shaft fractures [7,8]. Comparative studies suggest the supe-
riority of intramedullary nail fixation over external fixation in open tibial shaft fractures,
mainly when wound closure is promptly executed following nail insertion [8]. The Ilizarov
method is also discussed, emphasizing its efficacy and relative safety. This technique’s
unique biomechanical properties enable the application of tensioned wires to maintain sta-
ble fixation of bone fragments while facilitating fracture site dynamization [9-11]. Notable
advantages of the Ilizarov method over closed fixation include closed reduction, minimal
soft tissue damage, early mobilization, and simplified device removal [12].

The article delves into the controversy surrounding the choice of the most appropriate
technique for stabilizing tibial fractures. With its ease of application and minimal impact on
blood supply, the utility of external fixation is counterbalanced by a heightened pin tract in-
fection rate, challenges in controlling soft tissue injuries, and a relatively elevated nonunion
rate [13]. Conversely, reamed nails offer superior stability but entail a theoretical risk of
increased infection and nonunion due to the compromise of endosteal blood supply [2].
Nevertheless, more evidence is required to substantiate this claim since several studies
have shown conversely that reamed nails exhibit a higher incidence of union in comparison
to non-reamed nails. Notably, the limited number of studies comparing complication rates,
including compartment syndrome, poor union, nonunion, and delayed union, in tibial
fractures treated with external and intramedullary fixation underscores the need for further
research in this domain. Therefore, in this study, we aimed to assess outcomes in patients
undergoing tibia fracture fixation, comparing the Ilizarov external fixation method (EF)
and intramedullary nail placement (IMN) in an early phase of IMN implementation in
Serbia.

2. Materials and Methods

This was a retrospective cohort study. Data about consecutive patients with radiologi-
cally confirmed closed and open (Gustilo and Anderson type I) tibial diaphysis fracture
treated at the Institute for Orthopeadics “Banjica” from January 2013 to June 2017 were
collected. The study was approved by the Ethical Committees of the Institute for Orthope-
dic Surgery “Banjica” (num: 16/2017) and Belgrade University, Faculty of Medicine (num:
2650/1V-16, date: 10 April 2018).

2.1. Eligibility Criteria

All consenting consecutive patients aged 18 or older with radiologically confirmed
closed and open (Gustilo and Anderson type I) tibial diaphysis fractures, independent of
fracture location, were included during the study period. The fractures were radiologically
classified using The AO Foundation/Orthopaedic Trauma Association (AO/OTA) fracture
classification system. The exclusion criteria were patients who had an open fracture above
the Gustilo and Anderson type I classification, who had bone defects, injuries to nerves
and blood vessels, and incomplete medical documentation, who were in an alcoholic state
on admission, and who had a fracture of the diaphysis of the tibia as part of polytrauma.

2.2. Study Design and Data Collection

For patients who underwent external fixation (Ilizarov method) or reamed intramedullary
nail fixation, the following demographic and clinical data were retrieved: age, sex, chronic
disease diagnoses, length of hospital stay, surgical wait times, surgery length, type of
anesthesia used, fracture, prophylaxis, mechanism of injury, postsurgical complications,
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time to recovery, and pain reduction. Pain intensity was measured by the Visual Analog
Scale (VAS), a self-reported scale ranging from 0 to 100 mm [14]. The VAS scale was
linguistically adapted to the local cultural area. Pain was evaluated on admission day
(prior to surgery) and at last control, i.e., hospital discharge, in accordance with the protocol,
at the fracture site and in two nearby joints (knee and ankle).

2.3. Surgical Techniques

The surgical choice in this study depended on the preference of the surgeon in charge.
The indications for operative technique were the same for both groups, i.e., Gustilo and
Anderson type I tibial diaphysis fractures, and surgery was performed independently of
open or closed fracture types and fracture location. As IMN was introduced as a novel
surgical technique, surgeries were performed by specialized surgeons with at least 5 years
of experience performing multiple approaches to tibial diaphysis fractures.

2.3.1. Reamed Intramedullary Nail Fixation

Patients were positioned supine on the operating table to ensure radiolucency and fa-
cilitate access for tibial shaft surgery, with the knee flexed at an angle of 90-110°. Anesthesia
was administered according to medical indications and the judgment of the anesthesiol-
ogist. The surgical area, namely the distal region of the upper leg, lower leg, and foot,
was thoroughly sterilized. Prior to surgery, tourniquets were applied to the upper leg of
all patients. After disinfecting and garnishing the operative field, we made an incision
in the appropriate place on the skin above the tibial fracture (anterior approach to the
knee, medial parapatellar approach). After access, we prepared the tibia to receive an
intramedullary nail. The key is to precisely guide the intramedullary nail into the tibial
canal. We did this under fluoroscopic (X-ray) control to ensure accurate positioning of the
nails. After determining the starting point anterior to the articular plateau and medial
to the lateral tibial spine and opening the canal, we placed a guide wire. Through the
guide wire, we reamed the tibial canal 1.0 mm above the size of the final nail. The surgeon
carefully pushed the nail over the guide wire through the tibial canal until it reached the
desired position across the fracture. After proper placement of the nail, repositioning of
the fracture, and obtaining a satisfactory position, we locked the nail through the guide
with two proximal and two distal screws. Once the nail was securely placed and fixed, a
final check of the nail’s position was performed via fluoroscopy to ensure that everything
was properly positioned. Once the nail was securely placed and fixed, the incision was
carefully closed layer by layer. On the first postoperative day, all patients were verticalized
with the help of crutches with a support on the operated leg, the wound was bandaged,
and the neurovascular status was checked. All patients were included in the early physical
rehabilitation program, with walking and support on the operated leg until discharge from
the hospital. Regular bandages were applied on the second day.

2.3.2. External Fixation (Ilizarov Method)

Following the administration of anesthesia by the anesthesiologist, the patients were
positioned on the operating table in the appropriate supine posture. Buttresses were
positioned under the thigh and rear foot to elevate the lower leg to a sufficient height,
creating space for the rings to move freely. Following disinfection and preparation of the
surgical area (the lower portion of the upper leg and lower leg), we realigned the broken
bone and began the process of attaching the Ilizarov external fixator. To achieve accurate
positioning of the ring and maximum stability, we used X-ray guidance to attach the rings
of the Ilizarov device to the bone using pins. The rings were affixed to the bone with the
use of tensioned pins. Once the rings were connected, we inserted a spacer between them
to create the outside structure of the Ilizarov external fixator. We affixed these spacers to the
rings using screws or other fastening instruments. Once the device was positioned, a final
assessment of the realignment of the fracture was conducted using X-rays. The construction
of the devices was then carried out, and dressing was applied around the incisions where
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the pins penetrate the skin. On the first day after surgery, all patients were assisted in
standing upright with assistance on the limb that was operated on. The neurovascular
condition was assessed, and the wounds around the pins were dressed with bandages.
As part of the early physical rehabilitation program, patients engaged in daily activities
such as walking and receiving assistance on the leg that had surgery until discharge from
the hospital.

2.4. Statistical Analysis

Measures of central tendency (mean and median) and variability (standard deviation
and percentiles) were used to describe the study population. Categorical features were
reported using absolute and relative frequencies. Data analysis used the null hypothesis
significance testing paradigm, considering all p-values < 0.05 significant. We compared
groups using the Student’s t-test, Mann-Whitney U test, chi-square test, and generalized
linear models. All statistical procedures used SPSS (SPSS for Windows, release 26.0, SPSS,
Chicago, IL, USA).

3. Results

One hundred thirty-two patients with tibial diaphysis fractures were enrolled and
followed in the study. Of the 132 patients, 62.9% were male, while 37.1% were female. The
average age was 46.1 & 16.4 years (range 18-73 years). In our cohort, 56.1% of patients
underwent external fixation (Ilizarov method), while 43.9% underwent intramedullary nail
fixation. Our samples were balanced concerning sociodemographic characteristics. The
characteristics of the cohort are shown in Table 1.

Table 1. Characteristics of the cohort.

Intervention
Variable Intramedullary Nail Fixation External Fixation P
(n=58) (n="74)

Sex, 1 (%)

Male 36 (62.1) 47 (63.5) 0.865

Female 22 (37.9) 27 (36.5)
Age,x +sd 43.28 +17.12 48.31 + 15.58 0.082
Comorbidities

Diabetes 4 (6.9) 9(12.2) 0.314

Hypertension 11 (19.0) 21 (28.4) 0.210

Coronary Disease 1(1.7) 2(2.7) 0.708
Median Length of Hospitalization in Days (IQR) 20 (15-25) 23 (19-30) 0.007
Median Surgery Waiting Times in Days (IQR) 7 (3-8) 6 (3-8) 0.912
Mechanism of Injury, 1 (%)

Fall onto a Flat Surface 33 (56.9) 50 (67.6)

Fall from Height 3(5.2) 6(8.1) 0.386

Direct Trauma 9 (15.5) 8 (10.8) ’

Motor Vehicle Accident 13 (22.4) 10 (13.5)

Table 2 shows the types of fractures in total, as well as according to the type of
intervention. There were 13 open Gustilo I fractures in the Ilizarov cohort (17.6%) and
9 open Gustilo I'in the IMN cohort (15.5%). The 42-A type of fracture was the most common
in our study sample (71.2%), followed by 42-B (19.0%). Comminuted fractures were more
present in the EF group (20.3%); however, no statistical significance was found in the type
of fracture according to the type of intervention (p = 0.079).
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Table 2. Type of fractures in total, as well as according to type of intervention.

Intervention Intervention
Type of Fracture, 1 (%) IMN EF Type of Fracture, n (%) IMN EF

(n =58) (n=74) (n=58) (n=74)
42-A1 10 (17.2) 33 (44.6) A2-A
42-A2 26 (44.8) 12 (16.2) 94 (71.2) 42 (72.4) 52 (70.3)
42-A3 6 (10.3) 7 (9.4) ’
42-B1 1(1.7) 2 (2.7) 1B
42-B2 7 (12.1) 3 (4.0) 18 (13.6) 11 (19.0) 7 (9.5)
42-B3 3(5.1) 2 (2.7) ’
42-C1 1(1.7) 7 (9.4) 4-C
42-C2 3(5.1) 3 (4.0) 20 (15.2) 5 (8.6) 15 (20.3)
42-C3 1(1.7) 5(6.7) ’

Patients who underwent external fixation (Ilizarov method) had significantly longer
hospital stays than patients who underwent intramedullary nail fixation, p = 0.007. No
statistically significant difference was found when comparing groups by surgical wait times,
mechanism of injury, or frequencies of different fracture types (p > 0.05). Patients who
underwent intramedullary nail fixation had a significantly higher rate of procedural general
anesthesia than patients who underwent external fixation (Ilizarov method), p < 0.001. We
found a statistically significant difference in median surgical lengths among the two groups.
Patients undergoing intramedullary nail fixation had significantly longer procedure lengths
than those undergoing external fixation, p < 0.001. The two groups also differed in the
rate of antibiotic usage, with those undergoing intramedullary nail fixation having higher
frequencies of antibiotic use than those undergoing external fixation (Ilizarov method).
These differences and their respective p-values are shown in Table 3.

Table 3. Characteristics of surgery in relation to the type of intervention for tibial fracture fixation in

the study population.
Intervention
Variable Intramedullary Nail Fixation External Fixation P
(n = 58) (n="74)

Anesthesia type, 1 (%)

Spinal 26 (47.3) 56 (75.7)

Block 8 (14.5) 12 (16.2) <0.001

General 21 (38.2) 6(8.1)
Median Surgery Length in Minutes (IQR) 93 (75-130) 60 (50-80) <0.001
Blood Transfusion, 1 (%) 1(1.7) 0 (0.0) 0.257
Antibiotics, 1 (%) 38 (65.5) 18 (24.3) <0.001
Low-Molecular-Weight Heparin (LMWH), 1 (%) 57 (98.3) 72 (97.3) 0.708

No statistically significant difference in frequencies of postoperative complications
was found between the two study groups (p > 0.05). A statistically significant difference in
recovery time was found favoring the intramedullary nail fixation group compared to the
external fixation group (p < 0.001).

The average reported non-ambulatory knee pain before surgical intervention was
34.13 £ 18.45 in the group intended for external fixation (Ilizarov method) and 34.17 £ 18.26
in the group intended for intramedullary nail fixation. The average reported postsur-
gical non-ambulatory knee pain was 18.26 + 18.17 and 16.67 £ 18.94 for both groups.
Both groups experienced a statistically significant reduction in knee pain after surgery
(p <0.001). There was no statistically significant difference between groups in pre- and
post-intervention knee pain measurement (p = 0.619) (Figure 1).
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Figure 1. Non-ambulatory knee pain compared by pre- and post-treatment, stratified by intervention type.

The average reported non-ambulatory ankle pain before surgical intervention was
17.78 £ 19.53 in the group intended for external fixation (Ilizarov method) and 35.0 & 18.90
in the group intended for intramedullary nail fixation. The average reported postsurgical
non-ambulatory ankle pain was 8.22 + 11.73 and 18.61 4= 17.91 for both groups. Both groups
experienced a statistically significant reduction in ankle pain after surgery (p < 0.001). There
was no statistically significant difference between groups pre- and post-intervention ankle
pain measurement (p = 0.056) (Figure 2).
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Figure 2. Non-ambulatory ankle pain compared by pre- and post-treatment, stratified by intervention type.

The average reported non-ambulatory pain at the fracture site before surgical inter-
vention was 79.13 &+ 10.92 in the group intended for external fixation (Ilizarov method)
and 80.83 + 9.06 in the group intended for intramedullary nail fixation. The average
postsurgical non-ambulatory pain at the fracture site was 43.26 & 20.88 and 13.47 £ 13.08
for both groups, respectively. Both groups experienced a statistically significant reduction
in ankle pain after surgery (p < 0.001). Additionally, we found a statistically significant
difference between pre- and post-intervention fracture site pain measurement (p < 0.001),
with the group that underwent intramedullary nail fixation reporting significantly lower
fracture site pain scores (Figure 3). There were no other significant predictors found for
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pain intensity after the surgical intervention in the logistic regression model (p > 0.05 for all
assessed variables).
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Figure 3. Non-ambulatory fracture site pain compared by pre- and post-treatment, stratified by
intervention type.

We used univariant robust regression to assess variables, with time to recovery as the
outcome. We found that intramedullary nail fixation was a significant predictor of recovery
(B =—1.08, p <0.001). Table 4 shows the {3 coefficients with their relevant p-values.

Table 4. Univariate robust regression model coefficients with recovery time treated as the outcome.

Variable 3 Coefficient p-Value

Sex (M/F) 0.016 0.955
Age (years) 0.014 0.063
Wait Time (min) 0.012 0.609
Intervention (nail vs. external) —1.084 <0.001
Anesthesia

Spinal (reference)

Block 0.021 0.945

General —0.095 0.792
Length of Surgery (min) —0.001 0.889
Fracture Type

42-A (reference)

42-B 0.152 0.658

42-C 0.336 0.407

Mechanism of Injury
Fall from a Flat Surface (reference)

Fall from Height 0.650 0.297
Direct Trauma —0.118 0.681
Motor Vehicle Accident —0.019 0.961

We performed univariate screening for predictors of surgical complications with
an exact logistic regression model. The statistically significant predictor of any surgical
complication was the length of surgery (3 = 0.01, p = 0.015). Table 5 shows the 3 coefficients
with their relevant p-values.
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Table 5. Univariate robust regression model coefficients with surgical complications as the outcome.

95% Confidence Interval

Variable B Coefficient p-Value OR
Lower Upper

Sex (M/F) —0.466 0.532 0.63 0.11 2.57
Age (years) 0.023 0.273 1.02 0.98 1.07
Wait Time (min) 0.013 0.780 1.01 0.83 1.08
Intervention (nail vs. external) 0.257 0.710 1.29 0.32 523
Anesthesia
Spinal (reference)
Block 0.081 0.924 1.08 0.11 5.89
General 0.323 1.38 0.24 6.15
Length of Surgery (min) 0.011 0.015 1.011 1.002 1.021
Fracture Type

42-A (reference)

42-B —0.821 0.204 0.44 0.003 4.16

42-C 1.180 3.26 0.70 13.47
Mechanism of Injury
Fall from a Flat Surface (reference)
Fall from Height —0.073 0.93 0.007 9.86
Direct Trauma 1.450 0.330 4.26 0.87 19.49
Motor Vehicle Accident 0.164 1.18 0.11 6.81

4. Discussion

Our study aimed to assess outcomes in patients undergoing open and closed tibia
fracture fixation, comparing the Ilizarov EF method and IMN in an early phase of IMN
implementation in Serbia. We found no statistically significant difference in rates of
postoperative complications between the two groups but noted longer hospitalization and
recovery times in the Ilizarov group. Conversely, IMN patients experienced longer surgery
durations and a higher frequency of antibiotic use. The study identified (EF) placement as
a predictor for pain reduction at the fracture site and faster recovery, while longer surgery
duration was associated with more frequent complications.

It remains uncertain whether surgical interventions, such as IMN or EF, result in better
outcomes than conservative closed management with casting [15-18]. A meta-analysis
of studies that compared cast treatment versus open reduction and internal fixation or
intramedullary nailing of closed tibial shaft fractures found insufficient evidence to support
the superiority of any approach [16]. Another review that pooled data from prospective
studies of cast versus operative treatment in 895 fractures was also inconclusive [17]. Even
if IMN is shown to be better than EF, there exists a lack of consensus regarding the best type
of technique for IMN of the tibial shaft in adults [19]. A previous meta-analysis showed
that IMN may be superior to other fixation strategies for open tibial shaft fractures. Using
unreamed instead of reamed nails may be advantageous in setting open fractures. However,
as with previous studies, confidence intervals around pooled malunion and infection risk
estimates were extensive, and no recommendation could be given [20].

A recent updated meta-analysis pooling 16 randomized controlled trials found that
IMN resulted in a lower rate of postoperative superficial infection and malunion rate but
a higher hardware failure occurrence than EF. Additionally, the meta-analysis found no
difference in union time, delayed union or nonunion rate, and postoperative deep infection
rate between treatments [21]. Our study’s findings agree with this meta-analysis regarding
complication rate comparisons. It is still the case, though, that a small number of studies
dominate effect sizes regarding certain quality-of-life and functional measures. Evidence
synthesis in this field suffers from highly heterogeneous and uncertain data.

In our study, patients who underwent IMN fixation experienced a significantly longer
surgery length and a higher frequency of antibiotic use. We identify the duration of
surgery as a statistically significant predictor of postsurgical complications, with longer
surgeries associated with higher complication rates. Though the effect of surgery length
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has not been directly compared for tibial shaft fractures, one study found that prolonged
operative time increases the infection rate in tibial plateau fractures [22]. The method
of fixation used does not seem to impact deep infection rates [23-25]. There is evidence
that segmental tibial fractures might pose a greater deep infection risk with IMN than
EF. However, these differences were minor (3% vs. 2.5%) [26]. Lower rates of superficial
infection seem to favor IMN compared to EF [23,25]. Since surgery duration is related to
case complexity and some studies indicate that surgical timing does not alter infection
rates, other causes, such as expansive tissue injury due to more severe fractures, could
be the unexplored etiology of this association [27]. Less antibiotic use found in our EF
group might be attributed to hospital protocol recommendations for antibiotic use for
all patients after the surgery at the start of this study. Intramedullary nailing was first
introduced in Serbia in 2013 at the Institute for Orthopedic Surgery “Banjica”, and the
surgeons’ lack of familiarity with a novel method might have resulted in prolonged surgical
operations and a cautious approach that overestimated the necessity for antibiotics use. In
contrast, surgeons were well experienced with the Ilizarov method, an external fixation
technique that has been used in our country for the past 30 years. Thus, patients were
given less antibiotics, but the study’s hospitalization duration was significantly longer for
patients treated with the Ilizarov external fixator than those treated with intramedullary
nailing. This can be explained by the need for wound bandages around Ilizarov’s external
fixator, particularly around the pins. In addition, patients were hospitalized longer to
facilitate rehabilitation and enable them to regain independent mobility via the assistance
of physiotherapists. Due to this well-known concept of a learning curve influencing the
outcomes of novel surgical techniques, in this study, we have presented the results of
the first five years of IMN implementation in Serbia. This recognition of a measure of
expertise might be beneficial to readers when assessing specific surgical techniques and
their perioperative outcomes in other countries as well as for other surgical techniques.
Some studies, such as the one conducted in Tanzania, showed that intramedullary fixation
did not decrease treatment costs despite potentially shorter hospitalization periods [24].
In studies comparing IMN and EF in tibial fractures, recovery time is defined as the time
to radiographic union [24,28], full weight-bearing [29], and unprotected weight-bearing.
Recovery duration was significantly longer in Ilizarov patients in our study. However,
there needs to be more consensus on the definition of recovery, which may have influenced
different rates of recovery measurement, as some studies emphasize radiographic and
others functional recovery [28]. It has been suggested that a composite measure, functional
status combined with weight-bearing, could be used as an objective indicator of recovery.
Some studies indicate that the type of fixation (IMN vs. EF) did not significantly differ in
radiological healing outcomes after one year. In contrast, studies have reported differences
in radiographic union scores and timing of visible fracture healing [24].

We continue to have low and uncertain data on functional outcomes and reopera-
tions [16,19,21,25,30]. Our study observed that the IMN procedure predicted lower pain
scores at the fracture site. The recent updated meta-analysis found that the composite
pain score (from four RCTs) favored EF instead [10,21,28,29,31]. This apparent contrast
appears to be only due to anterior knee pain, which had unexpectedly high rates after IMN
procedures among patients in a subset of studies [23,29]. Therefore, intramedullary fixation
could also be associated with higher rates of knee pain at one-year follow-up; all other pain
measures were equal in both groups. One study showed that when functional outcomes
were assessed, the differences usually disappeared by one year [24]. This equivalence
in long-term outcomes emphasizes procedures that offer faster time to recovery, such as
IMN, in our study. Another study observed that after one and a half years, there were no
differences in knee motion, ankle motion, fracture site pain, or ankle pain [29]. It is still the
case that functional outcomes, such as joint mobility, weight-bearing, rate of chronic pain,
patient satisfaction, and quality of life, should be studied more rigorously [21].
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Limitations

The limitations of this study are those familiar to single-center observational studies.
It might not capture the variability seen in healthcare settings or populations, limiting
external validity. The study relied on subjective measures, such as pain assessments, which
can be influenced by individual patient perceptions. Variations in surgical techniques,
anesthesia protocols, or postoperative care among health professionals and over the study
period could introduce additional confounding. When interpreting the more frequent
presence of general anesthesia in the IMN group, it should be noticed that the choice of
anesthesia is, however, both anesthesiologist- and patient-dependent. In addition, as the
choice of surgical technique in this study was surgeon-dependent, it should be noticed that
possible selection bias might be present. However, although patients were not randomly
assigned, groups were well balanced to the presence of open and closed fractures and
other preoperative characteristics. As the study presents the results of early use of IMN in
Serbia, the presence of a learning curve during the study period might have an effect on
the duration of surgery and on the usage of antibiotics, particularly in more recent periods
not presented in this study.

5. Conclusions

This study did not demonstrate a significant difference between postoperative com-
plication rates and knee and ankle pain between intramedullary and external fixation.
However, the two study groups differed in time to recovery, length of hospitalization, and
pain intensity at the fracture site in favor of intramedullary fixation. Shorter surgery time
and less antibiotic use were observed when external fixation was used. Additionally, we
identified that intramedullary fixation was a significant predictor of pain intensity, and
intramedullary fixation use predicted faster recovery. The length of surgery predicted the
occurrence of any complication. Both methods should be compared more rigorously in
multicentric randomized control trials.
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Abstract: Background: Total hip arthroplasty is one of the most successful orthopedic surgeries;
nevertheless, many of these surgeries are the causes of failure, and among them, periprosthetic
fractures are one of the major causes of revision. Our study focuses on periprosthetic hip fractures
with two different stem designs. The aim of the study was to analyze the obtained results, focusing
on the features of periprosthetic stem fractures observed. Methods: We retrospectively reviewed
periprosthetic fractures occurring between 2010 and 2023, involving Alloclassic® or CLS® uncemented
femoral stems. We analyzed demographic data, proximal femur morphology, and the fracture type.
Results: We identified 97 patients. Considering the proximal femur morphology, we found that there
was statistically significant prevalence of Dorr A proximal femur morphology in the CLS® group
and of Dorr C in the Alloclassic® group. Considering the distribution of the fracture pattern, we
reported a non-statistically significant prevalence of the fracture pattern with stable stems in the CLS®
group. Conclusions: The choice of the prosthetic design of the femoral stem is a crucial element
when planning total hip arthroplasty. However, we found a non-statistically significant difference
between the two stems considered, raising questions about the real role of stem design as a primary
determinant of periprosthetic hip fractures.

Keywords: cementless; periprosthetic femur fracture; stem design; total hip arthroplasty

1. Introduction

The ever-evolving field of orthopedics has experienced significant advancements
in total hip arthroplasty (THA), including better materials, new prosthetic designs, and
minimally invasive approaches. This development has allowed an improvement in func-
tionality and quality of life for countless individuals [1]. The constantly growing number of
implants suggests a potential increase in revision interventions in the future [2]. Peripros-
thetic femoral fractures (PFFs) remain one of the major causes of revision surgeries, with
considerable implications for patients’ functional outcomes, morbidity, and mortality [3].
Moreover, they contribute to increased healthcare costs due to prolonged hospital stays,
extended rehabilitation periods, and high rates of hospital readmission [4].

Although the literature has already suggested several patient risk factors, including
age, gender, and the presence of osteoporosis and rheumatoid arthritis, the contribution of
implant design on PFF risk is less clear [5]. Recent studies have suggested that cemented
femoral stem fixation could reduce the risk of intra-operative and post-operative PFFs
following THA for femoral neck fractures (FNFs), as well as after elective THA [6-8].

A cemented femoral stem leads to a modification of the load transfer in the case of
both taper slip and composite beam designs [6,7]. Notwithstanding, cementless fixation
remains widely performed, such as in the United States, possibly due to shorter surgery
times, concerns about potential embolization risks, and the challenges associated with
revision surgeries. Despite the decades of research focused on optimizing load transfer
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at the prosthesis-bone interface, stress shielding is still considered one of the important
factors in the long-term survival of femoral stem components. For this reason, the use
of patient-specific stem designs considering individual characteristics to provide optimal
implant solutions is rapidly increasing [9]. Nowadays, a wide range of stem designs is
currently available on the market, allowing surgeons to optimize the stem choice based on
patient femur characteristics [10]. Nevertheless, there is still an ongoing debate regarding
the various factors influencing the incidence and type of fractures around the stem [11].

Even though numerous classifications have been proposed, the historical Vancouver
classification [12] remains widely used and reliable, primarily due to its simplicity in
guiding treatment decisions and reproducibility. Moreover, understanding the intricate
interplay between patient factors, surgical variables, and implant characteristics necessitates
thorough investigation and careful consideration to reduce the impact of periprosthetic hip
fractures. Surprisingly few reports in the literature reported the clinical PFF rates among
different cementless stem designs.

In our study, we retrospectively analyzed the observed PFFs at a single institution,
comparing the two different stem designs implanted with a cementless fixation technique.
Given the wide array of stem designs available, the endpoint of our investigation sought to
determine whether specific stem designs may be correlated with a specific fracture pattern.

2. Material and Methods

We retrospectively reviewed the periprosthetic fractures of the proximal femur which
occurred in the period between 2010 and 2023 and were surgically treated at SS Annunziata
Hospital, Savigliano, Italy. Among them, we focused on periprosthetic fractures involving
CLS® or Alloclassic® Zimmer (Woso, IN, USA) uncemented femoral stems. Patients were
therefore divided into two distinct groups: Group A, comprising individuals with PFFs
who previously underwent uncemented primary hip replacement with the Zweymuller
Alloclassic® stems (Zimmer), and Group B, consisting of patients with PFFs on a Spotorno
CLS® stem (Zimmer) [Figures 1 and 2].

Figure 1. Periprosthetic fracture with unstable stem (Alloclassic), which underwent revision surgery.

We only considered PFFs following primary THAs originally implanted for hip os-
teoarthritis (OA). Only post-operative fractures occurring at least one month after the
surgery were included, therefore excluding all intra-operative and early post-operative frac-
tures within the first month after surgery (to minimize the risk of including intra-operative
fractures not seen during surgery). Additionally, we excluded THAs on previous failed
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osteosynthesis and pathological fractures. We only selected patients who underwent a
complete preoperative radiological study, including an antero-posterior (AP) and axial
X-ray of the pelvis and hip as standardized in our institution; for the most complex cases
where stem loosening was uncertain, a preoperative CT study was also performed.

Figure 2. Periprosthetic fracture with stable stem (CLS), which underwent osteosynthesis surgery.

Cases were analyzed according to demographic data (gender and age), proximal femur
morphology through the Dorr classification (due to the interobserver and intraobserver
reliability) [13,14], and fracture type conforming to Vancouver classification (because of the
reproducibility and the simple clinical application) [12]. In this regard, a re-evaluation of
implant stability and osteointegration was always performed intraoperatively for definitive
diagnosis before proceeding with the appropriate treatment, so that an eventual change in
the initial assessment could then be reported in the surgical report and correctly retrieved
by the authors.

Demographic data among the two groups, as well as proximal femur morphology and
the fracture pattern distribution, were compared. Statistical analysis was performed using
the Fisher’s test to compare nominal variables. p values of <0.05 were considered to be
significant.

3. Results

We identified 97 patients with periprosthetic fractures of the proximal femur in the
examined period. Among them, 37 (38%) were male and 60 (62%) were female, with a
mean age of 81 (range 51-96) years. In Group A, we reported 55 patients, of which 13 (24%)
were male and 42 (76%) were female, with a mean age of 81 years (range 51-96). In Group
B, we reported 42 patients, of which 24 (57%) were male and 18 (43%) were female, with a
mean age of 81 years (range 65-96). No difference was found regarding the average age of
patients; however, we reported a statistically significant prevalence of women in Group A
(p = 0.0014), as depicted in Table 1.

Table 1. Patients” demographics.

Patients, n Alloclassic (A) CLS (B) p Value
Patients, n 55 42

Sex (male/female), n 13/42 24/18 p =0.0014
Mean age 81 (51-96) 81 (65-96) p>0.05

Considering the distribution of proximal femur morphology with Dorr classification,
we found 4 cases of Dorr A, 35 cases of Dorr B, and 16 cases of Dorr C in Group A;
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conversely, we found 18 cases of Dorr A, 21 cases of Dorr B, and 3 cases of Dorr C in Group
B [Table 2]. Comparing these results, we found that there was a statistically significant
prevalence of the Dorr A proximal femur morphology in Group B (p = 0.000095) and a
statistically significant prevalence of the Dorr C proximal femur morphology in Group A
(p =0.009).

Table 2. Proximal femur morphology (Dorr classification).

Alloclassic (A) CLS (B) p Value
Dorr A 4 18 p = 0.000095
Dorr B 35 21 p >0.05
Dorr C 16 3 p =0.009

Considering the distribution of fracture patterns with Vancouver classification, we
found 6 cases of type A fractures, 19 cases of B1, 17 cases of B2, 9 of B3, and 4 type C
fractures in Group A. Conversely, we found 4 cases of type A fractures, 21 of B1, 12 of B2, 5
of B3, and no cases of type C PFFs in Group B, as reported in Table 3. It could be inferred
that the femoral stem was assessed as stable in 54 cases (56%) and unstable in 43 cases
(44%). Fracture patterns with stable stems had a higher incidence in Group B (60% vs. 53%);
thus, the unstable pattern was more common in Group A. However, this difference was
evaluated as not statistically significant (p = 0.5415).

Table 3. Fracture pattern (Vancouver classification). Green cells: stable stem. Red cells: unstable stem.

Vancouver Alloclassic (A) CLS (B) p Value
A 6 4 p>0.05
Bl 19 21 p>0.05
B2 17 12 p >0.05
B3 9 5 p>0.05
C 4 0 p>0.05

4. Discussion

The main finding of the present study was a significant incidence of PFFs in Dorr A
femoral phenotypes which underwent THA with the Spotorno CLS® (Zimmer) femoral
stem. In contrast, patients with a Dorr C femoral bone were subjected to PFFs in a sta-
tistically higher proportion when implanted with the Zweymuller Alloclassic® stems
(Zimmer). However, no significant difference in a specific fracture pattern occurrence or
stem loosening was observed between the two stems.

The great success of THA and the large number of patients undergoing this procedure
over the years clearly highlight the importance of managing complications as a priority.
Among these complications, PFFs play an important role, and even more so within an
audience of increasingly elderly patients [15]. In fact, periprosthetic fracture represents the
fourth cause of failure of a THA, after aseptic loosening, hip dislocation, and the wear of
materials [16].

The selection of the femoral stem design in hip arthroplasty represents a crucial
decision involving considerations such as the material, geometry, fixation method, and
modularity. No prosthetic stem can perfectly replicate the physiological load transmission;
each stem is associated with a specific load pattern and consequently with a specific
periprosthetic bone remodeling. In 2018, Riviere and colleagues [17] analyzed long-term
bone remodeling in five widely used types of femoral stems, including those evaluated in
our study. They observed a meta-diaphyseal grip in the Alloclassic stem, with proximal
cortex atrophy as a primary sign of stress shielding, typically appearing approximately two
years post-implantation, but stabilizing at around five years.

Conversely, the CLS stem’s triple taper tended to achieve both metaphyseal and
metaphyseal-diaphyseal grip, generating compressive forces with proximal load transfer,
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thereby partially mitigating bone remodeling secondary to stress shielding, especially in
proximal femurs with a Dorr A type morphology. Conversely, in cases of Dorr C type
morphology, the presence of signs of stress shielding indicated osteointegration at the
inter-subtrochanteric level.

While the role of cementation in preventing PFFs (defined by the interplay of implant
load and stiffness on one side, and bone or compound material resistance with bone cement
on the other) seems clear in the literature, with stem fixation considered one of the most
important revision risk factors in older patients [18,19], for younger patients preserving
optimal bone stock, the influence of prosthetic stem design on the type of PFFs is less
defined [5].

In the present study, the Zweymuller stem was implanted more often in Dorr type
C “stovepipe” femoral shafts with a relative greater risk of PFF. This finding could be
interpreted in two different ways. The underlying femoral osteopenia typical of Dorr
type C, also confirmed by Dorr’s original histological studies, could demand the use of a
cemented stem, irrespective of the patient’s age. On the other hand, the findings might be
a selective bias related to surgeon stem choice at the time of surgery, where achieving a
solid diaphyseal fixation in type C proximal femur diaphyseal-engaging stems was the
preferred choice.

However, recent studies of modern femoral stem designs have demonstrated durable
fixation with the use of cementless fixation in Dorr type C bone, although this was only
performed by highly experienced surgeons [20,21]. A recent study by Jeong, Sang-Jin,
et al. [22] found that a taper rectangular stem (i.e., an Alloclassic stem) was associated
with a higher incidence of PFFs and femoral stem revision compared to flat taper and
quadrangular taper stems. We know that in a non-cemented implant, femoral stems with
different designs lead to different load transmission at the level of the prosthesis—-bone
interface, favoring phenomena such as stress shielding and bone resorption. Whenever an
accidental fall occurs, this different stress distribution may thus influence a different location
of the fractures [23]. This phenomenon has also been studied in cemented implants. In
2020, Windell and colleagues [24] compared three different polish tapered cemented stems
by recreating periprosthetic fractures in sawbone models and observing their biomechanics,
location and the energy needed to reach the breaking point.

Within our cohort, we reported a significantly higher prevalence of women with PFFs
in Group A compared to Group B; this finding is consistent with several studies in the
literature reporting a higher risk of PFFs in females. Konow, Tobias, et al. identified several
PFF risk factors by analyzing over 200,000 cases from the German Arthroplasty Registry,
including elderly patients, females, and uncemented and collarless stem designs [25].
Similarly, in 2021, Sershon and colleagues [26] attributed greater influence to the stem
design in determining the risk of PFFs within three months post-surgery compared to
other factors, such as the surgical approach choice, and reported a 2.6-fold and a 2.3-fold
increased risk of PFFs with collarless or single-wedged stems compared to collared or
fit-and-fill stems, respectively.

In a 2019 study [27], the incidence and pattern of periprosthetic fractures were analyzed
based on anatomical or straight stem designs, and the authors reported a higher overall
incidence of periprosthetic fractures with anatomical stems, which was also associated with
a higher incidence of Clamshell-type fractures compared to Vancouver type B fractures.
Matthias Luger et al. investigated the rate of PFFs within the first year post-surgery
between cementless short and straight stem THA, concluding that short stem THA reduces
Vancouver type A PFFs in the trochanteric region compared to straight stem THA, while
Vancouver type B fractures are comparable [28].

In our study, we found that in cases of a periprosthetic hip fracture in the presence of
an Alloclassic stem, there is a relative greater percentage of stem loosening compared to that
found in the presence of a CLS stem; however, this difference was not statistically significant.

Although the choice of stem during the initial implantation seems to be influenced
by achieving metaphyseal filling for an optimal press-fit, and therefore by the Dorr index,
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with a statistically significant prevalence of Dorr type C femurs in the Alloclassic group
compared to a prevalence of type A in the CLS group, the larger dimensions of the metaphy-
seal portion of the Alloclassic stem could partly influence fracture biomechanics and bone
integration loss. Considering the need for different surgical treatment in cases of prosthetic
stem instability in a periprosthetic fracture (i.e., stem revision and reimplantation in the
case of B2 and B3 Vancouver fractures), with the associated impact on patient outcomes,
if this trend is confirmed with greater statistical power, it will introduce another factor
to consider when choosing the initial implant prosthetic stem. This will be particularly
important in Dorr B-type femoral canals, where both prosthetic models can ensure an
adequate press-fit.

We encourage the use of preoperative templating to ensure a stem choice which fits the
geometry of a patient’s femoral canal to decrease the risk of iatrogenic fractures in patients
who undergo THA. Lastly, we must consider the elderly age of this patient population and
their associated comorbidities, which in some cases may have led the surgeon to opt for
synthesis even if revision would have been indicated, in order to limit surgical time and
associated intra- and post-operative complications [29].

Our study has several limitations. Firstly, the retrospective design and limited sample
size. Moreover, the heterogeneity of the two groups in terms of the female ratio represents
another confounding factor; we observed a greater presence of females in Group A, which
was statistically significant, and therefore we cannot exclude that this may have influenced
our results. Additionally, the exclusion of fractures occurring intraoperatively or within
the first month post-surgery to minimize the risk of including intraoperative fractures
not observed during surgery might bias the study. Despite the clear literature evidence
regarding modifiable and unmodifiable PFFs risk factors that may already guide surgeon
preferences [30-32], further studies are necessary to build evidence capable of deeply
influencing our clinical practice.

5. Conclusions

Periprosthetic hip fractures represent a challenging complication in the realm of
orthopedic surgery, particularly around the femoral stem, prompting a critical examination
of the potential influence of stem design on fracture features. When approaching a first
implant, the choice of prosthetic design of the femoral stem must be carefully taken into
consideration to achieve a good press-fit in relation to the morphology of the proximal
femur. In our study, the Alloclassic stem reported a relatively higher incidence of stem
instability in cases of periprosthetic fracture compared to that detected for the CLS stem,
although with a non-statistically significant difference. On the other hand, the lack of a
significant difference in fracture patterns between the Alloclassic and CLS stems raises
questions about the real role of stem design as a primary determinant of periprosthetic hip
fractures. While the biomechanical characteristics of these stems differ, it appears that other
factors, such as patient demographics, bone quality, and surgical technique may exert a
more substantial influence on fracture outcomes. These findings highlight the need for a
more comprehensive understanding of the multiple factors contributing to periprosthetic
fractures, and call for further research to refine risk stratification and improve patient
outcomes in hip arthroplasty.
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Abstract: Background: The risk of impaired bone-pin interface strength in titanium (Ti) pins coated
with fibroblast growth factor (FGF)—calcium phosphate (CP) composite layers is yet to be evaluated
in a clinical study. This retrospective study used Weibull plot analysis to evaluate bone—pin interface
strength in Ti pins coated with FGF-CP layers for external distal radius fracture fixation. Methods:
The distal radial fractures were treated with external fixation. The FGF-CP group comprised five
patients (all women, aged 70.4 £ 5.9 (range: 62-77) years), and the uncoated pin group comprised ten
patients (eight women and two men, aged 64.4 £ 11.7 (range: 43-83) years). The pins were removed
after six weeks. The insertion and extraction peak torques were measured. The extraction peak
torque was evaluated using Weibull plot analysis. Results: We compared the extraction torque of
the two groups at or below 506 Nmm for a fair comparison using Weibull plot analysis. The Weibull
plots were linear for both the FGF-CP and uncoated pin groups. The slope of the regression line was
significantly higher in the FGF-CP group (1.7343) than in the uncoated pin group (1.5670) (p = 0.011).
The intercept of the regression line was significantly lower in the FGF-CP group (—9.847) than in
the uncoated pin group (—8.708) (p = 0.002). Thus, the two regression lines significantly differed.
Conclusions: Ti pins coated with FGF-CP layers exhibit the potential to reduce the risk of impaired
bone-pin interface strength in the external fixation of distal radius fractures.

Keywords: fibroblast growth factor-2 (FGF-2); calcium phosphate; coating; external fixation;
distal radius fractures; impaired bone fixation; Weibull plot analysis

1. Introduction

Screw loosening is a severe clinical problem in orthopedic surgery that leads to
unfavorable clinical results, including incomplete healing of bone fractures and delayed
union [1-3]. Plasma-sprayed apatite coating is known to increase the extraction torque of
external fixation pins compared with that of uncoated pins [4,5]. Calcium titanate screws
have an increased fixation index, which is the quotient of maximum extraction torque
over maximum insertion torque for external fixation compared with uncoated pins [6].
Bisphosphonate coatings for external fixation in metaphyseal fixation strength are similar to
hydroxyapatite coatings [7]. In these studies, average values of bone—pin interface strength
were compared between treated pins and untreated pins. However, an average value does
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not necessarily reflect an incidence probability of an outlier, such as a very low value of
bone-pin interface strength, since an outlier rather relates to dispersion.

We developed titanium (Ti) screws coated with human recombinant fibroblast growth
factor (FGF)-2—calcium phosphate (CP) composite layers by immersing them in an infusion
fluid-based supersaturated CP solution containing FGF-2 at 37 °C for 48 h [8]. The risk of
impaired bone apposition to the screw was analyzed using Weibull plot analysis, a method
commonly employed to analyze the lifetime, failure probability or risk, and reliability of
industrial products [9]. As FGF-2 is a human recombinant protein, pedicle screws coated with
an FGF-CP layer were implanted in cynomolgus monkey spines to simulate potential clinical
use [8]. The pedicle screws coated with FGF-CP layers exhibited a significantly lower risk of
impaired bone formation, as analyzed using Weibull plots [8]. In a clinical trial, Ti pins coated
with FGF-CP layers in external fixation of distal radius fractures demonstrated safety and a
tendency towards a reduced pin tract infection rate [10]. However, it is unclear whether the
Ti pins coated with FGF-CP layers reduce the risk of impaired bone—pin interface strength in
clinical studies. Using Weibull plot analysis, the purpose of this study was to retrospectively
analyze the clinical trial data to evaluate the risk of impaired bone—pin interface strength in
pins coated with FGF-CP layers. We hypothesized that Ti pins coated with FGF-CP layers
would reduce the risk of impaired bone—pin interface strength that leads to pin loosening.

2. Materials and Methods
2.1. Participants

Fifteen patients who had fractures of the distal radius with unstable and displaced
fragments were enrolled [10]. Fractures were treated using external fixation [10]. In the
FGF-CP-coated pin group, five consecutive patients (all women, aged 70.4 £ 5.9 (range: 62—
77) years) were enrolled between February 2013 and January 2015 [10]. In the uncoated pin
group, ten consecutive patients (eight women and two men, aged 64.4 £ 11.7 (range: 43-83)
years) were enrolled between January 2015 and August 2017 [10]. The exclusion criteria
were as follows: patients with skin disease, a severe systemic disease (heart, lung, liver, or
kidney disease, etc.), a malignant tumor within 5 years before the fracture, pregnant, and
who were determined by the doctor as inappropriate [10].

2.2. Study Design

This study was a retrospective study that analyzed biomechanical data from the
previous open-label controlled feasibility studies [10].

2.3. FGF-CP Coating Technique

Ti pins were immersed in a supersaturated calcium phosphate solution containing FGF-2
(4.0 ng/mL) at 37 °C for 48 h under air cleanliness condition class 5 using a clean bench in a
clean room (class 6) [10] (Figure 1). The Ca/P molar ratio was 1.67 [10]. The layers retained
their FGF-2 mitogenic activity, examined by fibroblastic NIH3T3 cell proliferation [10]. All the
supersaturated CP solutions were aseptic, revealed by the bacteriologic and endotoxin tests [10].

Figure 1. FGF-CP-coated pins.
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2.4. Operation and Measurement Procedures

All operations were performed with external fixation using an external distal radius
fixator (bridging and unilateral types: DePuy Synthes, Zuchwil, Switzerland), following
the original operation manual to standardize pin insertion techniques [10]. Two pins
were inserted into the radial shaft through a 10 mm incision, while the other two pins
were inserted into the second metacarpal [10] (Figure 2). After six weeks, the pins were
removed [10] (Figure 2). The insertion and extraction peak torques were measured using a
digital torque wrench (HTG2-5G; IMADA, Toyohashi, Aichi, Japan) [10].

Figure 2. External fixation for fractures of the distal radius. Immediately after surgery (left) and
extraction peak torque measurement (right).

2.5. Weibull Plot Analysis

The extraction peak torque was analyzed using Weibull plot analysis according to the
following Weibull equation:

InIn[1/(1 —S)]=mInc —mIng,

where In, S, m, o, and ¢ indicate the natural log, failure probability, Weibull parameter,
extraction peak torque, and scale parameter, respectively. Thus, the plot of “In ¢” against
“InIn [1/(1 — S)]” gives a straight line with a slope of “m”. In this study, S is the probability
of obtaining an extraction peak torque at or less than ¢. The measured ¢ values were
arranged in ascending order, such as 0, 05, i and oy, where j is the order of an individual
o value and N is the total number of measured o values. S was derived from the median
rank method using S; = (j — 0.3)/(N + 0.4).

2.6. Statistical Analysis

Student’s t-test was used to evaluate statistically significant differences. The level of
significance was set at p < 0.05.

3. Results

Figure 3 shows the relationship between insertion and extraction torques. The FGF-
CP group had the highest value of 505 Nmm in extraction torque. The uncoated pin
group showed a bimodal correlation between insertion and extraction torques, with a
boundary at approximately 500 Nmm in extraction torque. Above the boundary, eight of
the twelve points belonged to the three youngest patients (patients C1, C3, and C6 in [10]).
The slope and intercept of the regression line above the boundary significantly differed
from those below the boundary (slope: p = 9.7 x 107, intercept: p = 1.3 x 10~*) and those
for the coated pin group (slope: p = 1.1 x 107%, intercept: p = 2.6 x 10~*). Conversely,
no significant difference was noted in the slope and intercept between the regression line

70



J. Clin. Med. 2024, 13, 3040

below the boundary and those for the FGE-CP group (slope: p = 0.46, intercept: p = 0.26).
Thus, we compared the extraction torques of the two groups at or below 506 Nmm for a
fair comparison using Weibull plot analysis.
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Figure 3. Relationship between the insertion and extraction torques. FGF-CP (left) and uncoated
(right) pin groups.

The Weibull plots were linear for both the FGF-CP and uncoated pin groups (Figure 4).
The slope of the regression line was significantly higher in the FGF-CP group (1.7343) than
in the uncoated pin group (1.5670) (p = 0.011). The intercept of the regression line was
significantly lower in the FGF-CP group (—9.847) than in the uncoated pin group (—8.708)
(p = 0.002). Thus, the two regression lines exhibited a significant difference.
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Figure 4. The Weibull plot of extraction torque for the FGF-CP (left) and uncoated pin (right) groups.

The regression lines enabled us to assess the risk of impaired bone—pin interface
strength by calculating the probability of obtaining specific low values of the extraction
torque, which were arbitrarily selected. For instance, if the impaired bone—pin interface
strength was defined as an extraction torque () at or less than 20 Nmm, then “In ¢” gives
a value of 3.0 (Figure 4). Since “In ¢” is “x” of the linear regression function, “In ¢ = 3.0”
gives y values of —4.651 and —4.013 for FGF-CP and uncoated pin groups, respectively.
Since “y” is “Inln ((1/(1 — S))”, one can obtain the failure probabilities, S, of 0.9% and 1.8%
in the FGF-CP and uncoated pin groups, respectively. Similarly, if the impaired bone—pin
interface strength was defined as an extraction torque of <100 Nmm, the probabilities
were 14% and 20% in the FGF-CP and uncoated pin groups, respectively. Thus, the risk of
impaired bone—pin interface strength was lower in the FGF-CP group than in the uncoated
pin group.

Similarly, the Weibull plots for all the 40 extraction torques in the uncoated pin group
had a regression line with a slope that was significantly lower (1.340; p = 1.2 x 10~8) than
that in the FGF-CP group (Figure S1). This again showed that the risk of impaired bone-pin
interface strength was lower in the FGF-CP group than in the uncoated pin group.
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4. Discussion

The risk of pin loosening is lower in the FGF-CP group than in the uncoated pin
group, as shown by Weibull plot analysis. Stability of the bone—pin interface is achieved
in the FGF-CP group. The Weibull plots are analyzed with the linear regression of plots
(Figure 4). The greater the slope of the regression line is, the lower the probability of failure
is, meaning that a more consistent treatment outcome is potentially obtained. When the
slope is the same, a lower position of the regression line corresponds to a lower probability
of failure. In the Weibull plot of extraction torque regression for the FGF-CP group, the
line exhibits a greater slope and runs at a lower level compared to that of the uncoated pin
group. This indicates that FGF-CP demonstrates a more consistent treatment outcome and
a tendency to reduce the probability of impaired bone—pin interface strength in comparison
to the uncoated pin group.

The mode of action on bone—pin interface strength is different between hydroxyapatite-
coated and FGF-CP-coated pins. The average bone—pin interface strength for hydroxyapatite-
coated pins is higher than that of uncoated pins [4,5,11-14]. In general, the higher bone-pin
interface strength in average led to low incidence rates of impaired bone—pin interface
strength [15,16]. In some reports, the incidence rates of impaired bone-pin interface
strength, as low as 100 and 20 Nmm, in extraction torque that are associated with radi-
olucency, or as low as those that are manually extractable, are nearly the same between
hydroxyapatite-coated and uncoated pins [11,14]. In contrast, FGF-CP-coated pins decrease
the probability of impaired bone-pin interface strength without significant increases in
average bone-pin interface strength. The average bone—pin interface strength for FGF-CP-
coated pins (254 £ 132 Nmm (n = 20)) is not significantly higher than that of uncoated
pins (227 £ 131 Nmm (n = 32) and 338 4 269 Nmm (n = 40)). However, the probability of
impaired bone—pin interface strength as low as 100 and 20 Nmm is lower in the FGF-CP pin
group than in the un-coated pin group. It is suggested that Ti screws coated with FGF-CP
layers are more reliable than uncoated pins for preventing impaired bone—pin interface
strength that causes pin loosening.

5. Limitations

The current study is a retrospective study, and furthermore, a small number of patients
were enrolled. In the future, prospective randomized controlled studies with increased
enrollment of patients are needed. In addition, it may be necessary to show the relationship
with bone mineral density in the future.

6. Conclusions

In the Weibull plot analysis of extraction torques, the slope of the regression line was
higher in the FGF-CP group than in the uncoated pin group. Furthermore, the intercept
of the regression line was significantly lower in the FGF-CP group than in the uncoated
pin group. The two regression lines significantly differed. Therefore, Ti pins coated with
FGF-CP layers have the potential to reduce the risk of impaired bone—pin interface strength
in the external fixation of distal radius fractures.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jem13113040/5s1, Figure S1: The Weibull plot of all the 40 extraction
torques for uncoated pin groups.

Author Contributions: Conceptualization, H.M., Y.Y. and A.I; Methodology, H.M., Y.Y. and A.L; Soft-
ware, H.M., Y.Y. and A.IL; Validation, H.M., Y.Y. and A.L; Formal Analysis, Y.Y. and A.IL; Investigation,
H.M.,, Y.Y. and A.L; Resources, HM., Y.Y. and A.L; Data curation, Y.Y. and A.L; Writing Original Draft
Preparation, H.M. and Y.Y.; Writing Review and Editing, HM., Y.Y.,, HN., A.I.and M.Y.; Visualization,
H.M.,, Y.Y. and A.L; Supervision, HM., Y.Y,, H.N., A.I. and M.Y,; Project Administration, H.M., Y.Y.,
H.N., AL and M.Y,; Funding Acquisition, M.Y.; All authors have read and agreed to the published
version of the manuscript.

72



J. Clin. Med. 2024, 13, 3040

Funding: This study was supported by a grant from the Initiative for Accelerating Regulatory Science
in Innovative Drug, Medical Device, and Regenerative Medicine of the Ministry of Health, Labour
and Welfare, Japan.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the ethics committees of the University of Tsukuba Hospital and Mito
Kyodo Hospital (protocol code H23-37 and date of approval 18 March 2014, protocol code H25-124
and date of approval 4 March 2014, and protocol code H29-86 and date of approval 9 August 2017)
and the National Institute of Advanced Industrial Science and Technology (protocol code I2013-031
and date of approval 8 August 2013, protocol code I 2013-031A and date of approval 26 March 2014,
protocol code I2014-031 and date of approval 18 July 2014, protocol code 12014-031ABC, and protocol
code I 2017-041 and date of approval 6 December 2017).

Informed Consent Statement: Informed consent was obtained from all patients.

Data Availability Statement: The datasets generated and analyzed during the current study are
available from the corresponding authors upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Galbusera, F; Volkheimer, D.; Reitmaier, S.; Berger-Roscher, N.; Kienle, A.; Wilke, H.J. Pedicle screw loosening: A clinically
relevant complication? Eur. Spine J. 2015, 24, 1005-1016. [CrossRef] [PubMed]

2. Wu, J.C.; Huang, W.C.; Tsai, HW.; Ko, C.C.; Wu, C.L,; Tu, T.H.; Cheng, H. Pedicle screw loosening in dynamic stabilization:
Incidence, risk, and outcome in 126 patients. Neurosurg. Focus 2011, 31, E9. [CrossRef] [PubMed]

3. Kocak, T.; Cakir, B.; Reichel, H.; Mattes, T. Screw loosening after posterior dynamic stabilization-review of the literature. Acta Chir.
Orthop. Traumatol. Cech. 2010, 77, 134-139. [CrossRef] [PubMed]

4. Moroni, A.; Cadossi, M.; Romagnoli, M.; Faldini, C.; Giannini, S. A biomechanical and histological analysis of standard versus
hydroxyApatite-coated pins for external fixation. J. Biomed. Mater. Res. B Appl. Biomater. 2008, 86, 417-421. [CrossRef] [PubMed]

5. Moroni, A.; Pegreffi, F.; Cadossi, M.; Hoang-Kim, A.; Lio, V.; Giannini, S. Hydroxyapatite-coated external fixation pins. Expert Rev.
Med. Devices. 2005, 2, 465-471. [CrossRef]

6.  Gathen, M.; Ploeger, M.M.; Jaenisch, M.; Koob, S.; Cucchi, D.; Kasapovic, A.; Randau, T.; Placzek, R. Outcome evaluation of new
calcium titanate schanz-screws for external fixators. First clinical results and cadaver studies. |. Mater. Sci. Mater. Med. 2019,
30, 124. [CrossRef] [PubMed]

7. Toksvig-Larsen, S.; Aspenberg, P. Bisphosphonate-coated external fixation pins appear similar to hydroxyapatite-coated pins in
the tibial metaphysis and to uncoated pins in the shaft. Acta Orthop. 2013, 84, 314-318. [CrossRef] [PubMed]

8. Matsumoto, Y.; Mutsuzaki, H.; Hara, Y.; Nagashima, K.; Okano, E.; Yanagisawa, Y.; Noguchi, H.; Sankai, T.; Yamazaki, M.
Safety and osteointegration of titanium screws coated with a fibroblast growth factor-2-calcium phosphate composite layer in
non-human primates: A pilot study. J. Funct. Biomater. 2023, 14, 261. [CrossRef] [PubMed]

9. Weibull, W. A statistical distribution function of wide applicability. J. Appl. Mech. 1951, 18, 293-297. [CrossRef]

10. Yanagisawa, Y.; Ito, A.; Hara, Y.; Mutsuzaki, H.; Murai, S.; Fujii, K.; Sogo, Y.; Hirose, M.; Oyane, A.; Kobayashi, F; et al. Initial
clinical trial of pins coated with fibroblast growth factor-2-apatite composite layer in external fixation of distal radius fractures.
J. Orthop. 2019, 16, 69-73. [CrossRef] [PubMed]

11. Pieske, O.; Kaltenhauser, F.; Pichlmaier, L.; Schramm, N.; Trentzsch, H.; Loffler, T.; Greiner, A.; Piltz, S. Clinical benefit of
hydroxyapatite-coated pins compared with stainless steel pins in external fixation at the wrist: A randomised prospective study.
Injury 2010, 41, 1031-1036. [CrossRef] [PubMed]

12.  Pieske, O.; Pichlmaier, L.; Kaltenhauser, F.; Schramm, N.; Rubenbauer, B.; Greiner, A.; Piltz, S. Hydroxyapatite-coated pins versus
titanium alloy pins in external fixation at the wrist: A controlled cohort study. J. Trauma. 2011, 70, 845-851. [CrossRef]

13. Saithna, A. The influence of hydroxyapatite coating of external fixator pins on pin loosening and pin track infection: A systematic
review. Injury 2010, 41, 128-132. [CrossRef] [PubMed]

14.  Moroni, A.; Aspenberg, P.; Toksvig-Larsen, S.; Falzarano, G.; Giannini, S. Enhanced fixation with hydroxyapatite coated pins.
Clin. Orthop. Relat. Res. 1998, 346, 171-177.

15.  Moroni, A.; Faldini, C.; Marchetti, S.; Manca, M.; Consoli, V.; Giannini, S. Improvement of the bone-pin interface strength in
osteoporotic bone with use of hydroxyapatite-coated tapered external-fixation pins. A prospective, randomized clinical study of
wrist fracture. J. Bone Joint Surg. Am. 2001, 83, 717-721. [CrossRef]

16. Piza, G.; Caja, V.L.; Gonzalez-Viejo, M.A.; Navarro, A. Hydroxyapatite-coated external-fixation pins. The effect on pin loosening

and pin-track infection in leg lengthening for short stature. J. Bone Joint Surg. Br. 2004, 86, 892-897. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

73



Journal of 7
(85 Clinical Medicine ml\b\Py

Article

Early Postoperative Weight-Bearing Ability after Total Hip
Arthroplasty versus Bipolar Hemiarthroplasty in Elderly Patients
with Femoral Neck Fracture

Chiara Grabmann 1, Ibrahim Hussain 2, Anne Zeller !, Sertac Kirnaz 2, Vincent Sullivan 3 and Fabian Sommer 2-*

University Hospital of Munich, Ludwig Maximilian University, 81377 Munich, Germany
New York Presbyterian Hospital, Weill Cornell Medicine, New York, NY 10065, USA
Department of Biological Sciences, University of South Carolina, Columbia, SC 29208, USA
Correspondence: publications@drsommer.net

W N =

Abstract: Background: Femoral neck fractures are among the most common types of fractures
and particularly affect elderly patients. Two of the most common treatment strategies are total hip
arthroplasty (THA) and bipolar hemiarthroplasty (BA). However, the role of the different treatment
strategies in the postoperative weight-bearing ability in the early postoperative phase is still not
entirely clear. Methods: Patients who underwent either THA or BA were consecutively included in
our prospective cohort study. Gait analysis was performed during the early postoperative period.
The gait analysis consisted of a walking distance of 40 m coupled with the turning movement in
between. During the gait analysis, the duration of the measurement, the maximum peak force and
the average peak force were recorded. Results: A total of 39 patients were included, 25 of whom
underwent BA and 14 of whom underwent THA. The maximum peak force during the gait analysis
was, on average, 80.6% =+ 19.5 of the body weight in the BA group and 78.9% = 21.6 in the THA group.
The additionally determined average peak force during the entire gait analysis was 66.8% =+ 15.8
of the body weight in the BA group and 60.5% =+ 15.6 in the THA group. Conclusions: Patients
with femoral neck fractures undergoing THA and BA can achieve sufficient weight bearing on the
operated leg in the early postoperative period. In our study, BA did not allow for a significantly
higher average and maximum loading capacity compared with THA.

Keywords: fracture; femoral neck; hip; arthroplasty; hemiarthroplasty; weight bearing; mobilization

1. Introduction

Hip fractures, especially the subgroup of femoral neck fractures, are among the most
common types of fractures and particularly affect elderly patients [1]. This is a global health
problem that is particularly prevalent in older women [2]. The region of the proximal femur
is anatomically exposed and usually has a relatively low amount of protective soft tissue
coverage, which increases the injury risk in case of a fall on the hip [3,4]. Contrarily, young
people generally have better bone stability and femoral neck fractures rarely occur and are
in most cases a consequence of high energy trauma, such as traffic accidents [5,6]. In elderly
people, bone stability physiologically decreases with age, and the natural degradation
of bones combined with osteoporosis can have a significant impact on bone quality [1].
Additionally, the soft tissue covering of the hip region decreases in elderly people, affording
less protection against impacts from falling [4,7]. Therefore, in elderly patients, low impact
trauma, such as a light fall on the hip, can lead to femoral neck fractures [8]. In addition to
the cause of the injury, the treatment goals also differ between these two age groups. While
younger people usually have a higher functional demand and can undergo more complex
surgical procedures and post-treatment regimens, older people are often functionally
limited and have more comorbidities that increase the risk of surgery [1,9,10]. Taking this
into consideration, the treatment goal in geriatric patients is early mobilization with ideally
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postoperative full weight bearing to reduce the risk of postoperative complications due
to immobilization [11,12]. Prolonged immobilization has been shown to increase both
mortality and the risk of irreversible loss of mobility [13,14]. Thus, the earliest possible
postoperative mobilization is one of the main treatment goals in elderly patients [11,12,15].
For this reason, surgical techniques that require postoperative weight-bearing restrictions
and do not permit the patient to apply full weight bearing postoperatively should be
avoided. For the evaluation of weight-bearing capacity, special devices have been available
recently, which are not larger than a normal insole and can be inserted into the patient’s
shoes to evaluate the individual weight-bearing capacity of the affected leg. These devices
have already been used in other studies for the scientific evaluation of postoperative
weight-bearing capacity and demonstrated a simple applicability and relatively precise
measurement results [16].

Early mobilization has a significant impact on the further course of rehabilitation and
the final functional outcome for the patient [11,15]. To meet this therapeutic goal, the first
treatment option for femoral neck fractures in geriatric patients in many cases is direct joint
replacement [17,18]. Two of the most common procedures are total hip arthroplasty (THA)
(Figure 1), which consists of a replacement of both the femoral head and acetabulum, and
bipolar hemiarthroplasty (BA) (Figure 2), in which only the femoral head is replaced [17,19].

Figure 1. Early postoperative X-ray of the right hip joint in AP view of a male patient after femoral
neck fracture who underwent total hip arthroplasty (THA).

BA is typically the shorter and less invasive surgery, since the procedure steps to
prepare the acetabulum for an implant are not necessary [20,21]. On the other hand,
THA could show a better outcome in patients with pre-existing coxarthrosis and a higher
functional demand [17,22-24]. However, the role of the different treatment strategies in the
postoperative weight-bearing ability in the early postoperative phase is still not entirely
clear. In patients without a clear indication for either surgical procedure, the postoperative
weight-bearing ability, and thus, the possibility of early mobilization, may be a crucial factor
to consider when choosing the best surgical treatment. Furthermore, an evaluation of the
postoperative weight-bearing ability could also help patients who have a clear indication
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for either procedure to more accurately adjust postoperative mobilization regimens and
pain medication to achieve the best possible functional outcome.

Figure 2. Early postoperative X-ray of the right hip joint in AP view of a male patient after femoral
neck fracture who underwent bipolar hemiarthroplasty (BA).

For this reason, our group evaluated and compared the weight-bearing ability in the
early postoperative period in elderly patients with femoral neck fracture who underwent
THA or BA as part of a prospective cohort study.

2. Materials and Methods

To evaluate the early postoperative weight-bearing ability in elderly patients after hip
replacement surgery, we conducted a prospective cohort study. The study was reviewed
and approved by the Institutional Review Board (IRB) (Ethic Committee Name: Ethic
Committee of the Ludwig Maximilian University of Munich (LMU), Approval Code: 214-
16, Approval Date: 28 June 2016). Patients over the age of 60 years who underwent
surgical treatment for a femoral neck fracture, either THA or BA, were consecutively
included in the study. Our study focused exclusively on fractures in the femoral neck
region that can be treated with THA or BA, following the recommendations of the AO
Foundation. These include dislocated subcapital, transcervical and basicervical femoral
neck fractures, according to AO classifications 31B1, 31B2 and 31B3 [25]. Patients who were
not able to perform a postoperative gait analysis were excluded. These included patients
with relevant cognitive impairment (for example, dementia, postoperative delirium), pre-
existing immobility (for example, bedridden patients, musculoskeletal disorders) and other
restricting comorbidities that were limiting postoperative mobilization.

Prior to the gait analysis, cognitive impairment, the presence of comorbidities and
the mobility of patients before trauma were assessed using standardized questionnaires.
The Mini-Mental State Examination was used to evaluate cognitive impairment [26]. Co-
morbidities were assessed using the Charlson Index [27]. Patients” mobility and daily
living ability were assessed using the Parker Mobility Score (PMS) and the Barthel Index
(BI) [28,29]. These functional scores were assessed for the first time right after hospital
admission to estimate the functional scores before the accident at the earliest possible time
point and for the second time on the date of the postoperative gait analysis.
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Postoperatively, all patients were treated according to the World Health Organization
(WHO) standardized pain management guidelines [30]. During the whole study, all patients
were mobilized by the same experienced physiotherapy team. All patients were allowed
full weight bearing immediately following operation without weight-bearing restrictions,
meaning the operated leg was allowed to be loaded with the full body weight. Prior to
mobilization, patients were provided with an appropriate dose of analgesia, according
to the WHO pain management guidelines, depending on their individual pain level, if
necessary, in order to facilitate mobilization with minimum pain.

Postoperative gait analysis was performed using insoles with integrated force sensors
(Figure 3). The insoles were matched to the patients” shoe size and placed in both shoes
before the gait analysis. The insoles’ force sensor measures the actual applied plantar
force between the foot and the shoe and reflects the load on the leg with each step. The
measuring range of the pressure sensors in the model used ranges from 20 N to 2500 N at a
maximum sampling rate of 200 Hz, meaning 200 measurements per second. The electronic
hardware for recording and transmitting was located in a small box connected to the soles
by a cable and was attached to the outer shoe during the test (Figure 4). The weight of the
box was only a few grams and did not cause the patients any impairment during the gait
analysis. The data were transmitted via Bluetooth to a mobile tablet PC during the gait
analysis and stored using a dedicated software application (loadsol version 1.4.72). Before
each measurement, the sensor soles were calibrated. All measurements in the study were
performed with the same test setup.

Figure 3. Example of a pair of insoles with integrated force sensors that were used for the gait
analysis. The electronic hardware is located in a small box (yellow arrow) that is connected to the
soles by a cable. The insoles are about 2-3 mm thick, so the soles do not significantly interfere with
walking.

Gait analysis was performed during the hospital stay in the early postoperative period
and was adapted to the individual patient’s mobilization ability. During the gait analysis,
the duration of the measurement in seconds [s], the maximum peak force and the average
peak force in Newton [N] were recorded by the insoles. The maximum peak force is defined
as the highest load that the patient is able to apply during the measurement period and
usually occurs during walking in the phase when the foot hits the ground. This value
depends on the walking speed and can exceed 100% of the body weight due to the kinetic
energy acting in addition to the body weight. The average peak force is a parameter
calculated by the software application that takes the measurements of the applied force
during each step and calculates an average value for all steps during the measurement
period. To avoid bias from inconsistent force application, at the beginning of walking,
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the first three steps from each recording period were excluded from the determination of
the average peak force. In addition to the load, the walking speed in meters per second
[m/s] was calculated. These parameters were determined for all patients in the BA group
and the THA group and compared to determine whether one of the two treatment groups
was able to show a higher postoperative weight-bearing capacity. Walking speed was
measured to estimate the impact of the additional kinetic energy generated during walking
on our measurements.

Figure 4. Examples of insoles with different sizes that were used for the gait analysis, each size being
assigned a different color. The insoles were selected individually to match the patients” shoe size
and placed in the patients” shoes before the gait analysis. The small box containing the hardware is
attached to the outer shoe, where it does not interfere with walking.

For the gait analysis, patients were provided with a walking aid of their choice
(crutches, walker or rollator). The decision regarding which type of walking aid was used
depended on the individual patient’s ability to bear weight and coordination. Crutches
were used for patients with good coordination, and a walker or rollator was used for
patients with impaired coordination. The walking aid was initially used in all patients and
was then adjusted and reduced in further course based on the patient’s individual load-
bearing capacity and individual coordination ability. In our study, the walking aid served
to reduce the load on the extremity and to prevent falls during mobilization. For this reason,
the walking aid continued to be used in some patients who were already able to bear weight
sufficiently but had an increased risk of falling due to impaired coordination. Because the
use of the walker was not exclusively linked to weight-bearing capacity, this parameter
was not included in our analysis due to its limited informative value. During mobilization,
all patients were supported by a physiotherapist who ensured correct movement and was
present for fall prevention. The sequence of the load measurement was the same for all
patients and consisted of a walking distance of two 20 m stretches with a 180 degree turn
in between. In total, the gait analysis consisted of a walking distance of 40 m coupled with
the turning movement in between.

Statistical Analysis

A statistical analysis of the results was performed using the IBM SPSS software
(Version 28.0, IBM corporation, Armonk, NY, USA). Before comparing the two groups,
the parameters were tested for normal distribution using the Shapiro—Wilk test. For the
comparison of maximum peak force and average peak force during walking, the unpaired
t-test was used to identify significant differences between the two groups. Due to lack of
normal distribution in the score values, the non-parametric Mann-Whitney-U-test was
used for comparing the score values between the two groups. The significance level was
set atp < 0.05.
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3. Results

A total of 39 patients with femoral neck fracture met the inclusion criteria and were
included in the study. Depending on the discretion of the operating surgeon, who was
not directly involved in this study, 25 (14 male/11 female) patients underwent BA, and
14 (6 male/8 female) patients underwent THA. The mean age in the BA group was
82.5 & 7.0 years and 74.0 £ 7.9 years in the THA group (Table 1). Age was normally
distributed in both groups and presented no statistically significant difference between
groups.

Table 1. Demographics of patients in the THA group and BA group.

THA BA
Number in total 14 25
Age, mean + SD 74.0 £ 7.9 years 82.5 &+ 6.9 years
Sex
Male 6 (43%) 14 (56%)
Female 8 (57%) 11 (44%)
ASA, mean £ SD 2.6 +0.6 29405

ASA: American Society of Anesthesiologists physical status classification system.

3.1. Postoperative Weight Bearing

The evaluation of the gait analysis showed that both groups were able to achieve a
maximum load of more than 75% of their own body weight, on average, during walking.
The maximum peak force during the gait analysis was, on average, 80.6% =+ 19.5 of the
body weight in the BA group and 78.9% = 21.6 in the THA group (Figure 5). The difference
between the two groups was not statistically significant (p = 0.799). The additionally
determined average peak force (average of maximum force for each step) during the entire
gait analysis was 66.8% £ 15.8 of the body weight in the BA group and 60.5% 4 15.6
in the THA group (Figure 6). Although the average peak force was found to be around
6 points higher in the BA group, the difference between the two groups was not statistically
significant (p = 0.272). Due to a connection loss between the soles and the mobile tablet PC
during the recording of the average peak force, this value was not saved for two patients
from the THA group and for four patients from the BA group; therefore, they could not
be included in the evaluation. This referred only to the average peak force; all other
parameters were transferred correctly by the software.

140

1107

50

Maximum peakforce in percentage of total
body weight

THA group BA group

Figure 5. Box plot comparing the maximum peak force during the gait analysis between the BA
group and the THA group. The maximum peak force is presented in relation to the body weight of
the study participants. There was no significant difference (p = 0.799) between both groups.
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Figure 6. Box plot comparing the average peak force during the gait analysis between the BA group
and the THA group. The average peak force is presented in relation to the body weight of the study
participants. There was no significant difference (p = 0.272) between both groups.

Walking speed was, on average, 0.31 m/s £ 0.14 in the BA group and 0.32 m/s £ 0.19
in the THA group. Thus, no significant difference was found in walking speed between the
two patient groups (p = 0.890). The difference in walking speed between the two groups
was not statistically significant.

3.2. Mobility and Comorbidity

A comparison of the patients’ mobility and health-related quality of life before trauma
and after surgery, as assessed by the PMS and BI, revealed no significant difference between
the two groups.

4. Discussion

Our study showed no significant difference in postoperative weight bearing in the
early postoperative period in patients with femoral neck fracture, regardless of whether
they underwent THA or BA. Both groups were able to achieve a maximum peak force
of more than 75% of their own body weight, on average, on the operated leg during
postoperative mobilization. A healthy person can statically load their leg with 100% of their
body weight while standing. In the case of a dynamic load, such as walking or running,
this value can also increase to more than 100% of the body weight, since, in addition to
the body weight, the kinetic energy also puts force on the limb. In our study, however,
postoperative mobilization was performed very slowly in all cases, since the physiotherapy
team primarily focused on the correct execution of the movement sequence and not on the
speed. Therefore, very low kinetic energies occurred when the leg touched the ground. In
order to better quantify the influence of kinetic energy on our measurements, walking speed
was additionally measured. In healthy subjects, the walking speed is about 1.5 m/s [31]. In
our study, the walking speed in both groups was about 0.3 m/s, which is only about 20% of
the normal walking speed. Since walking speed affects kinetic energy mathematically to the
second power, a reduction in speed to 20% lowers the total corresponding kinetic energy to
4%. Due to this particular feature in the mobilization, the additional kinetic energy acting
on the limb during walking is considered low and can be practically neglected for better
comparability. This is also evident in the observation that the maximum peak load in our
measurements, which usually occurs when the foot hits the ground, is above 100% in only
a few cases (see Figure 5).

There is a consensus in the guidelines of several countries that the earliest possible
postoperative mobilization should be a treatment goal in elderly trauma patients [32-35].
This treatment strategy showed a reduced complication rate and improved long-term
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outcome [11,12,15]. For these reasons, BA is often preferred in elderly patients with femoral
neck fracture.

The choice of the surgical procedure depends on several additional factors, such as
age, functional expectations, the amount of displacement of the fracture fragments or the
patient’s comorbidities [19,36]. BA typically represents the less invasive procedure of the
two treatment strategies [20,21]. The average duration of surgery of a BA is shorter, and it
has less average blood loss compared to a THA [20,21]. However, one of the disadvantages
of BA is the high rate of painful acetabular erosions in the long term. In the literature,
the rate of acetabular erosions in BA is described as being up to 36% [24,37]. This is
another reason why the revision rate of BA within the first few years is higher compared
to THA [22]. Therefore, the indication for BA is mainly given in elderly patients with a
low functional demand and an increased operative risk. Even in this group, due to the
growing life expectancy over the last decades, these implants may lead to complaints over
the years [38].

Both surgical procedures have different advantages and disadvantages and their corre-
sponding indications. Mobile and independent elderly patients with femoral neck fractures
usually benefit more from THA. In the long term, THA has a better functional outcome and
has fewer revisions than hemiarthroplasty [22-24]. A major disadvantage of the procedure
is a higher risk of dislocation, particularly in the first period after surgery [22,23]. In addi-
tion, the operation takes longer and usually causes greater blood loss during the surgery,
since the acetabular bone needs to be prepared for the hip cup implant [20,21]. Overall,
THA represents the more invasive surgical procedure but is associated with better joint
function in the long term than BA.

Which of the procedures, BA or THA, offers advantage for the actual postoperative
weight-bearing ability of geriatric patients has not yet been investigated, and it is an
important factor to consider when choosing the right treatment for a patient. Another
study has already shown that hip replacement surgery allows effective loading in the early
postoperative period [16]. However, the relatively small sample size in the described study
specifically limits the findings related to the THA group. The extent of how much the
postoperative weight bearing differs in detail between BA and THA could only be assessed
to a limited extent due to the small number of cases, consisting of fewer than 10 cases in
the THA group in the mentioned study.

There are clear indications for both surgical procedures where one procedure is more
suitable and the patient is more likely to benefit from one particular procedure. In between,
however, there are also patients without clear indications for one of the two procedures
and who are suitable for both operative techniques. Patients without a clear indication for
BA or THA are particularly challenging for the decision-making surgeon. Especially in
older patients, where early postoperative mobilization is the therapeutic goal, Bhandari
et al. were able to show that surgeons tend to prefer BA in case of doubt [18]. In this regard,
some patients without a clear indication for either procedure could potentially benefit from
the higher functionality of THA.

Our analysis showed no significant differences in weight bearing after either surgical
procedure in the early postoperative period. Patients treated with both surgical techniques,
THA and BA, were able to bear sufficient weight on the operated limb postoperatively.
BA did not show a significant advantage for older patients to allow earlier full weight
bearing compared to patients who underwent THA. This finding should be taken into
consideration when planning the surgical treatment strategy.

Nevertheless, our study has a few limitations. It must be taken into account that the
measurement took place at an early postoperative point of time and thus does not provide
any information on the load-bearing ability in the long-term course. However, mobility in
the early postoperative period during the hospital stay represents an important prognostic
factor for the outcome of the patients [39]. Early mobilization, within 48 h of surgery,
showed an increased functional recovery. Additionally, a higher rate of early mobilized
patients were able to return directly back home after the surgery and showed lower rates

81



J. Clin. Med. 2024, 13, 3128

of discharge to high-level care centers [39]. Several international guidelines recommend
starting the postoperative mobilization on the first postoperative day for geriatric patients
with femoral neck fracture if no contraindications exist [33,34]. Patients with femoral
neck fracture lose, on average, more than 50% of their muscle strength within the first
postoperative week in the affected leg compared to the non-affected leg, which affects the
mobilization of elderly patients in particular [40—43]. For these reasons, we decided to
conduct our evaluation in the early postoperative period.

Another limiting factor of our study is the sample size. In our study, only patients
who were able to perform the gait analysis correctly were included, since this was the only
way to obtain valid and comparable measurements. This resulted in a smaller sample size,
but the group size of our study is comparable with other gait analysis studies that have
used similar measurement procedures with sensor soles in determining the postoperative
weight-bearing ability [44,45]. Due to the selection beforehand, all included patients were
able to successfully perform gait analysis under appropriate guidance, and no patient
needed to be excluded due to inability to follow the instructions during the gait analysis.

In addition, it is theoretically possible that our exclusion criteria might contribute to a
selection bias. Since we did not include bedridden and severely mentally impaired patients
in our analysis, we cannot draw any conclusions regarding this group of patients. For
bedridden patients, this might be of limited significance, since weight bearing was already
impossible before the injury. However, it could be that postoperative weight bearing differs
between the two procedures in cognitively impaired patients and that this was not noticed
due to the exclusion of this patient group. However, severely mentally impaired patients
would not primarily be considered as ideal candidates for THA because of the higher
postoperative dislocation and complication risk; therefore, this potential bias might be
primarily of theoretical interest. Furthermore, the exclusion was made because we do not
currently have a valid method to obtain reproducible and comparable data from patients
who do not adhere exactly to the procedural instructions. As soon as we have the possibility
to do so, we will include this patient group in future weight-bearing studies. In order to
avoid selection bias and increase comparability, we limited our evaluation exclusively to
patients with traumatic hip fractures and excluded patients who underwent elective THA
due to advanced osteoarthritis of the hip joint, since mobilization of patients after traumatic
injuries is typically more challenging than after elective surgery.

The second potential bias in our evaluation is a recall bias, since functional scores
before the accident were determined based on the patient’s memory. This can result in
the subjectively perceived mobility before the accident being classified as too high or too
low. For elective surgery, it is possible to obtain the functional scores directly before the
operation or even to determine them directly. This is not possible in the case of accidents,
since it is impossible to anticipate an accident, and therefore, it is not possible to collect
data in advance. However, since our study only evaluates patients after an accident, this is
the most accurate way to determine mobility before the accident. In addition, to minimize
the risk of recall bias, patients were asked about their pre-accident mobility as soon as
possible after hospital admission. In addition, we focused the evaluation on the objective
data from our weight-bearing analysis and not on the subjective information provided by
the patients.

The focus of our study was to determine and compare the actual weight-bearing
ability of older patients with femoral neck fracture in the early postoperative period who
underwent either THA or BA. Our study showed no significant difference between the
two procedures regarding the weight-bearing ability. This might indicate that the effect of
the comparatively more invasive procedure of THA on the postoperative weight-bearing
ability of older patients may be overestimated. For a more accurate evaluation, future
studies should investigate weight bearing after THA and BA in the medium- and long-term
course and with an increased sample size.

82



J. Clin. Med. 2024, 13, 3128

5. Conclusions

Our study shows that older patients with femoral neck fracture undergoing THA and
BA can achieve sufficient weight bearing on the operated leg in the early postoperative
period. In our study, BA did not allow for a significantly higher average and maximum
loading capacity in the early postoperative period compared with THA, meaning there
were no relevant differences in terms of weight-bearing ability between the two groups.
In our study, we were able to quantify the difference and objectify this hypothesis. This
finding should be considered during the decision-making process of surgical treatment,
especially in patients without a clear indication for one of the two surgical procedures. The
extent to which the weight-bearing ability differs between the two surgical procedures in
the long term must be shown in further studies.
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Abstract: Background: Vertebral compression fractures (VCFs) are prevalent in the elderly population
and might be the source of back pain if they are fresh and yet unhealed. In many cases, it is a diagnostic
challenge to differentiate fresh VCFs from healed united fractures, which retain similar radiographic
characteristics but no longer generate pain. This information is crucial for appropriate management.
The aim of this study was to evaluate the role of bone scintigraphy (BS) in identifying fresh VCFs
appropriate for targeted treatment when compared to the findings of Computerized Tomography
(CT). Methods: We retrospectively reviewed 190 patients with back pain suspected to stem from a
recent VCF that underwent both a CT and a BS and compared the imaging patterns per vertebra.
Results: The studies were concordant in the majority of cases (95.5%), diagnosing 84.4% normal
vertebrae, 6.4% acute VCFs, and 4.7% chronic VCFs. However, in 37 patients, 45 occult acute VCFs
were only detected on BS and not on CT. Multivariate logistic regression analysis revealed that
these patients were older and had lower bone density compared to the rest of the study population.
Additionally, 40 patients had acute VCFs visible on CT, but with no increased or low intensity uptake
on BS. These cases were associated with a shorter time period between trauma and BS, a higher
prevalence of male patients, and a higher bone density. Acute VCFs with no increased uptake or low
levels of uptake were found only within the first six days of the trauma. Conclusions: BS detects
radiologically occult fractures and can differentiate if a radiographically evident VCF is indeed
clinically active, guiding possible treatment options. To avoid missing acute VCFs, BS should be
performed six days or more after the injury.

Keywords: bone scintigraphy; computed tomography; vertebral compression fracture; occult
fracture; osteoporosis

1. Introduction

Vertebral compression fractures (VCFs) are one of the hallmark fractures of osteoporo-
sis and are prevalent in the elderly population. The radiographic appearance of recent
(fresh) VCFs and healed (old) VCFs can be similar, but since in acute and symptomatic
VCFs, interventional procedures such as percutaneous vertebroplasty (VP), kyphoplasty
(KP), or spine fusion surgery may be indicated [1], further imaging studies are needed to
determine the fracture’s age and guide appropriate patient management [2].

Magnetic resonance imaging (MRI) is the imaging method of choice for determining a
VCF’s age [3,4]. Acute fractures exhibit a low signal intensity on T1-weighted sequences
and a high signal intensity on T2-weighted sequences. The abnormal signal gradually
disappears within 2—4 months [5].

Bone scintigraphy (BS) using Tc99m-MDP can also be an effective method for deter-
mining the age of VCFs and is utilized mainly when MRI is unavailable or contraindicated.

In BS, an acute VCF presents as an intense horizontal linear tracer uptake in a vertebral
body. This pattern usually appears within the first 48 h and decreases in intensity or fades
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over a period of 6 to 24 months [6]. Blood pool scintigraphy performed early, up to 5 min
after injection of Tc-99m MDP, can demonstrate areas of hyperemia, also indicating an
acute process [7].

In recent years, several small retrospective studies have compared the appearance
of VCFs on MRI and BS with discordant results [8-10]. In one study, 30 patients who
had undergone both BS and MRI evaluation were reviewed retrospectively with good
consistency between the studies [11]. In a study of 30 patients with multilevel vertebral
compression fractures, BS was found to better localize the fresh fracture causing clinical
symptoms than MRI [12]. The small numbers in these studies and the varying outcome
measures make it difficult to conclude whether BS can safely replace MRI as a method for
determining a fracture’s age and clinical relevance.

The aim of this study was to suggest a treatment algorithm utilizing BS rather than
MRI as a guide in the decision-making process, by describing the patterns and temporal
dynamics of VCFs on BS as related to the fracture type, age, and patient characteristics
in a large patient population when MRI is unavailable in the initial evaluation and treat-
ment phase.

2. Materials and Methods

This study was conducted retrospectively and was approved by our medical center’s
institutional review board (approval number 0038-20-NHR). The need for written informed
consent was waived.

2.1. Study Population

Included were 200 consecutive patients admitted to our hospital between March 2017
and April 2022 with suspected acute VCFs in the thoracic and lumbar spine demonstrated
on CT, corresponding with Al-type fractures according to the AOSpine Thoracolumbar
Spine Injury Classification System and having undergone a BS were included [13]. Non-
Al fractures, systemic conditions affecting the skeleton (such as disseminated multiple
myeloma, metastatic disease, or endocrine illnesses other than osteoporosis), as well as a
technically inappropriate CT or BS were excluded, leaving 190 patients for further analysis.

2.2. Data Collection

The demographic and clinical information collected including age, gender, previously
diagnosed osteoporosis, previously recorded trauma, and date of the trauma were retrieved
from our hospital’s electronic health records (EHRs).

CT of the spine was acquired using one of two CT scanners (Philips Ingenuity 128
and Brilliance 64, Cleveland, OH, USA). The CT parameters were as follows: tube volt-
age, 120 kV; tube current, 120-190 mA,; slice thickness, 2 mm; detector collimation, 64 x
0.625 mm or 128 x 0.625 mm; gantry rotation time, 1; and pitch, 0.8. All CT data were
reconstructed to a slice thickness of 2 mm, with a 512 x 512 matrix using a soft-tissue
kernel. No oral or intravenous (IV) contrast media were administered. Sagittal and coronal
reformatted images with a slice thickness of 2 mm were routinely created. In 161 patients,
the CT included the thoracic and lumbar spine, and in 29 patients, only the lumbar spine.
A total of 2966 vertebrae were scanned in 190 patients.

The CT images were reviewed by a radiologist and a spine surgeon for the presence
of vertebral fractures at the time of admission. A spine surgeon retrospectively reviewed
the CT images for the purpose of this study, defined the fractures as acute or chronic,
and classified them using the AOSpine Thoracolumbar Spine Injury Classification System
(AO type). Only A-type VCFs (compression injury) were included in the study. Signs of
degenerative disc changes, including end plate sclerosis, irregularity, and osteophytes were
noted separately.

A description of the CT pattern was documented for each vertebra according to the
following (Figure 1): (A) normal vertebra (no fracture); (B) acute VCF displaying CT signs of
loss of height or anterior wedge deformity with endplate irregularity, cortical incontinuity,
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step defects, increased density zone of impaction, and soft-tissue edema or hematoma
surrounding the vertebral body; (C) non-union of a VCF displaying a non-healed fracture
with an intravertebral cleft, also known as Kiimmell’s disease; (D) ankylotic VCF displaying
a transverse fracture below an ankylotic spine segment; (E) chronic VCF displaying loss
of height or anterior wedge deformity with smooth cortical borders; and (F) following
percutaneous vertebroplasty (Post VP) displaying cement within the vertebral body.

[2 o

: e ": p y % A .-7 .\ N N~
Acute VCF Non-union VCF Ankylotic VCF Chronic VCF

Figure 1. Patterns of vertebrae appearance on sagittal spine CT. (A) Normal vertebra—retained
height and continuous cortex. (B) Acute VCF showing a “step defect” in the anterior border and a
“zone of impaction” caused by impaction of the trabeculae. (C) Non-union fracture—a non-healed
fracture with an intervertebral cleft (white arrow). (D) Ankylotic fracture—a transverse fracture
below an ankylotic spine segment. (E) Chronic fracture showing loss of height and smooth cortical
borders. (F) State after percutaneous vertebroplasty (Post VP)—chronic fracture with loss of height
and hyperdense cement in the vertebral body.

The bone density was estimated for each patient using CT. Hounsfield units (HUs)
were measured by placing a region of interest (ROI) in the intramedullary area of a lumbar
vertebral body, preferably L3, unless fractured. Values measured below 118 HUs were
consistent with osteopenia (T-score of —1.0 to —2.5). Values below 93 HUs were consistent
with osteoporosis (T-score of —2.5 or less) [14].

BS was performed using one of two gamma cameras (Infinia Hawkeye and Optima
640, GE Medical Systems, Milwaukee, W1, USA) with a large field-of-view, dual-head,
single-photon emission computed tomography (SPECT) system fitted with low-energy, high-
resolution collimators. Whole-body planar acquisition was carried out using the continuous
method in a 256 x 1024 matrix. SPECT images were obtained in a 128 x 128 matrix with a
20% window centered at 140 keV and were reconstructed with ordered subsets expectation
maximization (OSEM), using 2 iterations. Early planar imaging of the spine and pelvis
was performed 5-10 min after IV administration of 20-25 mCi (~740 MBq) of Tc99m-MDP
(Jubilant Draxlmage Inc, Canada) and late whole-body planar images and SPECT of the
thoracic and lumbar spine were performed 2—4 h after injection. Early BS of the spine was
performed in 185 patients (97%). All patients underwent late planar whole-body imaging and
SPECT of the thoracic and lumbar spine with 2 fields of view (FOV). A total of 3230 vertebrae
were scanned. All BS was reviewed by a board-certified nuclear medicine physician and
findings on planar and SPECT images were documented for each vertebra. For early images,
the presence or absence of increased blood pool was recorded. For late images, a 3-point
visual score of the uptake pattern was documented according to the following: low intensity
uptake, slightly above that of adjacent normal vertebra; intermediate intensity uptake, clearly
above that of adjacent normal vertebra but below uptake in the sacroiliac joint (SIJ) or anterior
superior iliac spine (ASIS); and high intensity uptake, similar or above uptake in the SIJ
or ASIS.

Evaluation of the BS was performed unblinded to the findings on CT, which were used
to accurately define the location of fractures and to distinguish between uptake caused by
other etiologies such as osteophytes and degenerative changes. If the increased uptake was
deemed to be the result of degenerative changes seen on the CT (rather than a fracture of
the vertebral body), the uptake was excluded from the study.
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2.3. Statistical Analysis

Data analysis was conducted using SPSS software, version 27.0 for Windows (IBM, New
York, NY, USA). For normally distributed data, the results were presented as mean =+ standard
deviation and were analyzed using an unpaired Student’s t-test. Categorical data were
expressed as percentages to illustrate their distribution, and a p-value of less than 0.05
was considered to indicate statistical significance. To explore the relationship between
bone density, sex, and age, Pearson’s correlation test was employed. This test allowed for
the assessment of the strength and direction of the linear relationship between these two
continuous variables. Additionally, multivariate logistic regression analysis was performed to
identify factors that could influence the likelihood of VCF detection. The variables included
in this analysis were age, gender, the time elapsed between the trauma and scanning, and
bone density. By incorporating these factors, the regression model aimed to determine the
individual and combined effects on the odds of VCF detection provide a comprehensive
understanding of the potential predictors in this clinical context.

3. Results
3.1. Patient Population

Two hundred consecutive patients were initially included. Ten patients were excluded
from further analysis due to technically inappropriate or missing imaging studies or to eti-
ology of fractures secondary to malignancy or multiple myeloma. A total of 2966 vertebrae
were scanned in 190 patients.

The demographic data of the final study population of 190 patients are detailed in
Table 1. Forty-three patients had documented osteoporosis on their electronic health records.
In 108 patients (57%), a trauma event with a specific date was recorded; 19 patients (10%)
had a known history of recent trauma within the previous two weeks but could not recall
the exact date; and 63 patients (33%) had no history of a trauma event. In patients with a
recorded trauma date, the mean time between the trauma and hospitalization was 6.1 days,
and the mean time between the injury and BS was 8.3 days. All patients underwent CT
within the first 48 h of admission. BS was acquired 48 h after the CT, except in four cases in
which the study was performed on the same day or a day before the CT. The mean time
interval between CT and BS was 3.1 days (see Table 1). An MRI study was not obtained in
any of the patients.

Table 1. Patient characteristics.

n % Mean SD Minimum Maximum
Gender male 60 31.6
female 130 68.4
Age 190 75 11.2 36 98
Time between CT and BS 190 3.1 4.8 -1 33
Time between the trauma and hospitalization 108 6.1 10.7 0 61
Time between the trauma and BS 108 8.3 10.5 1 62

3.2. CT Findings

In CT, 84 patients (44.2%) had a single acute VCF, 48 patients (25.2%) had 2 VCFs,
26 patients (13.7%) had 3 acute VCFs, and 32 patients (16.8%) had more than 3 acute VCFs,
with the highest number being 11 acute VCFs in a single patient. VCFs were observed in
439 vertebrae on CT, including 240 which had radiologic patterns of acute VCFs (54.7%),
162 chronic VCFs (36.9%), and 37 post VP VCFs (8.4%). Most of the VCFs were located
between T11 and L4, with L1 being the most common location (Figure 2). Among the acute
VCFs, 49 were non-union and 16 were fractures below an ankylotic segment.
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Figure 2. Distribution of VCFs according to type and location on CT.
3.3. Bone Density
The CT-measured mean bone density was 61.2 £ 32 HU, with a range of —21-164 HUs.
Values above 118 HUs, considered normal, were found in 10 patients (5.2%). Values of
93 to 118 HUs, consistent with osteopenia, were found in 17 patients (8.9%), and values
below 93 HUs, consistent with osteoporosis, were found in 163 patients (85.7%). The mean
bone density in women was significantly lower compared to men (55.6 + 31 HUs compared
to 73.3 = 31 HUs, p < 0.001) and lower values were found with increasing age of the patients
in both men and women (r = —0.368, p < 0.001).
3.4. BS Findings
In BS, increased uptake, consistent with a vertebral fracture, was observed in 323 ver-
tebrae. The uptake intensity was low in 81 (25%) vertebrae, intermediate in 107 (33%), and
high in 135 (42%) vertebrae. Most of the vertebrae with an abnormal uptake were seen in
the thoraco-lumbar region (Figure 3).
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Figure 3. Distribution of VCFs according to uptake intensity and location on bone scintigraphy.
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In early BS, increased blood pool was observed in 193 vertebrae (60%). In late BS,
vertebrae showing hyperemia in early studies had higher uptake intensities; a total of
121 vertebrae (63%) had a high intensity uptake, 60 (31%) had intermediate, and 12 (6%)
had low-level uptake. Increased late tracer uptake without hyperemia was found in 130 ver-
tebrae (40%), with lower uptake intensities; a total of 14 vertebrae had high-intensity uptake
(11%), 47 had intermediate (36%), and 69 had low-intensity uptake (53%). Hyperemia was
more prevalent in the lower thoracic and lumbar spine (T11 to L5, 63%) compared to the
high and mid-thoracic spine (T1 to T10, 42%).

In a subgroup of 108 patients with a known date of the traumatic event and 132 acute
VCFs according to CT, BS uptake intensity was compared to the time period elapsed since
the trauma. Acute VCFs with no increased uptake were found up to five days after trauma,
and VCFs with low-intensity uptake were seen up to six days after trauma. Acute VCFs
with intermediate- and high-intensity uptake were seen from the first day after trauma up
to 38 and 62 days, respectively (Figure 4).

B High intensity

B Low intensity

No uptake

Days aftertrauma

Figure 4. Radiotracer uptake intensity according to time after trauma.

Increased uptake in ribs, sacrum, and pelvis, consistent with acute fractures, were
seen in the majority of the patients (160, 84%) in BS. Single-rib fractures were observed in
28 patients, multiple-rib fractures in 63 patients, sacral fractures in 55, and pelvic fractures
in 14 patients.

3.5. Comparison of CT and BS Findings

The imaging patterns of CT and BS were compared in 2966 vertebrae. Table 2 and
Figures 5-7 demonstrate the different combined patterns of CT and BS.

Table 2. Prevalence of combined CT and BS patterns (1 = 2966).

CT Pattern BS Uptake Intensity Number %
Normal No increased uptake 2504 84.4
Normal Low 3 0.1
Normal Intermediate 6 0.2
Normal High 14 0.5
Acute VCF No increased uptake 7 0.2
Acute VCF Low 43 14
Acute VCF Intermediate 79 2.7
Acute VCF High 111 3.7
Chronic VCF No increased uptake 117 3.9
Chronic VCF Low 23 0.8
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Table 2. Cont.

CT Pattern BS Uptake Intensity Number %

Chronic VCF Intermediate 15 0.5
Chronic VCF High 7 0.2
Post VP No increased uptake 15 0.5
Post VP Low 12 04
Post VP Intermediate 7 0.2
Post VP High 3 0.1

ot 4 |
'.‘..

Figure 5. Occult fractures. A 78-year-old female complaining of back pain, without known trauma.
CT was acquired on the day of admission and bone scintigraphy was performed 2 days after the CT.
(A)—Sagittal spine CT shows a non-union fracture in L4. No other fractures are demonstrated. Bone
density measured in L3 was 7 HUs, consistent with severe osteoporosis. (B)—Planar anterior and
posterior bone scintigraphy shows high-intensity uptake in L2 and L3, suggestive of acute fractures.
(C)—Axial, coronal, and sagittal SPECT show high-intensity uptake in L2 and L3.

Normal vertebrae—In the group of vertebrae with a normal appearance on CT, most
had no increased uptake on BS (2504/2527, 99%). Increased uptake was seen in 23 (0.9%)
vertebrae that appeared normal on CT, consistent with the diagnosis of an acute radio-
logically occult fracture (Figure 5). This pattern combination was observed in 17 patients.
Multivariate logistic regression analysis of these patients indicated that an increase in age
(OR =0.913, 95% CI [0.840, 0.993], p = 0.035) and a decrease in bone density (OR = 0.969,
95% CI[0.939, 1.000], p = 0.052) were associated with a decrease in the odds of detection of
a VCF on the CT. Notably, these associations remained statistically significant, even after
controlling for gender and the time elapsed between the trauma and scanning. Gender and
time elapsed from trauma had no significant impact on the likelihood of detection of an
occult fracture.

Acute VCFs—Most vertebrae with acute fractures on CT had an increased uptake
on BS (233/240, 97%), with 79 and 111 showing intermediate- and high-intensity uptake,
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respectively (Figure 6), and 43 showing low-intensity uptake (Figure 7). In seven acute
VCFs, no increased uptake was seen on BS. The pattern combination of acute VCF with no
increase or low-intensity uptake was observed in 40 patients. The clinical characteristics of
these patients were compared to the group with intermediate- or high-intensity uptake.
In univariate analyses, the time elapsed between the trauma and BS was significantly
shorter in these patients (4.62 £ 6.18 vs. 9.68 &= 11.48 days, p = 0.026) and male gender was
more prevalent (31.7% vs. 16.2%; p = 0.015). Bone density was higher, but not statistically
significant (69.90 £ 34.92 vs. 58.87 £ 30.98, p = 0.053). Multivariate logistic regression
analysis also found a significant difference in the time span elapsed from the traumatic event
to BS, with a shorter time period in the low-uptake group (OR = 0.908, 95% CI [0.822, 1.003],
p = 0.057). No association was found with patient’s age.

Figure 6. High-intensity uptake in an acute fracture, no uptake in chronic fractures post-
vertebroplasty. A 77-year-old female after trauma. CT was acquired on the day of injury and
bone scintigraphy was performed 3 days after the injury. (A,B)—Sagittal spine CT (enlarged in B)
show an acute fracture in T11 (white arrow) and chronic fractures after vertebroplasty in T12 and
L3. (C)—Planar anterior and posterior bone scintigraphy show high-intensity uptake in T11 (black
arrow), indicating an acute fracture and no increased uptake in T12 and L3, consistent with chronic
fractures. Note also, high-intensity uptake is seen in the anterior aspect of the left acetabulum (black
arrow head), consistent with an acute fracture.
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Figure 7. Low-intensity uptake in an acute ankylotic VCE. A 72-year-old male. CT was acquired on
the day of injury and bone scintigraphy was performed 3 days after the injury. (A)—Coronal, axial,
and sagittal spine CT show an acute ankylotic fracture in L2 and a fracture involving an osteophyte
in L1 (white arrow). (B)—Planar anterior and posterior bone scintigraphy do not show any increased
uptake in L2. (C)—Coronal, sagittal, axial, and MIP SPECT show only low-intensity uptake in L2
(black arrow).

Hyperemia was seen in the early BS images in 157 acute VCFs (65%). In 83 acute VCFs
(35%), no hyperemia was observed.

In non-union VCFs, intermediate- and high-intensity uptakes were more prevalent
(41 vertebrae, 84%), with few cases showing no increase in uptake or low-intensity uptake
(8 vertebrae, 16%). In ankylotic VCFs, intermediate- and high-intensity uptakes were
found in 12 vertebrae (63%) and low-intensity or no increase in uptake were observed in
7 vertebrae (37%). Univariate or multivariate logistic regression analysis were not possible
due to the small number of cases.

Chronic VCFs—Among 162 vertebrae with chronic fractures according to CT, 117 did
not display increased uptake (72%). Low-intensity uptake was observed in 23 vertebrae
(14%), and high- and intermediate-intensity uptake was seen in 15 and 7 vertebrae (9% and
4%), respectively. The pattern combination of chronic VCFs with intermediate- or high-
intensity uptake was observed in 20 patients, suggestive of an unstable or “active” fracture.
Multivariate analysis of these patients’ clinical characteristics showed a significantly lower
bone density (43.55 vs. 63.26 HU, p = 0.009) and a trend towards female gender that was
not statistically significant (p = 0.092).
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Post VP—Most vertebrae in this group showed no increase (15, 40%) or a low-intensity
uptake (12, 32%), and few demonstrated intermediate- and high-intensity uptake (7, 19%
and 3, 8%, respectively).

4. Discussion

The present study identified and characterized 2966 vertebrae in 190 patients with
439 VCFs. The study population was mostly elderly and female. Only 5% of the patients had
normal bone density, estimated using spine CT, and over 85% had osteoporosis according
to these measurements. Most patients (55.8%) had more than one VCF, with 16.8% of them
having three or more VCFs. In some cases, a combination of acute and chronic fractures
was found. Most of the fractures were located in the thoraco-lumbar area.

In most patients, the CT results were retrospectively sufficient to determine whether
a vertebra was normal or had either acute or chronic VCFs, but in 37 (19.5%) patients, BS
added important information related to the fracture that could influence patient manage-
ment, as radiologically occult fresh fractures were found in 23 normal-appearing vertebrae
and in 22 vertebrae with the radiographic appearance of chronic fractures. These occult
fractures were amenable to surgical intervention, which could potentially improve pain
relief and facilitate patient mobilization [1].

The phenomenon of radiologically occult fractures, also known as “VCFs without radio-
logic collapse”, has been described in several studies. Pham et al. described 16 osteoporotic
subjects with acute, severe back pain, but no evidence of VCF on a lateral spine radiograph.
MRI or BS showed findings consistent with acute fractures in an anatomic distribution, cor-
relating with the clinical pain. The subjects were followed prospectively with radiographic
changes, consistent with VCFs developing in 80% of subjects by the end of the study [15].
Additional studies and reviews have described this phenomenon on radiographs [16-20]
but not on CT. Our study has demonstrated that occult fractures may also be present and
missed on diagnostic, high-resolution CT or may be present in a vertebra with imaging
characteristics of a chronic fracture. In multivariate logistic regression analysis, occult frac-
tures in normal-appearing vertebrae on CT were associated with an increase in patient age
and a decrease in bone density. This could be explained by the lower visibility of cortical
disruption and the impaction of the trabeculae in osteoporotic vertebrae, which have thinner
and less dense trabeculae and corteces. The patient’s gender and the time elapsed between
the traumatic event and scanning had no significant impact on the likelihood of detection of
an occult fracture on BS.

In our study group, 40 patients had acute VCFs with no increase or low-intensity
uptake on BS. These were observed up to 6 days after injury. According to the known
literature, increased radiotracer uptake appears in vertebral fractures on BS during the
osteoblastic activity phase, signifying the initiation of the healing process, usually during
the first hours after injury. In many cases, fractures can be seen on BS much earlier than
on radiographs or even CT, mainly in rib and sacral fractures [7]. In the seminal study by
Matin et al. from 1979, the appearance of various fractures on BS over time was reported in
204 patients aged between 17 and 88 years, with a third of patients being over 65 years [21].
In their study, 80% of all fractures showed an abnormal uptake by 24 h, and 95% by 72 h
after injury. Only in two patients, both over the age of 65 years, there was no increased
uptake on BS in a known acute fracture by 72 h. While this study suggests that in the
elderly population, scintigraphic abnormalities may appear later than in younger patients,
it did not focus on vertebral fractures and had only a limited number of elderly patients.
In our study, a higher percentage of patients had no uptake or low-grade uptake in acute
VCFs for a longer period of time, suggesting that a longer lag period between the injury
and BS is needed to prevent a false-negative diagnosis.

Another study by Spitz et al. from 1992 investigated the appearance of fractures on BS
in 480 patients, including 123 fractures in the thoracic and lumbar spine and 357 fractures
in other bones, including the radius, scaphoid, femoral neck, pelvis, and shaft of long
bones [22]. In 18 patients, repeated scanning was conducted during the initial 24 h after
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injury. All acute fractures showed increasing accumulation of Te-99m MDP at the fracture
site in those 24 h and within 2 weeks after injury, but the magnitude of the increase was
markedly different in different bones. Spine fractures showed the latest and slowest accu-
mulation of Tc-99m MDP, with some fractures appearing only 10 to 12 days after the injury.
The authors suggested that these findings are related to the amount of callus formation
found in fractures adjacent to joints compared to vertebral fractures, and that a similar
behavior can be seen in skull fractures that show minimal uptake on BS and almost no
callus formation on radiographs. Multiple-regression analysis of their data did not find any
correlation between the time of appearance of the fracture and the patient’s age and gender,
in contrast to Matin et al.’s study. The authors concluded that the rate of accumulation of
Tc-99m MDP is only dependent on the fracture site, with slower accumulation in the spine
and the shafts of long bones.

The appearance of vertebral fractures over time on BS has not been investigated
in more recent years. Our results show that the time of appearance of increased tracer
uptake is not dependent only on age, as suggested by Matin et al., or only on the timing
of BS and the fracture location, as suggested by Spitz et al., but is influenced by multiple
factors, including the injury to BS lag period, the patient’s gender, and bone density. In the
sub-group of ankylotic fractures with no uptake or low-grade uptake, we also observed a
higher prevalence of males, but this was not statistically significant. Since diffuse idiopathic
skeletal hyperostosis (DISH) occurs more in males [23,24], this may explain their higher
prevalence in this group. A further study of this population is needed to elucidate the
reasons for this phenomenon.

According to orthopedic guidelines, MRI is considered the gold-standard method
for determining the acuity of a VCF, while the combination of CT and BS is reserved for
claustrophobic patients or for MRI incompatibility [3,4,25]. Only one guideline refers
to MRI and BS equally as “advanced imaging” that can reliably confirm the presence
and location of acute VCFs that may be amenable to treatment [26]. Our study provides
additional evidence demonstrating that in clinical scenarios when MRI is unavailable
in the acute setting, a combination of spine CT and BS can be used for establishing the
age of vertebral fractures and to detect additional occult fractures, supporting clinical
decision-making. This is visualized in Figure 8, in which a diagnostic flow-chart algorithm
is provided.

While BS is considered a sensitive method for detecting acute fractures and for de-
termining a fracture’s age [6,27], several studies report discordance between the results
of MRI and BS concerning the establishment of the age of VCFs. A study by Masala et al.
found that MRI and BS are concordant for fractures up to 4 months old [8]. Kim et al. found
an overall concordance of only 55% between the methods. The concordance for single-level
VCFs was very high (96%), with a significant drop in concordance in two-level (50%) and
three-level fractures (only 36%) [9]. In a study by Dafydd et al. from 2014, the overall
concordance was of 63%, with almost twice as many acute or subacute fractures found on
BS [10]. These studies suggest that acute fractures appear on BS for a longer period of time
than on MRI In multilevel fractures, the different VCFs probably have different ages, with
older fractures not apparent on MRI but still seen on BS. Therefore, it can be assumed that
the information regarding the temporal dynamics is not equivalent in BS and MRI. Despite
the discordance between the methods, BS was found to be a useful method for locating
the painful vertebra before deciding on surgical treatment [28-31]. Most of these studies
had a small number of up to 44 patients, none of them used an early blood pool phase, and
SPECT/CT was used only in a single study. To the best of our knowledge, this is the first
study comparing imaging patterns of VCFs in BS and CT at varying time points, using
modern, state-of-the-art equipment.

In our study, an early blood pool phase scan was acquired in 97% of the patients, and
all studies included SPECT of the thoracic and lumbar spine. The majority of acute VCFs,
65%, showed hyperemia. The fact that 83/240 (35%) of these fractures demonstrated no
hyperemia may be explained by relatively older aged fractures. Early blood pool images
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are characterized by low-resolution and unfavorable target-to-background ratios and, in
the thoracic spine, vertebral hyperemia is often obscured by uptake in the mediastinum.
Therefore, it might be concluded that although hyperemia can be considered a definite sign
of acute fracture, its sensitivity is low and its absence should not rule out an acute VCFE.

Clinically suspected acute VCF

Computed Tomography of the spine

No Apparent VCF / VCF with radiological
chronic VCF characteristics of an
acute fracture

. . Bone scan to verify
Stendingeblue £ tay s acute VCF and rule out
additional occult
fractures **

No vertebral
collapse

Vertebral coll Intermediate or No uptake or low-
e high-intensity intensity vertebral

vertebral uptake uptake

Close outpatient N
follow-up in spine clinic

Consider active spine treatment:
e Brace

* Spine instrumentation

¢ Vertebral augmentation

Consider repeat bone scan
at least 6 days after injury
or onset of pain

Persistent pain not

explained by other
conditions

Figure 8. VCF diagnostic flow-chart. When MRI is unavailable or contraindicated. ** Bone scan
should be obtained at least 48 h after injury or onset of pain.

SPECT studies are known to increase the sensitivity and specificity of BS [32]. In the
current study, SPECT images were very helpful in detecting low-intensity uptakes that
would have been missed using only planar images, as shown in Figure 7. They were also
paramount for determining the exact location of the fractures and were easier to compare
to the recently performed spine CT. The combined viewing of the SPECT and CT images
was helpful in differentiating uptakes caused by degenerative changes vs. true fractures. If
spine CT is not acquired prior to the bone scintigraphy in patients with suspected acute
VCEF, SPECT/CT should be performed when available.

The imaging patterns observed in the current study may be extrapolated in the future,
after additional research, to other bone imaging scintigraphy methods such as F18-fluoride
positron emission tomography (PET) or PET/MR.

97



J. Clin. Med. 2024, 13, 3627

Our study was limited by using retrospective data. More definite data may have been
gained by repeating BS at decided time points during the first week after injury, but this was
not clinically feasible. Estimation of osteopenia and osteoporosis in our patient population
was performed using an opportunistic method applied to the previously acquired spine CT.
Although this method was investigated and found to accurately represent mineral bone
density [14], using dual x-ray absorptiometry would have been more precise.

Main Findings in This Study

In 19.5% of our patients, a BS added important information related to the fracture that
could influence patient management.

A fresh VCF may be present in a vertebra with imaging characteristics of a chronic
fracture.

A fresh VCF may be present with CT characteristics of a normal vertebra.

Although hyperemia can be considered a definite sign of an acute fracture, its sensitiv-
ity is low and its absence should not rule out an acute VCF

BS is equivalent to MRI as a corroborating modality in determining the age of VCFs
found on radiographs or CT.

5. Conclusions

Bone scans, in the setting of vertebral compression fractures in the elderly population,
add valuable information on the fracture’s age, can detect occult fractures, and can subse-
quently affect patient management. The ideal timing of the scan should be considered as in
some cases, no increased uptake or only low-intensity uptake was demonstrated in acute
fractures up to six days after trauma.
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Abstract: Background: Occult fractures may cause multiple morbidities. If occult fractures were
detected earlier, complications may be preventable. This umbrella review and updated meta-analysis
will aim to evaluate the use of imaging modalities in detecting occult scaphoid and hip fractures.
Methods: The protocol for this study is available in the International Prospective Register of Sys-
tematic Reviews (PROSPERO) database (CRD42024525388). The literature search started and ended
on 17 March 2024. We searched seven academic databases: MEDLINE, Cochrane Library, Pubmed,
Science Direct, Google Scholar, WHO International Clinical Trials Registry Platform, and The Joanna
Briggs Institute (JBI) database. The meta-analysis was conducted with the STATA program using the
“midas” command. Results: There are four systematic reviews evaluating occult hip and femoral
fractures with 6174 patients and two reviews evaluating occult scaphoid fractures with 1355 patients.
The prevalence of occult scaphoid fracture and occult hip and femoral fractures is 23.87% (95% CI
18.25-29.49) and 44.8% (95% CI 39.38-51.4), respectively. Magnetic resonance imaging (MRI) had
the best posterior probability of positive likelihood ratio (LR+) with 95% and 96% and negative
likelihood ratio (LR-) with 0.15% and 1% for both occult scaphoid and hip fractures, respectively,
assuming a 25% baseline. MRI could both confirm and exclude occult hip fractures while it can only
confirm occult scaphoid fractures. Bone scans are inappropriate for either type of occult fractures The
level of evidence for occult scaphoid fracture is weak while it is suggestive for occult hip fractures.
Conclusion: The findings strengthen the use of MRI after an initially negative radiograph fracture
for occult hip and femoral fractures, with a CT scan as a viable second option.

Keywords: occult fracture; magnetic resonance imaging; computed tomography; scaphoid; hip

1. Introduction

The definition of occult fractures, or negative radiograph fractures, is a fracture that
is not initially seen in all available conventional radiography projections and a follow-up
imaging (using conventional radiography or other modalities) reveals the cortical break in
the bones [1]. Delayed diagnosis and treatment increase the likelihood of complications
such as nonunion, avascular necrosis, and osteoarthritis in occult scaphoid fractures. Pa-
tients will also require further imaging while being splinted. This overtreatment results in
a loss of productivity for the patients and a potential lawsuit for the clinical provider [2,3].
Although there is no increased mortality in occult hip fractures as compared to patients
with apparent radiograph hip fractures [4], delaying the diagnosis of a proximal femur
hip fracture can result in poorer patient outcomes. Earlier diagnosis of hip and femoral
fractures will obviate the need for more extensive surgery [5].

The use of additional imaging for occult fractures is not new. However, the debate
on what is the best next course of action after an initial negative radiograph persists. The
American College of Radiology (ACR) recommends magnetic resonance imaging (MRI)
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as the first line for detection of occult fractures. However, some authors argue against
the routine use of MRI in the detection of occult fractures as it leads to overdiagnosis
and overtreatment [6]. Another point of view is that the patient’s preferences need to
be incorporated into the decision-making, which hinges the diagnosis on multifactorial
components and not just on the sensitivity and specificity of said imaging modalities [7].

There are also other modalities with strengths and limitations in diagnosing occult
fractures, which may complement each other. For example, computed tomography (CT)
may also replace MRI due to its more widespread availability in smaller centres compared
to MRI despite its radiation penalty. There is also ultrasound, which is gaining increasing
traction to be used as a radiation-free and widely available bedside tool to diagnose occult
fracture, although the literature is very scarce. Lastly, nuclear studies or bone scans are
very sensitive but the relative radiation level is sometimes unacceptable [8,9].

Therefore, this umbrella review and updated meta-analysis will aim to evaluate the
use of imaging modalities in detecting occult scaphoid and hip fractures. To the best of
our knowledge, this is the first attempt at an umbrella review and updated meta-analysis
in this field, which will comprehensively summarize all the literature available on the
pertaining topic.

2. Materials and Methods
2.1. Search Strategy and Study Selection

The literature search started and ended on 17 March 2024. We searched five academic
databases: MEDLINE, Cochrane Library, Pubmed, Science Direct, and Google Scholar.
The authors also searched the WHO International Clinical Trials Registry Platform and
The Joanna Briggs Institute (JBI) database on the same day for ongoing clinical trials.
The keywords used were related to the diagnostic tool (“X-ray, “cone beam computed

/7 /7,

tomography”, “magnetic resonance imaging”, “computed tomography”, “bone scan”,
and “ultrasound”) and the condition under study (“occult fracture”, “suspected fracture”,
“non-displaced fracture”, and “negative radiograph fracture”), as well as the word or
filter “systematic review” and “meta-analysis”. Supplementary Table S1 lists the Medical
Subject Heading (MeSH) terms for each database. All records were entered into the Rayyan
program, which manually screened them and automatically identified duplicates [10]. The
initial search was conducted by authors GSO and CBHS, who imported all findings into
Rayyan software. A separate evaluation of the initial searches was performed by author PJ.
Each paper underwent individual assessment by GSO and CBHS, with conflicts resolved
through group discussion and professional judgment from PJ. In instances where research
from the same dataset had overlapping time points, we prioritized data that offered the
most comprehensive information.

After the umbrella review was conducted, we found two anatomical sites of occult
fractures included in our review, which were the hip or femur and scaphoid. A separate
search strategy was conducted on the same day (25 March 2024) for these two anatomical
sites using the same strategy as above and the MeSH terms were listed in Supplementary
Tables S2 and S3. There are no other anatomical sites that could be included in this review
which met the criteria. The search of the study was limited to one year before the latest
systematic review until the present. For example, if the latest systematic review on scaphoid
searched for 2020, we limited the search term from 2019 until 25 March 2024.

2.2. Eligibility Criteria

The authors followed the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) 2020 as well as the PRISMA Diagnostic Test Accuracy (PRISMA-DTA)
guidelines [11,12]. The protocol for this study is available in the International Prospective
Register of Systematic Reviews (PROSPERO) database (CRD42024525388).

This is an umbrella review and although the methodology had not been properly
standardized [13,14], this review opted for an updated meta-analysis [15]. Therefore, the
authors conducted a systematic search according to PRISMA 2020 guidelines for each
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topic found under the umbrella review. The studied population was all patients with
occult fractures (defined as no cortical breaks or fracture lines seen on a plain radiograph
series with a high clinical suspicion for fracture due to intense pain, swelling, inability
to move the affected body parts, or other clinical suspicions) who underwent further
imaging with reference standards. In this review, reference standards were considered
adequate if they fulfilled one of the following criteria: (1) A follow-up plain radiograph
series (with a minimum of two views) conducted at a minimum of six weeks apart after the
initial injury; (2) clinical findings with an index test or repeated radiographs to formulate
a reference standard; and (3) the use of advanced imaging that serves as a reference
standard, which differs from the modality used as the index test (i.e., the use of a single
computed tomography [CT] or MRI without any referenced index would not suffice). In
a retrospective study, this review also considered studies that confirmed fractures with a
clinical follow-up only, although this is not optimal.

2.3. Inclusion and Exclusion Criteria

The inclusion criteria were articles of any prospective or retrospective cohort studies
that studied occult fractures in all ages with a reference index as delineated above. The
search was also conducted for grey literature, including theses, dissertations, and confer-
ence abstracts. The exclusion criteria included case series, case reports, or animal research.
Studies that did not perform the reference test according to our criteria were also excluded.
To ensure that the literature was saturated, review study citations were looked up. We
also manually searched and cited the literature to make sure that all pertinent studies were
covered. There was no restriction on the language.

2.4. Data Extraction and Quality Assessment

Two authors (G.S.0. and C.B.H.S.) independently extracted the data, while all three
authors verified its accuracy. We gathered pertinent data, including study identity (author
and publication year), study characteristics (location, study design, and age of the partici-
pants), modalities used for the imaging, and the operational definition of fractures. The
number of true positives (TP), false positives (FP), true negatives (TN), and false negatives
(FN) were also extracted from each study.

As for the umbrella review, the A MeaSurement Tool to Assess Systematic Reviews
2 (AMSTAR 2) was used to evaluate each systematic review. A high-quality systematic
review has no or one non-critical weakness, a moderate-quality systematic review means
there is more than one non-critical weakness. One critical flaw with or without non-critical
weakness placed the systematic review in low quality, while a critically low systematic
review meant that there was more than one critical flaw with or without non-critical
weakness [16].

To evaluate the risk of bias in the updated meta-analysis, we employed the Revised
Tool for the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2). In QUADAS-
2, there are no official cut-off scores, and bias risk is displayed graphically [17].

The scale was independently assessed by two reviewers, G.S.O. and C.B.H.S., with
any discrepancies resolved internally and through the expertise of P.J. until consensus was
achieved. In cases of missing or incomplete data, we reached out to the associated authors
via email.

2.5. Stratification of Evidence

After the updated meta-analysis, a stratification of evidence was conducted according
to this classification: Class I: Convincing—When there are over 1000 cases, the p-value is less
than 1079, 12 is less than 50%, 95% prediction interval excludes the null hypothesis, there are
no small-study effects, and no excess significance bias; Class II: Highly suggestive—When
there are over 1000 cases, p-value is less than 1076, the largest study shows a statistically
significant effect, but it does not meet all Class I criteria; Class III: Suggestive—When there
are over 1000 cases, p-value is less than 1073, and it does not meet Class I or II criteria;
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Class IV: Weak—When p-value is less than 0.05, but it does not meet Class I to III criteria;
and Non-significant—When p-value is greater than 0.05 [14].

2.6. Data Synthesis

This review evaluated matrices of evidence and the calculation of the overall corrected
covered area (CCA) according to Bracchiglione et al. [18] Each study in a given systematic
review would be read one by one to ensure that they fulfil the inclusion criteria. This
review calculated the point prevalence of occult fractures by dividing the number of occult
fractures by the total number of patients being worked up for occult fractures. DerSimonian
and Laird’s random-effect model was chosen, and we calculated the 95% confidence
interval (CI) using the Clopper—-Pearson method [19]. We used prediction intervals to assess
heterogeneity if more than 10 studies were included [20], and between-study heterogeneity
was explored with a Galbraith plot [21]. Small-study effects were assessed with funnel plot
analysis if there were more than ten studies included [22], Begg and Mazumdar’s test for
rank correlation [23], and Egger’s test for a regression intercept [24]. Trim-and-fill analysis
was done if there was an asymmetry in the funnel plot [25]. We also conducted a sensitivity
analysis to assess one study’s impact on the overall prevalence [26].

The sensitivity, specificity, LR+, LR—, PPV, and NPV of each study were calculated
if no information was given in the article [27]. Model diagnostics were verified using a
graphical representation of residual-based goodness of fit, bivariate normality, influence,
and outlier detection analysis before moving forward with the meta-analysis. Sensitivity
analyses would be used to confirm any outlier research. The level of interconnectedness
would be represented by the bivariate box plot. We used the bivariate model of sensitivity
and specificity to calculate the individual and pooled sensitivity and specificity [28]. Using
the hierarchical summary receiver operating characteristic (HSROC), a summary receiver
operating characteristic (SROC) was utilized to show and highlight the trade-off between
sensitivity and specificity [29]. The area under the curve (AUC) was measured, and a value
of 0.9-1 indicated excellent diagnostic accuracy, 0.8-0.9 indicated very good diagnostic
accuracy, 0.7-0.8 indicated good diagnostic accuracy, 0.6-0.7 indicated sufficient diagnostic
accuracy, and 0.5-0.6 meant poor diagnostic accuracy [30]. Heterogeneity was measured
using the 12 index; a value of 0% indicated that there was no detectable heterogeneity,
while a value of more than 50% was considered to be high heterogeneity [31]. To assess
publication bias, a linear regression test of funnel plot asymmetry was performed; a slope
coefficient of less than 0.1 signified a significant asymmetry. We used the Fagan plot,
which is based on the likelihood ratio scattergram and the Bayes theorem, to determine the
post-test probability. An arbitrary cut-off point was set at <—0.1 for LR— and >+10 for LR+,
indicating significant changes in the probability ratio [32]. Furthermore, the probability
modifying plots and predictive values were shown; curves that incline toward the (0,1)
location were produced by test results with more informative positive results, and curves
that incline toward the (1,0) line were produced by test results with more informative nega-
tive results [33]. The meta-analysis was carried out using the STATA program (Version 17.0,
StataCorp, College Station, Texas, USA) using the “midas” commands. These commands
could only synthesize data if there were at least four studies included [34].

3. Results

A total of 12,488 articles were initially identified, out of which 40 duplicates were
promptly eliminated, leaving 12,448 unique articles for screening. Following the eval-
uation of titles and abstracts, 12,136 articles were excluded, and ultimately, six studies
were included in the umbrella review (Supplementary Figure S1). Four reviews [35-38]
evaluated occult hip and femur fractures with a combined total of 6174 patients and two
reviews [39,40] evaluated occult scaphoid fractures with a combined total of 1355 patients.
Amongst reviews evaluating hip and femur fractures, three of them achieve a high quality
under AMSTAR-2 scoring, while one scores a critically low rating. Amongst scaphoid
reviews, one scores a high quality and one scores a critically low rating (Table 1). There

104



J. Clin. Med. 2024, 13, 3769

is a high overlap (12.94%) between the primary studies of occult hip and femur fractures,
with 16 overlapping studies in two systematic reviews and three studies in three system-
atic reviews. The review conducted by Haj-Mirzaian (2020) [38] and Chatha (2011) [35]
produced the largest overlap with 29.5% (Figure 1). Notable exclusions are presented in

Supplementary Table S4.
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Figure 1. Graphical Representation of Overlap for OVErviews (GROOVE) of occult hip and femur
fractures [35-38].
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QUADAS-2 Domain

An additional search for scaphoid occult fractures yielded four new articles [41-44]
(Supplementary Figure S2). There were 23 studies with 1208 patients with suspected occult
scaphoid fractures and 236 patients with eventual scaphoid fractures (Supplementary
Table S7). Notable exclusions are presented in Supplementary Table S5. One study [45]
was removed from a meta-analysis included in the umbrella review [40] as it did not fit the
inclusion criteria. All studies were done prospectively with only thirteen studies explicitly
mentioning that the studies employed consecutive sampling. Six studies [46-51] used
ultrasound as the index test enrolling 270 patients, five studies [41,52-55] used a CT scan
enrolling 297 patients, eight studies [42-44,54-58] used MRI enrolling 345 patients, seven
studies [44,52,56,59-62] used bone scans enrolling 586 patients, and two studies [63,64]
used cone-beam computed tomography (CBCT) enrolling 144 patients. Most patients are
male, with females only ranging from 0% [53] to 64% [43]. The reference test was widely
heterogeneous, ranging from retrospective clinical examination, a follow-up X-ray, bone
scan, CT scan, MRI, or a combination of clinical and radiographic examinations. The
machines and protocols used also varied widely (Supplementary Table S6). As a whole, the
studies included for occult scaphoid fracture had relatively good qualities. However, only
four studies [47,48,50,57] were free of bias, while the rest were at risk of some bias (Figure 2
and Table A1).

OLow OHigh OUnclear
FLOW AND TIMING | |
REFERENCE STANDARD | | | |
INDEX TEST [ ] | |
PATIENT SELECTION | | I
C%Propor‘tzité:{o of stu;éafwith Ic?élof,high or8 lé:{oclear 100% 0% 2(;% 4(')% 6(;% 8(‘)%

RISK of BIAS
CONCERNS regarding APPLICABILITY

(@) (b)

Figure 2. QUADAS-2 graphical representation of the risk-of-bias (a) and concerns regarding applica-
bility (b) of occult scaphoid fractures.

The prevalence of occult scaphoid fracture is 23.87% (95% CI 18.25-29.49) (Supplemen-
tary Figure S3). The prediction interval, representing an absolute measure of heterogeneity,
exhibits a prevalence rate of 17.8% to 30.2%. The Galbraith plot indicates some hetero-
geneity (Supplementary Figure S4). Begg and Mazumdar’s test for rank correlation gives
a p-value of <0.001, indicating possible evidence of publication bias. Egger’s test for a
regression intercept gives a p-value of 0.0005, indicating possible evidence of publication
bias. The funnel plot indicates a small-studies effect as the results show asymmetry, not
corrected by trim-and-fill (Supplementary Figure S5).

Bone scan had the highest sensitivity (98%; 95% confidence interval [CI] 90-100%)
while CT scan (98%; 95% 86-100) had the highest specificity. Although MRI also has a
98% specificity, the 95% CI is much wider than CT scan. In this meta-analysis, MRI had
the best posterior probability of LR+ and LR— amongst other imaging modalities, with
95% and 0.15%, respectively, assuming a baseline 25% prior probability. Heterogeneity
exists amongst all imaging modalities, except for bone scan (12 = 1 and p-value of 0.182).
Publication bias does not exist for studies including ultrasound and bone scan. According
to the likelihood ratio scattergram, ultrasound can be used as an exclusion and confirmation
imaging modality, CT and MRI can only be used for confirmation of occult fracture, while
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bone scan can neither exclude nor confirm occult fracture. All of the imaging modalities
have an excellent AUC, with bone scans having the best AUC value of 0.99 (95% CI
0.97-0.99). Although ultrasound has an AUC of 0.99, the 95% CI is very wide (0.2-1)
(Supplementary Figure S6A-D). All of the imaging modalities only have weak evidence
(Table 2).

Table 2. Pooled estimates of diagnostic performance of multimodality imaging for diagnosis of
radiographically occult hip and femur and scaphoid fractures.

Scaphoid Hip and Femur
Parameter
Ultrasound CT Scan MRI Bone Scan CT Scan MRI
No. of studies 6 5 8 7 15 29
No. of patients 270 297 345 586 1329 1905
Sensitivity (%) 96 (66-100) 81 (64-91) 86 (68-94) 98 (90-100) 94 (80-99) 98 (97-99)
Specificity (%) 94 (66-99) 98 (86-100) 98 (28-100) 80 (44-95) 99 (96-100) 99 (98-99)
Positive likelihood ratio 16 (2.2-114.4) 417 (5.5-316.6) 48.7 (0.4-6437.6) 49 (1.3-17.9) 82.1 (22.6-298.5) 69 (41-116.1)
Posterior probability (%)
assuming a 25% 84 93 95 62 96 96
prior probability
Negative likelihood ratio 0.04 (0-0.47) 0.2 (0.1-0.39) 0.15 (0.06-0.35) 0.02 (0-0.16) 0.06 (0.01-0.22) 0.02 (0.01-0.03)
Posterior probability (%)
assuming a 25% 1 6 0.15 1 2 1
prior probability
Positive predictive value 0.95 (0.9-1) 0.82 (0.8-0.84) 0.86 (0.84-0.88) 0.97 (0.85-1) 82.1 (22.6-298.5) 69 (41-116.1)
Negative predictive value 0.93 (0.88-0.99) 0.97 (0.95-1) 0.98 (0.95-1) 0.81 (0.7-0.92) 0.06 (0.01-0.22) 0.02 (0.01-0.03)
Diagnostic odds ratio 387 (17-8879) 210 (31-1449) 334 (2-49,601) 213 (12-3743) 1425 (171-11851) 4185 (2009-8720)
Area under the curve 0.99 (0.2-1) 0.91 (0.17-1) 0.91 (0.89-0.94) 0.99 (0.97-0.99) 1(0.99-1) 1(0.99-1)
5 81 (59-100) and 85 (70-100) and 96 (93-99) and g 92 (83-100) and g
I? (%) and p-value 0.003 0.001 <0.0001 1 (0-100) and 0.182 <0.0001 100 (0-100) and 0.5
Publication bias 0.56 0.03 0.07 0.13 <0.001 <0.001
Likelihood ratio LUQ; Exclusion RUQ; RUQ; RLQ; No exclusion LUQ; Exclusion LUQ; Exclusion

scattergram

and confirmation

Confirmation only

Confirmation only

or confirmation

and confirmation

and confirmation

Stratification of evidence

Weak

Weak

Weak

Weak

Suggestive

Suggestive

CT, computed tomography; MRI, magnetic resonance imaging; LUQ, left upper quadrant; RUQ, right upper
quadrant; RLQ, right lower quadrant.

There are only two eligible studies that studied CBCT as their index test, hence
the results will be qualitatively studied [63,64]. Both studies used MRI as their reference
standard, with a total of 144 studies across both studies. Sensitivity is lower in Edlund’s [64]
study with 69% (95% CI 41-88%) as compared to Borel’s [63] study with 100% (95% CI
75-100%). However, it should be noted that Edlund employed the MRI scan two weeks
after the initial fracture, while Borel conducted the MRI scan one week after the initial
fracture. Borel also found that CBCT had a specificity of 95% (95% CI: 75-100%), PPV of
96% (95% CI: 78=100%), and NPV of 100% (95% CI: 83-100%) [63]. Both studies conclude
that CBCT is superior to radiography, but Edlund noted that CBCT cannot be used to
exclude scaphoid fractures.

The model diagnostics are shown in Supplementary Figure S7A-D, where no studies
appear to be outliers, as evidenced by the outlier detection, with a reasonable goodness-of-
fit for MRI and bone scan studies. The goodness-of-fit is not linear in USG and CT studies.
The bivariate normality assumption is not fulfilled, and some studies [41,44,46,47,49,52,53]
seem to be more influential than others with a Cook’s distance of >0.5. The bivariate box plot
showed a skewness of the test performance measures toward a higher sensitivity with lower
specificity for ultrasound, and vice versa for CT, MRI, and bone scan, providing indirect
evidence of some threshold variability (Supplementary Figure SSA-D). Supplementary
Figure S9A-D presents the paired forest plot description of empirical Bayes predicted
versus observed study-specific sensitivity and specificity, indicating threshold variability
as sensitivity increases and specificity decreases and vice versa.
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The updated meta-analysis for occult hip and femur fracture yields an additional two
articles [65,66], with three hand-searched articles [67-69]. Hence, there are five more new
articles included in this updated meta-analysis (Supplementary Figure 510). Two [70,71]
out of three [72] articles included in previous systematic reviews [36,38] had to be excluded
as we believe the cohort is too similar. There were 45 studies with 3594 patients with
suspected occult scaphoid fractures and 1523 patients with eventual scaphoid fractures
(Supplementary Table S7). Notable exclusions are presented in Supplementary Table S8.
Eleven studies were done prospectively with 29 studies being done retrospectively. The rest
of the studies did not provide sufficient or direct information regarding the types of studies.
Only fifteen studies explicitly mentioned that the studies were done consecutively, one
being done non-consecutively, and the rest provided no information. Two studies [67,73]
used ultrasound, three studies [74-76] employed bone scan as their index test, fifteen
studies [65,66,68,69,77-87] used CT scans and the rest used MRI [72,74,75,77,78,88-111].
Most patients were female, ranging from 25% [95] to 95% [90] The reference test was
heterogeneous, but most studies employed clinical and surgical follow-up. Only eight
studies used MRI [65,67,68,73,76,82,87,88] as the reference test. The machines and protocols
used also varied widely. As a whole, the studies included for occult hip and femoral
fracture suffer from a moderate to high risk of bias and concerns of applicability. Only
eight studies [72,73,82,87,106,108,110,111] were free of bias, while the rest were at risk of
some bias (Figure 3 and Table A2).

FLOW AND TIMING OLow OHigh DOUnclear

REFERENCE
STANDARD

INDEX TEST

QUADAS-2 Domain

PATIENT SELECTION

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Proportion of studies with low, high or unclear Proportion of studies with low, high, or unclear
RISK of BIAS CONCERNS regarding APPLICABILITY

@) (b)

Figure 3. QUADAS-2 graphical representation of the risk-of-bias (a) and concerns regarding applica-
bility (b) of occult hip and femoral fractures.

The prevalence of occult hip and femoral fractures is 44.8% (95% CI 39.38-51.4) (Sup-
plementary Figure S11). The prediction interval, representing an absolute measure of
heterogeneity, exhibits a prevalence rate of 38.2% to 51.4%. The Galbraith plot indicates
some heterogeneity (Supplementary Figure S12). Begg and Mazumdar’s test for rank corre-
lation gives a p-value of 0.09, indicating little evidence of publication bias. Egger’s test for
a regression intercept gives a p-value of 0.0235, indicating possible evidence of publication
bias. The funnel plot indicates a small-studies effect as the results show asymmetry, not
corrected by trim-and-fill (Supplementary Figure S13).

Magnetic resonance imaging had the highest sensitivity (98%; 95% confidence interval
[CI] 97-99%) while both CT scan and MRI had a high specificity (99%; 95% CI 96-100%
and 99%; 95% CI 98-99%, respectively). In this meta-analysis, MRI had the best posterior
probability of LR+ and LR— amongst other imaging modalities, with 96% and 100%,
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respectively, assuming a baseline 25% prior probability. Heterogeneity exists amongst
all imaging modalities, although the heterogeneity is not statistically significant for MRI
(I2 = 100 with a p-value of 0.5). Publication bias exists for both CT and MRI. According
to the likelihood ratio scattergram, both CT scan and MRI can be used for exclusion and
confirmation. Both imaging modalities have an excellent AUC with a very similar AUC
value of 1 (0.99-1) (Supplementary Figure S14A,B). All of the imaging modalities have
suggestive evidence (Table 2).

There are only two articles for ultrasonography and three for bone scan, hence they
will be described qualitatively. In the ultrasound group, 124 patients were enrolled with
37 occult fractures [67,73]. Although both studies agree that ultrasonography is highly
sensitive for occult hip and femoral fractures, with a sensitivity of 100% [73] and 96% (0.89-
0.96) [67], the specificity differs wildly. Tsukamoto [67] found that ultrasound is highly
specific with 0.98 (0.92-0.99), while Safran found a specificity of only 65% [73]. Nonetheless,
both articles agree that ultrasonography can be used as an initial screening tool for patients
with suspected occult hip and femoral fractures.

Three studies looked at the performance of bone scans in occult hip and femoral
fractures. Out of all 139 patients enrolled across three studies, 50 had occult bone fractures.
In these three studies, they agreed that MRI performs as well [76], if not better than bone
scans [74,75]. These authors argue that MRI provides a faster scan (<15 min) and is well-
tolerated by the patients, compared to delayed bone scans where not all centres provide
imaging studies, and they are invasive and not cost-effective [74-76].

The model diagnostics are shown in Supplementary Figure S15A,B, where no stud-
ies appear to be outliers, as evidenced by the outlier detection for MRI, with a reason-
able goodness-of-fit for MRI. However, one study seems to be an outlier for the CT scan
study [83]. Deletion of this study resulted in a more stable model diagnostics, with a
reasonable goodness-of-fit assumption for CT scans. However, there is not much change in
the diagnostic accuracy of CT scans after the deletion of that study, with the same specificity
and a sensitivity of 95%. Hence, the study was kept. The bivariate box plot showed a
moderately homogenous performance of high sensitivity and specificity, providing indirect
evidence of little to no threshold variability (Supplementary Figure S16A,B). Supplemen-
tary Figure S17A,B present the paired forest plot description of empirical Bayes predicted
versus observed study-specific sensitivity and specificity, indicating threshold variability
as sensitivity increases and specificity decreases and vice versa.

4. Discussion

This updated meta-analysis finds that the prevalence of occult hip and femoral fracture
is higher than occult scaphoid fracture, with 44.8% as compared to 23.87%, respectively.
The rate of occult hip and femoral fracture is not that far off from a previous systematic
review with 39% (95% CI 35-43) [38]. The rate of occult scaphoid fracture is also similar
to currently published studies, with a rate of around 20-25% [112]. In the past, this figure
was as low as 5-10% [2]. The more prevalent uses of advanced imaging and increased
awareness about occult fractures may have contributed to the rise of earlier detections. The
higher risk of occult fracture in the hip and femur compared to occult scaphoid fracture
may partly have to do with the population. Patients who suffer from occult hip and
femoral fractures are usually older people, cachectic, suffer from malnutrition, or have
other comorbidities that predispose them to falls, such as osteoporosis, Parkinson’s disease,
dementia, or delirium [113,114]. Therefore, clinicians may find it difficult to ascertain with
great confidence that an elderly individual, who may not fully cooperate, has a fracture
when the initial radiographic result is negative. Meanwhile, those who suffer from occult
fractures are usually younger, with a male predisposition, and with a clear history of
trauma such as falling on outstretched hands, motor vehicle collision, or sports-related
injuries [115].

Relying solely on sensitivity and specificity does not offer enough information to make
informed decisions after receiving positive screening test results because of the occurrence
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of false positives [116]. There is also a trade-off between sensitivity and specificity, called
the variability threshold, where if sensitivity rises, specificity falls, and vice versa [117].
Meanwhile, a limitation of utilizing the LR is its independence from prevalence, thereby
impacting the accuracy of diagnostic tests. On the other hand, post-test probability, which
is influenced by prevalence, emerges as a clinically more valuable parameter for assessing
diagnostic test accuracy [118,119]. In this discussion, the focus will be heavily implied more
on the posterior probability of LR+ and LR—.

In terms of post-test probability, MRI emerges as the best imaging modality to detect
occult scaphoid and hip and femoral fractures. The next best imaging modality seems to
be a CT scan for both fractures, but ultrasound has a better negative posterior probability
than a CT scan. Our findings align with the ACR appropriateness criteria for both occult
hip and scaphoid fractures, where MRI without IV contrast is typically employed as the
first line and CT scan as an alternative [8,9]. In this analysis, the results show that the
use of MRI, besides earlier detection of occult scaphoid fracture, can also exclude occult
fractures. This finding is also supported by the ACR [8]. However, MRI cannot confidently
exclude occult scaphoid fractures in this analysis, which is against the ACR document [8].
Some possibilities that may contribute to the discrepancies are the timing of imaging,
the sampling methodologies, and the protocol, which will be discussed in-depth in the
limitation section.

Despite numerous studies seemingly strengthening the argument for using earlier
MRI to detect hip and scaphoid fractures, most centres are still reluctant to do so. One study
finds that initial negative radiograph scaphoid fracture remains a persistent difficulty for the
United Kingdom (UK) National Health Service (NHS), as numerous pathways demanding
substantial resources rely on access to sophisticated imaging examinations. This difficulty
is due to the constrained availability of advanced imaging in UK Emergency Departments
for timely scanning of the scaphoid [120]. Numerous studies [5,121,122], including one
randomized clinical trial for scaphoid fractures [123], have found that MRI is more cost-
effective as compared to no further imaging or conventional follow-up radiographs for
scaphoid fractures or CT scans for hip fractures.

Ultrasound in occult hip and femoral fractures is interesting as the previous systematic
review excluded ultrasound as ultrasound was never used in clinical settings [39,124]. The
primary radiographic signs often include scaphoid cortical disruption (a direct indication),
radiocarpal fluid appearing hypoechoic due to hemarthrosis (with occasionally mixed
echogenicity based on blood degradation stage), and effusion in the scaphoid-trapezium-
trapezoid area (indirect indicators) [125]. The ACR appropriateness criteria also assign
ultrasonography as “Usually Not Appropriate” for occult scaphoid fractures [8]. However,
the assignment of this category is due to the lack of evidence, not due to evidence against
its use [125]. Although it is inferior to MRI, its performance against CT scan as a second
line is comparable, only falling short in the positive post-test probability department.
Furthermore, ultrasound is more widely available, non-ionizing, and does not require
special preparations (such as kidney function testing for contrast use in CT and MRI or
sedation in paediatric patients undergoing MRI) [126]. Not all centres can afford CT scans
or MRIs, and when they do, not all patients can afford them. Amongst all other imaging
modalities for occult scaphoid fractures, ultrasound is the only diagnostic tool that can both
exclude or confirm the fractures, with a low probability of publication bias. Although it is
riddled with a high heterogeneity index, the use of ultrasound in occult scaphoid fracture
merits further research.

The other imaging modalities mentioned in this analysis are CBCT and bone scan.
While a bone scan is extremely sensitive, it is too costly and not appropriate for an emer-
gency setting. Hence, it is not clinically viable and reflected in ACR appropriateness criteria
for both occult hip and scaphoid fractures [8,9]. It is also worth mentioning that our analysis
finds that bone scan has the lowest positive posterior probability and can neither confirm
nor exclude occult scaphoid fractures. There is a low probability of heterogeneity and pub-
lication bias, which strengthens the arguments for reserving bone scans only in very special
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cases of occult scaphoid fractures. The use of CBCT is an emerging topic in the orthopaedics
field. The main benefits compared to traditional CT lie in the fact that CBCT scanners
enable quicker, more precise, quasi-three-dimensional imaging with significantly reduced
radiation exposure, achieved through the utilization of smaller imaging devices [127]. It
is also cheaper compared to CT scans [128]. One population-based, case-control study
in France found that extremity CBCT in an emergency radiology department reduced
the overall radiation dose, leading to an accelerated turnover, and it was feasible with a
level of evidence of grade III [129]. The sentiment of the reduced dose is also expressed
in another study, where they found that wrist CBCT involves a notably reduced scattered
dose compared to wrist multi-sliced CT with similar diagnostic effectiveness. However, the
use of CBCT entails a notably increased scattered radiation dosage to the neck, chest, and
abdomen compared to scaphoid radiography from four views [130]. Similar to ultrasound,
more studies are needed before the widespread clinical use of CBCT in occult fractures.

This umbrella review and updated meta-analysis suffers from several limitations.
Firstly, there is a slight deviation in the protocol. Initially, the review aimed to include all
occult fractures from all anatomical sites. However, the authors found that the scaphoid
and hip are the two most extensive anatomical sites for occult fractures being studied, with
no other systematic reviews on other anatomical sites. There is one systematic review on
occult ankle fractures in the paediatric population, but further scrutiny found that not all
included fractures were occult fractures [131]. Secondly, publications on some imaging
modalities suffer from heterogeneity and publication bias. An attempt was made to meta-
regress the findings to possibly elucidate the source of heterogeneity. However, several
substantial missing data from the original publications made it difficult to uncover the
sources of heterogeneity. Some sources of heterogeneity may include study methodology,
the clinical context of the study (in-clinic vs. emergency department), study protocol (the
reference test of choice and when the next follow-up is), the pre-test probability of each
patient having occult fractures, the imaging protocols, and the number, experiences, and
expertise of the interpreters. The fourth limitation is that most of the included studies suffer
from some risk of bias, which may impede the clinical implementation of these imaging
modalities in diagnosing occult fractures. The fifth limitation lies in the fact that the results
of CBCT for occult scaphoid fractures and ultrasonography and bone scans for occult hip
and femoral fractures cannot be synthesized into a meta-analysis, unlike the previous
meta-analysis [38]. However, this limitation also underlines our strengths in reviewing
every single manuscript for the inclusion and exclusion criteria. Despite being more time-
consuming, our meta-analyses found that many primary articles that were previously
included under very similar inclusion and exclusion criteria ended up not fulfilling the
criteria. Lastly, despite a very thorough search, the stratification of evidence is still weak
for occult scaphoid fractures and only suggestive for occult hip and femoral fractures.

5. Conclusions

The quest to find the best imaging modality for occult fractures has not ended here.
Despite the limitations, our umbrella review and meta-analysis encompass the most recent
literature around occult scaphoid and hip and femoral fractures. The findings strengthen
the case for use of MRI after initially negative radiograph fracture for occult hip and
femoral fractures, with a CT scan as a viable second option. However, the evidence is only
suggestive at best. As for occult scaphoid fractures, MRI is still the first-line imaging choice
with CT scan being the second option and ultrasonography being a potential candidate that
needs further studies. Bone scans should be out of favour in detecting occult fractures and
it may be worthwhile to conduct further studies on ultrasound in the detection of occult
fractures. However, overall weak evidence for all imaging modalities of occult scaphoid
fractures means that more evidence is needed.

The adoption of multimodality imaging into the guidelines does not ensure clinical
translation. Although further large, prospective, multi-centre studies are welcomed, stud-
ies that explore the clinical inertia of using MRI as a first-line imaging modality to occult
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fractures or studies that explore the challenges faced by hospitals, clinicians, and their work-
load if all patients with occult fractures underwent MRI are also urgently needed. There is
also a need for analysis that investigates the adverse impact of overdiagnosis when MRI is
routinely implemented [132]. Lastly, although it seems intuitive that other modalities such
as fludeoxyglucose (FDG)—positron emission tomography (PET) scan [133,134], PET/CT,
PET/MRI scan [135], and single-photon emission computed tomography (SPECT) [136]
may not be used for occult fractures, studies will still need to be done to determine defini-
tively that these modalities are not needed in occult fractures or other indications and
justifications for their use.
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Appendix A

Table A1l. QUADAS-2 graphical representation of the risk-of-bias and concerns regarding applicability
of occult scaphoid fractures.

Risk of Bias Applicability Concerns
Study Patient Index Reference Flow and Patient Index Reference Conclusions
Selection Test Standard Timing Selection Test Standard
Yildirim (2013) [46] ® ® ? ©) @ ® ® At risk of bias
Platon (2011) [47] ® © @) © @ © @ Low risk of bias
Fusetti (2005) [48] (©) @ @) © (@) © ® Low risk of bias
Senall (2004) [49] ® © ® ©} © ©) © At risk of bias
Hauger (2002) [50] © © © © (@) © (@) Low risk of bias
Herneth (2001) [51] ©) ? ? ® ® ® ® At risk of bias
Xie (2020) [41] ® ? ® @ ? ? ® At risk of bias
Kitsis (1989) [42] ® ? ? © (@) © (@) At risk of bias
Thorpe (1996) [43] ® ? ? © @ © @ At risk of bias
Fowler (1998) [44] © ? ® © ® ? @) At risk of bias
Borel (2017) [63] (©) ? (@) © (@) © (@) At risk of bias
Edlund (2016) [64] ® ® ©) ® © ® ® At risk of bias
De Zwart (2012) [52] ? ® ® ® ® ® ® At risk of bias
Beeres (2008) [56] ©) ©) ©) ©) ©) @) ©) At risk of bias
Ilica (2011) [53] ® © ® ® @ © @ At risk of bias
Mallee (2011) [54] ® ? @) © © © ® At risk of bias
Memasadeghi (2006) [55] ? © ? © @ © @ At risk of bias
Breitenseher (1997) [57] ® © @) © @ © @ Low risk of bias
Tiel-van Buul (1996) [58] ? ? ? © © © © At risk of bias
Nielsen (1983) [62] ? ? ? [©) ©) [©) ® At risk of bias
O’Carroll (1982) [61] ® ® ® ® ® ® ® At risk of bias
Stordahl (1984) [60] ? @) ? ? ? ©) ? At risk of bias
Tiel-van Buul (1993) [59] ©) ©) ? ©) ©) ©) ©) At risk of bias

® Low Risk; ® High Risk; ? Unclear Risk.

Table A2. QUADAS-2 graphical representation of the risk-of-bias and concerns regarding applicability

of occult hip and femoral fractures.

Risk of Bias Applicability Concerns

Study Patient Index Reference  Flow and Patient Index Reference Conclusions

Selection Test Standard Timing Selection Test Standard
Deutsch (1989) [89] ® ® ? e ? ? ? At risk of bias
Rizzo (1993) [76] ® ® ? ® ? ? ? At risk of bias
Quinn and McCarthy (1993) [90] ® ® ® @) ® ® @) At risk of bias
Evans (1994) [75] ®) ® ? e} ? ? ? At risk of bias
Haramati (1994) [91] ® ® ® ® ® ® ® At risk of bias
Bogost (1995) [92] ? ® @ ® ? ® ©) At risk of bias
Stiris and Lilleas (1997) [93] ? ©) @) ©) ? ©) ©) At risk of bias
Rubin (1998) [74] ? ? ? ® ® ® ® At risk of bias
Pandey (1998) [94] ® ® ® ® ® ® ® At risk of bias
Lim (2002) [95] © ® ® ® ® ® ® Atrisk of bias
Oka and Monu (2004) [96] ® @ @ © ® ® ® At risk of bias
Galloway (2004) [97] ® ? ® ? ©) ©) ® At risk of bias
Lee (2004) [98] ® ? @ ? @) (@) ® At risk of bias
Alam (2005) [99] ® ? @ @) @) (@) @ At risk of bias
Frihagen (2005) [100] ® ® ® (@) ® ® ® At risk of bias
Verbeeten (2005) [101] ® ? @ @ ® ® ® At risk of bias
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Table A2. Cont.

Risk of Bias Applicability Concerns

Study Patient Index Reference  Flow and Patient Index Reference Conclusions

Selection Test Standard Timing Selection Test Standard
Lubovsky (2005) [88] ® © ® ® © At risk of bias
Dominguez (2005) [102] At risk of bias
Chana (2006) [103] At risk of bias
Hossain (2007) [104] At risk of bias
Sankey (2009) [105] At risk of bias

Safran (2009) [73]

Szewczyk (2012) [106]

Low risk of bias
Low risk of bias

Iwata (2012) [107] At risk of bias
Dunker (2012) [80] At risk of bias
Ohishi (2012) [108] Low risk of bias
Geijer (2012) [79] At risk of bias
Gill (2013) [77] At risk of bias

Heikal (2014) [81]

Haubro (2015) [82]

At risk of bias
Low risk of bias

Deleanu (2015) [83] At risk of bias
Collin (2016) [72] Low risk of bias
Rehman (2016) [78] At risk of bias
Sadozai (2016) [84] At risk of bias
Thomas (2016) [85] At risk of bias
Lakshmanan (2017) [109] At risk of bias
Lord (2017) [110] Low risk of bias
Mandell (2018) [86] At risk of bias

Ross (2019) [111]
Heynen (2019) [87]

Low risk of bias
Low risk of bias
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Haims (2020) [66] At risk of bias
Lanotte (2019) [65] At risk of bias
Kutaiba (2020) [68] At risk of bias

Tsukamoto (2023) [67] At risk of bias

Reddy (2015) [69] ® ©) At risk of bias

® Low Risk; ® High Risk; ? Unclear Risk.
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Abstract: Introduction: The aim of this systematic review is to examine the recent evidence comparing
the removal and non-removal of syndesmotic screws in tibiofibular syndesmosis injuries in terms of
functional, clinical, and radiographic outcomes. Methods: A comprehensive literature review was
conducted to identify clinical studies on syndesmotic screw removal and its outcomes, searching
the Cochrane Library and PubMed Medline for publications from 1 January 2004 to 12 February
2024. Studies were included if they involved tibiofibular syndesmotic screw fixation, assessed screw
removal or retention, described clinical outcomes, and were original research with at least fifteen
patients per group. Results: Most reviewed articles (18 out of 27; 67%) found no significant differences
between the routine removal and retention of syndesmotic screws post-fixation. Four retrospective
studies (15%) suggested that retaining screws might result in worse outcomes compared to removal.
Two studies (7%) indicated that removing screws could introduce additional risks. One study (4%)
observed that post-removal, there is some fibula-tibia separation without affecting the medjial clear
space. Another study (4%) noted that intraosseous screw breakage might increase the need for
implant removal due to pain. Additionally, no significant differences in ankle function were found
among groups with varying intervals of screw removal. Conclusions: The current literature does not
definitively support routine removal of syndesmotic screws. Given the potential complications and
financial costs, routine removal should not be performed unless specifically indicated.

Keywords: syndesmosis; syndesmotic screw; malleoli fracture; tibiofibular syndesmosis

1. Introduction

Malleoli fractures are one of the most common orthopedic injuries. Associated in-
juries to the tibiofibular syndesmosis may account for approximately 20% of cases [1].
It is believed that the tibiofibular syndesmosis heals after two to three months, and the
screw that fixes the syndesmosis is not needed after this period [2]. From a biomechanical
point of view, screw fixation is associated with issues in restoring fibular rotation, leading
to increased distal tibiofibular space, which can limit ankle mobility [3]. Additionally,
anatomical factors such as limited preinjury range of motion in dorsiflexion can impact
the degree of mobility limitation when using syndesmotic screws [4]. The timeframe for
these limitations can vary, but studies indicate that they may persist at least until the
follow-up periods, which are typically around two years postoperation [3,4]. There are
differing opinions on the optimal number of screws or the use of suture-buttons, and how
many cortical layers the screws should traverse to effectively stabilize the syndesmosis [3].
Recent studies suggest that suture-button fixation provides superior early postoperative
outcomes compared to traditional screw fixation, although no long-term superiority has
been definitively established. The choice between these methods often depends on in-
dividual case assessments and surgeon preference. Screw fixation traditionally involves
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the screw passing through three or four cortices, but the precise protocol can vary. The
suture-button technique, on the other hand, generally does not require crossing as many
cortical layers and tends to involve fewer complications related to implant removal [3].
There is also no clear opinion on whether the syndesmotic screw should be removed rou-
tinely and, if so, when is the best time for removal. Therefore, the decision to remove the
syndesmotic screw is often based on the surgeon’s own beliefs [5-9]. In the past, several
studies have evaluated the routine removal of syndesmotic screws (Table 1) [10,11]. Most of
them showed no significant difference in results between the screws retained or removed.
The aim of this systematic review is to examine the recent evidence comparing the removal
and non-removal of syndesmotic screws in tibiofibular syndesmosis injuries in terms of
functional, clinical, and radiographic outcomes.

Table 1. Characteristics of studies evaluating the routine removal of syndesmotic screws.

Author, Year of the Strength of Number of P
Study Type of Study Evidence Patients Key Findings
Jacobsen 1994 [10] Retrospective 4 66 About 75% of patients reported improvement
after removal.
No screw broke prior to removal.
Calcification of the interosseous membrane
observed in 6 patients.
e  Distal tibiofibular synostosis developed in
Kaye 1989 [11] Retrospective 4 30 4 patients.

e  Transfixation screws provided satisfactory
stability of the syndesmosis.

e  Permitted stable healing of the interosseous
membrane and distal ligaments after
ankle fracture.

2. Materials and Methods
2.1. Search Strategy

A comprehensive literature review was conducted to identify clinical studies investi-
gating syndesmotic screw removal and assessing patients’ clinical, radiographic, or func-
tional outcomes. The search was carried out in the Cochrane Library and PubMed Medline
electronic databases, covering studies published from 1 January 2004 to 12 February 2024.
The search terms used included “syndesmosis” OR “syndesmotic” OR “transsyndesmotic”
OR “distal tibiofibular” AND “screw” AND “remove”. The publication date range was
chosen to ensure the retrieval of the most recent findings on syndesmotic screw removal in
ankle fracture patients. Articles that reported on postoperative outcomes following syn-
desmotic screw fixation, irrespective of screw number, size, or position, were considered
eligible for inclusion.

2.2. Selection

The first criterion was that studies must have been published within the past 20 years.
This criterion was set to avoid outdated data that might not reflect current medical practices
and understandings. Studies published more than 20 years ago were excluded.

The next step involved verifying that the study involved tibiofibular syndesmotic
screw fixation. This ensured that the procedure in question was relevant to the research
focus. Studies that did not involve tibiofibular syndesmotic screw fixation were excluded.

The researchers then assessed whether the study included patients where the syn-
desmotic screw was either removed or retained. This was crucial to focus on the specific
intervention being studied. Studies where neither removal nor retention of the syndesmotic
screw was assessed were excluded.

The study was required to describe the outcomes of the intervention, including clini-
cally important results such as physical examinations, measurements, and complications.
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This ensured that the study provided useful and detailed outcomes for the analysis. Studies
that did not describe the outcomes of the screw removal or retention were excluded.

It was necessary for the study to be an original study with a prospective or retrospec-
tive comparative design, excluding case series and meta-analyses. This criterion ensured
high methodological quality. Case series were excluded due to their lower level of scien-
tific evidence and higher risk of bias, often involving only a few individuals. The review
focused on studies with at least 15 patients in each group, with most studies considering
over 50 patients in total, making case series less significant.

Meta-analyses were excluded because they often included the same original studies
already in this review, leading to the duplication of results and potential distortion of
data interpretation. Ensuring a minimum of fifteen patients in each group provided a
sufficient sample size for reliable results. Additionally, studies performed on the same
group of patients at different times were excluded to avoid duplicative data that might
skew the analysis.

Inclusion Criteria:

Studies published within the past 20 years.

Studies involving tibiofibular syndesmotic screw fixation.

Studies assessing the intervention of the removal or retention of the syndesmotic screw.
Studies describing outcomes of the intervention, including clinically important results.
Original studies with a prospective or retrospective comparative design.

Studies with a minimum of fifteen patients in each group.

Exclusion Criteria:

Studies older than 20 years.

Case series, reviews, or meta-analyses.

Studies with fewer than fifteen patients in each group.

Studies involving the same group of patients at different times.

2.3. Assessment of Quality

One reviewer (B.W.) assessed the methodological quality of each included study in
terms of study design, type of intervention, follow-up time, and similarity of surgical
procedures. A study was considered to be prospective if it started before the first patient
was enrolled. In contrast, a study was considered to be retrospective if it started after the
first patient was enrolled.

2.4. Data Extraction

Specific data extracted from the research were recorded in sheets. The specific data
extracted included the country in which the study was primarily conducted, study dura-
tion, number of eligible patients, type of surgical intervention, number of patients who
underwent syndesmotic screw removal, patient-oriented outcomes, and scales. These
worksheets were subsequently compared, and any discrepancies were resolved through a
review of the original study and discussions to achieve consensus.

3. Results

A total of 198 articles were retrieved through the search process. After screening
the titles and abstracts, 163 articles were excluded. Among the remaining 35 articles, an
additional 8 were eliminated after reading the full text. These exclusions were based on
the articles being either case reports [12], systematic reviews [5-7,9], meta-analyses [8], or
studies in which syndesmotic screws were not removed. Of the twenty-seven articles that
remained, five were identified as randomized controlled trials (RCTs), while the remaining
twenty-two studies were retrospective or cohort studies (see Figure 1).
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163 Articles excluded (case reports, too
screening the titles and abstracts small group of patients, no description

of the removal of the syndesmotic

screw)

198 Articles
identified in
PubMed and

Cochrane Library

A

8 Articles excluded (case reports,
reading full-text articles systematic reviews, meta-analyses, no
35 Articles mcludedJ

description of the removal of the
{2/ Studies mcluded]
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5RCTs '
Studies

Figure 1. Search strategy flow chart according to PRISMA checklist. RCT—randomized controlled trial.

A 4

syndesmotic screw)

The findings from both the RCTs and non-randomized investigations are outlined in
Table 2.

The majority of these articles indicated no significant variance between the routine
removal and retention of syndesmotic screws following tibiofibular syndesmosis fixation
(18 out of 27; 67%) [13-30]. Only four retrospective studies suggested that retaining syn-
desmotic screws might yield inferior outcomes compared to their removal (4 out of 27;
15%) [31-34]. Additionally, some studies suggested that removing syndesmotic screws
could pose additional risks for patients (2 out of 27; 7%) [35,36]. After the removal of
syndesmotic screws, there is some separation between the fibula and tibia, but the me-
dial clear space remains unaffected (1/27 cases; 4%) [37]. It appears that syndesmotic
screw breakage might pose greater challenges than previously understood. In particu-
lar, intraosseous breakage could lead to increased rates of implant removal due to pain
(1/27 cases; 4%) [38]. Additionally, there are no notable discrepancies in ankle function
among the groups with different intervals of syndesmotic screw removal (1/27 cases; 4%)

(Figure 2) [39]. A meta-analysis was considered impossible due to the heterogeneity of
the data.
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v

= No difference between routine removal and retention of syndesmotic screws
= |t is better to remove than retain syndesmotic screws
= Removing syndesmotic screws is additional risk
After the removal of syndesmotic screws, there is some separation between the fibula and tibia, but the medial clear space remains unaffected
= Intraosseous breakage could lead to increased rates of implant removal due to pain

= No differnece in ankle function among the groups with different intervals of syndesmotic screw removal

Figure 2. Summary conclusions from reviewed studies.

4. Discussion

A comprehensive review of the existing literature did not reveal notable differences
in functional outcomes when syndesmotic screws are removed following tibiofibular syn-
desmosis stabilization. This indicates that the removal of these screws does not significantly
impact the overall functional recovery of patients, as supported by current research.

Several studies have examined the relationship between syndesmotic screw removal and
functional outcomes post-stabilization. Despite variations in methodology and sample sizes,
a consistent trend shows no substantial change in functional recovery after screw removal.

This suggests insufficient justification for routinely removing syndesmotic screws.
Findings from five RCTs also indicated no significant functional differences between re-
moving the screws and leaving them in place.

4.1. Retain and Remove Outcomes

Thirteen retrospective studies involving a total of 855 patients did not show any signif-
icant statistical differences in ankle joint function between patients who had syndesmotic
screws removed and those who retained their screws after tibiofibular syndesmosis fix-
ation. Moon et al. conducted a study to determine whether the removal of syndesmotic
screws before weight-bearing ambulation impacts clinical outcomes in patients with distal
tibiofibular syndesmosis injuries. The study included 56 patients divided into groups
based on whether their screws were removed (n = 28) or retained (n = 28) and whether
they experienced recurrence of diastasis (n = 9) or not (n = 47). Results showed no signifi-
cant differences in the American Orthopaedic Foot and Ankle Society scale (AOFAS) and
Short-Form Health Survey-12 (SF-12) between screw-removed and -retained groups. How-
ever, the recurrence of diastasis was significantly higher in the screw-removed group (p =
0.025). The study concluded that removing syndesmotic screws before weight-bearing is
unnecessary, as it does not influence clinical outcomes [23]. Jordan et al. aimed to evaluate
the radiographic changes in tibiofibular position and the ankle mortise after the removal
of trans-syndesmotic screws in patients with displaced ankle fractures. The retrospective
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study included 86 patients who underwent open reduction with syndesmosis screw stabi-
lization. The key findings indicated a significant increase in tibiofibular clear space (from
4.63 mm to 5.41 mm) and a decrease in tibiofibular overlap (from 5.83 mm to 5.02 mm)
post-screw removal, suggesting a high correlation of loss of syndesmotic integrity. Despite
these radiographic changes, the medial clear space remained relatively stable, indicating
that while there is a common occurrence of tibiofibular diastasis upon screw removal, the
ankle mortise maintains its stability [37].

Kaftandziev et al. stated that the aim of their study was to compare clinical outcomes
between patients who retained the syndesmosis screw and those who had it removed
following the open reduction and internal fixation of malleolar fractures associated with
syndesmosis disruption. The study included patients treated from January 2011 to Decem-
ber 2012, excluding those with incomplete data or specific postoperative complications.
The findings showed no statistically significant difference in clinical outcomes between
patients with the screw retained and those with the screw removed. However, patients
with a syndesmotic screw fracture had better clinical outcomes. Routine removal of the syn-
desmosis screw is not recommended based on these results [21]. Hamid et al. demonstrated
in their study the comparison of clinical and radiological outcomes in patients with Weber
B or C ankle fractures and associated syndesmosis injuries, focusing on the condition of the
syndesmosis screw (intact, broken, or removed). The study included 52 patients out of a
possible 142 who met the inclusion criteria and returned for assessment at least one year
post-surgery. Of these, 27 had intact screws, 10 had broken screws, and 15 had undergone
elective screw removal. The findings revealed that the mean AOFAS scores were 83.07 in the
intact screw group, 92.40 in the broken screw group, and 85.80 in the removed screw group.
Interestingly, patients with broken screws exhibited the best clinical outcomes. The study
concluded that there was no significant difference in outcomes between patients with intact
and removed screws and suggested against the routine removal of syndesmosis screws,
whether intact or broken [17]. Hsu et al. aimed to investigate the outcomes of syndesmotic
screw fixation in the treatment of syndesmotic diastasis. They conducted a retrospective
study on 52 adult patients treated for syndesmotic diastasis with a trans-syndesmotic can-
cellous screw, following strict inclusion criteria and excluding patients with pilon fractures
or insufficient follow-up. Patients were grouped based on the timing of syndesmotic screw
removal: six weeks, three months, and an average of nine months. The study compared
recurrence rates of syndesmotic diastasis, incidence of screw breakage, and ankle function
among these groups. The findings revealed that syndesmotic diastasis recurrence rates
were 15.8% in the six-week removal group, 15.0% in the three-month group, and 0% in the
nine-month group, though this difference was not statistically significant. Screw breakage
occurred in 15.0% of patients within three months and 15.4% beyond three months, with no
breakages in the six-week group. Overall, 82.7% of patients had satisfactory outcomes, and
ankle function did not significantly differ among the groups, regardless of screw breakage
or syndesmotic diastasis recurrence. The study concluded that while early removal of the
syndesmotic screw might prevent its breakage, it could increase the risk of syndesmotic
diastasis recurrence [39]. One possible explanation for the finding that timing did not affect
functional outcomes could be the inherent stability provided by the syndesmotic fixation
itself. Syndesmotic screws are primarily used to maintain proper alignment and stability of
the tibiofibular syndesmosis during the initial phases of healing following injury. Once the
ligaments have sufficiently healed and the syndesmosis has regained stability, the necessity
of the screws for maintaining alignment diminishes.

Furthermore, the absence of a significant impact of timing on functional outcomes may
also be attributed to the body’s natural healing processes. Over time, the surrounding soft
tissues, ligaments, and muscles adapt and strengthen, contributing to the overall stability of
the ankle joint. This inherent healing capacity may compensate for any minor disruptions
caused by the timing of syndesmotic screw removal.

Additionally, it is important to consider the rehabilitation protocol employed post-
surgery. Regardless of the timing of screw removal, patients typically undergo structured
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rehabilitation programs aimed at restoring strength, flexibility, and function. These reha-
bilitation efforts likely play a crucial role in facilitating functional recovery, potentially
mitigating any differences attributable to the timing of screw removal.

Two retrospective studies examining 250 patients show slightly worse results in
patients who had syndesmotic screws left in place.

Sanda et al. aimed to evaluate whether the removal of syndesmotic screws post
distal tibiofibular diastasis repair improves patient outcomes in terms of quality of life,
mobility, and daily living activities, and whether it is a cost-effective solution. The study
included patients with uni-malleolar or bi-malleolar ankle fractures, who were evaluated
using standardized questionnaires approximately two months post-surgery. Out of the
participants, 93 had their screws removed, while 51 retained them. The results showed that
patients with screw removal reported better mobility (7.8 vs. 6.7) and ability to perform
daily activities (8.1 vs. 6.5) and experienced less pain (5.3 vs. 6.8). Additionally, these
patients had higher scores on the SF 6 physical domain (55.9 vs. 53.3) and lower anxiety
levels (5.8 vs. 7.3). However, overall quality of life and willingness to recommend the
treatment did not significantly differ between the groups. Thus, screw removal post-surgery
enhances specific aspects of recovery, but the overall quality of life remains comparable [32].
Yang et al. intended to assess the outcomes of fixation for bi-malleolar and tri-malleolar
ankle fractures with syndesmotic injury, particularly assessing the effects of early versus
delayed removal of syndesmotic screws. The study focused on whether removing these
screws at 6 to 8 weeks or at 3 months postoperatively offers more benefits. Patients who
underwent open reduction and internal fixation for these fractures between January 2013
and December 2017 were analyzed, with a minimum follow-up of 24 months. Patients were
categorized into three groups based on the timing of syndesmotic screw removal: group I
(bi-malleolar fractures with removal at 6 to 8 weeks), group Il (tri-malleolar fractures
with removal at 6 to 8 weeks), and group III (tri-malleolar fractures with removal at
3 months). The study included 113 patients. Results indicated no significant difference
in ankle functional outcomes among the groups. However, recurrence of syndesmotic
instability was observed to be higher in group II (20.9%) compared to group I (10.6%)
and group III (8.7%). Despite the lack of statistical significance in recurrence rates, group
II showed a significant interval change in tibiofibular clear space compared to the other
groups, suggesting potential benefits of delayed screw removal [34].

Ibrahim et al. studied the incidence and predictors of intraosseous screw breakage
in syndesmotic stabilization and its association with implant removal due to pain. They
retrospectively reviewed patients at a level 1 trauma center from 2011 to 2018, identify-
ing 43 patients with 58 broken screws. The study aimed to determine the incidence of
intraosseous screw breakage, identify clinical and radiographic predictors, and assess if IO
breakage was associated with higher rates of painful implant removal. Findings showed
that 74.4% of screw breakages occurred intraosseously, significantly linked with subsequent
removal due to pain (p = 0.034). Only screw height from the tibial plafond significantly
predicted breakage location, with screws placed 20 mm or more from the tibiotalar joint
being less likely to break intraosseously (OR: 0.818, p = 0.002). The study highlighted the
clinical importance of screw placement in preventing painful complication [38].

4.2. Complications

Two retrospective studies involving 368 patients demonstrate that reoperation, such
as routine removal of syndesmotic screws, is associated with an increased risk for the
patient. Infectious complications are primarily reported, with the incidence of complications
ranging from 1.4% to 6%.

4.3. Limitation

The present study also has several limitations. Primarily, this review included a limited
number of RCTs, resulting in weaker evidence. Furthermore, conducting a meta-analysis
would be challenging due to the diversity of data analyzed across the studies mentioned.
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To establish a unified consensus based on a reliable meta-analysis, additional replicable
RCTs would be required. Although an RCT protocol was designed by Dingmans et al. in
2018, there remains an insufficient number of such studies available [40].

5. Conclusions

The current literature does not provide definitive evidence supporting the superiority
of routinely removing syndesmotic screws over retaining them. Considering the heightened
risk of complications and the additional financial burden associated with routine removal,
it is advisable not to perform this procedure unless specifically indicated. Further RCTs are
required to determine whether there are any differences in functional and clinical outcomes
between patients who undergo syndesmotic screw removal and those who retain them
following tibiofibular syndesmosis fixation. The routine versus on-demand removal of the
syndesmotic screw (RODEO) trial, an international protocol for RCTs, serves as an example
of such a study aimed at assessing the efficacy of routine syndesmotic screw removal [40].
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Abstract: Background: Functional recovery following the surgical fixation of acetabular posterior wall
fractures remains a challenge. This study compares outcomes of posterior wall fracture reconstruction
using an anatomical posterior acetabular plate (APAP) versus conventional reconstruction plates.
Methods: Forty patients with acetabular fractures involving the posterior wall or column underwent
surgery, with 20 treated using APAPs (APAP group) and 20 with conventional pelvic reconstruction
plates (control group). Baseline patient characteristics, intraoperative blood loss and time, reduction
quality, postoperative function, and postoperative complications were compared using appropriate
non-parametric statistical tests. A general linear model for repeated measures analysis of variance was
employed to analyze trends in functional recovery. Results: No significant differences were observed
in baseline characteristics. APAP significantly reduced surgical time by 40 min (186.5 £ 51.0 versus
225.0 £ 47.7, p =0.004) and blood loss (695 =+ 393 versus 930 £ 609, p = 0.049) compared to conventional
plates. At 3 and 6 months following surgery, the APAP group exhibited higher functional scores
(modified Merle d”Aubigné scores 10 £ 1.8 versus 7.8 + 1.4, p < 0.001; 13.4 & 2.8 versus 10.1 £+ 2.1,
p =0.001), converging with the control group by 12 months (modified Merle d’Aubigné scores
14.2 + 2.6 versus 12.7 £ 2.6, p = 0.072; OHS 31.6 & 12.3 versus 30.3 £ 10.1, p = 0.398). Radiologically,
the APAP group demonstrated superior outcomes (p = 0.047). Complication and conversion rates to
hip arthroplasty did not significantly differ between groups (10% versus 15%, p = 0.633). Conclusions:
The use of an APAP in reconstructing the posterior acetabulum significantly reduces surgical time,
decreases intraoperative blood loss, and leads to earlier functional recovery compared to conventional
reconstruction plates. The APAP provides stable fixation of the posterior wall and ensures the durable
maintenance of reduction, ultimately yielding favorable surgical outcomes.

Keywords: acetabular fracture; posterior wall fracture; posterior column fracture; internal fixation;
anatomical locking plate; plate osteosynthesis

1. Introduction

Fractures of the posterior wall are the most common type of acetabular fractures,
accounting for nearly a third of all fractures of the acetabulum [1,2]. Plate osteosynthesis
is widely acknowledged as the preferred method for treating specific types of acetabular
fractures involving the posterior column or posterior wall [3,4]. Achieving anatomical

J. Clin. Med. 2024, 13, 5341. https://doi.org/10.3390/jcm13175341 144 https:/ /www.mdpi.com/journal /jem



J. Clin. Med. 2024, 13, 5341

reduction and ensuring stable fixation are imperative to prevent posttraumatic osteoarthritis
(PTOA), osteonecrosis of the femoral head (ONFH), and potential progression to total hip
arthroplasty (THA) [5-7]. While restoring acetabular congruence is essential for functional
recovery [8], managing fractures of the posterior column or wall presents significant
challenges, particularly for less experienced surgeons, due to the complex anatomy of
the acetabulum and the frequent occurrence of concomitant hip dislocation [9,10]. A
user-friendly internal fixation device would be immensely beneficial in these cases.

Numerous fixation techniques have been proposed, including single plating, dual
plating, and fragment-specific fixation [11-13]. However, the complex bone structure often
necessitates the manual contouring of plates to conform to the curvature. The intraop-
erative bending and shaping of plates can be time-intensive and imprecise, potentially
compromising their mechanical integrity [14]. Additionally, addressing comminuted wall
fractures poses another obstacle. While Ritcher et al. introduced the concept of spring plates
beneath a buttress plate, the technique is intricate and carries a risk of articular surface dam-
age and challenges in plate positioning [15]. The previous literature has described a few
anatomical plates, including W-shaped and H-shaped acetabular angular plates, designed
to reconstruct posterior wall fractures and reduce intra-articular screw penetration [16,17].
While these plates demonstrated a lower penetration rate on immediate postoperative
radiographs, their impact on functional recovery compared to that in a control group was
not thoroughly explored [16].

This study aims to investigate the efficacy of using an anatomical posterior acetabular
plate (APAP, produced by INTAI Technology Corp., Taichung, Taiwan) in promoting
functional recovery, reducing surgical time, and preventing complications. To quantitatively
assess the clinical utility of the APAP, we compared the outcomes of a patient cohort treated
with APAPs to those of a separate group treated with conventional reconstruction plates.

2. Materials and Methods
2.1. Population

From January 2015 to December 2018, acetabular fractures treated by the senior author
at a single level-I trauma center were retrospectively reviewed. Patients with posterior
wall or posterior column fractures of the acetabulum requiring open reduction and internal
fixation (ORIF) were included. Surgical indications encompassed hip instability, hip joint
incongruity with an articular step-off exceeding 2 mm, inadequate secondary congruence,
the presence of intra-articular fragments, and posterior column displacement exceeding 2
mm. Patients underwent treatment with either the APAP or a pelvic reconstruction plate.
All implants used were FDA approved. Exclusion criteria comprised pathological acetab-
ular fractures, neuropathic arthropathy, coagulopathy, dementia, and other conditions
affecting postoperative compliance. (see Figure 1)

Study Group Control Group
APAP Pelvic Recon
(n=20) Plate (n = 20)

? Posterior wall or posterior column
= fractures of the acetabulum (n = 55) Excluded (n = 7)
% | Dementia / psychiatry (n = 3)
r ! Inadequate image (n = 2)
— l l Coagulopathy (n = 1)
Study Group Control Group Pathological fracture (n = 1)
2 APAP Pelvic Recon
g (n=23) Plate (n = 25)
(7}
_J Excluded (n = 8)
M) Loss to follow-up
(2]
‘®
>
©
c
<

Figure 1. Patient inclusion flow chart.
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2.2. Radiographic Evaluation

A standardized preoperative radiographic imaging protocol included standard antero-
posterior pelvic films, two 45° oblique Judet views, and pelvic inlet and outlet views. Three-
dimensional (3D) computed tomography (CT) images (slice thickness: 3 mm) and recon-
structed pelvic images were obtained to enhance surgical planning. For patients with dislo-
cation, attempted closed reduction and skin traction preceded the radiographic protocol.

2.3. Implant Design

The APAP (see Figure 2) was tailored to fit the structure of the posterior column of
the acetabulum in the Taiwanese population. Ultilizing a series of non-contrast pelvic
CT images from our hospital’s database, a 3D pelvic reconstruction model was created
through segmentation using the marching cubes algorithm. The APAP was made from
18Chromium-14Nickel-2.5Molybdenum stainless steel, also known as AISI 316LVM. This
stainless steel is vacuum melted to achieve the high levels of purity and cleanliness required
for surgical implants. The plate is manufactured in accordance with the ASTM F139-19
Standard Specification for Wrought 18Chromium-14Nickel-2.5Molybdenum Stainless Steel
Sheet and Strip for Surgical Implants (UNS S31673). The APAP was produced by INTAI
Technology Corp., Taichung, Taiwan.

Figure 2. Design and application of the anatomical posterior acetabular plate (APAP). (A) A 3D
reconstruction of the right hip joint demonstrates the APAP’s design and optimal positioning for
plating the posterior wall of the acetabulum. (B,C) Application of the APAP on a sawbone model
in posteroanterior and iliac oblique views, respectively. (D) Radiograph displaying a case with
a posterior wall fracture and concurrent posterior hip dislocation. (E) Postoperative radiograph
illustrates the case after open reduction and internal fixation with the APAP, achieving anatomical
reduction and concentric alignment of the hip joint.

The APAP comprises three components: the iliac, acetabular, and ischial compo-
nents. The iliac and ischial components feature one locking hole and one compression
hole (Figure 2A). The acetabular component incorporates anterior and posterior rows
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for addressing the posterior column and posterior wall, respectively. The anterior row
accommodates either a 4.5 mm compression screw or a 4.5 mm locking screw. The posterior
row has a fixed angle and utilizes 3.5 mm locking screws to prevent intra-articular screw
penetration. The contour of the APAP is derived from 3D pelvic reconstructions. The
acetabular component is slightly underbent to induce a tension band effect. Two sizes,
standard and narrow, are available to accommodate variations in the distance between the
sciatic notch and the rim of the posterior wall.

2.4. Surgical Procedure

All patients underwent general anesthesia and were positioned prone on a radiolucent
table. The standard Kocher-Langenbeck approach was employed to visualize the fracture
site, with the hip extended and the knee flexed beyond 90 degrees to facilitate sciatic nerve
retraction. A Schanz screw was positioned over the trochanteric region to aid in manual
distraction for hip distraction and improved joint visualization. The articular surface was
exposed, and incarcerated fragments were elevated until flush with the articular surface.
In fractures involving both the posterior column and posterior wall, posterior column
reduction preceded posterior wall reduction. Farabeuf clamps or reduction clamps were
utilized for fracture reduction, and a Schanz screw was inserted into the ischial tuberosity
to serve as a joystick. Preliminary fixation was achieved using Kirschner wires (K-wires) or
lag screws following posterior column reduction. Marginal impaction was corrected and
temporarily fixed with K-wires.

Patients in the study group were treated with the APAP, applied along the curvature
of the ilium, acetabulum, and ischium. Patients in the control group received treatment
with a pelvic reconstruction plate. After provisionally fixing the appropriate plate holes,
the quality of fracture reduction and implant positioning were assessed under fluoroscopic
guidance. Intraoperative fluoroscopic checks included anteroposterior and obturator
oblique views of the hip, axial views of the screws, and tangential views of the screws.

2.5. Postoperative Follow-Up and Rehabilitation Protocol

All patients received routine intravenous antibiotics, initiated during anesthesia in-
duction and continued for one day post-surgery. Passive hip mobilization was encouraged
on the first postoperative day, with active hip movement encouraged on the second postop-
erative day. Hip precautions, restricting flexion to less than 90° and preventing adduction,
were implemented for the first 6 weeks. Non-weight-bearing ambulation was advised for
4-6 weeks to prevent the early loss of reduction. Patients progressed to full weight bearing
only after radiographic and clinical confirmation of fracture union.

2.6. Outcome Measurements

Preoperative patient characteristics, encompassing age, gender, fracture pattern, pres-
ence of sciatic nerve injury, marginal impaction, and hip fracture/dislocation, were docu-
mented. Surgical details, such as intraoperative blood loss and duration of surgery, were
also recorded. After surgery, patients underwent regular follow-ups at the outpatient
department at intervals of 1, 2, 3, 6, and 12 months, followed by annual visits. All patients
were followed up for a minimum of 2 years. During each follow-up, clinical functional
recovery was semi-quantitatively assessed using the modified Merle d’ Aubigné scoring
system. At the final follow-up, clinical evaluation was conducted using the Oxford Hip
Score (OHS) questionnaire [18], while radiological evaluation was performed according to
Matta’s criteria [1,19]. Utilizing posteroanterior and oblique pelvic X-rays, displacement
was categorized as anatomical (0-1 mm), successful (2-3 mm), or poor (>3 mm). Recorded
complications included postoperative sciatic nerve palsy, infection, heterotopic ossification
(HO), osteonecrosis of the femoral head (ONFH), hip redislocation, implant failure, and
the necessity for conversion to total hip arthroplasty (THA).

147



J. Clin. Med. 2024, 13, 5341

2.7. Statistical Analysis

To compare baseline characteristics between the study group and the control group,
the non-parametric Mann-Whitney U test was utilized for continuous variables, while the
Chi-squared test was employed for categorical variables. Functional recovery over time
was examined using a general linear model for repeated measures analysis of variance.
The cohort was divided based on the implants utilized, and measurements were taken at
postoperative intervals of 1, 2, 3, 6, and 12 months. Differences in trends over the year
between subgroups was assessed using between-subject effects. The Mann—-Whitney U test
was employed for the comparison of functional scores at specific time points. All statistical
analyses were conducted using SPSS software (version 17.0; IBM, Armonk, NY, USA), with
the significance level set at p < 0.05.

3. Results
3.1. Patient Characteristics

A total of 40 patients meeting the inclusion criteria were enrolled, with an average
follow-up duration of 27.8 months (range, 24—60 months). The study group comprised
20 patients treated with APAP, while the control group consisted of 20 patients treated with
a pelvic reconstruction plate. There were no statistically significant differences between the
two groups in terms of gender distribution, acetabular fracture pattern based on Judet and
Letournel classification, preoperative dislocation rate, time to definitive ORIF, and duration
of final follow-up (p = 0.212) (Table 1). Motor vehicle accidents were the leading cause of
injury, accounting for 90% (36 patients), while falls from height constituted the remaining
10% (4 patients) of cases.

Table 1. Patient characteristics.

Study Group Control Group
(n =20) (n =20)
Category Subcategory Count Percentage Count Percentage p Value

Gender Male 18 90% 15 75% 0.212

Female 2 10% 5 25%
Fracture pattern PW 7 35% 13 65% 0.088

PCPW 4 20% 3 15%

TPW 4 20% 0 0%

BC 3 15% 4 20%

ACPH 2 10% 0 0%
Preoperative dislocation Present 8 40% 6 30% 0.504

Absent 12 60% 14 70%
Age 45.7 16.7 453 19.8 0.947
BMI 22.7 2.4 23.3 3.4 0.574
Time to ORIF (days) 4.2 3.2 4.1 2.5 0.820
Operative time (minutes) 186.5 51.0 225.0 47.7 0.004
Blood loss (mL) 695 393 930 609 0.049
Follow-up period (months) 40.6 11.7 34.9 8.8 0.121

The study group comprised 20 patients treated with an anatomical posterior acetabular plate (APAP), while the
control group consisted of 20 patients treated with pelvic reconstruction plates. The p value was calculated using
the Mann-Whitney U test for continuous variables and Chi-squared tests for categorical variables. (SD, standard
deviation; PW, posterior wall; PCPW, posterior column and posterior wall; TPW, transverse and posterior wall;
BC, both column; ACPH, anterior column and posterior hemi-transverse; BMI, body mass index; ORIF, open
reduction and internal fixation).

A comparison of operative times between the two groups revealed a statistically
significant difference (186.5 min versus 225 min, p = 0.004), indicating that APAP saved
approximately 40 min of surgical time. Additionally, blood loss was significantly lower in
the study group compared to that in the control group (695 mL versus 930 mL, p = 0.049).
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3.2. Functional and Radiological Outcomes

Upon stratifying the patients into two groups based on the implants used, notable trends
in functional recovery emerged, with a statistically significant difference observed (p = 0.007,
determined through tests of between-subjects effects of repeated measure ANOVA) (see
Figure 3). At 3 and 6 months following surgery, the modified Merle d’Aubigné scores
in the two groups showed statistically significant differences (10 + 1.8 versus 7.8 £+ 1.4,
p <0.001; 13.4 £ 2.8 versus 10.1 & 2.1, p = 0.001, determined through Mann-Whitney U
tests). However, by the 12-month mark, functional recovery appeared to converge once
again, with no statistically significant differences observed in the modified Merle d’ Aubigné
scores (14.2 £ 2.6 versus 12.7 £ 2.6, p = 0.072) or the OHS (31.6 &+ 12.3 versus 30.3 £+ 10.1,
p = 0.398).

15;

modified Merle
d’Aubigné score
>

5r r ' ]
0 5 10 15
Months

Figure 3. Functional recovery following open reduction and internal fixation of acetabular fractures
involving the posterior wall. Patients treated with the anatomical posterior acetabular plate were
placed into the study group (black dots), while those with conventional pelvic reconstruction formed
the control group (hollow circles). A statistically significant difference in functional recovery emerged
(p = 0.007, determined through tests of between-subjects effects of repeated measures ANOVA). At
3 and 6 months following surgery, the modified Merle d’Aubigné scores were significantly higher
in the study group (p < 0.001 and p = 0.001, respectively; determined through Mann-Whitney U
tests). However, by the 12-month mark, there was no statistically significant difference between the
two groups (p = 0.072).

Likewise, the radiological outcomes assessed using Matta’s criteria at 12 months after
surgery did not demonstrate significant differences between the study and control groups
(p = 0.204, determined through Chi-squared analysis). The radiological outcomes were
significantly superior in the study group (p = 0.047). Anatomical reduction was sustained in
70% of the study group compared to 35% of the control group, while successful reduction
was maintained in 15% of the study group and 50% of the control group (Table 2).

Table 2. Radiological outcomes of acetabular treatment.

Matta Criteria Study Group Control Group p Value
Anatomical 14 7 0.047
Successful 3 10
Poor 3 3

The study group comprised 20 patients treated with an anatomical posterior acetabular plate (APAP), while the
control group consisted of 20 patients treated with pelvic reconstruction plates. p value was generated using a
Chi-squared test.
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3.3. Complications

Postoperative complications are outlined in Table 3. Among patients treated with
APAP (the study group), foot drop was noted in two cases: one had preoperative foot
drop, which resolved by 3 months after surgery, while the other experienced transient
postoperative foot drop, spontaneously resolving within 2 months after surgery. Similarly,
two patients in the control group developed postoperative foot drop, with both cases resolv-
ing by 6 months after surgery. One patient treated with a conventional pelvic reconstruction
plate (the control group) experienced recurrent hip dislocation, resulting in the fracture
and fragmentation of the osteonecrotic femoral head, ultimately necessitating conversion
to hip arthroplasty (see Figure 4). Notably, none of the three patients in the study group
who suffered from postoperative recurrent dislocation experienced femoral head fracture.
The rate of conversion to hip arthroplasty did not differ significantly between the study
and control groups (10% versus 15%, p = 0.633). Postoperative infection rates did not differ
significantly between the two groups (5% vs. 10%, p = 0.548). Among the patients treated
with the conventional pelvic reconstruction plate, one developed a deep infection requiring
debridement and implant retention, while the other two experienced superficial infections
and cellulitis, both of which were successfully managed with intravenous antibiotics. Addi-
tionally, the prevalence of other complications, including osteoarthritis, osteonecrosis of the
femoral head, and heterotopic ossification, did not vary between the two groups. (Table 3)

Table 3. Complications rates after open reduction and internal fixation of acetabular fracture.

Study Group Control Group p Value
Foot drop 10% (2/20) 10% (2/20) 1.00
Recurrent dislocation 15% (3/20) 10% (2/20) 0.633
Infection 5% (1/20) 10% (2/20) 0.548
Osteoarthritis 35% (7/20) 30% (6/20) 0.736
Osteonecrosis of femoral head  25% (5/20) 20% (4/20) 0.705
Heterotopic ossification 5% (1/20) 10% (2/20) 0.548

The study group comprised 20 patients treated with an anatomical posterior acetabular plate (APAP), while the
control group consisted of 20 patients treated with pelvic reconstruction plates. The p value was generated using
Chi-squared analysis.

Figure 4. A case of acetabular fracture treated with conventional pelvic reconstruction plate compli-

cated by recurrent dislocation. (A) The patient sustained concurrent left acetabular posterior wall
fracture and posterior dislocation of the left hip joint. (B) The patient underwent open reduction and
internal fixation with a conventional pelvic reconstruction plate. (C) Eight months after the index
surgery, the patient experienced recurrent hip dislocation, accompanied by a concurrent femoral
head fracture. (D) Eventually, the patient underwent secondary surgery and conversion to bipolar
hemiarthroplasty.
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4. Discussion

The management of posterior wall or posterior column fractures presents significant
challenges due to the critical need for achieving both anatomical reduction and stable
fixation, which is inherently difficult to accomplish [20]. This study introduces a novel
APAP, which not only eliminates the need for custom bending and reduces intraoperative
blood loss but also enhances stability, leading to expedited functional recovery compared
to conventional pelvic reconstruction plates. The design of the APAP provides orthopedic
trauma surgeons with a durable and time-efficient alternative, paving the way for future
advancements in anatomical acetabular plates.

Traditionally, posterior plating for acetabular fractures involved the utilization of rim
plates, buttress plates, or spring plates, either individually or in various combinations [12,13,15].
However, these methods are time-consuming and technically demanding. Additionally,
repeated contouring of the reconstruction plate could potentially compromise its inherent
mechanical strength [14,21]. The past literature has introduced a few anatomical acetabular
locking plates, highlighting the biomechanical advantages of such plates over conventional
reconstruction plates [22]. For instance, Zhang et al. developed a W-shaped acetabular
angular plate (WAAP) for reconstructing acetabular posterior wall fractures [16]. In a
retrospective comparison with conventional reconstruction plates, the WAAP effectively
reduced intra-articular screw penetration under intraoperative fluoroscopy. However,
functional recovery trends between the WAAP group and the conventional reconstruction
plate group were not compared. Similarly, Huang et al. proposed an H-shaped anatomical
titanium plate for posterior plating in acetabular fractures [17]. Although the authors
reported satisfactory radiological and functional outcomes with low complication rates,
the study was descriptive and lacked a control group. Other studies have explored the
use of 3D printed patient-specific plates [23-25]. Despite promising outcomes, 3D printing
technology remains costly and may not be readily available in general hospitals. In contrast,
the APAP is a commercialized anatomical locking plate, proven to be a cost-effective and
safe alternative to conventional reconstruction plates in the current study. Moreover, the
APAP offers an additional ischial component for fixation compared to the plates designed by
Zhang et al. and Huang et al. [16,17]. The design of the APAP was intended to replicate the
biomechanical advantages of a double plate by incorporating two rows of holes for locking
screws. This, combined with the broader width and increased screw count, enhances the
rigidity and stability of the construct. These features may explain the slight advantage
observed in terms of improved reduction after 12 months. The APAP costs approximately
$2500, compared to around $2000 for the low-profile pelvic system. In cases where dual
pelvic reconstruction plates are required for treating posterior wall or posterior column
fractures, the APAP proves to be economically advantageous, as it requires only a single
plate. In summary, the APAP is demonstrated to be a safe, effective, and more versatile
option in managing comminuted posterior wall fractures.

Safety and efficacy are the primary goals in the internal fixation of posterior acetabular
fractures. Early (<48 h) and delayed surgeries have been extensively studied, with earlier
intervention recommended for relatively simple fracture patterns [26], while the timing for
complex fractures remains controversial [27]. Complex fracture patterns also tend to result
in greater blood loss during surgery compared to posterior wall fractures [27]. Some studies
have suggested that combining epidural and general anesthesia can help reduce blood
loss [28]. A positive correlation between surgical time and blood loss has been consistently
observed in the literature [27,29,30]. In the current study, the use of the anatomical posterior
acetabular plate (APAP) shortened surgical time by eliminating the need for bending the
plate and simplifying the templating process. Additionally, the anatomical design of the
APAP reduced the likelihood of intra-articular screw penetration, thereby minimizing the
need for screw adjustments [16]. Less adjustment and less extensive soft tissue dissection,
which is possible with a plate that conforms more closely to the native anatomy, thereby
reduced the surgical time and associated bleeding. These advantages are particularly
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beneficial for managing complex posterior acetabular fractures and for surgeons who are
in the early stages of treating these fractures.

Acetabular fractures often result in long-term morbidity, with variable trajectories of
functional recovery. Letournel reported that despite achieving 94% perfect reductions of
posterior wall fractures, only 79.5% of cases attained at least a very good result [10]. This
discrepancy was attributed by Letournel et al. to associated osteonecrosis and comminution
of the posterior wall [10,31]. Similarly, Matta et al. found slightly inferior outcomes in
acetabular fractures involving the posterior wall in their investigation of 20-year survivor-
ship in 816 patients following open reduction and internal fixation of displaced acetabular
fractures [32]. The 20-year survivorship of simple posterior wall fractures was 76%, while
that of associated posterior column and posterior wall fractures was 85% [32]. Recently,
Tucker et al. discussed the recovery trajectory of surgically treated acetabular fractures [33].
Between six months and one year postoperatively, only 37.3% of patients reached the
minimal clinically important difference (MCID), and a significant proportion (38.1%) failed
to achieve the MCID even after five years [33]. The ratio of anatomical reduction was 70%,
or 85% if acceptable alignment was also included, consistent with previous literature. In
the current study, the APAP facilitated short-term functional recovery by approximately
three months compared with conventional pelvic reconstruction plates. Remarkably, most
patients in our study presented with posterior wall involvement, which typically carries a
poorer prognosis. The improved functional outcomes in the APAP group may be attributed
to several factors. The anatomical design of the plate likely resulted in less soft tissue
dissection, reducing surgical trauma and promoting quicker recovery. Additionally, the pre-
cise anatomical fit of the APAP provided more stable fixation and better initial alignment,
creating a more favorable environment for healing and rehabilitation. The locking screws
in the specially designed ischial limb also contributed to enhanced stability. In summary,
the APAP shows promise in the treatment of complex acetabular fractures involving the
posterior wall and has the potential to hasten postoperative functional recovery.

Late complications of posterior acetabular fractures, such as end-stage hip osteoarthri-
tis, osteonecrosis of the femoral head, or heterotopic ossification, often necessitate conver-
sion to total hip arthroplasty [20]. The conversion rate to hip arthroplasty varies widely. The
anatomical restoration of the acetabulum is considered the most critical step in preventing
these late complications and eventual conversion to hip arthroplasty [34]. Maintaining
anatomical reduction has been linked to favorable functional and radiological outcomes,
with reported rates of 71-86.4% and 17-95% in patients, respectively [3,35-38]. Dunet et al.
reported a conversion rate of 34.7% over a 10-year period [5], while Cichos et al. reported a
conversion rate of 16%, with 52% of conversions occurring within 1 year post-surgery [39].
Similarly, Firoozabadi et al. evaluated 65 patients with posterior wall acetabular fractures
treated with ORIF, reporting a 17% conversion rate after 9 years [40]. In our study, the
conversion rate to total hip arthroplasty was 15% in patients treated with conventional
pelvic reconstruction plates after 4 years of follow-up, consistent with the previous liter-
ature. Among patients treated with APAP, the conversion rate was approximately 10%.
The relatively low mid-term conversion rate in the APAP group may be attributed to the
more stable fixation of the plate and better maintenance of anatomical reduction due to its
anatomical design after 4 years.

Several limitations of this study should be acknowledged. First, the sample size was
relatively small, as this was a single-institution study, which may limit the statistical power
and generalizability of the findings. Additionally, patients who did not complete at least
2 years of follow-up were excluded. Second, the study design was retrospective, which
may have introduced bias despite efforts to control for baseline characteristics between the
study group and the control group. Third, biomechanical features and fatigue analyses
were not included in the current study; thus, a quantitative assessment of the rigidity and
efficacy of buttressing was not possible. Fourth, the medium-term follow-up period (mean
of 27.8 months) may not fully capture long-term differences in functional recovery and
complications. We plan to conduct further analysis after the patients complete a 5-year
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follow-up. Finally, the potential influence of surgical experience is another limitation, as
the learning effect could not be fully accounted for in this retrospective design. More
experienced surgeons may achieve shorter surgical times, which could influence the study
outcomes. The APAP was not applicable for some more complex acetabular fractures.
In other words, the benefits of the APAP may be more pronounced for less experienced
surgeons compared to their more experienced counterparts. These limitations warrant
cautious interpretation of the study findings and highlight areas for further research.

5. Conclusions

The use of an APAP in reconstructing the posterior acetabulum significantly reduces
surgical time, decreases intraoperative blood loss, and leads to earlier functional recovery
compared to conventional reconstruction plates. The APAP provides stable fixation of
the posterior wall and ensures the durable maintenance of reduction, ultimately yielding
favorable surgical outcomes.
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Abstract: Background: Posterior sternoclavicular joint (SCJ) dislocations are rare events that can
evolve into real emergencies due to the vital structures in the mediastinum. When closed reduction
maneuvers fail, open SCJ reconstruction becomes mandatory, with literature proposing several stabi-
lization techniques that either preserve or remove the SCJ’s mobility. This study is a narrative review
of the most recent literature regarding posterior trauma to the SCJ along with a single institution’s
experience of this pathology, managed either conservatively or surgically, with a figure-of-eight
autologous semitendinosus graft in case of closed reduction failure. Methods: This article provides
an overview of posterior traumatic SCJ dislocation, and it describes five cases of patients managed for
traumatic posterior SCJ dislocation treated either conservatively or surgically with a figure-of-eight
semitendinosus tendon autograft reinforced with high-strength suture tape. A comparison with
the most recent literature is performed, focusing on biomechanics. Results: The demographics, the
mechanism of injury, the management algorithm and the surgical strategy align with the most recent
literature. Despite the final treatment, at one year of follow-up, the ROM was restored with full
strength throughout the range of motion of the shoulder with no neurological deficits. The reduced
joint successfully healed in imaging, and patients returned to their daily lives. The surgical site
wounds and donor harvest sites were perfectly healed. Conclusions: Although recent recommenda-
tions for treating posterior traumatic SCJ dislocation have advanced, no universally accepted method
of stabilization exists, and the surgical strategy is generally entrusted to the surgeon’s experience.
The literature still increasingly supports figure-of-eight ligament reconstruction with a biological or
synthetic graft. This work further implements the literature by reporting good outcomes at follow-up.

Keywords: SCJ; posterior dislocation; biomechanics; figure-of-eight; semitendinosus

1. Introduction

Sternoclavicular joint (5CJ) injuries represent 3% of all shoulder-girdle lesions and
less than 1% of all dislocations [1-4]. Traumatic dislocations are more likely to occur in
young, active men after high-energy trauma, such as sports injuries, road traffic accidents
and falls [1-3,5-7].

Dislocations most commonly occur anteriorly due to the SCJ’s anatomy, which includes
a stout posterior capsular ligament and the costoclavicular ligament [1,8]. Nonetheless,
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posterior SCJ dislocation may lead to life-threatening consequences due to vital structures
in the mediastinum [7-9].

For this reason, a high index of suspicion and immediate identification is necessary,
with a missing rate of 25% at initial presentation [1-3,7-13]. The patient most often com-
plains of neck and shoulder pain, which increases with movement of the ipsilateral girdle,
with a possible palpable defect and deformity of the SCJ [1,3].

While radiography, in a serendipity view, is used, a CT scan is the preferred imaging
modality to diagnose dislocation and assess the mediastinal structures [2,14].

Another classification is acute or chronic SCJ dislocation, with the chronic ones result-
ing from missed initial diagnosis, delayed clinical presentation and recurrent dislocation
after closed reduction performed in the acute setting [14-16].

Despite the normal range of motion (ROM) of SCJ being narrow, this joint impacts the
scapulothoracic, the glenohumeral rhythm, and the ROM of the shoulder girdle, being the
only true connection between the axial skeleton and the upper limb [1-3].

The literature has developed several recommendations concerning the management
of posterior SCJ dislocations [1-3]. A closed reduction is attempted in the first 48 h,
followed by a subsequent imaging re-evaluation [1-3]. In case of failure or recurrent
chronic instability, an open reduction is necessary, and, in this case, SCJ reconstruction is
suggested [1,17]. However, no universal guidelines exist concerning the surgical strategy
that should be adopted to stabilize this joint [3,18]. The review by Kendal et al. [2] and
the most recent literature [1,3], based on the biomechanical study by Spencer and Kuhn
in 2004 [19], support reconstruction with tendon grafts, especially with a figure-of-eight
configuration [1-3]. Pins and Kirschner wires should be avoided due to possible migration
in the vital structures of the mediastinum, as well as ORIF with plates and screws due to
the necessity of their removal to restore motion [1-3].

This study provides a comprehensive overview on posterior traumatic SCJ dislocation.
Management algorithms and outcomes are described. Moreover, it reports the experience
from a single institution by describing five cases of this rare pathology managed either
conservatively or surgically. Specifically, it focuses on the adopted surgical strategy, which
consists of the reconstruction with a figure-of-eight autologous semitendinosus graft. Pre-
operative and intraoperative details are reported. A comparison with the most recent
literature concerning the management methods is performed, with a complete explanation
of the importance of the anatomy and biomechanics as the leading factors guiding authors
to adopt this surgical technique.

2. Methods, Study Design and Surgical Technique

A comprehensive narrative review of the current literature on posterior traumatic SCJ
dislocations was conducted taking into account the epidemiology, the management and
the adopted surgical strategy for this pathology.

A retrospective analysis of all orthopedic consults occurring at the Emergency De-
partment (ED) of the Guglielmo da Saliceto Hospital in Piacenza in Italy was performed
to identify episodes of posterior sternoclavicular joint dislocation. Patient data were ex-
tracted from the database of the ED. The analyzed time frame was from January 2020 to
December 2023.

All patients who were older than eighteen years old and presented with a traumatic
posterior SCJ dislocation were included in the study, with no other exclusion criteria
except for the follow-up. Indeed, patients who did not complete a minimum follow-up
of 12 months and who had atraumatic posterior SCJ dislocation were excluded. This last
group was excluded since the atraumatic dislocations follow other management pathways,
and, as reported in the literature, they tend to occur in patients with different baseline
characteristics, as in patients with trapezius palsy or generalized hyperlaxity [1]. Inclusion
and exclusion criteria are summarized in Scheme 1.
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ED \
/ January 2020 - December 2023

Posterior SCJ dislocation

Inclusion Criteria

Exclusion Criteria
e >18years old
e Traumatic Posterior SCJ dislocation e  <18yearsold
e Minimum Follow-up 12 months e  Atraumatic Posterior SCJ dislocation
e  Follow-up < 12 months
Total 6 patients (1 refused the management)

\ 5 patients included /

Scheme 1. Inclusion and Exclusion Criteria.

Six patients who met the inclusion criteria were detected (five males and one female),
but one of them was excluded because the patient refused the proposed treatment. Conse-
quently, five patients, all males, were included in the study. The mean age was 34.4 years
old (range 28-43 years old). All patients underwent a complete physical examination of
the other near joints; three patients had not sustained any other injuries, two patients
reported other fractures (one of them an ipsilateral distal fibular fracture, and the other a
contralateral distal radial fracture, respectively). Three of them had a fall from a height,
one patient reported a motor-bike accident and one had a trauma during sports activity,
specifically during a rugby match. All of them reported indirect trauma, with a blow on
the posterolateral side of the shoulder without loss of consciousness.

They were all subjected to X-ray examinations when they arrived at the ED. Moreover,
a CT scan was requested for all cases to have a definitive diagnosis and for the poten-
tial involvement of thoracic essential organs. However, no systemic symptoms, such as
cough, hoarseness, shortness of breath or venous congestion were present. At the CT scan,
complete posterior dislocation of the SCJ was always confirmed (Figure 1). In addition,
fractures and infractions of the ribs, lung parenchymal contusions and apical subpleural
hematomas were detected.

4

S8 Compression on subclavian vein \
© { and brachio-cefalic artery \
— .

Figure 1. Preoperative evaluation of posterior SCJ dislocation: (a) chest X-ray; (b) 3D reconstruction;
(c) axial CT scan bone view; (d) axial CT scan.
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A closed reduction maneuver was performed acutely in all cases in the ED under
sedation and local anesthesia with the presence of the anesthesiologist and the vascular
surgeon. After the trial maneuver, a CT scan was performed to assess the reduction. The
reduction was fruitless in two cases, while in three patients it led to a reduction of the
dislocation.

2.1. Conservative Treatment

For the three successful cases, once a CT scan verified the reduction, the patients were
discharged home, and four outpatient visits were scheduled at 1-3—6-12 months after the
trauma. At the follow-ups, X-rays were usually performed along with clinical examination,
except for the third month where a CT scan was used to assess the maintenance of the
reduction. A CT scan was also employed in cases of inconclusive X-rays. No recurrences
were recorded in imaging, and, at the last follow-up, all patients had successfully recov-
ered complete range of motion of the shoulder (in abduction/adduction, rotation and
flexion/extension) and muscle strength, were pain-free while moving their arms and were
back to their daily lives.

2.2. Surgical Treatment with a Figure-of-Eight Semitendinosus Tendon Autograft Reinforced with
High-Strength Suture Tape

Regarding the two closely irreducible dislocations, the patients were admitted to
the hospital for open surgical reduction and SCJ reconstruction. After the exclusion of
SARS-CoV-2 infection through a nasopharyngeal swab in accordance with the COVID-19
protocol rules [20,21], the patients underwent surgery. The subsequent described procedure
was the same for both patients.

A second closed reduction was attempted in the operating room, in the hopes anes-
thesia would simplify the procedure. The anesthesiologist was present throughout the
procedure, and the thoracic surgeon and vascular surgeon were on standby in the operating
room. Once the anesthesia was performed, we attempted the maneuvers described by
Rockwood and Buckerfield maneuvers, without obtaining a successful reduction [1,14,22].
We tried, without success, to clamp the proximal end of the clavicle with bone forceps
and pull and rotate it upwards. Consequently, an open reduction was needed. Given the
detected instability, SCJ reconstruction with an autologous tendon graft in a figure-of-eight
was selected. The medical team was made up of orthopedic surgeons, a thoracic surgeon
and an anesthesiologist.

The first surgical step was the harvest of the tendon graft. The semitendinosus tendon
was preferred. The patients were positioned supine with a tourniquet to the thigh, and
2 g of cefazoline were administered preoperatively (Figure 2). For both surgeries, after
setting up the sterile field, the tendon was harvested, tubularized with a non-absorbable
suture on a workstation and then stored in a compound made of 500 mL of saline solution
0.9% + 1 g of vancomycin, similar to the hamstring harvest for anterior cruciate ligament
reconstruction. The first surgical step ended with tourniquet removal, adequate hemostasis,
surgical site washing, drain-positioning, suturing and dressing.

In the second surgical stage, open reduction of the SCJ and subsequent stabilization
with the autologous semitendinosus tendon graft in a figure-of-eight reinforced with high-
strength suture tape was accomplished according to the preoperative planning (Figure 3).

With the patient still supine in the sterile field, the SC] was exposed with a straight
incision extending from the center of the medial clavicle to the mid-superior aspect of the
sternal manubrium (Figure 2a). The posterior SCJ dislocation was found. After releasing
the medial part of the clavicle and the corresponding articular facet of the sternum, four
bone tunnels of 5.0 mm in diameter were drilled, two in the clavicle and two in the sternum
in parallel, adequately protecting the noble structures underlying these bones. After the re-
duction of the clavicle with blunt forceps, the joint was stabilized, with the semitendinosus
tendon graft being passed through the holes in a figure-of-eight configuration and then
reinforced with high-strength suture tape (Figure 4).
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Figure 2. Surgical setting: (a) anatomical landmarks for identification of SCJ and drill hole planning;
(b) double sterile field for SCJ access and tendon harvest; (c) tubularized autologous semitendinosus
tendon graft.

Inter-clavicular
ligament

Costo-clavicular
ligament

Anterior
sterno-clavicular
ligament 4

Sternum manubrium

Figure 4. Intraoperative details of reconstruction with autologous semitendinosus tendon graft
augmented with high-strength suture tape: (a) clavicle and sternum exposure; (b) graft passage in the
drilled holes in the clavicle and sternum; (c) graft realization in the figure-of-eight; (d) figure-of-eight
repair augmented with high-strength suture tape.
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The post-operative protocol includes a neutral arm sling for the first three weeks after
surgery, with active and passive movements forbidden. Elbow, wrist and hand mobilization
were allowed and suggested from day one after surgery. The stitches were removed fifteen
days after surgery. At three weeks, the patient started the rehabilitation of the shoulder
with passive pendular movements first, and then with active motion in the fourth/fifth
weeks. A return to sport was allowed six months after surgery. Both patients were followed
up for one year postoperatively, specifically at 1-3—6-12 months after surgery. As for the
conservative group, X-rays, along with clinical examination were usually performed at the
follow-ups, except for the third month where a CT scan was used to assess the maintenance
of the reduction. A CT scan was also employed in cases of inconclusive X-rays.

3. Results

All five patients, both the conservatively treated and the surgically managed, had
returned to their daily lives by 12 months of follow-up.

For those conservatively managed no recurrences were recorded on imaging, and all
the patients had successfully recovered their range of motion and muscle strength and
were pain-free while moving their arms.

For those surgically treated, at three months the CT scan showed a complete reduction
of the SCJ, both in the axial and the coronal views (Figure 5). At the end of the follow-up,
ROM was restored, with an optimal strength recovery and no neurological deficits; in both
cases, the healing was successful; no recurrences were recorded, and the patients returned
to their daily lives without pain while moving their shoulder girdles (Figure 6).

Figure 5. CT scan at 3 months post operation: reduction confirmed on axial and coronal scan on
both patients.
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Figure 6. Clinical evaluation, 1 year follow-up, ROM restored and wound healed.

A comprehensive comparison with the most recent literature will be provided in
Section 4.

4. Discussion

This paper describes five cases of posterior traumatic SCJ dislocation handled ac-
cording to the most recent recommendations, implementing the literature in this rare but
potentially life-threatening pathology [1-3]. The diagnostic algorithm with the initial man-
agement and the surgical strategy adopted for the failed closed reduction cases align with
the literature since SCJ reconstruction with tendon autograft and allograft is increasingly
promoted due to biomechanical studies [1-3,19]. Indeed, reconstruction without fusion
allows restoration of the ROM without the increased risk of developing degenerative
changes or osteoarthritis of the distal joints that would otherwise need to compensate.

However, SCJ dislocation remains a rare pathology and the scientific literature about
this topic is still poor, with the introduction of recommendations and systematic review
only occurring in recent years [1-3].

The demographic characteristics, as well as the mechanism of trauma reported, are in
line with the literature [1-3]. Kendal et al., in their systematic review, reported a mean age
of 25.3 years old, with most patients being males [2]. Trauma is the most common cause of
posterior SCJ dislocation, with high-energy processes in contact sports such as rugby and
motor-vehicle collisions being the most common culprits [5,6,12].

They result either from indirect trauma when a posterolateral compressive force is
applied to the shoulder and transmitted to the SCJ as a vector force or as direct anteropos-
terior trauma to the SCJ [1-3]. Atraumatic SCJ dislocations exist, but they tend to occur in
patients with generalized hyperlaxity or trapezius palsy [1,2].

Due to the anatomy of the SCJ, which has a robust posterior capsular ligament and
the costoclavicular ligament, anterior dislocation occurs more frequently, with posterior
SC]J dislocations comprising 5% to 27% of all SCJ dislocations [15,22].

From a clinical point of view, posterior SCJ dislocation is often characterized by neck
and shoulder pain increased by ipsilateral shoulder movement [1,3,9]. A deformity of the
SCJ can be present even if swelling of the joint gives the illusion of an anterior dislocation
in the case of a posterior dislocation [1,14]. As reported by Ingoe et al. it is advisable to
examine the nearby joints, such as the acromioclavicular joint (ACJ), in order to detect
other injuries which could lead to a floating clavicle [3,23,24]. Posterior SCJ dislocation
should be suspected and identified since it can lead to life-threatening complications due
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to the presence of noble structures near the joint: disorders of the neurological structures
(brachial plexus, phrenic and vagus nerves) and/or vascular ones (compression or lacer-
ation of the subclavians, internal jugulars, internal thoracic or brachiocephalic vessels),
pneumothorax, myocardial conduction abnormalities, esophageal or tracheal rupture,
mediastinal compression and thoracic outlet syndrome could occur [2]. In case of com-
plications, wider symptomatology, such as the presence of cyanosis, choking, cervical
bruit, tracheal hematoma, stridor, dyspnea and respiratory distress, dysphagia, hoarseness,
odynophagia, compromised circulation to the arm, diaphragmatic paralysis and even death
could occur [7-10]. Overlapping adjacent structures make assessing and interpreting SCJ
dislocation on routine chest radiographs difficult [1-3]. SCJ dislocation may not be so
immediate to diagnose, even with dedicated radiographic views, such as the serendipity
view [2,7,14]. Moreover, the literature agrees about distinguishing between SCJ dislocation
and physeal fractures, since the medial clavicular physis is the last to close around 23-25
years of age [9,12,15]. Consequently, a computed tomography (CT) scan is the imaging
modality of choice for definitive diagnosis and a three-dimensional understanding of the
SCJ [1-3,9]. When vascular injuries are suspected, intravenous contrast can be adminis-
tered [1-3]. In the cases described, a CT scan was performed pre- and post- operatively and
post-reduction maneuvers to assess the maintenance of the reduction. MRI can be helpful
in physeal injuries and in case of chronic instability to assess the ligament status [1,3,9]. In
MRI the articular surfaces and the intra-articular disc are better visualized in coronal se-
quences, whereas axial sequences depict anterior and posterior capsules and ligaments [9].
The sagittal sequences are useful in assessing the costoclavicular ligament [9].

Recommendations from the literature agree that posterior dislocation needs to be
reduced when diagnosed [1-3,22].

A closed reduction should be attempted in the first 48 h, with a success rate reported in
adults by Ingoe et al. between 38% and 50% [3,24]. If this maneuver is effective, a follow-up
CT scan can be indicated to detect any recurrent dislocations [1-3]. On the other hand, both
the failure of closed reduction maneuvers and the frequent presentation over 48 h, due to
the aforementioned difficulties in diagnosis, require an open reduction [1-3,22]. Indeed,
a closed reduction after 48 h has a high probability of being unsuccessful [2,18]. The five
cases described in this study underwent this management algorithm, with a first closed
reduction acutely attempted.

Moreover, the literature suggests that when closed reduction is successful, the SCJ is
usually stable without additional intervention, while in case of failure and open reduction,
the SCJ needs to be reconstructed [1-3]. However, a universally accepted stabilization
method for posterior SCJ dislocation does not exist, and various techniques have been
described depending on several features, such as biomechanics, the patient’s future expec-
tation goals, surgical expertise and degree of instability [1-3].

4.1. Anatomy and Biomechanics of the SCJ

The SC]J is the only true connection between the upper limb and the axial skeleton,
representing one of the most stable joints in the human body [1-3,9]. It is a diarthrodial
joint with a saddle-like shape where only the lower 2/3 of the medial clavicle is wrapped
by articular cartilage [1,2,25]. Due to the limited osseous congruence, SCJ stability lies on
strong ligament structures and a fibrocartilaginous intra-articular disk, which has mobility
along the anteroposterior and vertical axes [9,25]. The ligaments of the SCJ are represented
by the anterior and the posterior sternoclavicular capsular ligament, the costoclavicular
ligament and the interclavicular ligament [1,2,9,13,25]. The thicker posterior capsular
ligament was considered in a biomechanical study by Spencer et al. to be the most crucial
structure to avoid anterior and posterior translation, with the anterior capsular ligament
impeding only anterior translation [1,9,25]. This is the main reason why most dislocations
occur anteriorly since posterior SCJ dislocations require higher forces [1,2,25].

However, the costoclavicular ligament has recently received more attention [1,9,25]. It
is a stout, short, flattened, inverted cone with two laminae on the anterior and posterior
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aspects of the clavicle [9,25]. Raising and lowering movements occur between the articular
disk and the clavicle, whereas protraction and retraction occur between the articular disc
and the sternum [1-3,9].

SCJ injury impacts the scapulothoracic and glenohumeral rhythm [1-3,9]. Most of the
motion of the SCJ occurs in the anteroposterior direction with protraction and retraction
of approximately 35° in either direction [1-3,26]. The SCJ can elevate up to 35°, and other
essential movements are anterior and posterior rotation concerning the lateral axis of the
clavicle [1-3,26].

For these reasons, the reconstruction procedure of the SCJ is essential to restoring the
ROM of the shoulder girdle [1-3]. Recent literature suggests avoiding open reduction and
internal fixation with plates and screws since this could limit glenohumeral motion and
usually necessitate implant removal to restore function and avoid chronic degenerative
changes [1-3].

Apart from the anatomy of the SCJ, it is important to mention the “safe zone” avascular
plane behind the joint and anterior to the muscle belly, especially when reconstruction
techniques requiring drilling holes are performed, since protective retractors could be
placed in this location [1-3]. Finally, as mentioned above, since the medial clavicle is the
last ossification center to fuse between the ages of 22 and 25, proximal clavicle physeal
fracture-separation in young patients could mimic a sternoclavicular dislocation in up to
50% of cases [1-3,10,12]. As a result, these two entities should be distinguished [1-3].

4.2. Open Reduction and SC] Stabilization and Reconstruction Options

Open reduction is needed when closed reduction fails and in cases of recurrent dislo-
cation or chronic instability, and the literature advocates stabilization with SCJ reconstruc-
tion [1-3,19]. Indeed, as reported by Ingoe et al. direct repair of the ligaments is usually
not achievable and reconstruction with sutures or tendons is advisable [3].

SC]J dislocation can be further classified as acute or chronic [1,2,14-16]. Kendal et al.
reported in their systematic review that most are chronic dislocations resulting from missed
injuries, delayed clinical presentation or recurrent dislocations following a closed acute
reduction maneuver [1,2,14-16]. Moreover, Glass et al. stated that the effectiveness of the
surgery is not adversely affected by failure of conservative treatment [27].

The presence in the operating theater of a vascular or cardiothoracic surgeon and an
anesthesiologist is usually endorsed since teamwork and a shared approach leads to safer
surgery [1-3]. The two reported cases were managed according to the abovementioned
suggestions, and the equipped specialized surgical team was present in the operating room.

A universally accepted stabilization method does not exist, and the literature reports
many options [1-3,22,28]. However, recently, recommendations have been developed [1-3].
Still, results are hard to compare because studies are often characterized by small numbers
of patients and different treatment options (such as internal fixation with plates and screws,
cannulated screws, trans-osseous suture, reconstruction with hamstring tendons or LARS,
and tension bands) and by a short follow-up. In addition, few of them differentiate acute
from chronic SCJ dislocation; therefore, advantages and disadvantages for each technique
are reported [1-3,28].

The literature agrees that open reduction and internal fixation with screws and plates
should be avoided unless in the case of comminuted fracture-dislocations [1-3]. This
is because implants usually need to be removed since they lead to an arthrodesis, thus
limiting motion on the ipsilateral shoulder girdle with the possibility of degenerative
changes [1-3]. Moreover, usually, a bi-cortical fixation is necessary, with the risk of screw
thread protrusion posterior to the clavicle, where the vessels are located [3].

Pins or Kirschner wires should be avoided due to their possible migration, which
can damage noble structures [29]. In particular, a risk of death of up to 40% has been
estimated when using Kirschner wires due to potential vascular complications [9,19]. The
most striking case in this regard was reported by Ballas et al. concerning a posterior SCJ
dislocation treated with three wires: the first was removed after a short time since it was
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protruding below the skin; the second protruded vertically in front of the sternum after
two years, giving symptoms similar to myocardial infarction; the last one migrated into
the pelvic cavity giving abdominal symptoms, and multiple surgical interventions were
necessary to extract it [29]. In the same paper, the authors also carried out a literature
review, reporting 88 cases of wire migration, of which 18 followed sternoclavicular joint
dislocation [29].

Another surgical solution is medial clavicular resection with soft tissue reconstruc-
tion [1,2]. This is usually reserved for cases with degenerative changes, medial clavicle
fractures or irreducible locked dislocations [1,2].

Thus, the literature conveys that SCJ reconstruction should be adopted with biological
(such as allograft or autograft) or synthetic grafts [1-3,28]. Indeed, both Provencher et al. [1]
and Kendal et al. [2] suggested the use of a figure-of-eight tendon autograft or allograft.
This configuration has gained popularity after the biomechanical study by Spencer and
Kuhn which evaluated three different reconstruction techniques with cadaveric models [19].
They assessed (1) the intramedullary ligament reconstruction, (2) the subclavius tendon
reconstruction and (3) the use of a figure-of-eight of a semitendinosus graft through drill
holes in the clavicle and the sternum’s manubrium [19]. They demonstrated that the figure-
of-eight graft’s stiffness and load to failure were greater than the other two techniques,
especially in the posterior direction [19].

However, this procedure is not without complications and tips are given by several
authors [1-3,19]. The drill holes in the bones should be spaced 1.0 to 1.5 cm apart to allow
for adequate bone ridge and 1.0 to 2.0 cm away from the end of the clavicle to avoid stress
fracture [1,2,19]. The graft type usually guides the size of the holes [1].

Several grafts are used, such as the palmaris, the semitendinosus and the gracilis, with
overall good outcomes and a low revision rate [1-3].

The authors of this paper, in agreement with the literature, chose the figure-of-eight
configurations for one crucial reason: despite the SCJ having a limited range of motion, this
joint is fundamental for the physiology of the shoulder girdle and the resulting stabilization
with ORIF would fix and limit its ROM. Subsequently, stress concentration may occur
during functional exercises, and the surgical fusion of the joint could induce the patient
to compensate for any movement by using the downstream joints [1-3,9]. Indeed, the
paper’s authors believe that SC] ROM should be re-established in order to avoid chronic
degenerative changes to it or to the downstream joints.

In this regard, Tytherleigh-Strong et al. evaluated a series of 19 patients with acute
traumatic posterior SCJ dislocation treated with hamstring tendon autograft reconstruction
technique within 14 days from the injury [30]. After a minimum follow-up of three years,
they reported a high survivorship grade (96%), good clinical outcomes and a high rate
of return to sports, since 86% of patients who practiced sports were able to return to
their pre-injury level [30]. In addition, Provencher et al. analyzed patients operated with
a figure-of-eight technique, reporting a revision rate of 8.3% for recurrent or persistent
instability [1].

Using autologous tendons increases the risk of morbidity at the graft-harvest site as
well as infection associated with the use of the graft tissue, which, however, are rarely
reported [1-3]; conversely, it removes the intolerance to osteosynthesis devices and graft
rejection [1-3]. The authors did not report complications, neither at the graft site nor at the
SC]J surgical site.

Artificial ligaments are another similar surgical way to stabilize the SCJ in young
and active patients [28]. The employment of the LARS (Ligament Augmentation and
Reconstruction System) technique has been demonstrated to be a feasible option, able to
address both the costoclavicular and capsular ligaments [28]. Quayle et al. reported 5 cases
of SCJ dislocations treated with LARS and interference screws, with promising short-
and mid-term outcomes with lowering of pain and improvement of joint function [28].
However, in all these reconstruction procedures, fusion of the joint is avoided, and SCJ
motion is restored [1-3].
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Lastly, even if repair is usually not achievable [3], Kendal et al. proposed in acute cases
the use of synthetic material such as sutures passed through uni-cortical holes to repair and
augment the SC ligament, avoiding damage to the mediastinal structures and preventing
iatrogenic physeal injuries in children [2].

In the cases presented in this work, a high-strength suture tape was used as an internal
brace as described by Ingoe et al. [3].

This study, with its strengths and limitations, is significant in that it aligns with the
current literature. It does so by following the recommendations and adopting the most
suggested surgical technique.

However, it includes few patients and a one-year follow-up.

Moreover, since the number of participants is limited, a descriptive analysis of both
the surgical technique and the results with a comparison with the current literature was
mainly performed. A statistical analysis was not accomplished.

As mentioned, this is a common limitation in the literature since this pathology is rare,
and it is difficult for a single center to have a huge cohort of patients.

Consequently, for future research, higher-quality studies, especially multicenter stud-
ies with control groups or RCTs, will be necessary to determine the best surgical technique.

5. Conclusions

Traumatic posterior SCJ dislocation can lead to life-threatening consequences due
to its proximity to vital structures. After diagnosis, a closed reduction in the first 48 h is
suggested, and, in case of failure, open reduction and SCJ reconstruction are indicated. No
universal guidelines for the stabilization method exist, but the recent literature suggests a
figure-of-eight reconstruction with a tendon allograft or autograft. A series of posterior
traumatic SCJ dislocations is reported, managed according to the recent recommendations
either conservatively or surgically with a figure-of-eight semitendinosus tendon autograft
augmented with high-strength suture tape. Given the importance of SCJ motion for the
shoulder girdle, the authors of this paper adopted this technique, and they reported, at one
year of follow-up, a complete shoulder ROM with full strength throughout.
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LARS ligament augmentation and reconstruction system
ORIF  open reduction and internal fixation

RCTs randomized controlled trials
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Abstract: Background: Proximal humeral fractures (PHFs) are common, especially in the elderly, and
account for 4% to 10% of all fractures, with women more often affected than men. Treatments include
conservative methods, internal fixation and arthroplasty, with surgical approaches increasingly being
used due to technological advancements. This study analyzes the evolution of PHF treatments in
Italy from 2001 to 2022, using data from the Italian Hospital Discharge Records (HDRs) Database, and
includes a stratified analysis by age and sex. Methods: Using HDR data from 2001 to 2022, records
with ICD9-CM codes for proximal humeral fractures (812.0 and 812.1) among diagnoses were selected
and categorized into three treatment groups: arthroplasty, fixation and conservative. Time series were
analyzed with stratification by sex and age. Results: The extracted data included 486,368 records
of PHFs, with 223,742 cases treated surgically (arthroplasty or internal fixation) and 262,626 treated
conservatively; the average patient age was 66.6 years, with a higher proportion of women, especially
among arthroplasty patients. Over time, the use of fixation and arthroplasty increased from 20%
of treatments in 2001 to over 60% in 2022, with fixation becoming the most common treatment
method by 2014 and arthroplasty significantly increasing among women, particularly in the 65-74
and 75-84 age groups. Conclusions: The study shows that in Italy, over the past two decades,
treatment for PHFs has shifted from conservative methods to a preference for internal fixation and
increasingly for arthroplasty, particularly among women and patients aged 65-84, reflecting evolving
trends and technological improvements.

Keywords: proximal humeral fractures; arthroplasty; shoulder; administrative data; epidemiology;
registries; public health

1. Introduction

Proximal humeral fractures (PHFs) are very common and represent a serious health
problem [1]. They are among the most frequent fractures in adults [2] and one of the
most common age-related fractures in the elderly, with women more often affected than
men. According to several studies conducted in different populations, prevalence ranges
from 4 to 10% of all fractures [3]. PHFs account for about 80% of all humeral fractures. In
general, they mostly occur after the age of 50 with low-energy trauma, whereas for patients
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younger than 50, high-energy trauma is involved, mainly in male patients [1]. It has been
suggested that this rate increases as the average population age rises [4,5]. The incidence
rate of these fractures varies considerably depending on the geographical area and the
year of the study [6,7]. The treatment is sometimes controversial, and some cases may
be technically challenging. Numerous studies have attempted to determine the optimal
treatment for PHFs, but no definitive guidelines have been established, particularly in
three- and four-part fractures and in the elderly population [8]. The difficulty lies mainly in
finding the most appropriate treatment depending on the number of bone fragments and
the involved areas of epiphysis [9,10]. The controversy between conservative and surgical
treatment has intensified after the publication of the ProFHER trial [11]. Moreover, there
is still considerable debate around comparisons of various operative modalities, mainly
between intramedullary nailing, open reduction with internal fixation and arthroplasty,
as to which is the best method to achieve better functional outcomes [12,13]. Indeed,
several variables influence the choice of treatment, including age, bone quality, daily
activities and other factors. Even the classification system for PHFs lacks consensus: while
the Neer classification is globally the most widely used, other systems, such as those
by Hertel or the AO system, are also applied [14,15]. Furthermore, for the same type of
fracture, various fixation techniques and systems are frequently employed, leading to some
confusion regarding the gold standard to be adopted [16]. Anyway, in recent years, the
operative approaches seem to be increasingly used in many countries due to surgical and
technological innovation.

The aim of this study is to describe how the approach to treating PHFs has evolved
in the last two decades in Italy, with a particular focus on the differences in time trends of
conservative treatment, fixation and arthroplasty, using population data from the Italian
Hospital Discharge Records (HDRs) Database between 2001 and 2022. A stratified analysis
by patient age and sex is also provided.

2. Materials and Methods

The Italian Ministry of Health consolidates the National Hospital Discharge Records
(HDRs) Database annually and provides the Italian National Institute of Health with it. This
data source allows the collection of administrative, demographic and clinical information
on almost every hospitalization in the country, with coverage increasing from 94.2% in
2001 to 99% in 2019 [17]. Medical procedures performed during hospitalization and
related diagnoses are reported in HDRs by using the ICD9-CM international classification
coding system.

HDRSs for the years from 2001 to 2022 were browsed, and only those records where at
least one ICD9-CM code for diagnoses with the first four digits equal to 812.0 (Fracture of
upper end of humerus closed) or 812.1 (Fracture of upper end of humerus open) appeared
in one or more field of main or secondary diagnosis were selected. Records were then
divided into three groups, based on ICD9-CM codes appearing in any of the main or
secondary procedure fields, according to the procedure performed during hospitalization.
If the code 81.80 (Total shoulder replacement) or 81.81 (Partial shoulder replacement)
appeared, the patients were considered as treated via “Arthroplasty”. If the code 79.10
(Closed reduction of fracture with internal fixation), or 79.11 (Closed reduction of humeral
fracture with internal fixation), or 79.30 (Open reduction of fracture with internal fixation),
or 79.31 (Open reduction of humeral fracture with internal fixation) appeared, the patient
was considered as treated with internal “Fixation”. If none of the above-mentioned codes
appeared, the performed treatment was considered as “Conservative”.

The operative flow reporting the data extraction process is the following:

IF (812.0 OR 812.1) IN diagnoses (first four digits) THEN keep the record

IF (80.80 OR 80.81) IN procedures THEN record is arthroplasty

IF (79.10 OR 79.11 OR 79.30 OR 79.31) IN procedures AND (81.80 OR 81.81) NOT IN
procedures THEN record is fixation
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IF (79.10 AND 79.11 AND 79.30 AND 79.31 AND 81.80 AND 81.81) NOT IN procedures
THEN record is conservative

This operative flow introduces by construct a hierarchy in the group assignment.
Arthroplasty is at the highest level of the hierarchy, while conservative treatment is at
the lowest one and fixation is in between. This respects the burden of the treatment on
patients, with arthroplasty being the most invasive and definitive treatment, used when
the others would have no or little efficacy, while conservative is the one with the lowest
impact and fixation represents an intermediate approach. This hierarchy implies that, for
instance, a record for which both arthroplasty and fixation codes appear would be labeled
as arthroplasty, assuming that it was necessary after an ineffective fixation.

Once the records of interest were extracted, the time series were analyzed on an
annual basis for overall surgical volume and stratified by sex and age class, according to the
partition used by the Italian Arthroplasty Registry: Age <45;45 < Age < 55; 55 < Age < 65;
65 < Age <75;75 < Age < 85; Age > 85 [18]. Both absolute counts and proportions were
taken into account. The series were decomposed and variations in trends and proportions
were investigated via the Cox—Stuart test and the Proportion Trend test, respectively. The
threshold for statistical significance was fixed to 0.05. Statistical analysis was performed
via software R version 4.2.3 (2023-03-15 ucrt)—"Shortstop Beagle”.

3. Results

The HDR Database included 231,601,523 records from 2001 to 2022. Out of these,
486,368 records were extracted as satisfying the condition on diagnoses involving fractures
of the upper end of the humerus. In total, 223,742 cases were treated via invasive surgery
(either arthroplasty or internal fixation) and 262,626 were treated with a conservative
approach. The data extraction process is summarized in the flowchart in Figure 1.

Total Hospital Discharge Records collected in Italy
between 2001 and 2022

N = 231,601,523

interest

N =231,115,155

Records not reporting diagnosis codes of

(ICD9-CM 812.0 or 812.1)

Records reporting diagnosis of
“Fracture of upper end of humerus”
(ICD9-CM 812.0 or 812.1)

N = 486,368

L

Arthroplasty

Records reporting arthroplasty
procedures
(ICD9-CM 81.80 or 81.81)

N =35,160

Fixation

Records reporting fixation but
not arthroplasty procedures
(ICD9-CM 79.10 or 79.11 or 79.30
or 79.31)

N = 188,582

Figure 1. Data extraction flowchart.
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The overall average age was 66.6 (21) years, with patients treated by arthroplasty being
generally older than the other groups, with an average age of 73.5 (11.2) years. Patients
were mainly females (70.3%), in particular among those treated with arthroplasty (82.5%).
Patient distribution over sex and age classes is reported in Table 1.

Table 1. Patients’ features by treatment group.

Arthroplasty Fixation Conservative Total
N 35,160 188,582 262,626 486,368
Age 73.5(11.2) 63 (19.2) 68.3 (22.8) 66.6 (21)
Females 29,001 (82.5%) 128,213 (68%) 184,694 (70.3%) 341,908 (70.3%)
Males 6159 (17.5%) 60,369 (32%) 77,932 (29.7%) 144,460 (29.7%)
Age <45 219 (0.6%) 27,629 (14.7%) 33,900 (12.9%) 61,748 (12.7%)
44 < Age <55 881 (2.5%) 20,941 (11.1%) 16,541 (6.3%) 38,363 (7.9%)
54 < Age <65 3925 (11.2%) 35,796 (19.0%) 30,324 (11.5%) 70,045 (14.4%)
64 < Age <75 12,468 (35.5%) 48,448 (25.7%) 53,497 (20.4%) 114,413 (23.5%)
74 < Age < 85 15,055 (42.8%) 43,143 (22.9%) 79,388 (30.2%) 137,586 (28.3%)
Age > 84 2612 (7.4%) 12,625 (6.7%) 48,976 (18.6%) 64,213 (13.2%)

The number of hospital admissions considering the ICD9 codes of interest significantly
decreased in the observed period (p < 0.01). The number of fractures treated with fixation
and arthroplasty increased over time, both in absolute terms and proportion, shifting from
20% of the total treatments in 2001 to over 60% in 2022 (p < 0.01). The number of internal
fixations increased until it exceeded the number of conservative treatments in 2014, and it
remained the most used way to treat PHFs until 2022. When stratifying by sex, fixation
became the most used technique for males in 2013 and for females in 2014. Moreover,
arthroplasty strongly increased in females, accounting for 20% of the total choices for
females (Figure 2 and Supplementary Materials).
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Figure 2. Trends by treatment group (2001-2022). Counts (left column) and proportions (right column),

overall and by sex. Dark gray: arthroplasty; gray: fixation; light gray: conservative.

The age class analysis highlighted that the increase in preference towards arthroplasty
was stronger in age classes 65-74 and 75-84 (Figures 3 and 4 and Supplementary Materials).
In general, this approach increased only slightly and is usually avoided in the youngest
and oldest patients.

Fixation became the most performed treatment in all age classes except for the elderly,
more precisely in the age class over 84 years, where the conservative approach was always
the most preferred option (Figures 3 and 4 and Supplementary Materials).
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4. Discussion

This study targeted the analysis of the evolution of PHF treatment approaches in
hospitalized patients over a period of 22 years (2001-2022) in Italy, mainly observing the
differences in time trends for arthroplasty, fixation and conservative treatment in the Italian
population with stratification by age and sex. The work highlighted how the approach
to treating PHFs in Italy has changed over the last two decades. The use of arthroplasty
has increased over time, and although it was the less used approach during the 22 years
under consideration, it accounted for almost 20% of all treatment choices in 2022. Fixation
has increased over time, remaining the preferred treatment during the observed period.
Conservative treatment, which was the most used approach in 2001, has been decreasingly
used over time and was overtaken by fixation in 2014. Arthroplasty is an increasingly
selected option for females and for patients between 65 and 84 years of age. On the other
hand, the choice of fixation spikes among the youngest, while a conservative approach is
the preferred option for the elderly.

In recent years, there have been considerable improvements in surgical options for
PHEF treatment. Open reduction internal fixation with angular stability systems, minimally
invasive plate osteosynthesis surgical approaches, 3D reconstruction models, computerized
planning software, jig cutting guides, patient-specific instrumentation, robotic-assisted
surgery and, more recently, artificial intelligence are the most notable advancements in PHF
surgery [19,20]. The introduction of locking plates has broadened the possible indications
for open reduction and internal fixation. This treatment option is favored, in particular for
younger patients, for most fracture configurations, as it is suitable for four-part fractures and
allows direct visualization of the reduction and grafting techniques [21,22]. The evolution
of reverse total shoulder arthroplasty design [23] and the continuous improvement of
the surgical technique have led to better and more reproducible outcomes, especially in
complex fractures and in older patients [24]. Indeed, studies have shown that arthroplasty
might provide a benefit for patients, even if more invasive and expensive than fixation.
Nowadays, this surgical option may allow for a shorter recovery time and a better functional
restoration [13], especially in the 64-75 age group where the use of this technique has
significantly increased. Furthermore, arthroplasty is preferred in women over 65 years
of age compared to men, probably due to the higher bone fragility that would cause less
successful fixation [25]. On the other hand, arthroplasty is less used in younger patients
because of the naturally limited device survival, which could potentially lead to multiple
revisions during the lifespan of the patients. At the same time, for patients over 85, this
surgical procedure may have a higher impact on their general health because of the high
surgical risk. However, based on the recent results of a Cochrane Systematic Review [26], it
seems that there is evidence of no differences between surgical and non-surgical treatment
in patient-reported function and quality of life. Moreover, there is no clear indication
of which treatment is preferable, considering that surgery compared with non-surgical
treatment showed high or moderate evidence that it does not have a better outcome at one
and two years after injury.

The results of the current study confirm the trend observed in Germany until 2016,
where the operative treatment of PHFs by fixation and arthroplasty increased [27]. On the
other hand, they contrast with the findings in Australia, Finland and the USA, where the
non-operative approach is increasingly preferred together with arthroplasty, in particular in
patients over 65 and in females, whereas the fixation approach is decreasingly used because
of the risk of postoperative complications [28-31]. Further studies at the international
level, providing population data and a wide variety of metrics (socioeconomics, health,
sport and diet habits, environmental), may investigate differences in incidence between
countries, injury patterns and reasons behind the choices of treatment. At present, the
lack of evidence may lead to different approaches and clinical practices being followed in
different countries.

To our knowledge, this is the first population study performed in Italy on PHFs and
related treatments at the population level and over such a long period of time. This study
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therefore offers a global view of the PHF phenomenon and shows how its treatment has
evolved over 22 years. Furthermore, the analysis by sex and age gives a clear picture of the
evolution of this issue in the population by its characteristics.

The main limitation of this study lies in the administrative nature of the data used. The
diagnosis and related treatment procedure were identified by using the ICD-9 ICM coding,
which could be subject to error due to the incorrect compilation of the source data and the
lack of an audit on the accuracy and clinical significance of the codes reported. Indeed,
the ICD9-CM codes for arthroplasty only distinguish between total and partial shoulder
replacement and cannot identify revisions. This may result in a bias of analyzed counts
and does not allow for further studies on device survival and the subsequent efficacy and
safety of arthroplasty in the treatment of PHE. Moreover, ICD9-CM codes do not provide
technical information on the device, like the design (anatomical or inverse), making any
discrimination impossible in such sense. Therefore, the use of such administrative data
is useful to provide an overview of the epidemiological patterns in hospitalized patients,
but caution should be recommended when drawing a conclusion of clinical relevance. A
further possible limitation of this study is related to the fact that, due to the intrinsic nature
of the data collected, we only evaluated patients with PHFs requiring hospitalization,
excluding from the analysis those treated conservatively in outpatient care. As only a
small percentage of patients intended for conservative treatment are admitted to hospital,
this introduces a potential bias regarding the real number of surgical and conservatively
treated patients. Another limitation is that this system lacks a classification of fractures and
does not provide information on the severity of fractures, which certainly influences the
indication to treatment.

HDRs do not report any information on design, materials of the devices or periop-
erative information (e.g., operated side and approach), which makes it difficult to carry
out a complete assessment of arthroplasties. For this reason, given the increasing trend in
arthroplasty, in particular for patients between 65 and 84 years of age, a dedicated tool for
data collection, focusing on meaningful information about the devices and the procedures,
is of primary importance. To this purpose, the Italian Arthroplasty Registry (Registro
Italiano Artroprotesi, RIAP [32]), established by law at the Italian National Institute of
Health (Istituto Superiore di Sanita, ISS, Rome, Italy), has been collecting records about
shoulder replacements with a specifically implemented data collection flow since 2017. The
RIAP registry, like all medical device registries, is an extremely powerful and important
tool for monitoring the long-term safety and efficacy of devices, thereby contributing to
the protection of patient health. As proved by arthroplasty registries worldwide, such
tools allow the long-term tracking of devices, enabling the early identification of potential
safety problems, subsequently enhancing product recalls if necessary, and allow studies
with high detail on important clinical issues. For instance, registries make it possible to
perform dedicated studies analyzing devices” design and technical information, which is
essential for deriving epidemiological and clinical conclusions to improve patients” health
and decision-making. However, registries need to be continuously fed with complete and
representative data on the phenomenon, which is not yet possible for RIAP, given the
current voluntary nature of its feeding [33,34].

5. Conclusions

The study highlights that over the past two decades in Italy, there has been a significant
shift in the treatment of PHFs in hospitalized patients, with a marked increase in the use of
surgical methods, particularly fixation and arthroplasty, which has increased from 20% to
over 60% of treatments. This trend is especially evident among older patients and women,
with fixation becoming the leading treatment method since 2014. The preference for
arthroplasty has grown notably in the 65-84 age groups, indicating an evolving approach
towards more invasive treatments over time due to technological advancements and
improved outcomes.
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The significant increase in the number of joint replacements worldwide and the lack of
evidence for the treatment of PHFs highlight the crucial need to promote the establishment
of topic-specific registries to collect data prospectively on shoulder arthroplasty revision
surgery [24]. Indeed, the development of new technologies brings new prostheses with
new designs onto the market, and registries should be able to record as many features as
possible to properly monitor devices and produce reliable assessments.

To achieve this aim, the International Society of Arthroplasty Registries (ISAR [35])
paved the way to forge common agreements at the international level within the arthro-
plasty registry community [36]. The Orthopaedic Data Evaluation Panel (ODEP), an
independent panel of experts, provides objective evaluation of the evidence reliability
of medical implants performance. It has developed a system to assess shoulder pros-
theses up to 10 years survival and has already evaluated 154 items related to shoulder
replacement [37].

A synergic interaction between these different infrastructures may provide sound
evidence for a better and safer treatment of patients, which should be reflected in an
improvement in patient safety.
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Abstract: Background: This retrospective study is the only one in the last 10 years from central
Europe and provides a current picture of prevalence, new diagnostic modalities, new methods of
surgical treatment, and also offers new insights into post-operative care. Triceps tendon rupture is
the least reported among all the tendon injuries in the literature. In general, effective treatments
for tendon injuries are lacking because the understanding of tendon biology lags behind that of
the other components of the musculoskeletal system. Tendon tissue has a low number of cells and
growth hormones and thus a lack of natural healing ability. Understanding the links between the
mechanical and biological parameters involved in tendon development, homeostasis, and repair
is a prerequisite for the identification of effective treatments for chronic and acute tendon injuries.
Methods: The authors statistically evaluated the set of patients with this diagnosis in the largest
University Hospital in Slovakia over the last 10 years. Results: Between 2014 and 2023, 23 patients
with distal triceps tendon ruptures (DTTR) were treated at University Hospital. In some years not a
single patient with this diagnosis underwent surgery, reinforcing the idea that DTTR may be either
rare or underdiagnosed. The incidence in our region is 0.46 cases per 100,000 inhabitants. The average
age of patients was 57.7 years, with a male predominance of 90%. Less than half of the patients
(43.5%) underwent surgical intervention, and the median time from injury to surgery was less than
10 days. This rapid timeline indicates a high standard of medical care, given the semi-elective nature
of the surgery and the need for MRI (Magnetic Resonance Imaging) confirmation of tendon rupture
exceeding 50% of the fibers before proceeding with surgery. The three standard surgical techniques
were employed in approximately equal proportions. Conclusions: This study suggests that none
of the methods is currently preferred, and that the choice of the technique was largely determined
by perioperative findings and the surgeon’s discretion. Post-operative complications were minimal,
with only one patient experiencing any issues after surgery.

Keywords: distal triceps rupture; triceps repair; transosseous; suture anchor; rerupture; range of motion

1. Introduction

The most common tendon injuries are rotator cuff tears of the shoulder, hand flexor
injuries, and achilles tendon injuries [1]. Triceps tendon rupture is the least reported among
all the tendon injuries in the literature [2,3]. 65 years ago, Anzel evaluated a series of
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1014 patients with tendon ruptures in various locations, and triceps tendon ruptures
accounted for only 0.8% of this series [4]. Currently the prevalence is increasing, and the
prevalence of triceps tendon injuries has been found to be 3.8% [5]. Theoretically, the types
of tendon injuries are tendon avulsion or inside the muscle belly. In practice, a rupture
almost always occurs in the area of the tendon-bone junction, and the cause is an eccentric
contraction of the triceps causing a tendon deformity of more than 8% [6]. Traditionally
the triceps tendon has a uniform attachment to the olecranon ulnae. This premise has
caused problems in assessing the degree of damage in traumatic triceps tendon ruptures.
In 2006, an anatomic study by Madsen confirmed that in most cases the medial head of
the triceps has a single attachment to the olecranon ulnae [7]. This insertion is located in
a deeper layer and forms a narrower part of the attachment, and very rarely is only this
part damaged [8]. The long and lateral head of the triceps has a common attachment that
runs more superficially, gradually extending laterally into the surrounding area towards
the musculus anconeus, which helps to strengthen the bone-tendon junction. The width
of the attachment correlates with the size of the olecranon and ranges from 20 to 40 mm.
Paradoxically, the thickness of the tendon is not as pronounced. The attachment itself
occupies a large surface area, reaching 400 mm? in diameter and is dome-shaped [9]. These
current findings are particularly important in partial tendon ruptures when a decision
has to be made whether to proceed conservatively or with surgical revision. MRI is an
appropriate method of choice to accurately assess the current condition. A schematic
representation of the three basic types of partial DTTR rupture can be seen in Figure 1,
while the normal anatomic attachment relationships of the triceps tendon in sagittal section
to the olecranon ulna and a sub-complete rupture of the triceps tendon of the right hand
are shown in Figures 2 and 3. Furthermore, the place of attachment of the individual heads
of the triceps to the olecranon ulnae is presented in Figure 4.
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Figure 1. Illustration of the three basic types of DTTR partial rupture. (A): “Superficial tear”—the

tendinous portion of the lateral and long head of the triceps (B): “Deep tear”—the deep muscular por-
tion of the distal triceps involving the medial head of the triceps (C): “Full body tear”—a sub complete
tear of the DTTR. (D-F)—coronal planes showing partial, complete, and lateral involvement [10].

Figure 2. Normal anatomic attachment relationships of the triceps tendon in sagittal section to the
olecranon ulnae. MRI: A—olecranon, B—medial head, C—common tendon of lateral and long head
(own source).
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Figure 3. Sub complete rupture of the triceps tendon of the right hand (own source). Yellow line: that
is the place of the rupture.

Figure 4. Place of attachment of the individual heads of the triceps to the olecranon ulnae (Own source).

2. Diagnosis and Design of Appropriate Treatment

It is surprising, given the ease of access and palpation of the triceps tendon in a healthy
individual, how many incorrect diagnostic conclusions are described in the literature
for triceps tendon injuries. Patients presenting with partial tears or complete tears may
also have only subtle differences in clinical manifestations. This can lead to difficulty in
differential diagnosis and therapeutic decision-making. It is not uncommon for a patient to
present to a rehabilitation outpatient clinic with a partial tendon lesion that nevertheless
meets the criteria for surgical treatment. Surgically treated acute tendon injuries have a
treatment success rate of more than 95%; on the contrary, conservative management always
results in a functional deficit, especially in young patients working manually, and studies
also indicate an increased risk of re-injury (re-rupture) with a non-operative approach [11].
If more than 50% of the tendon bundles are ruptured and the time since the injury is no
more than a few weeks, it is appropriate to refer the patient immediately to an orthopaedic
outpatient clinic for consideration of suture and fixation of the tendon to the olecranon
ulnae. The examination of the patient begins with taking a medical history with a focus
on the mechanism of injury. A fall on an outstretched hand may result in an injury mostly
to the lateral and long head of the distal triceps tendon and an intact medial head tendon;
however, direct injuries can involve full-thickness ruptures. Clinical examination of the
patient alone may not always confirm the diagnosis. Patients typically present with pain,
bruising, ecchymosis, swelling, and a decreased active range of motion (Figure 5). Palpable
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defects are commonly found and present in up to 80% of patients [12]. Provocative tests may
be helpful, e.g., the modified Thompson squeeze test: the patient lies prone with the elbow
at the end of the table and the forearm hanging down; the triceps muscle is firmly squeezed;
and the inability to extend the elbow against gravity suggests complete disruption of the
triceps proper and lateral expansion. Incorrect assessment of the extent of the damage
results in non-indication of surgical treatment. The second possible scenario points to the
risk that more extensive tendon damage (more than 50%) develops into complete damage,
and subsequent complete rupture of a chronic nature requires a different surgical procedure.
Primary repair of a torn triceps tendon is possible within the first 3 weeks after injury.
The management of chronic tendon ruptures is a challenge. Plain radiographs should be
presented in every case. The presence of small flakes superior to the olecranon is a tell-tale
sign of an avulsion fracture—this picture may not always be present, but on the other hand,
its presence confirms the diagnosis. An ultrasonography (US) examination is advantageous
in terms of time, cost-effectiveness, and accessibility [13]. Direct patient interaction allows
direct correlation with the site of pain through comparison with the contralateral elbow.
Dynamic US allows the use of stress maneuvers and visualization of transient conditions
that may not otherwise be revealed during static examination. MRI is the method of choice
in the indication of surgical treatment for partial tendon lesions. An MRI best evaluates
isolated medial head attachment. We then proceed in a non-sodial fashion when evaluating
the MRI. On sagittal sections we focus on the olecranon ulnae and see the fat pad overlying
it, usually. Next, we look for a hematoma, which confirms that this is a traumatic event. The
medial head of the triceps bypasses the fat pad. Its partial rupture is called a deep triceps
tendon rupture. Conversely, the remaining two heads of the triceps, when ruptured, are
seen retracted several centimeters from the olecranon, superficially deposited and possibly
with a small bony fragment detached from the tendon portion of the olecranon. Bursitis, or
chronic tendinopathy, is also a frequent concomitant finding.

Figure 5. Condition immediately after the injury, mobility in the elbow joint was preserved as it
was a partial lesion that gradually expanded with insufficient immobilization. Partial tears may be
easily missed, as patients may have a good range of active motion but do typically present with
reduced power on extension of the elbow. A palpable “step-off” defect will confirm the diagnosis
(own source).

3. Surgical Treatment

In general, any tear that exceeds 50% of the tendon integrity and full-thickness tears
are surgically treated. There is consensus that surgical treatment leads to excellent results.
Conversely, conservative management can lead to functional deficits, especially in young,
active patients performing manual occupations, and studies indicate an increased risk of
re-injury (re-tear) with a non-operative approach. There is also a risk of misdiagnostic
assessment of the degree of tendon damage in that delayed reconstruction may require
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a tendon graft. Surgical treatment of the ruptured triceps tendon is currently performed
in a day surgery setting. The surgery itself can be performed openly, arthroscopically,
or percutaneously. In Slovakia, only the open approach is currently used. Safety at the
suture-tendon interface is a critical component of soft tissue fixation. The Krackow suture
became a concept after its introduction by Ken Krackow in 1986. Over the next 3 decades,
different variants of the Krackow suture technique were developed: the McKeon double
Krackow suture (MDK), the Ostrander modified Krackow suture (OMK), and the Wilson
double Krackow suture (WDK). Biomechanical testing demonstrated that the MDK had
less elongation after cyclic loading than the WDK suture, but no differences in the ultimate
load to failure were found between the three groups. No differences in cross-sectional
diameter were found between the constructs [14]. The requirements for suture material
include good sliding properties, lack of bulkiness, and high tensile strength to maintain
tissue approximation. New suture materials with a salt-infused silicone core were designed
to minimize laxity and preserve consistent tissue approximation in order to avoid gap
formation [15]. Salt attracting the water in a liquid environment and fluid absorption leads
to radial expansion of the suture material due to swelling of its core, resulting in shortening
of the braid and thus a self-tensioning of the suture material. Also, an important part of
surgical technique in tendon suture is the question of how many knots are required to
ensure long-term strength in postoperative rehabilitation. The practice of 7 needed knots to
achieve knot security is standard for commonly used sewing material [16]. On the other
hand, slippage and self-seating of the knots under load are unavoidable even with the
highest tying loads. Surgery is preferably performed within the first three weeks of injury.
Because of the heterogeneity of types of tears, repair techniques, and outcome measures,
it is impossible to determine the superiority of one technique over another. Three basic
methods of attaching the tendon to the olecranon are transosseous tunnel only (TT), suture
anchor only (SA), and transosseous tunnel plus suture anchor (TTSA) repair techniques.
However, given the similarities between the various methods of repair, surgeons can be
confident in repairing this type of injury by whichever modality they deem appropriate.
Previous data may have encouraged surgeons to perform a more costly procedure in
hopes of improved postoperative outcomes. Currently, based on literature sources and our
experience, surgical repair of the avulsed tendon has proven to give universally good results
irrespective of the technique. There is no consensus among surgeons on the best method of
repair. Our surgical technique provides a solid tendon repair without the need for further
osteosynthetic removal. Despite the success of operative repair, it is also associated with a
relatively high complication rate, with reports as high as 22%. Common complications are
re-rupture, infection, and ulnar neuropathy. For chronic ruptures, a primary tendon repair
is not possible due to the degenerated tendon quality with significant tendon retraction, and
tendon transfers are required. The reconstruction with a graft includes achilles allograft or
ipsilateral semitendinous tendon, anconeus, latissimus dorsi, plantaris, or palmaris longus
tendon. Partial tears can be treated conservatively with bracing and physio.

Post-Operative Course—Phases of the Healing Process

There is no consensus in the literature regarding the optimal postoperative protocol,
the duration of immobilization, and the timing of rehabilitation. We recommend the
rehabilitation program be divided into three phases. Common sense is the rule. When
setting up the protocol, it is advisable if the physiotherapist has the hospital discharge
report and the operative protocol. Age, associated conditions, preoperative extent of
tendon damage, and method of tendon fixation are taken into account, and an individual
rehabilitation plan is created [17]. One-size-fits-all does not exist. The healing process in
the case of a ruptured tendon takes place in three phases [18]. Understanding the healing
process of the tendon is the pathway to successful restoration of function.
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4. Phase 1
4.1. Histopathologist’s View: Phase 1—Inflammation

Every healing process begins with an inflammatory reaction [19]. Initially, a fibrin net-
work is formed at the site of injury, which facilitates the migration of macrophages and
neutrophils to the site of injury [20]. Wound macrophages are activated with the help
of rPDGF-BB (recombinant platelet-derived growth factor-BB) [21]. We have two main
phenotypes—M1 macrophages, which have a pro-inflammatory effect, creating a protec-
tive barrier against pathogens and removing waste products of metabolism. The other
type is M2 macrophages, which promote healing and tissue remodeling by releasing spe-
cific growth factors [1,20,22,23]. At the same time, pro-inflammatory cytokines and other
substances are released from these cells to aid the healing process. Another important com-
ponent is the tenocytes that arrives at the site of damage. Tenocytes are the cells in which
the extracellular matrix (ECM) and its most important component, collagen, and growth
factors are formed [24]. The inflammation phase lasts only a few days after the injury (or
surgery) and ends around the time when the sutures are removed from the surgical wound
and the first follow-up by the surgeon is carried out, i.e., week 2. We can also stimulate
this phase medially or, on the other hand, dampen it. As an example, Virchenko’s find-
ings that systemic administration of non-steroidal anti-inflammatory drugs (NSAIDs) for
7 days after achilles tendon injury in rats produced tendon healing with lower mechanical
resistance and reduced cross-sectional area of the healed area [25]. On the other hand,
tendon healing was improved when the drug was started only from day 6 post-operatively,
which is explained by the cessation of excessive pro-inflammatory activity [26]. Therefore,
the early inflammatory cascade is neither to be disrupted nor dampened and is necessary
to restore the native properties of the tendon. Whereas in the later period, the persistence
of inflammatory activity has, on the contrary, a detrimental effect on healing.

4.2. Rehabilitation Physician’s View: Phase 1—Protective

Early mobilization after tendon surgery is crucial to avoid commonly observed post-
operative soft tissue adhesions. Today, an individually manufactured dynamic brace is
applied directly in the operating room with adjustment of the possible passive flexion
according to the extent of damage detected perioperatively. Usually, the elbow is placed in
30-45° elbow flexion with the forearm in a neutral position, and the wrist is often supported.
Post-operative position is decided by the surgeon, based on tension and quality of the
tendon repair. This position is unique to each patient. The goal is a progressive elbow
flexion by weekly advancing the range of motion block. Also, in our series a few years ago,
we used the RICE (rest, ice, compression, and elevation) protocol and left the cast splint for
the first 2 to 3 weeks. This acronym was first used by Dr. Mirkin [27]. However, Mirkin
himself later admitted that rest was not the best way to heal an injury. Ice packs for the
first few days after surgery are really effective in controlling pain and helping to reduce
swelling. Elevating the limb slightly above body level by supporting the brace acts as a
preventive measure against the increase in swelling that occurs for the first 2 weeks in the
forearm area, and mild compression prevents unwanted movements. Exercises that can be
practiced in the first phase: passive rotation of the forearm, passive later active flexion of
the forearm gradually up to 45°. It is not recommended to massage the surgical scar area.
It is also important to focus on the PROM (Passive Range of Motion) in the shoulder joint
area, which is stiffened when the brace is worn 24 h a day for several weeks, which has its
own weight. The long head triceps tendon on the scapula also plays a role.

5. Phase 2
5.1. Histopathologist’s View: Phase 2—Proliferative

Tenocytes form new collagen fibers and gradually bridge the defect. The main compo-
nent of the extracellular matrix (ECM) is type I collagen. Its structure, and thus strength,
is not like that of mature collagen fibers, which have developed a precise spatial struc-
ture. How the spatial arrangement of collagen is gradually formed is not clear at present.
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Tendon stem/progenitor cells called TSPCs also come in and help to repair the damaged
site. Transcription of specific genes—scleraxis (Scx), mohawk (Mkx), and Egrl, which
induce tenogenesis in stem cells—occurs. Angiogenesis occurs immediately after injury,
and the number of vessels/mm?> gradually increases with a peak on day 3, followed by a
gradual decrease during phase 2.

5.2. Rehabilitation Doctor’s View: Phase 2—Restoration of Mobility

From the very first days after the operation, the patient performs active flexion in
the elbow joint to the extent allowed by the surgeon’s adjustment of the dynamic brace.
The main goal in phase 2 is to achieve full ROM (range of motion)—the act of moving as
far as anatomically possible during a given exercise. In some situations, movements are
sometimes restricted for several weeks in order to avoid gap formation between the sutured
tendons, jeopardizing their healing. In this phase we can start with early controlled motion
(ECM). There is not really a consensus in the literature about the optimal time frame to begin
early controlled motion. Currently, we start the exercise phase immediately after suture
removal, i.e., on post-operative day 8 to 12. This phase is crucial in terms of range of motion
in the elbow joint. The goal is to achieve a normal range of motion—extension 0° to —10°,
flexion up to 140-150° and pronation 90°. At the first meeting with the physiotherapist,
the range of passive movement will be measured with a goniometer, grip strength will be
measured with a dynamometer of both limbs, and the circumference of both limbs will
be measured for comparison in the elbow, forearm, and just below the deltoid muscle
(most pronounced atrophy in the shoulder area). Gradually increase the range of motion at
both the elbow and shoulder—increasing the angle of the elbow ideally 10-15° per week.
Painfulness as the tendon heals paradoxically subsides as it is gradually loaded. Leaving
the brace on overnight is a prevention of damage to the suture in sleep. In general, it is
advisable to exercise independently at least twice a day, and each visit to the rehabilitation
clinic is associated with a change of exercises according to the improvement of the range of
motion. We can use stick exercises—where the healthy hand provides passive movement at
the injured limb—and ball exercises to exercise the forearm muscles. We provide ongoing
skin care and massage of the surgical wound to prevent post-operative adhesions to the skin.
Properly chosen load increases collagen repair; conversely, overloading or underloading can
have negative effects on the tendon. Mechanical stimulation promotes cell proliferation and
collagen synthesis, which improves tendon repair and remodeling, increases tendon tensile
strength, and reduces adhesion. Mechanical loading in varying degrees has a positive
effect during all phases. The combination of Phase I and Phase II takes approximately
the first 6 weeks after surgery, and this is exactly the time it takes for the patient to reach
full range of motion. Some centers also use supportive therapies such as low-frequency
ultrasound [28], pulsed magnetic fields [29], and dry needle technique. Two to three
sessions at weekly intervals are usually recommended; the effect occurs relatively quickly
within 48 h and is associated with improved blood circulation, stimulation of cellular
activity, and pain relief. The term “dry” is intended to emphasize that the needle does
not serve to administer any medication [30]. Another method reported in the literature is,
e.g., “band flossing”—a method that consists of fixing the affected joint with a special
bandage that causes compression, thereby reducing pain during movement and, conversely,
after removal, a “sponge effect” improves blood circulation to the affected area [31]. We do
not indicate supportive therapy in the patient and rather emphasize exercises. Swimming
exercises are recommended about 5 weeks after surgery. All other types of exercises are
performed standing or seated, without much involvement of the triceps itself.

6. Phase 3

To achieve effective healing, a balance needs to be struck between too low a load, which
leads to increased adhesions, slowed maturation of reparative tissue, and, in particular,
stiffness and thus joint soreness, and too high a load, which leads to tearing or rupture at
the original site of damage.
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6.1. Histopathologist’s View: Stage 3—Remodelling

After about 10 weeks, the fibrous tissue gradually changes to scar tissue, and this
process continues for the following years. Mature tendons contain predominantly tenocytes
and tenoblasts, which account for around 90-95% of the cell population [32]. The healed
tissue does not reach the biomechanical properties before injury, and abnormality can
be observed even one year after injury [33]. Due to the large difference in mechanical
properties between tendon and bone tissue, a large concentration of stress is generated
at the junction of the two parts, and the rights of this junction are at the highest risk of
damage during postoperative rehabilitation. The attachment of the uninjured tendon to
the bone is the so-called “enthesis”. This site is exposed to particularly high mechanical
forces, and protection from damage is addressed by the condensed structure of the tendon
at the junction and the shallow angle of attachment of the tendon to the bone [34]. The ex-
tracellular matrix (ECM) remodels and forms a more organized structure through collagen
exchange with the formation of collagen cross-links. Cell density and vascularity gradually
decrease.

6.2. Physiotherapist’s View: Phase 3—Muscle Strengthening

Here comes the main tool for restoring the functional and biomechanical properties
of the tendon to pre-injury levels, and that is gradual loading of the tendon. The tendon
is a mechanosensitive tissue, and this property allows us to treat it when it is injured
based on mechanical loading and deforming it sufficiently [35]. Gradual loading of the
triceps muscle starts on an individual basis, usually after 6 to 10 weeks. Here, we have
found it very useful to start with the exercise in the prone position, the bent elbow hanging
loosely off the edge of the bed, and slowly the patient tries to extend the arm and thus
actively engage the triceps muscle itself. Also, in this position it is excellent to practice
the shoulder joint, but in a relaxed manner, not trying to forcefully tighten the range of
motion. Here, the patient suddenly realizes how greatly the triceps muscle has weakened
by its inactivity. At this time, our goal is to gain the strength back. Theories state that our
muscles are able to handle 20-50% more load in the eccentric phase of the movement than
in the concentric phase of the movement, which implies that we can take advantage of the
higher load and create more mechanical tension in eccentric training. Mechanical tension is
directly proportional to building muscle mass. This is a logical explanation for why many
studies begin with eccentric exercises with the assistance of a second person or machine.
Muscles do not use their full potential in the eccentric phase, which in turn happens in the
concentric phase of the movement. In the eccentric phase of the movement, we perform a
slower movement, with better focus on the range of motion itself, thus preventing injury.
Eccentric training, on the other hand, is more demanding for recovery, and therefore we do
not perform strength exercises every day. In our case, however, with atrophied muscle, the
mere initiation of strength training is such a significant boost that muscle mass grows very
quickly in the beginning, regardless of exercise technique. This phase has the main motto:
injury healing is driven by applied mechanical loads. Remodeling of the scar tissue itself
in the injured area takes at least one year. An example for an eccentric contraction of the
triceps, i.e., from the outstretched arm, we go to the elbow flexion by the so-called braking
force—leaning both outstretched arms against the wall and gradually bringing the head
closer to the wall, or on the pulley, gradually releasing the weight upwards [36]. When
exercising with weights, the principle of small weights with a large number of repetitions
applies. Characteristically, and usually surprisingly to the patient, the volume of the muscle
itself lags visually despite the increase in muscle strength. Usually sixteen weeks after the
operation, sports-specific and work-specific activities begin. On the other hand, high loads
at the suture site can lead to gaps, microtears, or rupture of the suture site and consequently
to poor healing. Of course, we must never exercise against pain during any of the exercises.
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7. Materials and Methods

Twenty-three patients with triceps ruptures treated by surgery were included in the
retrospective study. All procedures for this retrospective study were approved by our
Institutional Review Board for this retrospective clinical study. All procedures followed
were in accordance with the ethical standards of the responsible committee on human
experimentation (institutional and national) and with the Helsinki Declaration of 1975,
as revised in 2008. All patients underwent proper clinical examinations, including pre-
operatively standardized MRI and, in the majority of cases, ultrasound scanning and then
treated by surgery. Physical examination included the assessment of pain at the affected
area, a questionnaire for elbow weakness and functionality assessment, and palpation for a
palpable defect. Standardized ultrasound scanning examination (ultrasonography) was
performed by an experienced ultrasonographer under the supervision of a musculoskele-
tal fellowship-trained radiologist. Also, MRIs images were read by fellowship-trained
musculoskeletal radiologists. The surgical technique does not influence the length of
the postoperative follow-up period. The final obligatory follow-up was conducted upon
the conclusion of the third phase of rehabilitation. The median follow-up period was
4.2 months, with an interquartile range of 3.3 to 5.4 months. This indicates that the majority
of patients have a comparable length of follow-up.

The University Hospital in Bratislava (the capital of the Slovak Republic) serves a
catchment area of nearly 500,000 inhabitants and is the largest hospital in the Slovak
Republic. This information helps to give an approximate idea of the prevalence of triceps
tendon injuries in this region. Between 2014 and 2024, over the past 10 years, 23 patients
with triceps tendon injuries were treated at the emergency or surgical outpatient clinic
of this hospital. Four distinct types of injuries were identified: acute tears, chronic tears,
partial tears (either acute or chronic), and snapping triceps. The study excluded patients
under 18 years of age, those with open injuries in the elbow area, patients with associated
fractures in the elbow joint, patients with snapping triceps, and patients with chronic
ruptures where primary tendon repair was not possible. The data were obtained from
hospital records. The issue of obtaining informed consent prior to surgical treatment, which
in our hospital always encompasses the potential utilization of documentation for scientific
purposes, remains a highly contentious topic in the medical community. In establishing the
doctor-patient relationship, it is crucial to recognize that the duty to provide information
shifts from what “a reasonable doctor or practitioner” might consider essential for the
patient to know to what “a reasonable patient” would need to know in order to make an
informed decision. All legal systems in the European Union require informed consent to
be obtained before any medical procedure is carried out, and there is a clear regulatory
framework. The information and subsequent expression of consent are based on a fiduciary
relationship between the doctor and the patient. In Europe today, the requirement for
safety and quality of healthcare has long since replaced the ‘original” requirement for
health, which is fully linked to the direct participation of users in life decisions [37]. In our
subgroup of patients, we focused on the patient’s ability to engage in informed decision-
making in relation to their healthcare. We paid particular attention to the overall benefit
and appropriateness of the care provided to ensure that it was tailored to the patient’s
individual needs. It is essential that patients receive clear and comprehensive information
regarding their treatment, available therapeutic options, and potential risks, including
in the post-operative period. In the Slovak Republic, only the doctor is responsible for
providing instructions to the patient. The question of the actual surgical technique and its
alternatives is explicitly delineated in the written consent form, which is provided to the
patient prior to the surgical procedure. In this document, the patient confirms in writing
that they are aware of the three basic surgical techniques that may be employed and that
they consent to the surgeon’s discretion in selecting one of these techniques based on the
findings of the perioperative evaluation. Conversely, other factors such as the timing of
surgery, the maximum waiting period, and the potential for alternative settings, including
conservative management, are seldom taken into account, despite their relevance to the
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patient. It is reasonable to conclude that each health professional is responsible for their
own actions that may affect psychophysical integrity and should therefore be required to
inform and obtain consent individually. However, when considering consent to treatment
in a broader sense, it is an error to break down the organic process into hundreds of
micro-activities carried out by individual, isolated professionals with a single act of consent,
particularly when this needs to be documented in writing. Out of the 23 cases, based on
clinical findings and imaging studies, surgical treatment was recommended for 12 patients.
Two patients declined surgery due to their subjective perception of sufficient range of
motion, age, and the nature of their work. We conducted this retrospective cohort study
on 10 patients with DTTR between 2014 and 2024. The procedure was performed under a
supraclavicular block or general anesthesia. The patient was positioned either in the lateral
decubitus or prone position, and the use of a tourniquet was left to the surgeon’s discretion.
A 10 cm posterior incision was made. The surgeon could repair the distal triceps rupture
using the technique they deemed appropriate or were most experienced with, as no single
method appeared to offer a lower risk of complications or reoperation.
For the data analysis we used Microsoft IBM SPSS software—version 25.

8. Results

Based on the processed data, we can formulate the following conclusions.
1. Incidence

Our findings align with the literature, confirming that, unlike tendon injuries in other
locations where incidence is rising for various reasons, triceps tendon ruptures remain
a rare injury. University Hospital provides healthcare services in the capital of Slovakia,
which has a population of approximately 500,000. Over a 10-year period, we treated
23 patients, averaging 2.3 cases per year. This incidence in our region is 0.46 cases per
100,000 inhabitants. For purposes of comparison, the estimated national incidence of distal
biceps tendon rupture is 2.55 per 100,000 patient-years [38].

2. Evaluation of demographic data

Demographics: Triceps tendon ruptures most commonly affect men in the fourth and
fifth decades of life. From our pooled results we observed the mean age at rupture to be
57.7 years. There was a 9:1 ratio of males to females (Figure 6).

The age distribution

Figure 6. Proportion of unoperated patients with a verified partial triceps lesion.

3. The indication for surgery

Over a 10-year period, 23 patients with confirmed triceps tendon injuries were treated.
When determining the indication for surgery, we consider multiple factors (see above).
The decisive factor is assessing the extent of tendon damage. As mentioned earlier, any
tear involving more than 50% of the tendon’s integrity, as well as full-thickness tears, are
managed surgically. In borderline cases, MRI plays a key role in the decision-making
process. Although this imaging is not available 24/7 in our facility, it can be performed
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within 24 h for such cases. In our patient group with partial or complete tendon lesions,
fewer than 50% were indicated for surgical intervention.

4.  Qualitative indicator of health care

In cases of partial tendon rupture, an additional MRI examination is necessary to
assess the extent of the damage. Additionally, in patients with comorbidities, especially
since these injuries typically affect older individuals, further examinations are required as
part of the standard preoperative workup for semi-urgent surgeries. On the other hand,
the time between the injury and surgery is crucial for the success of the primary repair.
An acute rupture is defined as an injury occurring within 3 weeks of trauma. For chronic
ruptures, primary tendon repair is usually not possible, and tendon transfers are required.
In our patient group, no tendon transfers were necessary as all surgeries were performed
within 3 weeks of injury. According to the literature, the median time from triceps rupture
to surgery is 22 days [39]. In our patient group, the time from injury to surgery was from
1 to 21 days (Figure 7).

THE INTERVAL BETWEEN THE INITIAL INJURY AND THE
SUBSEQUENT SURGICAL PROCEDURE

15@14
g B BEgH,=

1 2 S 4 5 6

Figure 7. The interval between the initial injury and the subsequent surgical procedure.

5. Preoperative magnetic resonance examination and ultrasound

The first application of ultrasound (US) was performed during World War I for the
detection of submarines (sonar) [40]. The main advantages of diagnostic US in medicine
include real-time assessment, absence of radiation, reduced cost, and portability [41]. It is
erroneous to consider ultrasound as a rival imaging modality; rather, it should be regarded as
a supplementary imaging modality. In order to undertake an ultrasound (US) examination of
the triceps tendon, it is essential to have direct experience of performing US examinations of
the tendon. In this location, due to the more complex anatomical proportions at the site of
interest, the phenomenon of anisotropy observed during ultrasound imaging becomes fully
apparent. This is a change in the resulting echo of the tendon when the angle of the transducer
is changed. If the tendon fiber has a light appearance and the transducer is positioned
perpendicular to the tendon, it may appear darker. Conversely, if the transducer is oriented
obliquely, it can potentially introduce significant errors. The significance of lesion localization
in determining the most appropriate examination method is substantiated by the preference
for ultrasound over MRI in the assessment of the rotator cuff. One meta-analysis of rotator
cuff imaging has shown that ultrasound has an accuracy of 95% [42]. Dynamic sonography is
also instrumental in differentiating partial and full-body tendon tears. The absence of tendon
translation through the affected area and retraction of the torn tendon stump are indicative of a
full-body tear. Conversely, these techniques are only applicable to the evaluation of an isolated
tendon, rendering them ineffective in assessing tendons that converge with other tendons. In
conclusion, ultrasound can be regarded as a viable alternative to MRI in instances where MRI
is contraindicated or when the patient is unable to tolerate MRI. The findings of all studies
comparing MRI and US indicate that MRI is a more precise imaging technique for identifying
the type of tear, although US is a more cost-effective option [43]. When using an MRI as
a decisive factor in determining the indication for surgery in unclear cases, we were also
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interested in the percentage of MRI examinations performed pre-operatively. Unfortunately,
this number is skewed, as it is not possible to accurately determine for non-operated patients.
These patients typically continue treatment and follow-up in outpatient clinics and private
rehabilitation facilities outside of our hospital.

6.  Technique of surgical procedure

Recently, instrumentation for tendon fixation has significantly become widespread. An
ideal suture anchor is easy to handle, maintains sufficient pull-out strength, prevents suture
abrasion, and is absorbable without resulting in any reactions as the material dissolves [44].
Currently, biodegradable suture anchors have been developed to help overcome complications
associated with metallic anchors [45]. It is essential that surgeons understand key characteris-
tics of a variety of currently available anchors [46]. In our series, all three standard methods
of fixation of the triceps tendon to the olecranon were used, and none of the methods is
currently dominant. There were 12 surgical procedures performed in 10 patients with triceps
tendon lesions. In one patient, two surgical revisions were required because of infection in
the surgical wound. Due to the rarity of this occurrence, a special team was not formed to
deal with this problem, and patients were operated on by different surgeons. There is no
consensus among our surgeons on the best method of repair. The procedure was completed
under a supraclavicular block. Approximately 10 cm posterior incision was made (Figure 8).

SURGICAL TECHNIQUES

1-TTSA

2- TT

3- SA with 1 anchor
4 - SA with 2 anchors

1 2 3 4

Figure 8. The surgical techniques employed in the patient cohort can be broadly classified into four
categories. TTSA—transosseous tunnel plus suture anchor repair; TT—suture-only transosseous
tunnel repair. SA—suture anchor repair with one or two anchors.

7. Postoperative complications

The three most common complications with this type of injury include ulnar neu-
ropathies, infections, and pain. These complications are detected in the immediate post-
operative period and are therefore accurately evaluated in our series. In our series, one
patient was found to have an infection in the wound. Subsequently, the condition was
managed with 2 reoperations—the first involved revision, debridement, and loading of
a vacuum drain, which we use for secondary wound healing, and then after 7 days the
vacuum drain was removed, and a secondary wound suture was performed. The re-rupture
rate remains problematic as it can occur several months after the injury, and patients with
this injury are not usually dispensed, and efforts to follow up with patients have been
unsuccessful. The re-rupture rate is reported to be relatively low, up to 4%, and in our
series, it was not necessary to reoperate the patient for this reason.

9. Discussion

This comprehensive study on triceps tendon ruptures conducted over a period of a
decade provides several important insights into the nature and treatment of this relatively
rare injury. First and foremost, triceps tendon ruptures are infrequent, with only 23 cases
treated over the course of 10 years, which averages out to 2.3 cases annually. This equates
to an incidence rate of approximately 0.46 per 100,000 people in the capital of Slovakia,
which underscores the rarity of this type of injury. The data also reveal that triceps tendon
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ruptures predominantly affect men between the ages of 40 and 50, with a striking male-
to-female ratio of 9:1. The mean age of rupture in the cohort was found to be 57.7 years,
further indicating that this injury is more common in middle-aged individuals.

Surgical intervention is the preferred treatment option, particularly in cases where the
tendon rupture is extensive—defined as tears involving more than 50% of the tendon or
full-thickness ruptures. In many instances, MRI plays a critical role in evaluating partial
tears or borderline cases, guiding the decision-making process for surgery. Prompt surgical
intervention is crucial, as delays beyond three weeks post-injury are associated with an
increased risk of complications related to chronic rupture, such as muscle atrophy and
decreased function. Encouragingly, all patients in this study underwent surgery within
21 days of their injury, minimizing the risk of such complications. MRI imaging is especially
helpful in assessing the extent of injury in cases of partial tears and is also instrumental in
managing patients with comorbid conditions that may complicate recovery.

Advances in surgical techniques, particularly the introduction of biodegradable suture
anchors, have improved fixation methods and the overall success of surgeries. Despite this
progress, there is still no consensus on a single dominant surgical method, as surgeons often
choose techniques based on their individual experience and the specifics of the injury. Common
postoperative complications observed in this study include ulnar neuropathies, infections, and
persistent pain. However, it is worth noting that only one patient required revision surgery
due to an infection, which was managed with a vacuum drain. Although re-ruptures remain a
concern, follow-up is often challenging due to the relatively long recovery times associated
with these injuries, and no cases of re-rupture required reoperation in this cohort.

The findings of this study highlight the importance of timely and effective treatment
for triceps tendon ruptures and the ongoing advancements in surgical materials and
techniques. The results also align with previous studies, such as that of Koplas et al. [5],
which reported a prevalence of triceps tendon injuries of 3.8%. In their study, 5 women
and 23 men were found to have either partial or complete tears, with the mean age of those
affected being 46.6 years, a finding similar to ours. Additionally, the gender distribution
observed in their study mirrors our own, with middle-aged men being the most commonly
affected group. Koplas et al. also noted that triceps brachii ruptures often go clinically
undiagnosed, a point that aligns with our own observations.

Supporting our findings, Giannicola et al. [47] confirm that distal triceps tendon rup-
tures (DTTR) are indeed a rare injury. Anzel et al., in their analysis of 1014 tendon ruptures,
reported a prevalence of 0.8% for DTTR. More recent studies, including Giannicola’s, have
shown a higher prevalence of triceps tendon tears, citing 3.8% of cases found through MRI
investigations. Despite these numbers, it remains highly likely that a significant proportion
of patients with this injury go undiagnosed. Several factors contribute to this, including
the clinical condition immediately following the injury. For instance, if the lateral extension
and the functional anconeus remain intact, active elbow extension may still be preserved,
making the diagnosis less obvious. Additionally, the swelling and pain that accompany
the injury limit the availability of imaging and investigative options. The rarity of the
injury itself means that clinicians may be less inclined to consider it as a possibility, further
contributing to the likelihood of an undiagnosed rupture.

Another challenge in managing triceps tendon ruptures is the relatively long healing
time, which often extends up to a year before patients can return to pre-operative levels
of muscle strength. This underscores the potential of telemedicine to enhance the quality
of post-operative care in this context. Telemedicine is not a comprehensive substitute for
conventional clinical examination. However, it does facilitate the monitoring of patients
over extended distances and over prolonged periods, thereby alleviating discomfort. Once
the application has been installed on the patient’s mobile device, communication with
healthcare professionals can commence on a daily basis. At the present time, the potential
of telemedicine is still not being fully realized in Europe. That is mostly due to the still
high costs of setting up and performing telemedicine services. Also, the limited scope of
implementation can be attributed to the deficiencies in the technical infrastructure in EU
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Member States, as well as concerns pertaining to confidentiality and privacy in the context
of health data management [48].

This protracted recovery period complicates both diagnosis and treatment, as the
injury may not become apparent until the muscle strength does not recover as expected.
Eighteen different scoring systems are currently available to evaluate elbow disorders, each
with its own set of objective and subjective criteria. However, there is no single, universally
accepted outcome evaluation system that is both reliable and sensitive enough to detect
clinically relevant changes. The variability in patient groups, imaging techniques, and
reported outcomes makes it difficult to draw reliable conclusions across different studies,
highlighting the need for more consistent and standardized approaches to assessing and
treating triceps tendon injuries.

10. Conclusions

Triceps tendon ruptures occurrence is rare, with only 23 cases over 10 years, averaging
2.3 cases per year, equating to an incidence rate of 0.46 per 100,000 people in Slovakia’s
capital. The injury predominantly affects men aged 40-50, with a 9:1 male-to-female ratio,
and the mean age of rupture was 57.7 years. Surgical intervention is primarily considered
for tears involving more than 50% of the tendon or full-thickness ruptures, with MRI often
guiding borderline cases.

Adult tendons have a limited natural healing capacity, which derives from the nature
of the tendon with its poor cellularity, limited vascularization, and low metabolism. Tendon
tissue heals by fibrovascular scarring, and current treatment strategies fail to restore the
functional, structural, and biochemical properties of the tendon to the level of the original
tissue [49-51]. Currently, despite new knowledge gained from studies in animal models
and technological advances, tendon tissue restitution and repair remain an ongoing prob-
lem [51]. In the near future, randomized trials will have to be designed in order to better
handle intermediate results and, most importantly, to evaluate long-term follow-up as well.
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Abstract: Background/Objectives: Orthopaedic trauma management in polytrauma pa-
tients presents challenges, particularly in selecting between damage control orthopaedics
(DCO) and early appropriate care (EAC). This systematic review evaluates these approaches
and explores the role of biomarkers in optimising surgical timing. The primary objective
of this review was to evaluate the potential clinical utility of biomarkers in guiding sur-
gical timing and predicting perioperative complications. The secondary objective was
to compare the effectiveness of DCO and EAC approaches, focusing on their impact on
patient outcomes when controlled for Injury Severity Scores (ISSs). Methods: A systematic
search of PubMed, MEDLINE, and Google Scholar identified studies focusing on fracture
management (DCO versus EAC), timing protocols, and biomarkers in polytrauma patients.
Twenty-seven studies met inclusion criteria. Results: Among the 27 studies, 12 evaluated
biomarkers and 15 compared DCO and EAC. Point-of-care (POC) biomarkers, includ-
ing lactate (p < 0.001; OR 1.305), monocyte L-selectin (p = 0.001; OR 1.5), and neutrophil
L-selectin (p = 0.005; OR 1.56), demonstrated predictive value for sepsis, infection, and
morbidity. CD16bright/CD62Ldim neutrophils were significant predictors of infection
(p = 0.002). Advanced biomarkers, such as IL-6, IL-10, RNA IL-7R, HMGBI, and leptin
offered prognostic insights but required longer processing times. No clear superiority was
identified between DCO and EAC, with comparable outcomes when injury severity scores
(ISS) were controlled. Conclusions: This systematic review highlights the challenge of
translating biomarker research into clinical practice, identifying several point-of-care and
advanced laboratory biomarkers with significant potential to predict complications like
sepsis, infection, and MODS. Future efforts should focus on refining biomarker thresholds,
advancing point-of-care technologies, and validating their role in improving surgical timing
and trauma care outcomes.

Keywords: orthopaedic trauma; damage control orthopaedics; early appropriate care;
biomarkers; surgical timing

1. Introduction

Orthopaedic trauma management in polytrauma patients presents a multifaceted
challenge, where timely and precise interventions are paramount for achieving optimal
outcomes. The decision-making process surrounding fracture management in these patients
is particularly complex, requiring a delicate balance between immediate stabilisation and
the acute consequences of surgical intervention [1].

The global burden of orthopaedic and musculoskeletal trauma is profound, affecting
millions annually and representing a significant source of morbidity and socioeconomic

. Clin. Med. 2025, 14, 1329 https://doi.org/10.3390/jcm14041329
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strain [2]. Trauma-related injuries account for substantial disability-adjusted life years, with
road traffic accidents and falls being among the leading causes. Miclau et al. emphasize
that while advancements in trauma care systems have improved outcomes in high-income
countries, the disparities in low- and middle-income regions remain stark, where limited
access to trauma systems, prehospital care, and trained surgeons exacerbates the burden [3].
Even in high-income countries, Hoogervorst et al. highlight the substantial economic toll of
musculoskeletal injuries, as both direct healthcare costs and productivity losses significantly
impact individuals and national economies [4]. As Stinner and Edwards discuss, there is a
substantial need for coordinated and comprehensive trauma systems [5]. Implementing
well-designed systems that integrate the most up-to-date research can enhance acute
care outcomes while reducing both mortality and long-term disability associated with
these injuries. Globally, enhancing trauma care accessibility and standardisation holds
the potential to significantly mitigate the impact of musculoskeletal trauma on patients
and society.

Trauma resuscitation has been a cornerstone of critical care research for decades, with
a primary focus on stabilising patients and mitigating life-threatening physiological de-
rangements [6]. Historically, metrics such as lactate clearance and base deficit have served
as reliable indicators of resuscitation efficacy, correlating with outcomes such as organ dys-
function and mortality [7,8]. These foundational studies have established the importance
of achieving optimal physiological stability before proceeding with surgical interventions.

The evolution of trauma care has shifted from focusing solely on achieving resuscita-
tion endpoints that are concrete to a more comprehensive and fluid understanding of the
physiological response to trauma. Recent advancements in medical science, particularly
in understanding the physiologic response to trauma, offer promising avenues to refine
the decision-making process in orthopaedic trauma management [9,10]. Biomarkers such
as interleukin-6 (IL-6) and neutrophil L-selectin show potential in predicting postopera-
tive complications and guiding optimal timing for surgical interventions. By integrating
biomarker data into clinical practice guidelines, clinicians may enhance the precision and
safety of surgical timing, thereby potentially reducing risks associated with either prema-
ture or delayed procedures [11]. Lord et al. and Weinberg et al. underscore the growing
body of evidence supporting the integration of resuscitation metrics within the broader
physiological context, highlighting this as a critical area of research in trauma care [12,13].
Their comprehensive systematic reviews emphasise the importance of this shift in guiding
informed and adaptive decision making, particularly in determining the optimal timing
for surgical interventions. This evolving focus not only underscores the relevance of this
research but also lays the foundation for advancing clinical practices, supporting the central
themes of this paper.

While acid-base measurements remain the most researched and primary indicators,
they are now understood to function within a more fluid and dynamic context that includes
systemic inflammation, immune dysregulation, and metabolic derangements. This broader
understanding has significant implications for trauma management strategies, particu-
larly in orthopaedics, where decisions about surgical timing and the approach to injury
fixation—whether through temporary stabilisation or definitive repair—are critical.

Two primary strategies have emerged: damage control orthopaedics (DCO) and
early appropriate care (EAC). DCO involves initial, temporary acute stabilisation without
definitive reduction and fixation in order to mitigate systemic inflammatory responses
and physiological stress, deferring definitive surgery until the patient’s condition sta-
bilises [9,14]. Conversely, EAC aims for prompt anatomical alignment and functional
restoration through early comprehensive surgical repair. The controversy between DCO
and EAC revolves around their respective benefits and risks, with extensive research ex-
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ploring which approach yields superior outcomes under varying clinical scenarios. While
each method has merits, the choice hinges on patient-specific factors, injury severity, and
the patient’s overall physiological status. Central to this decision-making process is the
concept of physiological optimisation, as the patient’s overall stability and response to
resuscitation ultimately dictate whether to proceed with DCO for temporary stabilisation
or EAC for definitive surgical repair.

The primary objective of this systematic review is to evaluate current practices in
orthopaedic trauma management, focusing on the role of biomarkers in optimising surgical
timing and outcomes. The secondary objective is to compare the effectiveness of DCO
versus EAC in relation to patient physiology, injury severity, and clinical protocols.

2. Methods

This systematic review adhered to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) 2020 guidelines (See supplementary checklist in
Supplementary Materials) [15]. The review was registered with PROSPERO (CRD42024528619)
before commencement to ensure originality and adherence to systematic review standards.

Our research questions were: (1) Can point-of-care biomarkers help predict periop-
erative complications in polytrauma patients undergoing orthopaedic surgery? (2) How
do advanced immune biomarkers compare in their ability to predict surgical outcomes
and guide timing decisions? (3) What is the comparative effectiveness of damage control
orthopaedics (DCO) versus early appropriate care (EAC) when accounting for injury sever-
ity? These questions aim to clarify the role of biomarkers in clinical decision making and
evaluate surgical strategies to improve patient outcomes.

The inclusion criteria for the review were determined by a two-stage screening pro-
cess, where two reviewers independently screened each record and report retrieved; any
discrepancies were resolved by the senior author, ensuring consensus. Inclusion criteria re-
quired studies on orthopaedic trauma in adult polytrauma patients, specifically evaluating
fracture management or orthopaedic interventions and reporting on timing protocols or
biomarkers. Eligible study designs included RCTs, cohort studies, and case—control studies
in peer-reviewed English-language journals.

Exclusion criteria included studies on non-traumatic orthopaedic conditions, non-
orthopaedic trauma, isolated spinal fractures, proximal femur fractures, or those lack-
ing direct relevance to fracture management. Studies focused solely on imaging were
also excluded.

A comprehensive search was conducted using electronic databases, including PubMed,
MEDLINE, and Google Scholar. Specific search strategies for each database can be found
in Supplemental File S1. For each search, the following search terms were used (Dec 2024):
((orthopedic trauma) OR (orthopedic injuries)) AND ((fracture management) OR (ortho-
pedic surgical procedures) OR (orthopedic interventions)) AND ((optimal timing) OR
(biomarkers) OR (Damage Control) OR (Early Appropriate Care)) AND ((clinical outcomes)
OR (fracture nonunion) OR (complications)) AND (polytrauma) NOT (spine or imaging).
The PRISMA 2020 flow diagram (Figure 1) for the systematic review details the processes
used to identify and assess eligible studies. Titles were independently screened by two
authors, resulting in 239 articles eligible for abstract screening across the three databases.
Abstracts were then reviewed in full against the inclusion and exclusion criteria (see
Figure 1 for exclusions in this stage of screening). After this screening process, 56 articles
were selected for full-text retrieval. Of the 56 articles sought for retrieval, two were not
retrievable, leaving 54 articles to be fully reviewed and assessed for eligibility. At this
stage, reports were excluded because they focused on proximal femur fractures (2), lacked
sufficient data analysis (8), did not include DCO and EAC grouping (16), or were systematic
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]
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[

Screening

reviews (4). Additionally, reference lists of eligible articles were analysed, resulting in the
inclusion of three additional studies, culminating in a final total of 27 studies for synthesis.

Identification of studies via databases and registers ]

Articles identified from

MEDLINE, PUBMED Central

(PMC), Google Scholar
Databases (n = 3)

i

Records screened (title and
abstract)

(MEDLINE and PUBMED = 199)
(Google Schoolar = 40 additional)

—» | Radiographic focus (11)

i

Articles sought for retrieval

—— > | (n=2)

(n =56)

Articles read completely and
assessed for eligibility
(n = 54)

Studies included in review
(n=24)

Studies added from citation
review (n=3)

Figure 1. PRISMA flow diagram.

Records excluded:
Systematic review (n =27)
Case Report (n=7)

Not English (n=13)
Cadaveric Studies (n=8)
Biomechanical model (n=11)
Study on non-traumatic injury
(32)

Isolated proximal femur fracture
(n=25)

Isolated spinal fractures (n=23)
Other (n=27)

Articles not retrieved

Reports excluded:
Insufficient data analysis (n=8)

g No DCO and EAC grouping (n=16)

Systematic review (n=4)
Isolated proximal femur fx (n=2)

—> Final number of studies (n=27)

After selecting 27 papers for inclusion, both authors independently assessed the risk
of bias for each study using the ROBINS-I tool (Table 1 for non-randomised trials and the
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RoB version 2 tool (Table 2) for randomised trials [16,17]. Any discrepancies were resolved

through discussion, and no automation tools were used in this process.

Table 1. Appraisal using the Cochrane ROBINS-I Risk of Bias Assessment Tool.

Selection of Deviations Missin, Measurement Sfe lt;ction Overall
Author Confouding Pe f.c 10 (: from Intended Data 8 of Outcomes ?{ et d  Bi era Notes
articipants Interventions u Repor e ias
esult
HST al. 2024 + + + + + + Low-risk
. Unclear
;lgilée[rl S} al. + ? + + + + Mod-risk selection
criteria.
Vallier et al. . . Lack of
2015 [20] - * * * * * High-risk 1 atching.
Lubken et al. . . Lack of
2023 [21] - * * * * * High-risk 1 atching.
Yamamoto Unclear
et al. 2019 + ? + + + + Mod-risk selection
[22] criteria.
Enocson
. . Lack of
Et ;]l. 2023 - + + + + + High-risk matching.
Lack of
Gaski et al. . . matching
2019 [24] - - + + + + High-risk due to
case-series.
Enninghorst
etal. 2010 + + + + + + Low-risk
[25]
gggf [e2t6z]11. + + + + + + Low-risk
Harvin et al. . . Lack of
2012 [27] B B + + + + High-risk matching.
O’Toole
. . Lack of
F; 8a]1. 2009 - - + + + + High-risk matching,
onrio%glgejt al. + + + + + + Low-risk
Unclear
;612?[%101 + ? + + + + Mod-risk intervention
criteria.
SOIT;S[SE ]al. + + + + + + Low-risk
Andruszkow ' :[;jerllecifiao;
F3t ;]L 2013 + ? ? + + + Mod-risk methodol-
ogy.
Unclear
Testa et al. . . intervention
2019 [33] * ? + + - * High-risk dtoria.
Missing ISS.
Frohlich
etal. 2018 + + + + + + Low-risk
[34]
Iz_ggﬁg; al. + + + + + + Low-risk
Jin et al. L sk
2022 [36] + + + + + + OW-Tis

Table legend: low-risk (+); uncertain (?); high-risk (-)
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Table 2. Appraisal of randomised control trials using the Cochrane RoB Version 2 Risk of Bias
Assessment Tool.

Auor  Randomisation Inignded” " Quicome  Megsurement Selecionofihe oot pias  Notes
ggg?)e [%t7?l' + + + + + Low-risk
585)76 [e;S?l' + + + + + Low-risk
Rixen et al. .
2016 [39] i * * + + Low-risk
Table legend: low-risk (+)

We systematically extracted data on clinical, functional, intraoperative, postoperative,
and additional variables to ensure a comprehensive analysis. Data from each report
were collected independently by two reviewers and recorded in Microsoft (One Microsoft
Way, Redmond Washington 98052 USA) Excel 365 Version 2024, with any discrepancies
resolved through discussion. Clinical outcomes included infection rates, delayed union,
and nonunion. Intraoperative data encompassed OR time, blood loss, and transfusion
requirements. Postoperative outcomes included ICU and hospital LOS, ventilation hours,
and transfusions. Functional recovery was assessed using patient-reported outcomes,
while mortality was recorded at in-hospital, 28-day, and long-term intervals. Complications
included DVT, sepsis, MOF, ARDS, and cardiac events. Any missing or unclear information
was addressed by cross-referencing related sections of the reports or consulting with
senior investigators.

Results from individual studies were tabulated to display intervention characteristics
and outcomes systematically. The summary table was further divided after data extraction
to provide clear comparisons between studies. These sub-groups added to the overall
analysis and study heterogeneity.

3. Results

Our systematic review included 27 studies in total, 12 of which focused on biomarkers
illustrated in (Table 3). The primary objective of this systematic review was to identify
clinically relevant biomarkers that can guide surgical treatment and decision making in
trauma patients. The aim was to determine which biomarkers have the greatest potential
to inform timing and strategies for surgical interventions in this population.

Table 3. Biomarkers evaluated.
Study Biomarker lgeolgy‘:eil. Time to Results Analysis p-Value gggg
Briggs [40] Monocyte L-selectin POC ~30 min Sepsis 0.001 15
Neutrophil L-selectin POC ~30 min Sepsis 0.005 1.56
Lumsdaine [41] é\lT,l ig:i(;%glcli?;l((t%f/fgl’e) POC ~45 min Post-op infection 0.024
Pape [42] IL-6 Delayed ELISA 4-6h Pre vs. post op <0.05
1L-8 Delayed ELISA4-6h Pre vs. post op <0.05
Gaski [24] 1L-10 Delayed Bioassay 4-6 h Nosoicomial 0.01
ngree of organ <0.05
ysfunction
IL-6 Delayed Bioassay 4-6 h Nosoicomial 0.15
Degree of organ <0.05
dysfunction
IL-1RA Delayed Bioassay 4-6 h Nosoicomial 0.13
Deélgree of organ <0.05
ysfunction
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Table 3. Cont.

Biomarker ]geolgy‘éfi. Time to Results Analysis p-Value g;clig
MCP-1 Delayed Bioassay 4-6 h Ng)s;)icqmial 0.08
infection
Degree of organ <0.05
dysfunction ’
: Nosoicomial
IL-8 Delayed Bioassay 4-6 h infelc tionl 0.15
Degree of organ <0.05
dysfunction ’
. Nosoicomial
HMGB1 Delayed Bioassay 4-6 h ?ﬁggggga 0.03
Degree of organ
dysfunction <0.05
: Nosoicomial
MIG Delayed Bioassay 4-6 h infection 0.05
Degree of organ
dysfunction <005
IL-23 Delayed Bioassay 4-6 h Nosoicomial 0.11
infection
Degree of organ
dysfunction <005
Hietbrink [43] IL-6 Delayed ELISA 46 h 5}‘;%3?2 g(f) Erggg) 0.0001
Active FC-gammaRII Degree of organ
(CD32) Delayed ELISA 4-6h dysfunction (ISS) 0.120
MAC-1 Delayed ELISA 4-6 h cges%;iec ggﬁr(‘o;gfs‘) 0.092
Spijkerman [11] ~ CP160ght/ gﬁfjmlm POC ~30 min Infection 0.002
Frohlich [34] CD144+ Delayed Flow gﬁzmetry 1SS <0.001
Flow cytometry
CD42B+ Delayed 24h . ISS <0.001
Leptin Delayed ELISA 4-6 h Mul?p.le organ 0.027
ailure
IL-17A Delayed ELISA 4-6 h Multlple organ g g5
ailure
RNA IL-7R Delayed PCR2-4h Multiple organ 0.001
failure
Richards [44] Admission lactate POC ~30 min Pulm'ona'lry <0.001
complications
Preoperative lactate POC ~30 min Pulmonary >0.05
complications
Oladipo [45] Lactate POC ~30 min Porsggféitywe 0.015 1.305
Lactate POC ~30 min LOS <0.001
Nishida [46] Lactate POC ~30 min Post-op 0.04 2.64
complications
Lactate POC ~30 min LOS 0.78

Table legend: Summary of biomarkers evaluated for clinical outcomes, including testing method
(POC vs. delayed), result times, analyses, p-values, and odds ratios.

Our systematic review identified two broad categories of biomarkers: POC and ad-
vanced laboratory studies. The POC biomarkers provide rapid results, typically within
30—45 min, whereas the advanced laboratory studies such as ELISA, PCR, or flow cy-
tometry may take much longer. When looking at the POC tests, Briggs et al. identi-
fied monocyte L-selectin as predictive of sepsis (p = 0.001, odds ratio [OR] = 1.5), along
with neutrophil L-selectin (p = 0.005, OR = 1.56) [40]. Spijkerman et al. reported that
CD16bright/CD62Ldim neutrophils were predictive of infection (p = 0.002) [11]. The
most prominent POC biomarker our study identified was lactate, which was evaluated
in several studies. Oladipo et al. showed that lactate was associated with post-operative
morbidity (p = 0.015, OR = 1.305) and length of stay (LOS) (p < 0.001) [45]. Nishida et al.
demonstrated that lactate was significantly associated with post-operative complications (p
=0.04, OR = 2.64), although there was no significant association with LOS (p = 0.78) [46].
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Advanced laboratory biomarkers required specialised testing methods such as ELISA,
PCR, or flow cytometry, with results taking 46 h to process. Gaski et al. found that
IL-10 (p = 0.01), HMGBI1 (p = 0.03), and MIG (p = 0.05) were significantly predictive of
nosocomial infections [24]. IL-6, IL-8 IL-1RA, and MCP-1 were all significantly associ-
ated with the degree of organ dysfunction (p = 0.0001, p = 0.015, p = 0.13, and p = 0.08,
respectively) [24]. Haupt et al. reported that leptin (p = 0.027) and IL-17A (p = 0.02) were
associated with MODS [35]. Jin et al. showed that RNA IL-7R was a highly accurate
predictor of MODS (p = 0.001) [36]. Frohlich et al. demonstrated that CD144+ and CD42B+
were significantly correlated with injury severity scores (both p < 0.001) [34].

The secondary objective of this study was to evaluate if DCO or EAC lead to superior
outcomes in orthopaedic trauma patients, aiming to determine if the choice of strategy
significantly impacts patient outcomes. Among the 15 studies comparing DCO and EAC
(Table 4), 3 were randomised controlled trials, 10 were retrospective cohort studies, 5
were cohort studies (4 retrospective and 1 prospective), and 7 were case—control studies.
Collectively, these studies provided comprehensive insights into the timing of orthopaedic
trauma management, encompassing a total patient population of 35,026. The findings
aimed to assess whether different approaches to surgical timing influence key outcomes
such as complication rates, recovery trajectories, and overall patient prognosis.

Table 4. DCO vs. EAC main findings with ISS.

Study Criteria for DCO vs.

Study Design Sample Size Pathology EAC ISS Main Findings
Judgement of the Damage control surgery is
Li et al. 2024 on-scene paramedics DCO: 28.1 t;g ;tre ;tfiteerr&ss %}gfﬁeigg e
reta. CC 120 Lower extremity and doctors of the EAC: 21.3 p . e
[18] emergenc p < 0.001 severe lower limb injuries,
de ar%merzlt ' which leads to lower
p : complication rates.
Early fixation of unstable
pelvis and acetabular
Surgeon preference _ fractures in multiply
delaved patient ! injured patients reduces
preserﬁatic?n to our ) morbidity and length of
Vallier et al. ccC 645 Pelivs and hospital, operating ]ggg %g 3 1nte}?'51}\1/e Caredumt stay,
2010 [19] acetabular fxs room availability, —005 which may decrease
severe head injuries p=U. treatment costs. Further
inad ) te study to ascertain the
(;zslgscif;]tl;(?ne effects of associated
) systemic injuries and the
utility of physiologic and
laboratory parameters.
Our EAC protocol
recommends definitive
fixation within 36 h in
resuscitated patients.
. Early fixation was
Ii?éﬁg?l?gﬁgig% associated with fewer
v licati d short:
Vallier et al Femur, pelvis, Medically unstable 5 DCO: 34 Cﬁgg&f ?)fl cs)gs},far%h: E(XS '
2015 [20] PC 355 acetabular, or Operating room EAC:25.1 recommendations are safe

spine fractures unavailable 4 p <0.001
Severe head injury 2
Patient choice 2

and effective for the
majority of severely
injured patients with
mechanically unstable
femur, pelvis, acetabular,
or spine fractures
requiring fixation.
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Table 4. Cont.

Study gzlsl;ig}; Sample Size Pathology CriteriaEfngDCO Vs ISS Main Findings
DCO was considerably
more often associated with
packed red blood cell
(pRBC) transfusions
(33.9% vs. 13.4%),
catecholamine therapy
DCO: 305 (14.1% vs. 6.8%), lower
: : 30. extremity injuries
Lubken et al. cc 12569 Extremity or NR EAC: 259 724% ve. Sh5%
2023 [21] pelvic fractures ( S )
p <0.001 unstable pelvic fractures
(41.0% vs. 25.9%),
penetrating injuries
(2.8% vs. 1.5%), and shock
(20.5% vs. 10.8%) and
unconsciousness
(23.7% vs. 16.3%)
on admission.
eral 2015 ccC 19319 Extremity inj NR PAC:9 D(‘igcxgzeassi?:ﬁssi&th
etas xtremity injury : mortality in patients with
[22] p <0.001 )
major fractures.
Early (within 72 h)
definitive surgery of
Enocson Pelvic or patients with pelvic or
etal. 2023 CC 419 acetabular fx NR NR acetabular fractures seems
[23] safe with regard to risk for
reoperation, other adverse
events, and mortality.
Acute open reduction
internal fixation of
Depending on the unstable pelvic ring
fracture pattern and fractures within 6 h could
the availability of be safely performed even
Enninghorst pelvic specialist DCO: 24 in severely shocked
etal. 2010 CcC 45 Pelvic ring fx surgeon, acute EAC: 30 patients with multiple
[25] temporary external or p>0.05 injuries. The procedure
acute definitive did not lead to increased
internal fixation rates of transfusion,
is performed. mortality, intensive care
unit length of stay, or
overall length of stay.
In the emergency
room, all patients were
ra&?gggﬁ:;g&eﬁnto A sustained inflammatory
after allnjuries had response was messued
Pape et al tﬁg?;;ﬁggﬁiiitjﬁa DCO: 232 intramedullary femoral
2003 [37] ’ RCT 35 Femoral shaft were mot. Patients EAC:21.7 instrumentation, but not
were randomised to p>0.05 after initial external
either femoral nailing ﬁxatié’é‘noissfitgg stgcgrrsdary
\Y
T _damage COI’ﬂEI‘Ol by intramedullary implant.
initial external fixation
(DCO) and secondary
femoral nailing.
. In stable patients, primar
For al}[}llo afclerllts who femopral nailing is Y
met the inclusion . .
criteria, the sealed asxs;gggltggozlghnf?(ﬁer
contearil;,l:g)}:]fet?ate of borderline patients, it is
Pape et al treatment was oypened DCO: 29.0 associated with a higher
20}57 [38]. RCT 165 Femoral shaft . leti P £ th EAC:23.3 incidence of lung
arer comp enon o the p <0.001 dysfunctions when
diagnostics and

grading of the
patient’s status to

account for the
exclusion criteria.

compared with those who
underwent external
fixation and later
conversion to
intermedullary nail.
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Table 4. Cont.

Study gzlsl;ig}; Sample Size Pathology CriteriaEfngDCO Vs ISS Main Findings
In the context of
resuscitation before
reamed intramedullary
The reason why each nailing of femoral shaft
; DCO: 41.4
O’Toole et al. patient was selected ; fractures, our rate of acute
2009 [28] cc 227 Femoral shaft for DCO cannot be Eﬁ 5030656 respiratory distress
accurately determined. syndrome was lower
(p < 0.001) than that of a
similar study reported in
the literature.
Early definitive fixation
(<24 h) is preferred over
delayed definitive fixation
(>24 h) for patients with
bilateral femur shaft
DCO: 25
Arnold et al. RC 558 Femur shaft NR EAC: 16 fractures. Although
2024 [29] fractures p < 0.001 mortality does not differ,
' overall morbidity and deep
venous thrombosis rates, as
well as length of hospital
and intensive care unit stay,
are significantly lower.
Delaying fixation may not
be necessary to prevent
DCO: 23.0 .
Yu et al. 2023 RC 181 Long bone NR EAC:21.9 the second hit
[30] fractures > 0.05 phenomenon and has not
p== demonstrated any
clear benefits.
All multiple-trauma
patients who
par%iei’;eartlitrelg Itlc());;?tals No advantage of the
Rixen et al RCT 34 Femoral shaft with femurshaft — PRC: 26 could b detected n the
: emoral sha fractures were : 90
2016 [39] screened. If all p>0.05 trea;me?t of femur
inclusion criteria were multipl er—iiatﬁzmati ents
fulfilled, the patient P P '
was randomised and
documentation began.
GermanDCO:  Despite a higher ISS in the
Andrussk E A3C4:g5.5 DCO g;gftflp, there were no
ndruszkow ifferences in
etal. 2013 RC 207 Femoral shaft NR Ap < 0.001 posttraumatic
ustralian S
[32] DCO: 41.0 complications and
EAC: 34.0 survival degending on
p <0.001 EAC or DCO treatment.
Intramedullay nail is the
gold standard for
definitive treatment of
Testa et al. femoral shaft fractures. In
2019 [33] RC 147 Femoral shaft NR NR patients with severe

associated injuries,
external fixation should be
a good alternative.

Table legend: Overview of studies comparing damage control orthopaedics (DCO) and early appropriate care
(EAC) by study design, sample size, pathology, criteria for treatment selection, Injury Severity Score (ISS), and
main findings. CC: case—control study. PC: prospective cohort. RC: retrospective cohort. RCT: randomised

control trial.

Across the studies reviewed, Injury Severity Scores (ISSs) were consistently higher in

patients treated with DCO compared to EAC, even in studies employing matched cohorts or

attempting to balance patient groups. For instance, Andruszkow et al. reported ISS values
of 34.4 in the DCO group versus 25.5 in the EAC group (p < 0.001) in their German cohort
and 41.0 versus 34.0 (p < 0.001) in their Australian cohort [32]. Similarly, Lubken et al., in a
large cohort of over 12,000 patients, observed mean ISS values of 30.5 for DCO versus 25.9
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for EAC (p < 0.001) [21]. These findings reflect the consistent use of DCO in patients with
higher trauma severity, even when attempts were made to control for injury severity.

Interestingly, studies with lower overall ISS values in both groups still demon-
strated significant differences between DCO and EAC. For example, Li et al. reported
mean ISS values of 28.1 for DCO and 21.3 for EAC (p < 0.001) [18]. These results high-
light that even in less severely injured populations, there remains a clear delineation in
the severity of injuries between patients treated with DCO versus EAC, which may be
institution dependent.

Of the studies reviewed, only four reported no significant difference in Injury Severity
Scores (ISS) between DCO and EAC groups: two randomised controlled trials (Pape et al.,
2003; Rixen et al., 2016), one retrospective cohort study (Yu et al., 2023), and one retrospec-
tive comparative study (Enninghorst et al.) [25,30,37,39]. These studies are particularly
notable because they eliminate the confounding effect of differing injury severity, making
their findings more relevant for guiding decision making in borderline cases where patient
stability might allow for either approach.

In these studies, outcomes between DCO and EAC were generally comparable, as
demonstrated by Table 5. Pape et al. (2003) found no significant differences in ICU length
of stay or ARDS rates [37]. Similarly, Rixen et al. (2016) observed no significant differences
in hospital LOS, transfusion requirements, or complications such as ARDS [39]. In the
retrospective cohort study by Yu et al. (2023), hospital LOS was comparable between
the groups, as were rates of wound complications [30]. Enninghorst et al. reported
no significant differences between groups in transfusion rates, incidence of deep vein
thrombosis (DVT), ICU length of stay, hospital length of stay, or mortality. These studies
provide the most meaningful insights into the relative safety and efficacy of DCO and EAC,
suggesting that when ISS is not a differentiating factor, the outcomes of these techniques
are closely aligned.

Table 5. Comparison of DCO vs. EAC across cohort studies.

Study Outcomes DCO Group EAC Group Significance

Li [18] Infections 2 (5%) 10 (12.5%) NR

Delayed union 3 (7.5%) 12 (15%) NR

Material failure 2 (5%) 3 (4%) NR

Adjusted 19.50% 30.50% <0.01

complication rate
Vallier (2010) [19] Initial OR time 22 125 p <0.005

Total OR time 152 125 no sig
ICU LOS 12 13 no sig
Hospital LOS 17 21 no sig

Pna 45 14 0.024

ARDS 34 8 0.019
Pulm complication 73 21 0.0024
Any complication 81 29 0.006
Vallier (2015) [20] Abdominal injury 31 66 0.0002
Chest injury 42 167 no sig

Head injury 43 149 0.08
Lubken [21] Transfusion 2774 586 <0.001
Number of surgical - 4 <0.001

procedures

ICU LOS 8 3 <0.001
Hospital LOS 26 20 <0.001
Sepsis 804 245 <0.001
MOF 2836 876 <0.001
Inhospital mortality 887 167 <0.001
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Table 5. Cont.

Study Outcomes DCO Group EAC Group Significance
Yamamoto [22] In hospital mortality 40 66 0.011
Mortality 28 days 35 61 0.008
Pulm complication 17 20 no sig
Cardiac complication 15 20 no sig
Enocson [23] Infections 13 14 NR
Nonunion 3 5 NR
Nerve injury 37 26 NR
DVT 9 7 NR
Intraoperative 575 720 <0.01
bleeding
Hospital LOS 10 10 no sig
Enninghorst [25] Transfusion 7 5 no sig
DVT 2 1 no sig
ICU LOS 4 3 no sig
Hospital LOS 37 25 no sig
Mortality 3 0 no sig
Pape (2003) [37] ICU LOS 3.3 4.8 no sig
ARDS 0 0 no sig
Pape (2001) [26] Blood loss intraop 190 210 no sig
ICU LOS 13.1 12.6 no sig
Organ dysfunction 9 33 0.01
ARDS 1 6 0.06
Pape (2007) [38] ICU LOS (HRs) 298 197 no sig
Hours of ventilation 209 127 no sig
ARDS (%) 10 9 no sig
Sepsis (%) 12 13 no sig
Harvin [27] Hospital LOS 10 6 <0.001
Mortality 6 4 0.01
DVT 10 8 <0.001
Hospital charges 97,018 59,561 <0.001
O’Toole [28] Transfusion % 92.9 58.3 <0.05
ARDS % 0 15 no sig
Mortality 17.9 2.0 <0.05
Arnold [29] Morbidity 63 36 0.003
Hospital LOS 15 10 <0.001
Post procedure LOS 14 11 0.045
Mortality 6 5 no sig
Yu [30] Hospital LOS 14.8 15.3 no sig
Wound .
- 5 10 no sig
complications
Glass [31] Hospital LOS 32 33 no sig
Andruszkow [32] ~ [nfections requiring 15 1 0.002
revision
German-MODS 11.8% 4.6% no sig
German-Mortality 17.6 0 0.05
Germa{‘&)HSOSp“al 54.5 29.8 <0.001
German-ICU LOS 27.7 10.7 <0.001
Australian-MODS 125 11.7 no sig
Australian-Mortality 7.5 4.3 no sig
Australian-Hospital
LOS 24.8 20.5 0.03
Australian-ICU LOS 12.2 7.6 0.002
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Table 5. Cont.

Study Outcomes DCO Group EAC Group Significance
Rixen [39] Hospital LOS 32.3 30.2 no sig
Iransfusion 47 6.6 no sig
requirements
ICU LOS 21.8 12.4 0.037

Time to weight

Testa [33] bearing

21.8 21.2 no sig

Table 5: Comparison of outcomes between damage control orthopaedics (DCO) and early appropriate care (EAC)
across cohort studies. Outcomes include complications, mortality, hospital and ICU length of stay, transfusion
requirements, and surgical metrics, with significance levels provided where applicable.

When looking at the outcomes of the other studies (Table 5) where severity of injury
was not accounted for, length of stay (LOS) and complication rates followed expected
patterns, with DCO patients consistently experiencing longer ICU and hospital stays
and higher rates of complications. Lubken et al. reported an ICU LOS of 8 days in the
DCO group versus 3 days in the EAC group (p < 0.001) and hospital stays of 26 days
compared to 20 days (p < 0.001) [21]. Andruszkow et al. found similarly extended ICU
LOS for DCO patients, with 27.7 days versus 10.7 days (p < 0.001) in their German cohort
and 12.2 days versus 7.6 days (p = 0.002) in their Australian cohort [32]. Vallier et al. (2010)
observed a hospital LOS of 17 days in the DCO group compared to 21 days in the EAC
group, though this difference was not statistically significant [19]. Complication rates
were also notably higher in DCO groups. Vallier et al. (2010) reported significantly higher
pulmonary complications in the DCO group (73 vs. 21, p = 0.0024), along with higher
infection rates (45 vs. 14, p = 0.024) and ARDS rates (34 vs. 8, p = 0.019) [19]. Lubken et al.
observed higher rates of sepsis (804 vs. 245, p < 0.001) and multi-organ failure (2836 vs. 876,
p < 0.001) in the DCO group [21]. Andruszkow et al. also reported higher rates of infections
requiring revision in the DCO group (15 vs. 1, p = 0.002) [32]. O’Toole et al. found that
transfusion rates were higher in DCO patients (92.9% vs. 58.3%, p < 0.05), as were mortality
rates (17.9% vs. 2.0%, p < 0.05) [28].

The risk of bias assessment, as summarised in Table 1, reveals a spectrum of method-
ological rigor among the included studies, which may affect the quality and reliability
of the synthesised evidence. While several studies demonstrated consistently low risk
across all assessed domains, others exhibited significant vulnerabilities, particularly related
to the lack of matching and robust selection criteria. These weaknesses raise concerns
about potential confounding and selection bias, which could undermine the validity of
their findings. Additionally, some studies had uncertain risk due to issues with participant
selection, further complicating the interpretation of results

4. Discussion

Our findings build upon the foundational concepts of inflammation outlined by Gabay
and Kushner, applying these principles to surgical practice, with a particular focus on frac-
ture management in polytrauma patients [47]. Research on trauma physiology has grown
significantly, aiming to enhance our understanding and improve guidance for all trauma
surgery including fracture care [48]. Nauth et al. highlighted the interplay of immune
dysregulation and inflammatory markers in polytrauma [9]. Our study found promising
results for the potential use of biomarkers in guiding clinical decision-making frameworks.
At the same time, it identifies a significant gap between basic science research and its
clinical application, emphasising the need for further exploration to bridge this divide.

Notably, our systematic review is the first to address the challenge of translating
academic biomarker research into practical clinical applications. It explores a broader
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range of biomarkers, including several that remain in the research phase but demonstrate
advanced prognostic potential. Evaluating the potential of these emerging biomarkers
is crucial to determine whether they warrant scaling for clinical application rather than
remaining confined to academic research.

This systematic review identified multiple POC biomarkers with potential for clinical
utility in trauma care, focusing on their role in predicting complications such as infection,
multiple organ dysfunction syndrome (MODS), and post-operative morbidity. Lactate was
particularly well-studied and emerged as a reliable predictor of morbidity and length of
stay, with established thresholds enabling clinical application [44—46,49]. In addition to
POC lactate, several studies demonstrated the ability to use POC tests on immune cells
to predict sepsis and infection [11,40,41]. Specifically, monocyte L-selectin, neutrophil
L-selectin, neutrophil oxidative burst capacity, and CD16 neutrophils showed significant
predictive value in identifying patients at increased risk of these complications [11,40,41].

Our systematic review found many advanced laboratory biomarkers to have signifi-
cant predictive value for infections, end organ dysfunction, and MODS [24,26,35,36,43,50].
Three studies found IL-6 to significantly predict infection [24,26,43]. Other immunoglobu-
lins found to have significant predictive value were IL-8, IL-7R, IL-17, IL-1RA, IL-10, and
1L-23 [24,26,35,36,43]. Besides immunoglobulins, Hmgb1 and leptin were also found to
have significant predictive value [24,35]. These biomarkers rely on specialised techniques,
such as ELISA and PCR, and they require skilled lab personnel and longer processing
times, but they provide detailed insights into the inflammatory and immune responses in
trauma patients. Unlike standard markers like lactate, these advanced biomarkers capture
the complexity of systemic inflammation, offering significant added value. Their potential
to enhance trauma care underscores the importance of further research aimed at improving
accessibility and integrating them into clinical practice.

Despite advancements in biomarker research, the integration of these tools into surgi-
cal timing decisions remains underdeveloped. Surgical timing in polytrauma patients is a
complex interplay of physiological stability and operative risk. Holcomb et al. emphasised
the importance of timely intervention in trauma care, noting that delayed surgery in the
presence of elevated inflammatory markers may predispose patients to complications like
MODS or prolonged ICU stays [51]. Lactate is currently the only biomarker with estab-
lished thresholds that could potentially guide timing, as supported by studies in Vincent
et al.’s systematic review [49]. However, its predictive value in relation to optimal surgical
windows has not been fully elucidated.

Timing decisions in trauma surgery are very complex and account for multiple organ
systems, including cardiovascular, pulmonary, and renal stability. Although it would
be ideal to have a definitive biomarker that provides a clear-cut indication for when to
proceed with surgery, such a solution does not yet exist. Entire textbooks such as that by
Bassett and Smith highlight the delicate balance required in managing anaesthesia and
the decision to determine whether a patient is medically optimised [52]. They specifically
address how to properly evaluate a polytrauma patient’s fluid requirements, highlighting
the critical role of maintaining hemodynamic stability in surgical planning. Similarly,
Chong et al.’s meta-analysis further emphasises the importance of optimising patient
haemodynamics prior to surgery [53]. They discuss how goal-directed fluid therapy has
improved perioperative outcomes and suggest that lactate kinetics serve as a surrogate for
evaluating the physiological readiness for surgery.

In addition to fluid management, the hematologic and cardiovascular systems must
also be carefully evaluated, particularly in addressing traumatic coagulopathies, which
are a frequent and life-threatening complication in polytrauma patients. As described
by Brohi et al., these coagulopathies result from a complex interplay of trauma-induced
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shock, inflammation, and impaired clotting mechanisms [54]. Their work emphasises the
importance of timely administration of blood products and targeted resuscitation protocols
to minimise surgical risks. Tobin et al. further stress the role of timely and proper blood
product administration in polytrauma patients [55].

Ultimately, a multivariate approach that integrates biomarkers, clinical scoring sys-
tems, and real-time physiological monitoring offers the greatest potential for improving
trauma care. This approach aligns with the broader framework of comprehensive trauma
management outlined in Schwartz’s Principles of Surgery, emphasising the importance of
integrating diverse data sources to guide surgical decision making [56]. Our systematic
review identified 10 immune system biomarkers, including three POC and seven delayed
markers, that predict important perioperative outcomes and provide valuable insights
into the inflammatory cascade associated with trauma. These biomarkers hold significant
promise for enhancing the understanding of systemic responses and optimising preop-
erative decision making. Research should focus on prospective trials that evaluate the
predictive power of these markers in relation to specific surgical interventions, with an
emphasis on reducing complications and optimising recovery. Furthermore, leveraging
technological advancements, such as point-of-care testing and artificial intelligence, could
accelerate the transition of biomarker research from bench to bedside.

The secondary objective of this review was to compare DCO and EAC and their impact
on patient outcomes. Predictably, DCO was consistently associated with higher Injury
Severity Scores (ISSs); longer ICU and hospital stays; and increased complication rates such
as sepsis, MODS, and ARDS. This aligns with its established role in managing severely
injured, unstable patients. Importantly, studies that controlled for ISS, such as Pape et al.
(2003), Rixen et al. (2016), and Yu et al. (2023), reported comparable outcomes between
DCO and EAC, including ICU length of stay, transfusion requirements, and complication
rates. These findings highlight the subjective decision of when to pursue DCO. Ultimately,
the decision is often surgeon preference and institution based.

Given this subjectivity and the variability in outcomes, national organisation guide-
lines and institution specific protocols play a pivotal role in standardising decision making,
ensuring that both patient needs and local resources are appropriately accounted for. For
example, the 2015 guidelines released by the American College of Surgeons (ACS) and
Orthopaedic Trauma Association (OTA) outline specific indications for DCO, such as
severe traumatic brain injury and inadequate resuscitation [57]. These guidelines also
highlight the appropriateness of DCO in resource-limited settings. While they provide
clear recommendations in certain scenarios, much is left open to interpretation by individ-
ual institutions. The guidelines emphasise that, although patient physiology and injury
severity are key determinants, institutional factors play a critical role in shaping how these
protocols are implemented.

Institutions must tailor their protocols to align with their specific resources and capa-
bilities. This involves considering the expertise and comfort level of orthopaedic surgeons
in handling complex trauma, the hospital’s capacity for advanced resuscitation measures,
the proficiency of anaesthesia teams in managing critically ill patients, and the availability
of necessary multidisciplinary teams. For example, a Level I trauma centre with robust
resources may adopt protocols emphasising aggressive resuscitation and early definitive
fixation, while a smaller facility with limited resources might prioritise stabilisation and
timely transfer.

Additionally, variability in patient populations served by institutions can dictate
protocol design. Centres treating predominantly older populations with significant comor-
bidities may need to integrate additional considerations, such as optimising perioperative
management and incorporating geriatric expertise into decision-making algorithms. By
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acknowledging these nuances, institutions can develop biomarker-guided and algorith-
mic protocols that provide consistency while allowing for flexibility in addressing unique
clinical scenarios.

These protocols not only guide clinical decision making but also serve as a foundation
for informed consent discussions, helping surgeons effectively communicate the rationale
behind choosing DCO or EAC and the potential risks and benefits associated with each
approach. Informed consent is a vital consideration when determining whether to pursue
DCO or EAC, as both strategies carry significant risks and benefits that can impact a
patient’s quality of life [58]. However, trauma patients often lack the capacity to participate
in these discussions due to the urgency of their condition, leaving surgeons to rely on
surrogate decision-makers or act in the patient’s best interest based on clinical judgment
and established protocols.

These situations highlight the surgeon’s responsibility to balance the ethical principles
of autonomy and beneficence. While patients may later express frustration over prolonged
hospitalisations, additional surgeries, or delayed recovery due to the staged nature of DCO,
these measures are often necessary to manage life-threatening conditions and optimise
long-term functionality. To minimise potential misunderstandings and enhance trust,
preoperative discussions—when possible—should address the potential implications of
both DCO and EAC, including the anticipated length of hospitalisation, surgical risks, and
how these strategies align with the patient’s values and goals. Surgeons should be prepared
to guide these discussions by integrating their expertise; the latest evidence-based research;
and an understanding of the patient’s medical, surgical, and social circumstances.

In the end, surgeons must weigh numerous variables—including physiological sta-
bility, injury severity, institutional resources, and patient-specific factors—when choosing
between DCO and EAC. These decisions must be informed by a thorough understanding of
the current literature to ensure that the chosen strategy is the safest and most beneficial for
the patient. Although input from patients or their families is invaluable, they often depend
heavily on the surgeon’s expertise and guidance. This underscores the importance of
fostering a strong physician—patient relationship and ensuring that ethical considerations,
such as informed consent, remain integral to trauma care protocols. By addressing these
complexities, surgeons can not only optimise outcomes but also maintain the trust and
confidence of their patients and their families.

Limitations

This review has several limitations. Variability in biomarker protocols and thresholds
across studies—shaped by patient factors, laboratory differences, and timing—hinders
direct comparisons. Many included studies are retrospective, introducing potential bias
from confounders such as Injury Severity Score and pre-existing conditions. Heterogeneity
in patient selection, institutional protocols, and clinical decision making further complicates
comparisons between DCO and EAC. Additionally, differences in trauma care resources
across institutions limit generalisability. Future research should prioritise standardised
methodologies and multicentre collaborations to enhance consistency and external validity.

5. Conclusions

This systematic review is among the first to tackle the challenge of translating academic
biomarker research into practical clinical applications. It highlights a broader range of
biomarkers, including several that remain in the research phase but demonstrate promising
prognostic potential. Evaluating the scalability of these emerging biomarkers is critical to
determining their feasibility for clinical use beyond academic research.
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Several point-of-care (POC) biomarkers, including lactate, monocyte L-selectin, neu-
trophil L-selectin, neutrophil oxidative burst capacity, and CD16bright/CD62Ldim neu-
trophils, show significant utility in predicting complications such as sepsis, infection, and
multiple organ dysfunction syndrome (MODS). Among these, lactate stands out for its
established thresholds, enabling actionable clinical decision making for morbidity and
length of stay. Advanced laboratory biomarkers, such as IL-6, IL-10, IL-7R, HMGB1, and
leptin, provide deeper insights into systemic inflammation and immune dysregulation,
although their reliance on specialised techniques limits their immediate applicability in
acute settings. These advanced biomarkers underscore the importance of further research
to enhance accessibility and integrate their use into trauma care protocols.

Despite these advancements, the integration of biomarkers into surgical timing deci-
sions remains underdeveloped. The complexity of determining optimal surgical timing
in polytrauma patients—a dynamic interplay of physiological stability and operative
risks—highlights the need for refined thresholds and prospective validation of biomark-
ers. While lactate remains the only biomarker with established thresholds that could
potentially guide surgical timing, its role in identifying optimal surgical windows requires
further exploration.

Future research should focus on bridging the gap between biomarker discovery
and clinical implementation. This includes refining and validating biomarker thresholds,
advancing point-of-care testing technologies, and conducting prospective trials to assess
their role in improving surgical outcomes. Such efforts will be instrumental in leveraging
biomarkers to optimise trauma care, reduce complications, and enhance recovery for
polytrauma patients.
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Abstract: Background/Objectives: Bisphosphonates are effective in preventing osteo-
porotic fractures. However, the risk of atypical femur fractures (AFFs) increases with
long-term bisphosphonate use. There are few existing publications on the analysis of
clinical outcomes of atypical femur fracture cases in Chinese patients. Our objective was
to review the clinical outcomes of AFF cases managed in a tertiary center in Hong Kong,
China. Methods: Cases of AFF managed in the Prince of Wales Hospital from 2010 to 2024
were included. Data on demographics, type and duration of bisphosphonate use prior to
AFF, fixation method, and mobility 1 year post-operation were retrospectively retrieved.
One-way ANOVA was used to compare the duration of use prior to the development of
AFF between different types of bisphosphonates. Results: Sixty-nine cases of AFF were
included, with a mean age of 73.8 = 9.7 years. A total of 95.6% of patients had a history of
bisphosphonate use, with a mean duration of usage of 6.8 & 5.6 years prior to the occur-
rence of AFF. The duration of bisphosphonate use prior to the development of AFF was
comparable between alendronate, ibandronate, and a history of using more than one type
of anti-resorptive agent. A non-union rate of 5.8% was observed in the current cohort, with
48.2% returning to pre-morbid mobility 1 year post-operation. Conclusions: AFF is more
commonly seen in female patients with a history of bisphosphonate use. Considering the
high success rate demonstrated in the current cohort, treating AFF with closed reduction
followed by fixation with a long cephalomedullary device in dynamic locking together
with immediate full-weight-bearing rehabilitation post-operation may be effective.

Keywords: atypical femur fracture; bisphosphonates; osteoporosis; rehabilitation

1. Introduction

Osteoporosis is a systemic skeletal disease involving bone tissue, leading to bone
fragility and susceptibility to fractures [1,2], and it is common amongst the aging population.
Fracture liaison services (FLSs) have been implemented worldwide as an effective method
to reduce the risk of osteoporotic fractures [3] by actively recruiting and treating patients
with osteoporosis. Their effectiveness in reducing fracture risk has been reported in
previous studies [3-5].

Bisphosphonates have been widely used to treat osteoporosis since their development.
In brief, bisphosphonates reduce bone resorption by inhibiting osteoclast activity [6]. Other
anti-resorptive agents include denosumab, which is a monoclonal antibody that binds with
the RANKL protein, preventing it from stimulating essential pathways by which osteoclast
precursor cells mature into osteoclasts [7]. Rare adverse events from anti-resorptive use
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have been described in the literature, including atypical femoral fracture (AFF), which can
occur as a result of anti-resorptive use. It typically presents as a transverse fracture of the
subtrochanteric region, with minimal comminution occurring without a significant trauma
history [8].

Previous studies suggested that the incidence of atypical femur fractures is low, rang-
ing from 0.2 to 13 per 10,000 patient years, depending on duration of use [9]. However,
most reported cases have been associated with oral alendronate, and whether a similar
pattern is observed with other oral bisphosphonates or denosumab remains unclear [6].
It has also been reported in the literature that the risk of atypical femoral fracture drops
significantly after discontinuation of bisphosphonates [9]. Therefore, “drug holidays” after
every few years of treatment have been recommended for cases of long-term treatment [6].

AFFs are hypothesized to result from changes in the bone caused by decreased bone
turnover [10] and microcrack formation due to impaired healing [11,12]. Reduced bone
turnover is observed in anti-resorptive agent use, but it is also observed in patients with
other conditions, such as diabetes and chronic kidney disease [13,14]. Previous research
has suggested that Asian ethnicity is a risk factor for the development of AFF compared
to Caucasian ethnicity [15]. However, a recent article also suggested that the incidence in
the Korean population may be comparable to that reported for other ethnicities [16,17]. It
was also reported that AFF is a challenging condition to manage, with an average time to
union of 10.7 months [18], resulting in high complication rates reaching 15% [19], requiring
revision surgery [20]. Currently, dedicated studies describing AFF in our locality and in
the Chinese population are still scarce in the literature, and the clinical outcomes in this
population may be different to those in the Western population. The primary objective of
this study was to present the clinical outcomes of AFF cases managed in a tertiary unit in
Hong Kong, China, and to compare the cases based on the duration, type, and practice of
pharmacological agent used.

2. Materials and Methods
2.1. Patient Recruitment

This was a retrospective study approved by the Joint Chinese University of Hong
Kong—New Territories East Cluster Clinical Research Ethics Committee (CRE Ref. No.:
2024.359, approval date: 20 August 2024). The study protocol was in compliance with
ICH-GCP and the Declaration of Helsinki. Sixty-nine consecutive patients with atypical
femur fractures (AFFs) who were admitted to the Prince of Wales Hospital in Hong Kong,
China, from 2010 to 2024 were included. The inclusion criteria were (1) both male and
female patients, (2) >= 18 years of age, and (3) diagnosis of atypical femur fracture based
on the American Society for Bone and Mineral Research (ASBMR) guidelines. Closed
reduction followed by fixation with a long cephalomedullary device is the usual practice
when encountering cases of AFF. Full weight-bearing is allowed post-operatively [5,11].
Prophylactic nailing of the contralateral femur was discussed with patients when there
were clinical signs or obvious stress lesions seen in radiographs. Cases of femur fracture
that did not fulfill the ASBMR criteria for AFF were excluded.

2.2. Data Collection

Clinical notes of recruited cases were retrieved from the Clinical Management System
(CMS) for demographics, Age-Adjusted Charlson Comorbidity Index (ACCI) [2,21], type
and duration of osteoporosis medication used, documentation of “drug holidays”, treat-
ment of choice for atypical femur fracture, whether prophylactic nailing of the contralateral
femur was performed, and functional mobility premorbid and 1 year post-operation were
extracted [22].
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2.3. Statistical Analysis

Demographic variables were presented with means + standard deviations (SDs)
and frequencies (percentages). The Kolmogorov-Smirnov test was used for normality
analyses. The functional scores between cases with and without prophylactic nailing of
the contralateral femur were compared using independent-sample ¢-tests. The duration
of use between different types of bisphosphonates prior to the development of AFF was
compared using one-way ANOVA. A post hoc Scheffe’s test was performed if significant
differences were obtained. Data were analyzed using IBM SPSS Statistics, version 27 (SPSS
Inc., Chicago, IL, USA). Statistical significance was indicated with p < 0.05.

2.4. Outcome Measures

The primary outcomes of the current study were the clinical outcomes of 69 AFF cases
in terms of mobility at 1 year post-operation, complication rates, and mortality. Secondary
outcomes included the type and duration of anti-resorptive agent used and the practice of
drug holidays.

3. Results
3.1. Patient Demographics

Clinical notes of 69 patients with a diagnosis of atypical femur fracture from 2010
to 2024 were reviewed. The patients had a mean age of 73.8 & 9.7 years old, a BMI of
23.8 £39kg/ m?, and a female ratio of 94.2%. A total of 21.7% had a history of diabetes
mellitus, 7.2% had a documented history of smoking, 4.3% had heart failure, 4.3% had
chronic kidney disease, and 8.7% had a history of malignancy. The mean Age-Adjusted
Charlson Co-morbidity Index was 3.4 4= 1.2. A total of 53 out of 69 (76.8%) participants
had a history of anti-resorptive agent use for primary osteoporosis, whilst 7 out of 69
(10.1%) initiated anti-resorptive treatment after fragility fracture. Six cases had a history of
anti-resorptive agent use without clear documentation of the indication, and three cases
had clear documentation that the participant had no previous use of anti-resorptive agents.
The details of the recruited patients are shown in Table 1.

Table 1. Age distribution of cases presenting with atypical femoral fracture.

Characteristics Total Cases (1 = 69)
Age (years) @ 73.8 +9.7
Female 65 (94.2%)

BMI 23.8 + 3.9 kg/m?
Current smoker 5(7.2%)

Diabetes mellitus 15 (21.7%)

Heart failure 3 (4.3%)

Chronic kidney disease 3 (4.3%)
Malignancy ° 6 (8.7%)

ACCI € 34+12

History of anti-resorptive agent use 66 (95.6%)
Indication for anti-resorptive agent

Primary osteoporosis 53 (76.8%)
Fragility fracture 7 (10.1%)

2 Values are expressed as means + standard deviations or n (%). ® Documentation of any previous/active
malignancy. ¢ Age-Adjusted Charlson Comorbidity Index.

3.2. Fixation Method and Non-Union Rates

Amongst the 69 recruited cases, 51 (75.3%) were treated with a long cephalomedullary
device (300 mm was the shortest one used). Sixteen (23.2%) were treated with a short
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cephalomedullary device (200 mm was the longest one used), and one (1.4%) was treated
with a plate with screws.

Four out of sixty-nine cases (5.8%) resulted in non-union, requiring revision. Amongst
these four cases, one case underwent fixation of AFF with a 360 mm long cephalomedullary
device in static locking. The other three had initial fixation of AFF with other units: one
case was initially treated with a 170 mm cephalomedullary device, one case was treated
with a 200 mm cephalomedullary device, and one case was treated with plating of the
proximal femur. All four cases were revised with 300-360 mm long cephalomedullary
devices in dynamic locking. All cases achieved bony union after revision surgery. The
non-union rates with different devices are summarized in Table 2.

Table 2. Non-union rates with different devices for fixation.

Union Non-Union Total
Long cephalomedullary device 51 (98.1%) 1(1.9%) 52
Short cephalomedullary device 14 (87.5%) 2 (12.5%) 16
Plate with screws 0 (0%) 1 (100%) 1
Total 65 (94.2%) 4 (5.8%) 69

3.3. Location of AFFs and Non-Union Rates

Amongst the 69 recruited cases of AFF, 22 were located in the diaphyseal region, while
47 were located in the sub-trochanteric region. Out of the four cases of non-union in this
cohort, one (4.5%) case had an AFF in the diaphyseal region, while three (6.4%) cases had
AFFs in the sub-trochanteric region. The non-union rates with AFFs in different locations
are summarized in Table 3. There was no statistical significance in the difference between
non-union rates of subtrochanteric and diaphyseal AFFs (p > 0.05).

Table 3. Non-union rates of AFFs in different locations.

Union Non-Union Total
Subtrochanteric 44 (93.6%) 3 (6.4%) 47
Diaphyseal 21 (95.5%) 1 (4.5%) 22
Total 65 (94.2%) 4 (5.8%) 69

3.4. Mobility Status 1 Year Post-Operation

Amongst the 69 patients, 56 (81.8%) had information on mobility status at baseline and
at 1 year post-operation documented. Twenty-seven (48.2%) cases were able to return to
premorbid mobility levels at 1 year post-operation. Twenty (35.7%) cases walked unaided,
twenty-nine (51.8%) cases walked with a stick, five (8.9%) cases walked with a frame, and
two (3.6%) cases were wheelchair-bound (Figure 1).

3.5. Prophylactic Nailing

Prophylactic nailing of the contralateral femur was performed in 78.2% (54 out of 69)
of recruited cases of AFF. At 1 year post-operation, there was no documented occurrence of
AFF of the contralateral femur among cases without prophylactic nailing performed. There
were also no significant differences in the functional mobility status of AFF cases with and
without prophylactic nailing of the contralateral femur performed (p > 0.05).
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Figure 1. Mobility achieved at 1 year post-operation.

3.6. Pharmacological Agents Used for Osteoporosis

A total of 66 out of 69 (95.6%) patients had a documented history of using anti-
resorptive agents, with a mean duration of 6.8 & 5.6 years, prior to the development of AFF.
Alendronate was the most common pharmacological agent used, documented in 42.0% of
included cases. Ibandronate was used in 8.6%. Denosumab was used in 4.3% of cases. A
total of 14.4% of AFF cases had a history of using more than one type of medication for
osteoporosis prior to the development of AFF, and 26.1% cases had no clear documentation
on the type of anti-resorptive agent used. The details of anti-resorptive agents used in the
included population are summarized in Table 4.

Table 4. Type of anti-resorptive agent used in recruited population.

Total Cases (n = 69)

Cases with documented use of anti-resorptive drugs 66 (95.6%)
Type of anti-resorptive agent

Alendronate only 29 (42.0%)
Ibandronate only 6 (8.6%)
Denosumab only 3 (4.3%)
History of using more than one drug 10 (14.4%)
Unknown 18 (26.1%)

Values are expressed as 71 (%).

The documentation of the duration of drug use was inconsistent, with retrievable data
in 53 out of 69 cases (76.8%). Missing data included the type, duration, and indication
of anti-resorptive agent used. The cause of incomplete documentation was the use of
over-the-counter anti-resorptive agents or the participants receiving medication from a
private practice. AFF patients with sole alendronate use developed the condition after
7.6 £ 6.9 years. Patients with sole Ibandronate use developed AFF after 5.5 £ 3.5 years
of treatment. Three AFF cases had a history of denosumab use, with a mean time of
3 + 0 years use prior to development of AFE. There were no significant differences in the
duration of use prior to the development of AFF observed between different types of
osteoporosis medications (Figure 2).
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Figure 2. Years of anti-resorptive agent use prior to the development of atypical femur frac-
tures (AFFs).

3.7. Drug Holidays

Amongst the 53 participants with available data on drug holidays, 37 cases had a
history of anti-resorptive use of more than 4 years. Only 3 out of 37 (8.1%) cases practiced a
drug holiday of 1-2 years after every 3 years of consecutive use of anti-resorptive agents.
In these cases of AFF, the average time of consecutive anti-resorptive agent use was
8.9 4 5.7 years.

4. Discussion
4.1. Comparable Non-Union Rates in the Literature

A previous multicenter study reported a cohort of 46 AFF cases treated with in-
tramedullary nailing, resulting in a 4.3% non-union rate of requiring revision of in-
tramedullary nailing [23]. In this study, 4 out of 69 (5.8%) cases of AFF required revision
surgery, all of which achieved boney union after. This suggests that the non-union rate
in the current study is comparable to that reported in the literature. Previous studies
recommended that AFF should be treated by closed reduction followed by fixation with a
long cephalomedullary device, providing adequate stability to allow immediate weight-
bearing [24]. The findings of the current study support this recommendation, as non-union
rates were shown to be higher in cases treated with a short cephalomedullary device (12.5%)
or a plate with screws (100%). Amongst our four included cases of non-union, two cases
initially attempted fixation of AFF with a short cephalomedullary device, and one case
attempted fixation with plates and screws. Shorter cephalomedullary devices may not
provide adequate stability, whilst extramedullary fixation methods like plates and screws
may be sub-optimal as they rely on intramembranous fracture healing, which may be
inhibited by anti-resorptive medications. As for the one case of failed fixation with a long
cephalomedullary device, the distal locking was performed in the static position, which
may have contributed to its failure (Figure 3). Static locking of cephalomedullary devices
for fixation of AFF may lead to higher rates of failure due to the limited distance available
for controlled subsidence. A previous study described static locking as one of the risk
factors of reoperation [25].

Another explanation for the high rate of bony union in the current cohort (94.2%) could
be our routine practice of dynamic locking together with immediate full weight-bearing
post-operation. Comparisons of static locking and dynamic locking in the treatment of
AFF are not widely reported in the existing literature. However, the potential benefits of
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dynamic locking were highlighted in a recent cohort study of 236 cases of AFF showing
faster times for the achievement of union and lower non-union and failure rates [25].

Figure 3. Case of AFF with non-union after fixation with short cephalomedullary device revised to
long cephalomedullary device and achievement of bony union.

Dynamic locking is typically avoided in cases of comminuted or long oblique cases
where a lack of fracture end opposition may lead to significant limb shortening [26-28] and
delayed time to union [29-31], but the fracture patterns in AFFs are typically transverse
or short oblique with minimal or no comminution. When adopted in suitable cases, it
is believed that dynamic locking may stimulate an osteogenic response due to increased
load across the fracture site [32]. No existing large-scale randomized trials compared
the use of different locking options in the treatment of AFF. However, clinical trials have
been performed on cases of femur fractures, showing mixed results. One study suggested
that dynamic locking achieved a shorter time to union by 4 weeks [33], while another
study suggested that static locking achieved a shorter time to union by 3 weeks [34]. The
results from the existing literature may not be directly comparable due to differences in the
recruited populations and differences in fracture patterns and rehabilitation protocols.

The results from the current study showed only one failed fixation of AFF using a
long cephalomedullary device, which was fixed in static locking. There is a possibility that
dynamic locking may provide superior outcomes, but further investigation is required to
support this hypothesis.

4.2. Non-Union Rates Between Diaphyseal and Subtrochanteric AFFs

Previous studies suggested the classification of AFFs into diaphyseal and sub-
trochanteric types [8]. The clinical significance of this classification has also been high-
lighted in a recent systematic review showing a statistically greater non-union rate of
subtrochanteric AFF at 15% versus a non-union rate of 4% in diaphyseal AFF [19]. A similar
trend was observed in the cohort of the current study. Despite not reaching statistical
significance, the non-union rate of subtrochanteric AFFs was higher than that of diaphyseal
AFFs (6.4 vs. 4.5%). It is also noteworthy that the union rate of subtrochanteric AFFs
in this study (6.4%) was lower than the non-union rate of 15% reported in the literature.
Prospective studies with a larger sample size are required to support the hypothesis, but
there is a possibility that the standardized AFF treatment with a long cephalomedullary
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device and dynamic locking followed by immediate full-weight-bearing walking may be a
reasonable method to manage the challenging condition.

4.3. Mobility at 1 Year Post-Operation

In the current study, 56 (81.8%) recruited cases documented information on mobility
status at baseline and at 1 year post-operation. Twenty-seven (48.2%) cases were able to
return to premorbid mobility levels at 1 year post-operation. A previous multicenter study
on 75 cases of AFF suggested that 80.4% of patients were able to return to pre-fracture
mobility [23,35]. The discrepancy could be addressed by the relatively short follow-up time
in the current study. Documentation of pre-fracture and post-fracture mobility could also
be documented in a more standardized manner in future studies.

4.4. Significance of Prophylactic Nailing to the Contralateral Femur

Existing multicenter cohorts suggested the effectiveness of intramedullary nailing in
treating atypical femur fractures [23,36]. Extramedullary fixation with plates and screws
was also described in the literature but was suggested to be un-favourable as intramem-
branous fracture healing is dependent on osteoclast activity, which is inhibited in anti-
resorptive therapy [5]. The management of incomplete fractures and whether to prophylac-
tically perform intramedullary nailing of the contralateral femur remain controversial [24].
A scoring system has been described in previous literature to guide the decision on whether
prophylactic nailing should be performed [37].

Prophylactic nailing of the contralateral femur was offered to all patients presenting
with AFF, as there were clinical signs or radiological stress lesions. In this study, 22% of
the cases presenting with AFF did not receive prophylactic nailing of the contralateral
femur after discussion. The decision usually involves a balance of risks/benefits, patient
preference, and discussion with the surgeon when there is a lack of significant stress
lesioning suggested by radiography of the contralateral femur. An example of a significant
stress lesion strongly suggestive for prophylactic nailing and a minimal stress lesion for
which the patient eventually did not receive prophylactic nailing are shown in Figure 4.

Figure 4. Example radiographs of cases where prophylactic nailing of the contralateral femur was
(right) and was not performed (left). Grey arrows show the most prominent stress lesions on
the radiographs.
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When comparing cases with and without prophylactic nailing of the contralateral
femur, there were no occurrences of AFF in the contralateral femur and no significant
differences in the functional mobility status at 1 year post-operation. These results raise
awareness of the fact that prophylactic nailing may not necessarily be beneficial in cases
of AFF when there is a lack of significant stress lesions shown on the radiograph of the
contralateral femur.

4.5. Time Leading to AFF in Different Anti-Resorptive Agents

The existing literature suggested that the majority of reported cases of AFF were
associated with alendronate use, but the phenomenon was also observed in trials involving
other anti-resorptive agents [6]. The etiology of AFF is yet to be fully understood. Anti-
resorptive agents aim to preserve bone mineral density through suppression of bone
resorption. However, resorption is part of the natural bone turnover mechanism, and
it was hypothesized that its suppression may lead to the accumulation of microcracks
and AFF [38,39]. Previous investigations also showed depressed levels of bone turnover
markers when comparing AFFs with typical femur fractures [10]. Other studies attempted
to compare the microarchitecture of bones in patients with and without atypical femur
fractures, showing no significant differences [40]. Results from this study suggested that
AFF cases are also observed in cases of anti-resorptive agent use other than alendronate.
From the current data, there were no significant differences in the time leading to AFF
between using alendronate only, ibandronate only, denosumab only, or a history of more
than one type of anti-resorptive agent used prior to the development of AFE. However, the
current study only included a relatively small sample of AFF patients. Population-based
studies with a larger sample size may be required to further support this hypothesis.

4.6. The Importance of Stewardship in the Use of Anti-Resorptive Agents

The results from this study suggest that drug holidays were not practiced according
to recommendations in the majority (92%) of cases presenting with AFF. Among these
cases, the mean duration of consecutive anti-resorptive agent use was 8.9 £ 5.7 years. The
importance of drug holidays has been advocated in the previous literature [41]. Existing
studies demonstrated that bone turnover increases gradually over 1-2 years, leading to a
drop in bone mineral density in the hips [42]. However, the bone mineral density at 2 years
post-termination of anti-resorptive treatment was still higher than pre-treatment levels, sug-
gesting lingering effects by the end of a drug holiday of 2 years [42]. Another observational
cohort study assessing the fracture risks of drug holidays reported an increased risk of hip,
humerus, and vertebral fractures in patients with a drug holiday of >2 years compared
with patients who continued to receive anti-resorptive agents [43]. Despite evidence on the
importance of drug holidays, there is currently no consensus on when and how long drug
holidays should be practiced. Large, prospective, long-term observational studies may be
necessary to clarify the safety of and best practice for drug holidays.

As the risk of typical fragility fracture remains high in patients with osteoporosis, five
principles were described to manage patients who suffered from AFF while on bisphospho-
nates or denosumab [44]. The first principle suggested the termination of the anti-resorptive
medication. However, it was also mentioned that extra caution is required for patients on
denosumab in consideration of the risk of rebound vertebral fractures [44]. The second
principle is maximizing non-pharmacological means to reduce fall and fracture risks. The
third principle is to work-up and treat potential secondary causes of osteoporosis. The
fourth principle is to review the drug list of the patient, eliminating candidates that may
increase fracture risks. Finally, the fifth principle suggested that some patients may benefit
from anabolic agents. The use of anabolic agents like teriparatide was also recommended
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by other authors [45]. However, it was also mentioned that there is currently no solid
evidence on the indication of anabolic agents [45].

4.7. Limitations

A limitation of the current study lies in the relatively small sample size of 69 cases
of AFF and the retrospective study design. Documentation of the use of medication for
osteoporosis is sometimes inconsistent, and the variety of anti-resorptive agents discussed
in the current study is limited to alendronate, ibandronate, and several cases of denosumab.
Inconsistent documentation of anti-resorptive agent use also limited the possibility of
performing a meaningful analysis of the spontaneous or non-bisphosphonate groups of
AFF, as accurate identification of these groups could not be completed with the current data.

The recruited cohort of the current study only included Chinese patients. Therefore,
direct comparisons between different ethnicities could not be made. The retrospective
design of the current study also limited the width of the included data. Frailty measures,
muscle mass, and physical function are important parameters to be considered in the
geriatric population. Future prospective multicenter studies on the topic with prospective
designs may be required given the rare incidence of AFF due to anti-resorptive agent use.

5. Conclusions

AFF is more commonly seen in female patients with a history of bisphosphonate use.
Considering the high success rate demonstrated in the current cohort, treating AFF with
closed reduction followed by fixation with a long cephalomedullary device in dynamic
locking together with immediate full-weight-bearing rehabilitation post-operation may
be effective.
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Abstract: Background/Objectives: Distal radius fractures (DRFs) are among the most
common fractures in the elderly, with increasing incidence due to population aging. Recent
evidence questions the benefits of operative treatment, particularly in elderly patients.
The present study aimed to assess post-traumatic osteoarthritis (OA) and patient-reported
outcome measures (PROMs) after a minimum of two years of follow-up of the previously
published VOLCON randomized controlled trial (RCT), which compared operative and
non-operative treatments of unstable DRFs in patients aged > 65 years. Methods: This
study presents a minimum two-year follow-up of a single-center, assessor-blinded RCT. A
total of 100 patients with unstable DRFs were randomized to either operative treatment
with volar locking plating or non-operative treatment with cast immobilization. The pri-
mary outcome was post-traumatic OA, assessed using the Knirk and Jupiter classification.
Secondary outcomes included PROMs (Quick Disabilities of the Arm, Shoulder, and Hand
(Quick-DASH)) and Patient-Rated Wrist/Hand Evaluation (PRWHE), complications, pain,
grip strength, and range of motion (ROM). Statistical analyses were performed using two-
way ANOVA. Results: After a median follow-up of 3.0 years, 60 patients (28 non-operative
and 32 operative) were available for analysis. There was no significant difference in OA
between the groups (p = 0.57). PROMs (Quick-DASH, PRWHE), pain, grip strength, and
ROM were time-dependent (p < 0.001) but not treatment-dependent. Complications were
more frequent in the operative group, including hardware-related issues requiring reoper-
ation. Conclusions: At a minimum of two years of follow-up, no correlation was found
between treatment choice and post-traumatic OA. Functional outcomes were similar be-
tween groups, suggesting that non-operative treatment remains a viable option for elderly
patients with unstable DRFs.

Keywords: distal radius fractures; post-traumatic osteoarthritis; randomized controlled
trial; non-operative treatment

1. Introduction

Distal radius fractures (DRFs) are among the most common fractures in the elderly
with incidence rates of 190-200 per 100,000 person-years [1,2]. These incidence rates are
expected to increase with the projected aging population [3].

. Clin. Med. 2025, 14, 3766 https://doi.org/10.3390/jcm14113766
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In Denmark, operative treatment was recommended by the National Clinical Guide-
lines (NCG) (2017) for unstable DRFs when the following radiological criteria were fulfilled
after attempted closed reduction in the emergency department (ED) [4,5]: >10° dorsal tilt
of the radius, >2 mm articular step-off, >3 mm ulnar variance, incongruence of the distal
radioulnar joint, and substantial dorsal comminution indicating gross instability.

For the past few decades, open reduction and internal fixation (ORIF) with volar
locking plates has becoming increasingly popular [6,7] and is now the operative treatment
of choice. Studies have shown that ORIF improves radiological alignment and restores
the distal radius closer to normal anatomy [8,9]. However, recent high-quality studies
have questioned the benefits of operative treatment for DRFs in the elderly, and evidence
supporting non-operative treatment is mounting [10-14].

Three studies have had an observation period of more than one year of elderly patients
with unstable DRFs randomized to either operative or non-operative treatment. However,
these studies have shown conflicting results [15-17].

The present study is a minimum 2-year follow-up of a previously published ran-
domized controlled trial (VOLCON RCT) [14] comparing operative and non-operative
treatments of unstable DRF in patients > 65 years. Given the poorer radiological pa-
rameters in terms of angulation and shortening in the non-operatively treated group at
5-week follow-up, it seemed logical to reinvite the VOLCON patients and assess their
post-traumatic osteoarthritic changes and patient-related outcome measures (PROMs) after
a longer follow-up period of more than one year.

In the present study, we wanted to assess the explorative outcomes of the original RCT.
Therefore, we assessed PROMs as well as radiological osteoarthritis (OA) changes after
non-operative and operatively treated patients after a minimum of two years of follow-up.

2. Materials and Methods

This study describes the minimum 2-year follow-up on an already published prospec-
tive, single-center, assessor-blinded, randomized, controlled superiority trial comparing
non-operative versus operative treatments of unstable DRFs in patients > 65 years [14]. A
study protocol was also published [18]. The primary study took place between November
2019 and March 2022.

Interventions and randomization

Patients with DRFs aged 65 years and above admitted to the ED at Randers Regional
Hospital, Denmark, were screened for eligibility. Exclusion criteria were high-energy

fractures, open fractures, concomitant injuries, previous ipsilateral DRFs, and the inability
to give written consent for participation in the study.

DRFs were diagnosed on radiographs of the wrist (posterior—anterior and lateral
projections), and closed reduction was performed with a hematoma block by the attending
physician in the ED. A maximum of two attempts at closed reduction were allowed to
obtain an acceptable reduction in the fracture. If the NCG criteria [4] for operation were
fulfilled, the patient was randomized to either operative or non-operative treatment.

According to sample size calculations from the primary study, 100 patients were
included. Thus, patients were blindly randomized by picking one of 100 identical sealed
envelopes, each containing a note stating “operative” or “non-operative” written. The
envelopes were non-transparent, and the concealment of allocation was therefore effective.

Patients allocated to operation were treated with ORIF with volar locking plate fixation
(AcuLoc, Acumed, Hillsboro, OR, USA or VariAx, Stryker, Kalamazoo, MI, USA). All
patients were operated on using a standard Henry approach for the distal radius. The
repair of the pronator quadratus was performed when possible. Patients were operated
under regional or general anesthesia. Post-operatively, the wrist was immobilized with a
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dorsal plaster cast for 2 weeks, followed by 3 weeks of immobilization with a removable
wrist orthosis. A single session of hand therapy instruction took place.

Patients allocated to the non-operative treatment were immobilized with a dorsal
plaster cast for 5 weeks. A single session of hand therapy instruction took place after cast
removal. No radiographs were performed before the 5-week follow-up.

Outcomes

Primary and secondary outcomes were assessed for the primary study at day 0,
2 weeks, 5 weeks, 6 months, and 12 months after injury. For the present study, patients were
followed-up at minimum 2 years after the injury. Patients were contacted by telephone and
invited to participate. At the 2-year follow-up, the observers DW and KLR were blinded
as all measurements were performed with the wrist covered by a glove to mask potential
surgical scars.

Explorative Outcomes of the Original RCT

The degree of post-traumatic OA in the radiocarpal and distal radioulnar joints was
assessed by an orthopedic trauma specialist according to the Knirk and Jupiter classifi-
cation [19] on a scale from 0 to 3 (0: none, 1: slight joint-space narrowing, 2: marked
joint-space narrowing and osteophyte formation, and 3: bone-on-bone osteophyte for-
mation and cyst formation) on standard radiographs of the wrist (posterior—anterior and
lateral projections).

PROMs included a Danish version of the Quick Disabilities of the Arm, Shoulder, and
Hand (Quick-DASH). A difference of 16-20 points in Quick-DASH was considered the
minimum clinically important difference (MCID) [20-22]. The validated Danish version of
the Patient-Rated Wrist/Hand Evaluation (PRWHE) was also reported [23]. The MCID for
PRWHE was defined as a difference of 11.5 [24].

Complications were reported as follows:

e  Sensory disturbance, including carpal tunnel syndrome and chronic regional pain
syndrome;

Flexor tendon rupture and irritation;

Extensor tendon rupture and irritation;

Hardware failure, e.g., osteosynthesis loosening;

Infection: superficial (treated with antibiotics only) or deep (requiring a surgical
intervention);

Reoperation with hardware replacement;
e  Reoperation with hardware removal (partial or total), which is not routinely performed
in our country.

Pain was reported using the 0-10 numeric rating scale (NRS). Grip strength was
measured using a calibrated dynamometer (EH101 CAMRY, by Camry® Scales, South El
Monte, CA, USA). The grip strength of both the left and right hands was estimated as the
mean score of three repetition of each hand. Range of motion (ROM) was measured by one
of the investigators using a goniometer.

Statistics

Basic demographic statistics were used to describe the study population. Two-way
ANOVA was applied to determine if the observed effects were time-dependent, subject-
dependent, or treatment-dependent. The significance level was set to p < 0.05.

The present trial was approved by the Danish Scientific Ethical Committee (ID: 1-10-
72-420-17) and registered at Clinicaltrials.gov (ID: NCT03716661).
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3. Results

After a median follow-up time of 3.0 (range 2.0-4.3) years, a total of 60 patients
(28 non-operatively and 32 operatively treated DRFs) were available for data analysis at a

minimum follow-up time of 2 years. Of the 85 patients available for the 1-year analysis of
the published VOLCON RCT [14], 25 patients were lost to follow-up: a total of 5 patients
were deceased, while 6 patients were lost to follow-up as they could not be contacted by

telephone, and 14 patients did not want to participate in the study due to illness or a lack
of time/interest (Figure 1).
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Figure 1. Consort flowchart.
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Baseline demographics (age, gender, dominant hand fractured (yes/no), working
status, and ASA class 1-6 (American Society of Anaesthesiologists Classification)) for the
patients available for data analysis at a minimum 2-year follow-up and patients lost to
follow-up between the 1- and 2-year follow-ups are given in Table 1, while the population
at large from the VOLCON study can be found in the 1-year follow-up [14]. From years 1
to 2, the 25 patients lost to follow-up seemed to be slightly older but otherwise comparable
to the included patients in terms of gender, occupational status, and ASA groups.

Table 1. Patient demographics for patients available for 2-year analysis and patients lost to follow-up
from 1 to 2 years of follow-up.

Available at Follow-Up at 2 Years Lost to Follow-Up 1-2 Years
n =60 n=25
Non-Operative Operative Non-Operative Operative

n=232 n=28 n=14 n=11
Women [n/N (%)] 26/32 (81%) 22/28 (78%) 11/14 (79%) 8/11 (73%)
Ef?;“(rf‘;] dominantside 535 (470, 13/28 (46%) 8/14 (57%) 4/11 (36%)
Median age (range) [years] 73 (66-92) 72 (65-87) 78 (65-91) 78 (69-91)
Retired 31/32(97%) 28/28 (100%) 14/14 (100%) 11/11 (100%)
ASA 1/ASA 2/ASA 3 [n] 10/19/3 11/16/1 2/9/3 3/7/1

ASA: American Society of Anaesthesiologists Classification.

Explorative outcomes of the original RCT:

Radiological post-traumatic OA was assessed using pairs of radiographs at the 5-week
follow-up and the latest follow-up at 2 years. The post-traumatic osteoarthritis grades are
given in Table 2. Knirk and Jupiter describe these as follows: 0: none, 1: slight joint-space
narrowing, 2: marked joint-space narrowing and osteophyte formation, and 3: bone-
on-bone osteophyte formation and cyst formation [19]. According to two-way ANOVA
analysis, time accounted for 25% (p < 0.001), the subject for 47% (p = 0.004), and treatment
only for 0.3% (p = 0.57) of total variation.

Table 2. Post-traumatic osteoarthritis grade according to Knirk et al. [19].

Non-Operative Operative
PA Grade 5 Weeks 2 Years 5 Weeks 2 Years
0 22 14 30 7
1 4 7 1 16
2 1 5 0 6
3 0 1 0 2

PA: Post-traumatic osteoarthritis.

The dorsal angulation was statistically significantly different between the treatment
groups (p < 0.001), while time did not have a statistically significant impact when comparing
immediate post-operative or closed reduction radiographs to radiographs after 5 weeks
and 2 years (p = 0.978) (Figure 2). Notably, the AO/OTA classification was comparable with
the AO type A/B/C distributed as follows: (19/4/9) in the operative group and (11/5/12)
in the non-operative group.

The Quick-DASH from pre-injury, 2 weeks, 5 weeks, 6 months, 1 year, and 2 years
was dependent on time (p < 0.001) and participant (p < 0.001) but not treatment (p = 0.56).
If treatment had no effect overall, there was thus a 56% chance of randomly observing
our results.
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Figure 2. Dorsal angulation on day 0, 5 weeks, and 2 years.

Likewise, PRWHE scores at 6 months, 1 year, and 2 years were dependent on time
(p = 0.01) and participant (p < 0.001) but not treatment (p = 0.96) (Figure 3). The mean
Quick-DASH and PRWHE scores are presented in Table 3. Pain was also not treatment-
dependent (p = 0.43), but it was time-dependent (Table 3). Likewise, ROM was not
treatment-dependent, and the combined active movements, namely flexion—extension,
ulnar-radial deviation, and supination—pronation, were all solely time-dependent. Com-
bined flexion—extension ROM in the non-operative group vs. the operative group had a
median of 105 (35-170) and 110 (45-170) degrees at the latest follow-up (p > 0.05). ROM
in the other directions was also similar between groups; i.e., median combined pronation—
supination scores of 180 (125-180) vs. 180 (135-180) and median combined deviation scores
of 65 (35-75) vs. 55 (30-75) degrees (p > 0.05).

Table 3. Quick-DASH, PRWHE, and pain scores 6 months, 1 year, and 2 years after the injury.

Quick-DASH PRWHE Pain (NRS 0-10)
Non-Operative Operative Non-Operative Operative Non-Operative Operative
6 months 2.3(0.0;0.0-6.8;25)  2.3(0.0,0.0-6.8;59)  6.5(0.0; 0.5-16; 42) 7.0 (0.0; 0.0-15; 87) 0(0;0-1; 5) 0 (0; 0-1; 5)
1 year 0.0 (0.0;0.0-4.5;75) 0.0 (0.0;,0.0-6.2;64)  0.5(0.0; 0.0-13; 54) 0.0 (0.0; 0.0-10; 93) 0 (0; 0-0; 5) 0 (0; 0-0;7)
2 years 0.5(0.0;0.0-8.5;55) 0.0 (0.0; 0.0-2.3;50) 0.0 (0.0; 0.0-8; 68) 0.0 (0.0; 0.0-3; 89) 0 (0; 0-0; 5) 0 (0; 0-0; 5)

Quick-DASH: Quick Disabilities of the Arm, Shoulder, and Hand. PRWHE: The Patient-Rated Wrist/Hand
Evaluation. NRS: numerical rating scale.

The mean grip strength of the fractured wrist was time-dependent (p < 0.001) but not
treatment-dependent (p = 0.72). The mean grip strength of the fractured wrist was 15.4 kg,
17.3 kg, and 17.6 kg after 6 months, 1 year, and 2 years, respectively. The mean grip strength
of the healthy side was not time-dependent (21.8 kg, 21.1 kg, and 20.5 kg; p = 0.07).
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Figure 3. Mean Quick-DASH and PRWHE scores and mean scores at different time points.

Complications between the 1- and 2-year follow-ups occurred predominantly in the
operative group. For two non-operatively treated patients, one underwent surgery for
carpal tunnel syndrome, while another one was diagnosed with De Quervain’s tenosyn-
ovitis and trigger finger, both of which required surgery. These complications were in
addition to those observed within the first year, as reported in the VOLCON RCT [14]: two
cases of superficial wounds at cast removal, two cases of surgically treated carpal tunnel
syndromes, and three cases of nonspecific sensory disturbances within the first year.

In the operative group, two additional surgeries were performed between the 1-
and 2-year follow-ups: one plate was removed due to extensor tendon irritation, and
one patient underwent wrist arthrodesis. Furthermore, one proximal screw loosened but
was not removed, and one patient had broken screws; however, the bone healed with
increased dorsal angulation without requiring reoperation. Notably, the fluctuating sensory
disturbances reported at 1 year were no longer present in the same patients at 2 years.

4. Discussion

In this minimum 2-year follow-up of an RCT investigating operative versus non-
operative treatments of displaced DRFs in patients >65 years, we found no correlation
between treatment choice and the development of post-traumatic OA. Furthermore, we
found no difference in Quick-DASH, PRWHE, the pain score, ROM, or grip strength at
the 2-year follow-up. As expected, there was significantly greater dorsal angulation in the
non-operative group. Implant-related complications such as screw loosening and plate
removal due to protruding screws causing tendon irritation were still observed between
1 and 2 years. Given the greater dorsal angulation in the non-operative group, it was
surprising that one arthrodesis surgery was performed in a volar-plated DRF patient, while
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none of the non-operatively treated patients had bony surgery. However, a carpal tunnel
release surgery for De Quervain’s tenosynovitis and trigger finger was performed in two
non-operatively treated patients.

Our results regarding post-traumatic OA are comparable to Stidow et al. [15] who also
published an extension of an RCT comparing operative versus non-operative treatments
of displaced DRFs in elderly patients. Similarly, they found no significant difference in
OA at the 3-year follow-up. In contrast, another study found a significantly higher degree
of post-traumatic OA in non-operatively treated DRFs with an indication for surgery.
However, this study was retrospective, thus not randomized, and included a relatively
small population of 50- to 70-year-old patients [25].

Several studies have found a correlation between malunion and articular step-off
and the development of OA [19,26,27]. These studies, published in 1986, 1990, and 2011,
included relatively young patients. However, Lutz et al. [27] concluded that there was
no correlation between OA and the DASH score and grip strength and the pain score at
the 9-year follow-up in a population with a mean age of 38 years. The relevance of these
findings for an older population, such as in the present study, is unclear. We found a
greater degree of dorsal angulation in the non-operative group compared to the operative
group. According to these studies, this malunion could result in a higher degree of OA.
However, we found similar OA rates in both groups. Additionally, functional outcomes
were comparable between the two groups.

The etiology of post-traumatic OA in the wrist is believed to be multifactorial. A
review on the topic suggests that ligament injuries and fractures are major contributing
factors [28]. Injuries in other joints, such as the knee, have been associated with accelerated
OA, particularly in the elderly [29,30]. Some have proposed intra-articular steroid injections
to reduce the development of OA in DRFs post-operatively, but these failed to show
any effect [31]. Interestingly, preexisting wrist or carpometacarpal OA did not affect
postoperative functional outcomes (PRWHE or DASH) after DRFs in a retrospective case—
control study including 61 patients [32].

We found no difference in Quick-DASH or PRWHE scores between the operative and
non-operative groups at the 2-year follow-up, which aligns with findings from several meta-
analyses and RCTs on operatively versus non-operatively treated DRFs [10,12,13,33-36].
However, these studies all had a maximum follow-up of 1 year. In contrast to our findings,
some studies report better PROM scores in the operative group [37,38]. One of these
meta-analyses found a lower Quick-DASH score of —5.22 (95% CI —8.87 to —1.57) in the
operative group in the first year. However, in a subgroup analysis including elderly patients
(>60 years), this difference diminished and was no longer significant [38]. Saving et al. [37]
found a difference of 11.6 (8.3 vs. 19.9) in DASH scores favoring the operative group. Given
that the MCID is defined as 1620 points, the clinical relevance of this difference remains
uncertain [20-22].

Three RCTs comparing operative versus non-operative treatments of DRFs with a
minimum of two years of follow-up were identified [15-17]. Stidow et al. concluded that
the operative group had a small but statistically significant improvement in PRWHE scores
(9-point difference) [15]. However, given that the MCID for PRWHE is 11.5, this difference
is unlikely to be clinically relevant [24]. Additionally, they found no difference in DASH
scores, which aligns with our findings. Likewise, Martinez-Mendez et al. [16] investigated
operative versus non-operative treatments in patients > 60 years with intra-articular DRFs
and found evidence of better PROM scores in the operative group at the 2-year follow-up.
However, DASH scores remained below the MCID.

In another extension of a previously published RCT with a 2-year follow-up, Lawson
et al. [17] found no difference in the pain score, PRWHE, the EuroQol—5 Domain (EQ5D),
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or complications supporting our results. Similar to another study [10], they found a
higher degree of patient-reported treatment success in the operative group. The authors
speculate whether this was due to earlier mobilization in the operative group or due to
patients generally having a presumption that surgery is superior. Our study did not record
patient expectations, but this may have been important, as patient expectations have been
correlated to outcomes 12 months post-injury [39].

The Quick-DASH scores measured in the present study did not vary considerably
from 6 to 24 months (Figure 3). This may be due to the inability of the PROMs to detect
differences in patients rating themselves in the lower range of the instrument or due to
patients adapting to a “new normal” and accepting decreased wrist function post-injury
through adaptation and coping strategies. However, neither DASH nor PRWHE scores
have been reported to show floor effects up to 9 months post-injury [40].

We found no difference in grip strength in the two groups. This finding is consistent
with a comparable RCT with long-term follow-up [15] but contradicts most RCTs and
meta-analyses with a one-year follow-up [13,33,35,37,38].

In this study, we had a small study population with a relatively high loss to follow-up,
which is a considerable limitation. Of the 100 originally included patients, only 60 remained
available for the final follow-up at a minimum of 2 years, resulting in a dropout rate of 40%.
However, this is comparable to other RCTs [41-43]. Additionally, the sample size analysis
for the original study was estimated to detect complication rates rather than post-traumatic
OA [18]. While few studies have a follow-up period of at least 2 years, this may still be too
short to detect post-traumatic OA development. Therefore, studies with larger sample sizes
and longer follow-ups of up to 5-10 years are warranted. Finally, we used the classification
of OA of the wrist proposed by Knirk and Jupiter [19], who included 43 patients with a
mean age of 27 years. Our study population consisted of elderly patients > 65 years, and
the applicability of this classification system to this age group is uncertain.

5. Conclusions

This study found no difference in post-traumatic OA or functional outcomes between
operatively or non-operatively treated displaced DRFs in elderly patients > 65 years of
age after 2 years of follow-up. This adds to the compiling evidence that the choice of
treatment contributes little to the variability in functional and radiological outcomes after
DRFs. However, longer follow-up studies are warranted to better assess the detection of
post-traumatic OA as this study contributes to highlight short- to medium-term results.
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Abbreviations

The following abbreviations are used in this manuscript:

DRF Distal radius fracture

NCG National clinical guideline

ED Emergency department

ORIF Open reduction internal fixation
PROMs Patient-related outcome measures

OA Osteoarthritis

Quick-DASH  Quick-disabilities of the arm, shoulder and hand
PRWHE Patient-rated wrist/hand evaluation
MCID Minimal clinical important difference
NRS Numeric rating scale

ROM Range of motion

ASA American Society of Anaesthesiologists
EQ5D EuroQol-5 Domain

RCT Randomized controlled trial
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