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Preface

Due to demographic changes and aging populations, the incidence of hip fracture, as a typical

fragility fracture, is increasing worldwide. Because of the patients‘ age, existing comorbidities,

reduced daily life activities, poor bone quality, and preexisting implants, the treatment of hip fractures

can be challenging. Therefore, proximal femur fractures are often life-changing events in older adults

and are associated with a high mortality rate: up to 35% after 1 year. Moreover, these fractures are

associated with decreased walking ability, decreased quality of life, and the loss of independence.

Moreover, hip fractures are associated with high socioeconomic costs, due to surgical complications,

reduced coping capacities, and high institutionalization rates.

These dramatic consequences have led to the development of optimized implants and the

establishment of orthogeriatric co-management. This concept indicates multi-professional and

interdisciplinary cooperation between surgeons and geriatric specialists. The advantages of such

a cooperation are evident from the reduction in mortality and complications. In addition, special

national guidelines have been established to provide the best care of hip fracture patients.

Moreover, special geriatric hip fracture registries have been established in different countries.

These registries enable the analysis of big data and have the potential to improve the treatment of

geriatric hip fracture patients.

However, in most countries worldwide, there is a large supply gap in the prevention of

secondary fractures following fragility fractures. For example, in the United States, the prevalence

of pre- and post-fracture anti-osteoporotic medication is under 25%. Similar results are reported from

China, Italy, Germany, and other countries.

The body of literature concerning hip fracture has risen exponentially in the past few years.

Nevertheless, due to the divergence of the reported results, several questions remain unanswered,

like what the predictors are for worse outcomes, what easy-to-use predictor scores are available, what

the best time-to-surgery is, what the best implant for the individual patient is, whether a cement

augmentation should be performed, what the best concept of orthogeriatric co-management is, and

much more.

The purpose of this Special Issue is to discuss the evidence surrounding the current management

of hip fractures. Therefore, the scope is not only tailored to surgical strategies and the choice of

implant, but should also focus on the whole process of treating patients suffering a hip fracture.

This includes epidemiology, process optimization, orthogeriatric co-management concepts, geriatric

fracture centers, and the secondary prevention of fractures. Moreover, analyses of the socioeconomic

consequences are also of interest.

Carsten Schoeneberg

Editor
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Editorial

Current Management of Hip Fracture
Carsten Schoeneberg

Department of Orthopedic and Emergency Surgery, Alfried Krupp Hospital, 45276 Essen, Germany;
carsten.schoeneberg@krupp-krankenhaus.de

Keywords: hip fracture; Geriatric Trauma; orthogeriatric co-management; proximal femur fracture;
Geriatric Trauma registry

This Special Issue, entitled “Current Management of Hip Fracture”, ran in the Medicina
journal of MDPI’s “Surgery” section, reports the findings of international studies regarding
different aspects in the treatment of patients suffering a proximal femur fracture. Therefore,
the results of these studies are not only tailored to surgical strategies and the choice of
implant, but also focus on the whole process of treating hip fracture patients. This Special
Issue presents the entire treatment process. Starting with a pre-surgery risk stratification,
we highlight the results of studies into different newer implants and strategies for the
surgical treatment of hip fractures, as well as the impact of patient-associated factors,
like malnutrition and anticoagulation, on outcomes after hip fractures are diagnosed.
Two studies focus on the prevention of secondary fractures and the often-underlying
osteoporosis. This issue also includes a biomechanical study which presents the impact
of malposition and bone cement augmentation on fixation strength. Finally, a review of
the current literature attempts to summarize the current knowledge in the treatment of
hip fractures.

A total of 13 published articles demonstrate the importance of this issue and its interest
to the scientific society.

Di Martino et al. present a new score, called the PRIMOF Score, to predict in-hospital
mortality rates for hip fracture patients. In this retrospective study, they include over
23,000 patients, aged over 40 years, from the Abruzzo region in Italy. They split the cohort
into two equal groups—the training sample and the validation sample. The final score
ranges from 0 to 27 and is divided into four risk categories. This simple score, which is
based on patient characteristics and clinical comorbidities, can stratify the risk of in-hospital
mortality in hip fracture patients [1].

Aigner et al. analyze the effect of direct anticoagulants on the treatment of geriatric
patients with a hip fracture. They conduct a registry-based analysis of 15,099 patients from
the German Registry for Geriatric Trauma (ATR-DGU). They find that the time-to-surgery is
prolonged in patients receiving anticoagulation drugs. However, no significant differences
regarding complications, type of anesthesia and mortality are observed. They conclude
that “even in the absence of widely available antidotes, the safe management of geriatric
patients under DOACs with proximal femur fractures is possible” [2].

Another study from the ATR-DGU analyzes the surgical management and outcomes
of pathologic hip fractures. Bliemel et al. report no differences between pathologic and
osteoporotic fractures during initial hospital treatment in regard of mortality, reoperation
rate and walking ability. However, in the follow-up period of 120 days, the mortality rate in
pathologic hip fractures is found to be three times higher. Further, they find that pathologic
per- and subtrochanteric fractures are more frequently treated by arthroplasty compared to
osteoporotic fractures [3].

Pass et al. analyze the influence of malnutrition on the outcome of geriatric hip frac-
tures, in addition to the impact of hypalbuminemia and body mass index. They conclude

Medicina 2023, 59, 26. https://doi.org/10.3390/medicina59010026 https://www.mdpi.com/journal/medicina
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that “Hypoalbuminemia might be an indicator for more vulnerable patients with a compro-
mised hemoglobin level, prothrombin time, and ASA grade. Therefore, it is also associated
with higher mortality rate and postoperative complications. However, hypoalbuminemia
was not an independent predictor for mortality or postoperative complications, but low
albumin values were associated with a higher CCI and ASA grade than in patients with a
BMI lower than 20 kg/m2” [4].

Giorgino et al. compare the treatment of COVID-19-positive patients in Italy and
Iran suffering from proximal femur fractures in terms of characteristics, comorbidities,
outcomes and complications. They find that the Italian patients are older, receive more
frequent transfusions of blood during their hospital stays, and that their hospital stays are
longer [5].

Niemann et al. conduct a retrospective single-center study to compare the dynamic hip
screw and the femoral neck system, a recently introduced system for the internal fixation of
femoral neck fractures. There is no difference in fracture complexity between both groups.
They find a nearly 50% reduction in operating time and dose area product with X-Rays
in the femoral neck system group. These results significantly differ, meaning that the
surgical treatment using the femoral neck system results in a shorter operating time and
less fluoroscopy time [6].

Hackl et al., in a retrospective single-center study, analyze the differences between
valgus and anatomical reposition in Garden type III femoral neck fractures, treated with a
sliding hip screw and anti-rotation screw. They exclusively include patients younger than
70 years of age. They report a significantly lower failure rate and shorter healing time in
the anatomical reposition group [7].

In their retrospective single-center study, Kuner et al. analyze the outcome of intra-
capsular proximal femur fractures treated with the Targon® FN, a dynamic locking plate
fixation. They include 72 cases, in which 34 patients (47.2%) have experienced one or more
complications, the most common of these being a mechanical irritation of the iliotibial band.
Moreover, 46 re-operations were required. They conclude that “the Targon-FN system
resulted in a high rate of post-operative complication and re-operation. Statistical analysis
revealed patient age, fracture displacement, time to postoperative full weight bearing were
risk factors for re-operation” [8].

One study, entitled “The influence of a Modified 3rd Generation Cementation Tech-
nique and Vacuum Mixing of Bone Cement on the Bone Cement Implantation Syndrome
(BCIS) in Geriatric Patients with Cemented Hemiarthroplasty for Femoral Neck Fractures”,
is published by Bökeler et al. They compare 2nd and 3rd generation cementing techniques.
The incidence and early mortality are found to be significantly higher in the 2nd gener-
ation cementing technique group. Therefore, the authors decide to use a 3rd generation
cementing technique [9].

A biomechanical analysis from the AO Research Institute Davos is published by
Pastor et al. They compare the differences between the helical blade and the screw as
head elements of the Trochanteric Femoral Nail Advanced System, either in center–center
position or anterior off-center position, and the effect of bone cement augmentation. They
conclude that “From a biomechanical perspective, proper centre–centre implant positioning
in the femoral head is of utmost importance. In cases when this is not achievable in a
clinical setting, a helical blade is more forgiving in the less ideal (anterior) position when
compared to a screw, the latter revealing unacceptable low resistance to femoral head
rotation and early failure. Cement augmentation of both off-centre implanted helical blade
and screw head elements increases their resistance against failure; however, this effect
might be redundant for helical blades and is highly unpredictable for screws” [10].

Chen et al. report the effectiveness of a fracture liaison service after 1 year of imple-
mentation at a Taipei Municipal hospital. The implementation of a fracture liaison service
increases the osteoporotic treatment after hip fracture from 22.8% to 72.3% and decreases
the re-fracture rate from 11.8% to 4.9%. The one-year mortality rate decreases from 17.9% to
11.8%. However, this does not reach statistical significance. They conclude that a fracture
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liaison service has the potential to improve the outcomes and care quality after hip fracture
surgery [11].

Kraus et al. compare the awareness for osteoporosis in hip fracture patients to elderly
patients undergoing elective hip arthroplasty. Although the FRAX® Score is significantly
different between these two groups, they determine that the fracture group has a consider-
ably greater risk for another osteoporotic fracture and that the patients of this group show
a reduced awareness of osteoporosis. Moreover, the willingness to participate in other
screening programs, like colonoscopy and check-ups, is higher in both groups. The authors
discuss that the reduced awareness of osteoporosis might be one factor in the low rate of
osteoporotic treatment in elderly patients. They conclude that the “implementation of a
screening and care program for osteoporosis such as Fracture Liaison Services (FLS) may
improve patient awareness of this condition, especially among fracture patients” [12].

In a review entitled “Proximal Femoral Fractures in the Elderly: A Few Things to
Know, and Some to Forget”, Maffulli and Aicale present the current literature in relation
to the peri-operative, the operative, and the postoperative treatment. They define the
management of hip fracture patients as a coordinated multidisciplinary approach, with
early surgery, pain treatment, balanced fluid therapy, and prevention of delirium as funda-
mental in the treatment. The operative treatments for inter- or subtrochanteric fractures
are intramedullary nailing or dynamic hip screw, and in case of neck fractures, total hip
replacement or hemiarthroplasty. Early mobilization and a geriatric multidisciplinary care
could be beneficial for patients with hip fracture. Because of the multifactorial reasons for
hip fractures and demanding challenges, the authors concluded, that the “Management
cannot be limited only to the operating theatre. Given the increase in the burden of disease,
the true challenge is in prevention and in developing strategies to improve the quality of
life for this group of patients” [13].

In summary, this Special Issue presents a number of studies covering the whole
treatment process of hip fracture patients. A novel pre-operative risk score to estimate
in-hospital mortality is presented. Several studies analyzed the outcome of modern im-
plants and intra-operative modifications to reach a good surgical care of hip fractures. The
coherence and possible optimization of post-operative osteoporotic care are presented.
Finally, a review of the current literature presents the latest standards of peri-operative,
operative, and postoperative treatment. Therefore, this Special Issue presents a detailed
overview of the “Current Management of Hip Fracture”.
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Development and Validation of a New Tool in Predicting
In-Hospital Mortality for Hip-Fractured Patients: The
PRIMOF Score
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Abstract: Background and Objectives: The improved life expectancy was associated to the increased
in the incidence of hip fractures among elderly people. Subjects suffering hip fractures frequently
show concomitant conditions causing prolonged lengths of stay and higher in-hospital mortality.
The knowledge of factors associated to in-hospital mortality or adverse events can help healthcare
providers improve patients’ outcomes and management. The aim of this study was to develop a
score to predict in-hospital mortality among hip fractured patients. Materials and Methods: Cases
were selected from hospital admissions that occurred during the period 2006–2015 in Abruzzo region,
Italy. The study population was split into two random samples in order to evaluate the accuracy
of prediction models. A multivariate logistic regression was performed in order to identify factors
associated to in-hospital mortality. All diagnoses significantly associated to in-hospital mortality
were included in the final model. Results: The PRIMOF ranged between 0 and 27 and was divided
into four risk categories to allow the score interpretation. An increase in odds ratio values with the
increase in PRIMOF score was reported in both study groups. Conclusions: This study showed that a
simple score based on the patient’ clinical comorbidities was able to stratify the risk of hip-fractured
patients in terms of in-hospital mortality.

Keywords: hip fracture; mortality; prediction score; HDR; Italy

1. Introduction

The improved life expectancy was associated to the increase in the incidence of hip
fractures among elderly people. Patients suffering hip fractures frequently show concomi-
tant conditions causing prolonged lengths of stay and higher in-hospital mortality [1].
Hence, hip fractures in the geriatric population constitute a significant global public health
issue [2,3]. The knowledge of factors associated to in-hospital mortality or adverse events
can help healthcare providers improve patients’ outcomes and management [4]. In the sci-
entific literature, various scoring tools have been developed to predict in-hospital mortality,
though it is uncertain which of these is the most useful for patients with hip fractures. In par-
ticular, most of them—i.e., the Charlson Comorbidity Index [5] or POSSUM score [6]—have
been adapted for surgical risk stratification, but none of them were specifically developed
for hip-fractured patients. Some tools have been developed for hip-fractured patients [7],

Medicina 2022, 58, 1082. https://doi.org/10.3390/medicina58081082 https://www.mdpi.com/journal/medicina
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but they are frequently not easy to use. The ideal risk scoring should be simple, user-
friendly, reproducible, and available to all patients, as reported by Jones et al. [8]. To this
extent, the aim of this study was the development and validation of the “PRedict In-hospital
MOrtality of hip Fractured” (PRIMOF) score, a predictive model derived from hospital dis-
charge records. The secondary aim was to compare it with the Charlson Comorbidity Index
(CCI), one of the most common tools used in risk stratification, in terms of discrimination.

2. Materials and Methods
2.1. Data Source

The study was conducted in Abruzzo, a Southern Italian region [9]. Patients were
chosen from the hospital discharge record (HDR) referred to admissions that occurred
during years 2006–2015. HDR included information about the demographic characteristics
of each patient, a Diagnosis Related Group code (DRG) used to classify the hospitalization,
and up to six possible diagnoses (one principal diagnosis and five possible comorbidities)
and up to six possible procedures performed during the hospital stay, coded according to
the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM).

2.2. Inclusion Criteria

All patients aged over 40 years admitted in the Abruzzo region for HF were included
in the study. Only admissions reporting the codes from 820.0 to 820.9 (hip fracture) in the
HDR as their diagnosis were included in the analysis. Additionally, the most frequent
comorbidities reporting a prevalence of at least 1.5% and all diseases included in the CCI
were collected and identified using the ICD-9-CM codes. All diagnoses were extracted and
coded in accordance with the method proposed by Quan et al. [10].

2.3. Study Design

The study population was divided into two different random samples in order to
evaluate the accuracy of predictions and to improve the reliability of all statistical models
(Figure 1):

− Training set, comprising about 50% of the subjects. All diagnoses were included in a
logistic model to develop the score;

− Validation set, comprising the second half of the sample. Here, the predictive proper-
ties of the score were validated.
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2.4. Model Building and Statistical Analysis

Baseline information of included patients was reported as a frequency and percent-
age. Categorical variables were compared with a Chi-square test or Fisher’s exact test,
where appropriate. A multivariate logistic regression model including all diagnoses was
developed to identify diagnoses associated to in-hospital mortality. All diagnoses that
resulted significant were included in the final model. A weight assigned to each variable
was obtained from the regression coefficient value divided by 0.3; the value obtained was
rounded to the nearest integer, as proposed by Gagne et al. [11]. The PRIMOF score was
calculated from the overall sum of weights. Accurate predictions discriminate between
those with and those without the study outcome. Discrimination power was evaluated by
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estimating the C index with the 95% confidence interval. Spearman’s correlation coefficient
was estimated to evaluate the correlation between the CCI and PRIMOF score. Statistical
significance was set to p < 0.05. Statistical analysis was performed by IBM SPSS Statistics
v20.0 software (SPSS Inc. Chicago, IL, USA).

3. Results

During the study period, 23,075 hip-fractured patients were admitted to hospital in
the Abruzzo region. Their median age (IQR) was 80.5 (69.8–89.8), and 16,749 were females
(72.6%). During the hospitalization, 878 patients (3.8%) died. The training and validation
samples included 11,477 and 11,598 subjects, respectively (Figure 1).

There were no significant differences between the two study groups in terms of
baseline characteristics, as reported in Table 1.

Table 1. Patient characteristics.

Training Sample
(n = 11,477)

Validation Sample
(n = 11,598) p-Value

Age 0.817
<65 905 (7.9) 935 (8.1)

65–85 5822 (50.7) 5899 (50.9)
>85 4745 (41.3) 4756 (41.0)

Female gender 8320 (72.5) 8429 (72.7) 0.755
Italian 11,311 (98.6) 11,425 (98.5) 0.835

Public Hospital 10,441 (91.0) 10,545 (90.9) 0.785
Death 433 (3.8) 445 (3.8) 0.799
Cancer 110 (1.0) 105 (0.9) 0.674

Hematologic disease 2623 (22.9) 2646 (22.8) 0.942
Ischemic heart disease 101 (0.9) 106 (0.9) 0.785

Atrial fibrillation 277 (2.4) 252 (2.2) 0.222
Dementia 305 (2.7) 328 (2.8) 0.428

COPD 269 (2.3) 230 (2.0) 0.060
Heart failure 248 (2.2) 235 (2.0) 0.475

Mild Diabetes 750 (6.5) 732 (6.3) 0.489
Uncontrolled Diabetes 179 (1.6) 183 (1.6) 0.911

Peripheral vascular disease 24 (0.2) 29 (0.3) 0.516
Cerebrovascular disease 253 (2.2) 239 (2.1) 0.450
Rheumatologic disease 31 (0.3) 32 (0.3) 0.933

Ulcer 29 (0.3) 21 (0.2) 0.242
Slight hepatic disease 98 (0.9) 83 (0.7) 0.234
Severe hepatic disease 4 (0.1) 6 (0.1) 0.988

Plegia 63 (0.5) 52 (0.4) 0.278
Kidney disease 263 (2.3) 306 (2.6) 0.151

Metastasis 30 (0.3) 30 (0.3) 0.999
HIV/AIDS 1 (0.0) 3 (0.0) 0.989

3.1. Development of PRIMOF in the Training Sample

In the training set, a logistic model was developed to assess the weights of different
diagnoses. All diagnoses not significantly associated with the study outcome were excluded
from the final model. Table 2 reported all regression coefficient values calculated on in-
hospital mortality and relatives assigned weight.
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Table 2. Assignment of weights in the development of PRIMOF score through multivariable
logistic regression.

Diagnosis Coefficient OR (95% CI) Weight

Age
65–85 1.18 3.25 (1.58–6.68) 4
>85 2.09 8.06 (3.94–16.51) 7

Female gender 0.66 1.93 (1.57–2.39) 2
Cancer 1.25 3.51 (2.03–6.06) 4

Atrial fibrillation 0.52 1.68 (1.07–2.62) 2
COPD 0.58 1.79 (1.16–2.75) 6

Cerebrovascular disease 0.95 2.59 (1.67–4.01) 9
Ulcer 1.65 5.22 (1.74–15.71) 5

Kidney disease 0.95 2.58 (1.71–3.88) 3
Heart failure 1.97 7.18 (5.18–9.97) 7

PRIMOF was obtained through the sum of the different diagnosis weights. The
score ranged between 0 and 45. The highest score observed among enrolled patients in
the training set was 27. Due to the small number of cases, subjects with a score higher
than 10 were grouped and then considered in the upper risk class. After, 12 classes of
PRIMOF score were identified. The score was divided into four groups to improve the
score interpretation:

− Class 1 from 0 to 3;
− Class 2 from 4 to 6;
− Class 3 from 7 to 9;
− Class 4 higher than 9.

3.2. Validation Procedure and Comparison with the Charlson Comorbidity Index

A significant increase in odds ratio was reported with the increase in PRIMOF score in
the validation group, closely emulating the results showed in the training set (Table 3).

Table 3. Odds ratios for in-hospital mortality according to PRIMOF score.

Training Set Validation Set

Score OR (95% CI) p-Value OR (95% CI) p-Value

0–3 ref ref
4–6 3.35 (1.22–9.17) 0.018 2.61 (1.21–5.62) 0.014
7–9 9.98 (3.70–26.95) <0.001 5.71 (2.68–12.19) <0.001
>9 40.28 (14.85–109–24) <0.001 23.99 (11.16–51.60) <0.001

The evaluation of accuracy was estimated via C-statistic (0.743; 95% CI 0.726–0.760;
p < 0.001). The score reported a good calibration, with a non-significant Hosmer–Lemeshow
test (Chi-squared 5.93; p = 0.313). PRIMOF and CCI were significantly correlated (Rho:
0.651; p < 0.001); however, compared to PRIMOF, CCI showed less accuracy in predicting in-
hospital mortality in this sample. In particular, the C-index was 0.690 (95% CI 0.672–0.708;
p < 0.001), as shown in Figure 2.
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4. Discussion
4.1. Main Findings

This study demonstrates that a simple tool, based on clinical characteristics of patients,
was able to stratify the risk of hip fractured population in terms of hospital mortality. In
particular, the PRIMOF score performance was better than the CCI in predicting mortality
among hip-fractured patients.

4.2. Comparison with Previous Studies

Many clinical risk scores were developed to predict in-hospital death of hip-fractured
patients. There is a large variety of predictive tools used to identify patients at high risk
through the mix of clinical and laboratory variables [12,13]. Frequently, obtaining all this
information is unfeasible in many instances. Validated comorbidity indexes have also
been used on admission data to predict the risk of mortality, but they were developed
taking into account the general population and not hip-fractured patients. Particularly,
many common scoring systems were adapted to hip fracture: ASA [14,15], CCI [16,17], and
Nottingham Hip Fracture Score (NHFS) [7,17] are the most common. Additionally, the
orthopedic version of POSSUM [6] was used for this aim, with Area Under the Receiver
Operating Characteristic (AUROC) values ranging from 0.62 to 0.74 for mortality [12].
However, calibration showed poor results, with the observed and expected ratio ranging
from 0.12 to 1.19 [12]. The NHFS and CCI use readily available pre-operative characteristics.
They both have practical discriminant characteristics for mortality and were externally
validated from their original cohort. The CCI was derived from well-defined variables.
It is a moderately discriminant score for in-hospital morbidity and one-year mortality.
However, calibration is not well reported, and this limits its capacity as audit tool. The
NHFS is a hip-fracture-specific tool developed for early hospital discharge [18], 30-day
mortality [7], and 1-year mortality [19]. Its discrimination ability is moderate and has
good calibration. All the required items are routinely collected. Its main limitation is the
use of the Abbreviated Mental Test Score (AMTS) as a cognitive impairment assessment
score, which is not frequently used outside the UK [10]. In addition, NHFS did not predict
in-hospital mortality.

4.3. Implications for Clinical Practice

The use of risk scores during the admission period has normally been accepted by
physicians. It aims to improve clinical outcomes and service quality. The availability
of a specific-disease tool able to catch the clinical complexity of admitted patients could
help physicians in their daily activity. Moreover, the selection of patients at high risk of
in-hospital mortality is useful for providers and healthcare services [20,21].
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4.4. Strengths and Limitations

The main strength of the PRIMOF score is its reliance on a single data source, based on
ICD-9-CM codes, widely used in many countries. In addition, it results in good accuracy
and calibration.

The study has some limitations. Firstly, the identification of diagnosis is based on ICD-
9-CM codes that do not consider the severity of reported diseases. Second, the use of HDR
may be limited by the lack of certain types of information such as drug therapy. Finally, the
true prevalence of some comorbidities was underestimated due to underreporting of them
in the HDR.

5. Conclusions

This study showed that a simple score, based on the subject clinical history, can stratify
the risk of in-hospital mortality among hip-fractured patients.
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Abstract: Background and Objectives: The outcomes of patients with pathologic hip fractures remain
unclear. Data from a large international geriatric trauma registry were analyzed to examine the out-
comes of patients with pathologic hip fractures compared with patients with typical osteoporotic hip
fractures. Materials and Methods: Data from the Registry for Geriatric Trauma of the German Trauma
Society (Deutsche Gesellschaft für Unfallchirurgie (DGU)) (ATR-DGU) were analyzed. All patients
treated surgically for osteoporotic or pathologic hip fractures were included in this analysis. Across
both fracture types, a 2:1 optimal propensity score matching and multivariate logistic regression
analysis were conducted. In-house mortality rate and mortality at the 120-day follow-up, as well as
mobility after 7 and 120 days, reoperation rate, discharge management from the hospital and read-
mission rate to the hospital until the 120-day follow-up were analyzed as outcome parameters for the
underlying fracture type—pathologic or osteoporotic. Results: A total of 29,541 cases met the inclusion
criteria. Of the patients included, 29,330 suffered from osteoporotic fractures, and 211 suffered from
pathologic fractures. Multivariate logistic regression analysis revealed no differences between the two
fracture types in terms of mortality during the acute hospital stay, reoperation during the initial acute
hospital stay, walking ability after seven days and the likelihood of being discharged back home.
Walking ability and hospital readmission remained insignificant at the 120-day follow-up as well.
However, the odds of passing away within the first 120 days were significantly higher for patients
suffering from pathologic hip fractures (OR: 3.07; p = 0.003). Conclusions: Surgical treatment of patho-
logic hip fractures was marked by a more frequent use of arthroplasty in per- and subtrochanteric
fractures. Furthermore, the mortality rate among patients suffering from pathologic hip fractures
was elevated in the midterm. The complication rate, as indicated by the rate of readmission to the
hospital and the necessity for reoperation, remained unaffected.

Keywords: pathologic femoral fracture; outcome; mortality; mobility; AltersTraumaRegister DGU®
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1. Introduction

In comparison to traumatic bone fractures, pathologic fractures due to diseased bone
are less common events. A pathologic fracture is one that occurs without adequate trauma
and is in most cases caused by a malignant bony lesion. Apart from primary malignant
osseous tumors, osseous metastasizing carcinomas of the lung, breast, kidney, thyroid
gland and prostate are responsible for the vast majority of bony lesions [1]. Apart from
prostate metastases, which are usually osteoblastic, bony lesions mainly appear as lytic
or mixed.

Due to a very well-developed vascular system in the intertrochanteric region, bony
metastases are particularly common in the area of the proximal femur [2,3]. This cir-
cumstance favors pathologic fractures of the hip, as the mechanical loading stress during
walking, which is transferred from the pelvic ring on to the femoral shaft, is extremely
high [4–8].

As the vast majority of geriatric hip fractures are known to be related to osteoporosis
rather than cancer, it is scarcely surprising that most of the literature focuses on this
primary cause [9–11]. Such findings on geriatric hip fractures have already been included
in national guidelines for several years and are further implemented as quality indicators
in the treatment of geriatric hip fracture patients [12,13].

Despite the overlap between both patient groups with regard to fracture site and ther-
apeutic goals, such as pain relief, mobilization or maintenance of patients’ independence,
it remains unclear whether the findings derived from osteoporotic hip fractures can be
transferred one-to-one to patients with pathologic hip fractures.

Currently, the literature on this topic remains limited and contradictory. Some studies
report similarities between both groups of patients, especially in terms of the occurrence of
perioperative complications, such as pneumonia, wound healing disorders and sepsis [2] or
in the rate of total hip arthroplasties (THAs) performed [14]. On the other hand, discordant
findings were found in other studies, such as the sex rate of patients affected [15], the
comorbidity profile of patients [14] or the outcome related to delay in time to surgery [16].

To provide more clarity regarding outcomes of patients with pathologic and non-
pathologic fractures, we made use of the data contained in the Registry for Geriatric Trauma
(AltersTraumaRegister DGU® (ATR-DGU)) of the German Trauma Society (Deutsche
Gesellschaft für Unfallchirurgie (DGU)).

It was hypothesized that, compared to osteoporosis-related hip fractures, the pres-
ence of metastasis-related hip fractures would lead to increased rates of perioperative
complications and mortality among those patients with pathologic fractures.

2. Materials and Methods

This study is a retrospective cohort registry study comparing patients with malignant,
pathologic fractures vs. patients with non-pathologic (osteoporotic) fractures. All patient
data were obtained from the ATR-DGU.

2.1. ATR-DGU

The source of the data in the present analysis is the ATR-DGU (http://www.alterstraum
aregister-dgu.de (accessed on 29 November 2021). The ATR-DGU was established in 2016
by the German Trauma Society (DGU). It is a large, prospective, multicenter, standardized
registry that provides information on geriatric trauma patients with hip, periprosthetic
and peri-implant femoral fractures. The reliability of ATR-DGU has already been shown
elsewhere [17]. All DGU-certified AltersTraumaZentren (Specialty Orthogeriatric Depart-
ments) are required to enter patient data into the ATR-DGU. Data entry was only possible
with consent of the patient. Therefore, all patients who did not sign a consent form were
excluded. Participating centers transmit pseudonymized patient data via a web-based
application into a central database. Currently, approximately 120 hospitals from Germany,
Switzerland and Austria contribute to the ATR-DGU. The scientific management of the
ATR-DGU is carried out by the Working Committee on Geriatric Trauma Registry (AK
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ATR) of the DGU. Approval for scientific data analysis from the ATR-DGU is granted via a
peer-review process in accordance with the publication guidelines laid out by the AK ATR.
The present study is in accordance with the publication guidelines of the ATR-DGU and
registered as ATR-DGU project ID 2021-007. The inclusion criteria of the ATR-DGU are
patients with proximal femur fractures, including periprosthetic and peri-implant fractures
requiring surgery, who are aged 70 years or older. The ATR-DGU collects data in five
distinct phases: pre-injury, intake, surgery, first week post-surgery and an optional 120-day
follow-up [18].

2.2. Inclusion and Exclusion Criteria

This study analyzed 34,895 patients documented in the registry from 2016 to 2020.
Patients with periprosthetic and peri-implant fractures were excluded, as well as atypical
femoral fractures and fractures of unknown entity. This resulted in an initial analysis group
of 29,541 patients from 119 hospitals. Two patient groups were compared—those with
malignant, pathologic fractures vs. patients with non-pathologic (osteoporotic) fractures.
Outcome parameters were mortality during the acute hospital stay and until the 120-day
follow-up, reoperation rate during the initial hospital stay, walking ability 7 and 120 days
after surgery, living situation after release from the hospital and readmission to the hospital
during the follow-up phase.

2.3. Statistical Analysis

To control for differences between the demographics of the two groups, a 2:1 optimal
propensity score matching was conducted. Matching was performed using the MatchIt
package [19] in R v. 4.0.2 (Foundation for Statistical Computing, Vienna, Austria), which
uses functions from the optmatch package [20]. The covariates used in the matching were
age, sex, American Society of Anesthesiologists (ASA) score, type of fracture and walking
ability before fracture. After matching, the absolute standardized mean differences of all
covariates were less than 0.08, indicating that good balance was achieved.

For descriptive analyses, categorical data are presented as counts and percentages, and
continuous variables are presented as the means with standard deviation (sd). Comparisons
between patient groups were made using the χ2-test for categorical variables and the Mann–
Whitney test for continuous variables. Furthermore, logistic and linear regressions were
performed on the matched dataset to test for differences in the above-listed outcome
parameters. All differences were considered statistically significant when p < 0.05.

2.4. Aim of the Study and Outcome Parameters

The aim of the study was to analyze the differences in complication and mortality
rates during the acute hospital stay and at the 120-day follow-up, depending on the fracture
type—pathologic or non-pathologic (osteoporotic). Univariable outcomes were examined
separately for patients who suffered from non-pathologic and pathologic hip fractures
(Figure 1). Other outcomes studied were the mobility of patients, their reoperation rate and
discharge management, as well as the rate of readmission to the hospital within the first
120 days following the initial surgical treatment.

The present analysis covered the following data: sex, age, ASA score, Identification
of Seniors At Risk (ISAR) score [21], residential status (before the fracture and at 120-day
follow-up), fracture type, anticoagulation on admission, time to surgery, type of surgical
treatment, surgical complication (120-day follow-up), walking ability (on day 7 after surgery
and at 120-day follow-up), discharge after hospital and mortality (at the initial stay and at
120-day follow-up).
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3. Results
3.1. Acute Care Data

A total of 29,541 hip fractures from geriatric trauma patients met the inclusion criteria.
Of these fractures, 29,330 fractures were of non-pathologic origin, and 211 fractures were of
pathologic origin.

Univariable data analysis in terms of the fracture origin (non-pathologic or pathologic)
is shown in Table 1. This analysis revealed that patients with pathologic femoral fractures
had a more balanced sex distribution (p < 0.001) and were younger in age (p < 0.001) than
those with non-pathologic femoral fractures. Further differences were seen in the ASA score
and time to surgery, with patients suffering from pathologic fractures having increased
ASA scores (p < 0.001) and a delay in surgical stabilization (p = 0.002). Representing
approximately a quarter of cases, subtrochanteric fractures were much more common in
patients with pathologic fractures (p < 0.001). Patients with pathologic femoral fractures
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were also more likely to have an independent residential status before the fracture (p < 0.001)
and were discharged home more often (p = 0.002).

Table 1. Univariable analysis of unmatched data on geriatric trauma patients with hip fractures
depending on the kind of fracture entity.

Parameter Non-Pathologic
Fracture

Pathologic
Fracture p-Value

Number of patients 29,330 211

Gender
Male 8397 (28.0%) 93 (44.1%)

<0.001 *Female 21,081 (72.0%) 118 (55.9%)

Patient age (year)
Mean (sd) 84.4 (6.5) 81.0 (6.7) <0.001 **

ASA score

1 347 (1.2%) 0 (0.0%)

<0.001*
2 6489 (22.5%) 26 (12.5%)
3 19,780 (68.6%) 147 (70.7%)

4 and 5 2201 (7.6%) 35 (16.8%)

ISAR score

0 2482 (11.3%) 13 (8.2%)

0.161 *

1 2744 (12.5%) 19 (12.0%)
2 4775 (21.8%) 25 (15.8%)
3 5244 (23.9%) 40 (25.3%)
4 4336 (19.8%) 44 (27.8%)
5 1846 (8.4%) 13 (8.2%)
6 524 (2.4%) 4 (2.5%)

Anticoagulatory drugs Yes 15,387 (54.2%) 93 (45.4%)
0.014 *No 12,984 (45.8%) 112 (54.6%)

Pre-fracture
residential status

At home 21,802 (75.6%) 170 (82.1%)

<0.001 *
Nursing home 6529 (22.7%) 26 (12.6%)

Hospital 361 (1.3%) 9 (4.3%)
Other 133 (0.5%) 2 (1.0%)

Fracture type
Hip fracture 13,767 (47.0%) 86 (41.1%)

<0.001 *Trochanteric fracture 14,359 (49.0%) 70 (33.5%)
Subtrochanteric fracture 1166 (4.0%) 53 (25.4%)

Time to surgery (h)

<12 h 10,849 (37.3%) 67 (32.2%)

0.002 *
12–24 h 10,466 (35.9%) 65 (31.2%)
24–36 h 3,755 (12.9%) 29 (13.9%)
24–48 h 1888 (6.5%) 17 (8.2%)
≥48 2157 (7.4%) 30 (14.4%)

Type of surgical treatment +

Total hip arthroplasty 2389 24
Hemiarthroplasty 10,136 65
Trochanteric nail 14,742 102

Dynamic hip screw 929 10
Cannulates screw 381 2

Other 913 11

Pre-fracture walking ability

Independent without walking
aids 9610 (35.1%) 57 (29.1%)

0.158 *

Ability to walk outside with a
walking stick or crutch 3296 (12.1%) 34 (17.3%)

Ability to walk outside with
two crutches or a walker 8882 (32.5%) 64 (32.7%)

Certain walking ability in the
apartment, but outside only

with an assistant
4694 (17.2%) 35 (17.9%)

No functional walking ability 869 (3.2%) 6 (3.1%)

Death during stay in the
acute hospital

Yes 1622 (5.5%) 22 (10.4%)
0.065 *No 27,649 (94.5%) 189 (89.6%)
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Table 1. Cont.

Parameter Non-Pathologic
Fracture

Pathologic
Fracture p-Value

Ability to walk at the
seventh postoperative day

Unknown 842 (2.9%) 4 (1.9%)

0.602 *

Without aid 182 (0.6%) 3 (1.4%)
With walking stick or crutch 3106 (10.7%) 22 (10.6%)

With a rollator 8561 (29.5%) 67 (32.2%)
With a walking frame (no

wheels) 4043 (13.9%) 29 (13.9%)

With a walker 6282 (21.7%) 38 (18.3%)
Not possible 5994 (20.7%) 45 (21.6%)

Reoperation during initial
acute hospital stay

Yes 964 (3.3%) 9 (4.3%)
0.550 *No 28,340 (96.7%) 202 (95.7%)

Discharge from hospital
At home 6774 (24.8%) 57 (31.0%)

0.002 *Nursing home 7367 (27.0%) 38 (20.7%)
Inpatient stay 13,151 (48.2%) 89 (48.3%)

* Chi-Square Test; ** Mann–Whitney; + multiple choices possible.

Due to such differences in the demographics of the baseline parameters in both patient
groups, an optimal propensity score matching analysis was performed, as illustrated
in Table 2. Based on a 2:1 matching of 382 patients with non-pathologic fractures and
191 patients with pathologic fractures, there was a significant delay in time to surgery
for patients with pathologic fractures (p = 0.005). Additionally, there were significant
differences in the type of surgical treatment for per- and subtrochanteric fractures, with
pathologic fractures being more often treated by arthroplasty compared to non-pathologic
femoral hip fractures (p = 0.002).

Table 2. Univariable analysis of a 2:1 optimal propensity score matching analysis of data on geriatric
trauma patients with hip fractures depending on the kind of fracture entity.

Parameter Non-Pathologic
Fracture

Pathologic
Fracture p-Value

Number of patients 382 191

Gender
Male 180 (47.1%) 83 (43.5%)

0.459 *Female 202 (52.9%) 108 (56.5%)

Patient age (year)
Mean (sd) 81.1 (6.6) 81.1 (6.7) 0.968 **

ASA score
2 41 (10.7%) 24 (12.6%)

0.703 *3 273 (71.5%) 137 (71.7%)
4 68 (17.8%) 30 (15.7%)

ISAR score

0 24 (8.7%) 13 (9.0%)

0.420 *

1 27 (9.8%) 19 (13.2%)
2 67 (24.3%) 22 (15.3%)
3 71 (25.7%) 36 (25.0%)
4 60 (21.7%) 39 (27.1%)
5 23 (8.3%) 12 (8.3%)
6 4 (1.4%) 3 (2.1%)

Anticoagulatory drugs Yes 225 (60.3%) 85(45.5%)
0.001 *No 148 (39.7%) 102 (54.5%)

Pre-fracture
residential status

At home 298 (79.3%) 153 (81.0%)

0.105 *
Nursing home 68 (18.1%) 26 (13.8%)

Hospital 5 (1.3%) 8 (4.2%)
Other 5 (1.3%) 2 (1.1%)
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Table 2. Cont.

Parameter Non-Pathologic
Fracture

Pathologic
Fracture p-Value

Fracture type
Hip fracture 163 (42.7%) 79 (41.4%)

0.814 *Trochanteric fracture 138 (36.1%) 67 (35.1%)
Subtrochanteric fracture 81 (21.2%) 45 (23.5%)

Time to surgery (h)

<12 h 151 (39.7%) 62 (33.0%)

0.005 *
12–24 h 152 (40.0%) 60 (31.9%)
24–36 h 31 (8.2%) 27 (14.4%)
36–48 h 21 (5.5%) 16 (8.5%)
≥48 25 (6.6%) 23 (12.2%)

Type of surgical treatment +

Total hip arthroplasty 45 20
Hemiarthroplasty 109 60
Trochanteric nail 212 94

Dynamic hip screw 9 9
Cannulates screw 4 1

Other 10 9

Type of surgical treatment
for per- and

subtrochanteric fractures

Total hip arthroplasty or
hemiarthroplasty 3 (1.3%) 10 (8.8%)

0.002 *
Osteosynthesis 221 (98.7%) 104 (91.2%)

Pre-fracture walking ability

Independent without
walking aids 106 (27.7%) 53 (27.7%)

0.892 *

Ability to walk outside with a
walking stick or crutch 62 (16.2%) 34 (17.8%)

Ability to walk outside with
two crutches or a walker 127 (33.2%) 63 (33.0%)

Certain walking ability in the
apartment, but outside only

with an assistant
79 (20.7%) 35 (18.3%)

No functional walking ability 8 (2.1%) 6 (3.1%)

Death during stay in the
acute hospital

Yes 25 (6.6%) 19 (9.9%)
0.756 *No 356 (93.4%) 172 (90.1%)

Ability to walk at the
seventh postoperative day

Unknown 6 (1.6%) 4 (2.1%)

0.198 *

Without aid 4 (1.1%) 2 (1.1%)
With walking stick or crutch 36 (9.5%) 22 (11.6%)

With a rollator 120 (31.7%) 61 (32.3%)
With a walking frame (no

wheels) 37 (9.8%) 29 (15.3%)

With a walker 103 (27.2%) 34 (18.0%)
Not possible 72 (19.0%) 37 (19.6%)

Reoperation during initial
acute hospital stay

Yes 10 (2.6%) 8 (4.2%)
0.446 *No 372 (97.4%) 183 (95.8%)

Discharge from hospital
At home 92 (25.9%) 54 (32.3%)

0.202 *Nursing home 86 (24.2%) 36 (21.6%)
Inpatient stay 177 (49.9%) 77 (46.1%)

* Chi-Square Test; ** Mann–Whitney; + multiple choices possible.

After controlling for age, sex, ASA score, type of fracture and walking ability before
fracture, no differences were found between patients with pathologic and non-pathologic
hip fractures regarding death during the acute hospital stay (p = 0.155), the reoperation rate
during the acute hospital stay (p = 0.314), the walking ability after seven days (p = 0.856) or
being discharged back home rather than to an inpatient facility (p = 0.295) (Table 3).

3.2. 120-Day Follow-Up Data

For 12,887 patients with non-pathologic hip fractures and 86 patients with pathologic
hip fractures, data are available at the time of the 120-day follow-up (Table 4).
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Patients suffering from pathologic fractures had a significantly higher mortality rate
within the first 120 days following surgery compared to non-pathologic hip fracture patients
(31% vs. 11%; p = 0.001). Other parameters, such as walking ability (p = 0.588), place of
residence (p = 0.965), preoperative vs. postoperative change in residential status (p = 0.988)
and the rate of readmission or reoperation during the follow-up period (p = 0.648 and
p = 0.374), were comparable between both fracture types (Table 4).

Based on a 2:1 matching, 138 non-pathologic hip fracture patients were compared to
84 patients with pathologic hip fractures. Trends in the matched data were the same as
those in the unmatched data. Mortality was significantly higher in the pathologic fracture
group than in the non-pathologic fracture group (p < 0.001). In contrast, place of residence
did not differ significantly across the two fracture groups (p = 0.965). Similarly, there
were no significant differences in patients’ ability to walk (p = 0.627), the preoperative vs.
postoperative change in residence (p = 0.903) or the rate of readmission or reoperation
during the follow-up period (p = 0.920 and p = 0.725; Table 5).

Multivariate analysis of parameters collected at follow-up showed that the odds
ratio for dying within 120 days postoperatively was significantly higher in patients with
pathologic fractures (OR: 3.07; p = 0.003; Table 3). However, the 120-day readmission rate
and patients’ walking ability did not differ between patients with non-pathologic and
pathologic fractures (p = 0.683 and p = 0.396) (Table 3).

Table 3. Multivariable logistic regression analysis—pathologic vs. non-pathologic femur fracture.
Analysis is adjusted for sex, patient age, ASA score, fracture type and pre-fracture walking ability.
The model “discharge from hospital” is adjusted to the pre-fracture living situation.

Influence of the Fracture
Entity on . . . N OR 95%-CI and OR p-Value

Acute phase

Death during stay in the
acute hospital *

Yes vs. no
573 1.57 [0.83; 2.92] 0.155

Reoperation during initial acute
hospital stay *

Yes vs. no
573 1.63 [0.61; 4.19] 0.314

Walking ability after seven days *
able to walk vs. not able/only

at home
557 0.96 [0.62; 1.51] 0.856

Discharge from hospital back
home *

Yes vs. no
519 1.25 [0.82; 1.91] 0.295

120-day follow-up

Mortality during follow-up *
Yes vs. no 222 3.07 [1.46; 6.47] 0.003

Readmission to hospital during
follow-up *
Yes vs. no

213 1.28 [0.39; 4.18] 0.683

Walking ability after 120 days *
able to walk vs. not able/only

at home
175 0.64 [0.23; 1.86] 0.396

* Logistic regression.
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Table 4. Univariable analysis of 120-day follow-up data on geriatric trauma patients with hip fractures
depending on the kind of fracture entity.

Parameter Non-Pathologic
Fracture Pathologic Fracture p-Value

Number of patients 12,887 86

Ability to walk

Without aid 1044 (10.9%) 4 (7.0%)

0.588 *

With walking stick
or crutch 1153 (12.1%) 9 (15.8%)

With two crutches or
a rollator 4069 (42.6%) 28 (49.1%)

Certain ability to
walk indoors 2020 (21.1%) 9 (15.8%)

Not possible 1270 (13.3%) 7 (12.3%)

Residential status

At home\assisted
living facility 6008 (67.1%) 36 (76.6%)

<0.361 *Nursing home 2768 (30.9%) 10 (21.3%)
Hospital\Inpatient Facility 178 (2.0%) 1 (2.1%)

120-day mortality Dead 1122 (11%) 21 (30.9%) <0.001 *

Changes in living situation at
120-day follow-up

Pre-fracture living at home
and still living at home 5666 (82.4%) 34 (82.9%)

0.988 *
Pre-fracture living at home
changed to nursing home 1056 (15.4%) 6 (14.6%)

Pre-fracture living at home
changed to other
inpatient facility

152 (2.2%) 1 (2.4)

Readmission to hospital
during follow-up

Yes 569 (4.6%) 5 (6.3%)
0.648 *No 11,774 (95.4%) 74 (93.7%)

Reoperation during
follow-up

Yes 469 (4.0%) 5 (6.7%)
0.374 *No 11,315 (96.0%) 70 (93.3%)

Type of reoperation +

Conversion into total hip
arthroplasty 81 0

Conversion into
hemiarthroplasty 51 0

Girdlestone situation 9 0
Periprosthetic
fracture/peri-

implant fracture
42 0

Implant removal 84 0
Reposition 45 2

Revision of osteosynthesis 57 1
Irrigation or debridement 130 2

Other 115 1

* Chi-Square Test; + multiple choices possible.

Table 5. Univariable analysis of a 2:1 optimal propensity score matching analysis of 120-day follow-up
data on geriatric trauma patients with hip fractures depending on the kind of fracture entity.

Parameter Non-Pathologic Fracture Pathologic Fracture p-Value

Number of patients 138 84

Ability to walk

Without aid 13 (10.9%) 4 (7.1%)

0.627 *

With walking stick or crutch 14 (11.8%) 9 (16.1%)
With two crutches or

a rollator 55 (46.2%) 27 (48.2%)

Certain ability to
walk indoors 27 (22.7%) 9 (16.1%)

Not possible 10 (8.4%) 7 (12.5%)
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Table 5. Cont.

Parameter Non-Pathologic
Fracture Pathologic Fracture p-Value

Residential status
At home\assisted living 83 (74.8%) 35 (76.1%)

0.965 *Nursing home 26 (23.4%) 10 (21.7%)
Inpatient Facility 2 (1.8%) 1 (2.2%)

120-day mortality Dead 14 (11.2%) 21 (31.3%) 0.001 *

Changes in living situation at
120-day follow-up

Pre-fracture living at home
and still living at home 77 (85.6%) 33 (82.5%)

0.903 *
Pre-fracture living at home
changed to nursing home 11 (12.2%) 6 (15.0%)

Pre-fracture living at home
changed to other
inpatient facility

2 (2.2%) 1 (2.5%)

Readmission to hospital
during follow-up

Yes 7 (5.1%) 5 (6.5%)
0.920 *No 129 (94.9%) 72 (93.5%)

Reoperation during
follow-up

Yes 6 (4.6%) 5 (6.8%)
0.725 *No 124 (95.4%) 68 (93.2%)

Type of reoperation +

Conversion into total
hip arthroplasty 2 0

Conversion into
hemiarthroplasty 1 0

Implant removal 2 0
Reposition 0 2

Revision of osteosynthesis 1 1
Irrigation or debridement 0 2

Other 1 1

* Chi-Square Test; + multiple choices possible.

4. Discussion

This study analyzed the surgical management and complication and mortality rate
of patients with pathologic hip fractures in contrast to patients with osteoporotic hip
fractures. Based on a 2:1 propensity matching, the principal findings revealed that surgical
treatment differed significantly between both groups of patients. Patients suffering from
pathologic per- and subtrochanteric fractures were more often treated by arthroplasty. In
addition, the time to surgery was delayed in patients with pathologic femoral fractures.
In terms of survival, an increased mortality rate within the first 120 days of follow-up
was seen for pathologic hip fractures according to a multivariate regression analysis.
Nevertheless, walking ability and complication rate, as indicated by the rates of reoperation
and readmission back to hospital during the 120-day follow-up period, remained unaffected
by the fracture type.

Concerning the surgical treatment strategy for pathologic hip fractures, several au-
thors point out the value of an endoprosthetic replacement [22–24]. Having conducted a
retrospective analysis of 158 patients with pertrochanteric metastatic lesions, Harvey et al.
showed that endoprostheses demonstrate a lower mechanical failure rate and a higher
rate of implant survivorship without mechanical failure than intramedullary nails [22].
Similar results were published by Steensma et al., who reported the clinical course of 298
patients treated surgically for impending or displaced fractures above the femoral isthmus,
excluding the femoral neck. Additionally, in their patients collective, endoprosthetic recon-
struction was associated with fewer treatment failures and greater implant durability [23].
Given the results from the above-named literature, it is scarcely surprising that the present
registry analysis found a significantly increased rate of arthroplasties performed for per-
and subtrochanteric femoral fractures. Nonetheless, with endoprosthetic replacement per-
formed in approximately 9% of cases, the rate of endoprosthetic replacement in ATR-DGU
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is far below that of Steensma et al., who reported rates between 27 and 41%, depending on
the individual fracture site [23].

In contrast to osteoporotic hip fractures, the time to surgery for pathologic hip fractures
was significantly delayed in the present registry analysis. While surgical treatment was
performed in approximately 80% of patients with osteoporotic hip fractures within the first
24 h, this was the case in only approximately 65% of patients with a pathologic fracture.
While delay in time to surgery is known to be directly correlated with mortality in patients
with osteoporotic hip fractures, the delay in patients suffering from pathologic femoral
fractures was not associated with an increased mortality rate during the acute hospital stay
in the present analysis [25]. Therefore, it must be presumed that pathologic hip fractures in
geriatric patients are—other than fractures in osteoporosis-related hips—not a typical frailty
marker, as is already known from other hip fracture types, e.g., periprosthetic femoral
fractures [26].

Even though the mortality rate at the acute hospital stay remained unaffected by
fracture type, the results of the present analysis revealed an almost three-fold increased
mortality rate for patients suffering from pathologic fractures in the midterm (11.2% vs.
31.3%). Therefore, the results of this present analysis are in line with those of Amen et al.,
who reported on patients suffering from pathologic hip fractures with a follow-up of
30 days [2]. Based on this elevated mortality rate, Amen et al. concluded that there
should be better preoperative patient counseling and shared decision making regarding
the decision to undergo surgery at all. According to the results of the present study, it must
be presumed that the differences in mortality rate registered among the present follow-up
data are mainly driven by the natural course of the disease itself, as the follow-up period
is extended up to day 120. Different to Amen et al., we believe that for patients with
pathologic hip fractures, surgical fracture fixation is essential to provide adequate pain
relief, mobilization and dignity until the end of life. Therefore, we advocate a consequent
surgical treatment also in those patients.

In terms of mobilization and complication rates, as indicated by the rates of reoperation
and readmission back to the hospital during the 120-day follow-up period, no differences
were found between the fracture groups in the present ATR-DGU analysis. Therefore, our
results are contradictory to those of Amen et al., who found increased rates of readmission
in a 30-day follow-up period for patients with pathologic fractures vs. patients with
osteoporotic hip fractures (8.4% vs. 11.9%). Differences in the rate of readmission might be
related to the smaller sample size in the present study. Nevertheless, also in our analysis, an
at least numerically increased rate of readmission was noticed (4.6% vs. 6.3%). Interestingly,
the rates of readmission in the present analysis were much lower than those reported by
Amen et al. and Varady et al., although their analyses covered a much shorter follow-up
period [2,27]. In this context, it is worth noting that all patients included in this analysis
were treated in certified orthogeriatric trauma centers. These centers provide access to
orthogeriatric co-management under the best possible conditions that might also cushion
the negative effects presumed for patients suffering from cancer-associated as well as
osteoporosis-associated hip fractures [28].

Limitations

Because the present analysis is based on registry data, some limitations must be
recognized. While well-designed randomized trials can prove causality, registry analyses,
such as the present one, can only describe associations. Our findings must therefore
be interpreted with caution. The fact that there is a certain heterogeneity in the patient
population included further tempers these findings, as there are different kinds of cancer
responsible for the patients subsumed in the group with pathological femoral fractures.
Furthermore, due to limitations of the standard documentation sheet thus far, it remains
unknown whether the fractures are due to metastases or primary malignant tumors. A
possible revision of the standard documentation sheet could allow a more precise statement
on this issue in the future.
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Despite these above-mentioned limitations, the overall high number of participants
included strengthens the results of this registry analysis. Furthermore, with the inclusion of
patients from multiple geriatric trauma centers all over Germany, Switzerland and Austria,
the present study provides a comprehensive overview of the current treatment strategies
and outcomes related to pathologic hip fractures in central Europe.

5. Conclusions

The results of the present registry analysis further support current research, as they
reveal that outcomes between pathologic and osteoporotic hip fractures are different in
terms of surgical treatment strategies, time to surgery and mortality rate in the midterm.
The complication rate, as indicated by the rate of readmission to the hospital and the
necessity for reoperation, as well as the patients’ walking ability, remained unaffected in
the present analysis.
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Abstract: Background and objevtive: The worldwide spread of SARS-CoV-2 has affected the various
regions of the world differently. Italy and Iran have experienced a different adaptation to coexistence
with the pandemic. Above all, fractures of the femur represent a large part of the necessary care for
elderly patients. The aim of this study was to compare the treatment in Italy and Iran of COVID-19-
positive patients suffering from proximal femur fractures in terms of characteristics, comorbidities,
outcomes and complications. Materials and Methods: Medical records of COVID-19-positive patients
with proximal femoral fractures treated at IRCCS Istituto Ortopedico Galeazzi in Milan (Italy) and at
Salamat Farda and Parsa hospitals in the province of Tehran (Iran), in the time frame from 1 October
2020 to 16 January 2021, were analyzed and compared. Results: Records from 37 Italian patients and
33 Iranian patients were analyzed. The Italian group (mean age: 83.89 ± 1.60 years) was statistically
older than the Iranian group (mean age: 75.18 ± 1.62 years) (p value = 0.0003). The mean number of
transfusions for each patient in Italy was higher than the Iranian mean number (p value = 0.0062).
The length of hospital stay in Italy was longer than in Iran (p value < 0.0001). Furthermore, laboratory
values were different in the post-operative value of WBC and admission and post-operative values of
CRP. Conclusions: The present study shows that differences were found between COVID-19-positive
patients with proximal femoral fractures in these two countries. Further studies are required to
validate these results and to better explain the reasons behind these differences.

Keywords: SARS-CoV-2; proximal femoral fractures; traumatology; clinical features; second wave;
Italy; Iran

1. Introduction

The worldwide spread of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has affected the various regions of the world differently, with diverse modes of
diffusion and saturation of the health system [1]. During the first SARS-Cov-2 wave, Italy
was one of the most hit countries; meanwhile, even in Iran, the spread of COVID-19 led
to a dramatic situation from the perspective of management of the medical assistance
activity [2–4]. These two nations have experienced a different adaptation to coexistence
with the pandemic, profoundly changing the daily life activities and medical practice [5–8]
by setting limitations and restrictions and adapting assistance activities to cope with the
emergency [9–11]. The second wave, on the other hand, found both countries prepared to
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face the health emergency, having already allowed the opportunity to set up assistance
protocols and organize a hierarchical priority in medical-assistance activities [12,13]. In
particular, with the regular reopening of social and work activities, some pathologies have
returned to play an important role in the request for management by health facilities.
Furthermore, the new welfare organizations had to consider as ordinary those patients
affected by COVID-19, which in itself guarantees a notable picture of comorbidity and care
difficulties. It is well known that fractures of the femur represent a large part of the necessary
care for elderly patients [14,15] and have been a fundamental item in the organization of
the new protocols [16]. In the evaluation of these fragile patients, different research groups
tried to better understand how COVID-19 infection impacted the management, morbidity
and mortality of such patients [17–20]. Nevertheless, a direct comparison between different
countries is lacking. With these assumptions, it was of particular interest to compare how
these elderly and complex patients were treated in two countries that have faced the second
wave of the pandemic. The aim of this study was to compare patients’ characteristics and
treatment in Italy and Iran of COVID-19-positive elderly patients suffering from proximal
femur fractures in terms of characteristics, comorbidities, outcomes and complications.

2. Materials and Methods

In this retrospective study, the medical records of COVID-19-positive patients with
proximal femoral fractures treated at IRCCS Istituto Ortopedico Galeazzi in Milan (Italy)
during the second wave of the pandemic, in the time frame from 1 October 2020 to 16
January 2021, were analyzed and compared with COVID-19-positive patients with proximal
femoral fractures in the same timeframe treated at Salamat Farda and Parsa hospitals in the
province of Tehran (Iran). Only COVID-19-positive patients were included in the study.
Infection with SARS-COV-2 was detected in the majority of cases upon hospital arrival
due to screening implemented by both the Italian and Iranian institutes with an RT-PCR
test after nasopharyngeal swab. All patients underwent antithrombotic prophylaxis and
were surgically treated. Data of each patient were collected from the medical records.
Patients’ characteristics (such as age, sex, comorbidities, diagnosis, laterality), treatment,
length of hospital stay, complications, oxygen support, transfusions, discharge mode
and laboratory values (hemoglobin, hematocrit, platelet count, C-reactive protein, white
blood cells and creatinine) were evaluated. Laboratory values were collected in three
stages: upon admission, at 3 to 5 days after surgery and at discharge. Complications were
collected and grouped according to the physio-pathological sphere into the following:
cardiovascular, metabolic, respiratory, oncological, nephrological, neuropsychiatric and
other (gastrointestinal, immunological).

The analysis was performed using SPSS software version 26 (IBM SPSS Statistics,
Chicago, IL, USA). Categorical variables (number of patients in each group, surgical
treatment, oxygen support) in the two groups were described using counts and percentages,
whereas mean and standard error were used to report continuous variables (age, number of
transfusions, length of hospital stay). Binomial tests were used to compare the two groups
according to classification of comorbidities. Laboratory values (hemoglobin, hematocrit,
platelet count, CRP, WBC and creatinine) at three different time intervals were compared
among the two groups using the unpaired Student’s t-test to evaluate the normal data
distribution. Significance was set at p value < 0.05.

3. Results

The COVID-19 Italian group was composed of 37 patients (10 males and 27 females),
while the Iranian group was composed of 33 patients (10 males and 23 females). The
Italian group was statistically older than the Iranian group, respectively, with a mean age of
83.89 ± 1.60 years vs. 75.18 ± 1.62 years (p value = 0.0003). All proximal femoral fractures
were surgically treated. More precisely, in Italy, 1 total hip arthroplasty (THA), 10 bipolar
hemiarthroplasties (BH) and 26 proximal femoral nails (PFN) were performed. In Iran,
5 patients were treated with THA, 15 with BH, 6 with PFN and 7 with dynamic hip screws
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(DHS). In both groups, cardiovascular comorbidities were the most frequent. In Italy,
29 patients had cardiovascular comorbidities, 14 metabolic, 4 respiratory, 6 oncological,
2 nephrological, 8 neuropsychiatric, 2 other comorbidities, and 1 patient had none. In Iran,
17 patients had cardiovascular comorbidities, 15 metabolic, 4 respiratory, 1 oncological,
6 nephrological, 3 neuropsychiatric, 4 other comorbidities, and 2 patients had none. Upon
admission, while only 18 patients in Italy (48.6%) were treated with oxygen support, all
Iranian patients were treated with oxygen support (100%). The mean number of transfu-
sions for each patient in Italy was 3.08 ± 0.50, and it emerged as statistically higher than
the Iranian mean number of 2.12 ± 0.92 (p value = 0.0062). The length of hospital stay in
Italy was longer than in Iran, with 13.24 ± 1.18 days vs. 4.27 ± 0.32 days (p value < 0.0001).
All patients survived surgery in the early post-operative period. When focusing our at-
tention on laboratory values (hemoglobin, hematocrit, platelet count, C-reactive protein,
white blood cells and creatinine), comparisons of the two groups upon admission, 3/5
post-operative day and discharge are presented in Table 1.

Table 1. Comparison between laboratory values of COVID-19 Italian and Iranian groups upon
admission, 3–5 post-operative day and discharge.

Lab Values Admission 3–5 Postoperative Day Discharge

Italy Iran Italy Iran Italy Iran

Hemoglobin
(g/dL) 11.90 ± 035 12.24 ± 0.31 10.24 ± 0.22 10.61 ± 0.25 11.31 ± 0.71 10.01 ± 0.27

Hematocrit (%) 36.99 ± 1.02 35.88 ± 1.02 31.79 ± 0.68 31.30 ± 0.76 33.75 ± 0.81 30.31 ± 0.88

Platelet count
(103/µL) 265.41 ± 19.48 269.45 ± 18.64 276.84 ± 16.44 249.57 ± 16.56 321.12 ± 31.84 285.07 ± 18.94

CRP (mg/L) 5.40 ± 0.87 2.50 ± 0.19 7.89 ± 1.28 3.41 ± 0.24 4.79 ± 0.97 3.21 ± 0.18

WBC (103/µL) 10.72 ± 1.11 11.73 ± 1.09 11.50 ± 1.46 9.79 ± 0.62 10.46 ± 0.93 10.89 ± 0.59

Creatinine
(mg/dL) 0.96 ± 0.06 1.02 ± 0.07 1.22 ± 0.30 1.04 ± 0.09 0.83 ± 0.07 0.96 ± 0.09

The post-operative value of white blood cells in the Italian group was statistically
higher than in the Iranian sample, with a mean value of 11.50 ± 1.46 vs. 9.79 ± 0.62
(p value = 0.0288) (Figure 1).
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The admission value of CRP in the Italian group was statistically higher than in the
Iranian one, with a mean value of 5.40 ± 0.87 vs. 2.50 ± 0.19 (p value = 0.0025). The same
statistical difference is still present at the post-operative values (7.89 ± 1.28 vs. 3.41 ± 0.24
(p value = 0.0014), as can be seen in Figure 2.
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4. Discussion

The main clinical relevance of the present study resides in the analysis of the differences
in the management of important pathologies in the assistance activity of orthopedics, such
as proximal femur fractures, between two different countries during a pandemic never
seen before. According to the main findings of this study, many differences were found
through the analysis of these two groups. The Italian group was statistically older than
the Iranian group, with a longer length of hospital stay and a higher mean number of
transfusions for each patient in Italy. Furthermore, concerning laboratory indices, WBC
post-operative values and both CRP admission and post-operative values were significantly
different. As mentioned above, the length of hospital stay in Italy was longer than in Iran,
with 13.24 ± 1.18 days vs. 4.27 ± 0.32 days (p value < 0.0001). In particular, it should be
emphasized that the patients of the Iranian group were hospitalized in private facilities, and
therefore, the length of the hospital stay was undoubtedly influenced by the sudden transfer
to physiotherapy wards for several reasons, including economic ones. Moreover, most
rehabilitative structures in Italy, to avoid the spread of the SARS-COV-2 infection, avoid
taking patients in until a negative test is available, thereby increasing the hospital length
of stay. Nevertheless, encouraging evidence in the literature suggests that an enhanced
recovery after surgery (ERAS) protocol can benefit patients with hip fractures [21], but
undoubtedly, in the case of a patient suffering from COVID-19, the matter becomes more
complicated by having to interface with further timelines linked to specific anti-COVID
protocols. This is an important aspect, as we have already previously described how our
hospital was able to improve some parameters of hospital clinical efficiency during the first
wave of the pandemic. Indeed, in the study of Brayda-Bruno et al., the time frames from
diagnosis to surgery and from diagnosis to discharge were analyzed, reporting a reduction
in diagnosis–discharge time [22]. The increased length of stay of the Italian patients could
even be related to the higher age in the Italian group, as already underlined in the literature,
where older age is correlated with a longer length of stay [23,24]. However, other studies
did not report a correlation between advanced age in patients with femoral fractures and a
prolonged hospital stay [25,26].

Regarding the laboratory data shown in the table, there are some considerations to
emphasize. In our results, we found that post-operative value of WBC was statistically
higher in the Italian group compared to the Iranian patients. It has been reported in the
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literature that among trauma patients, higher WBC values were detected in patients with
major lesions rather than in patients with minor lesions, but both were within the normal
range [27]. These data should be integrated with what emerges from recent studies on
COVID-19 patients, where it was described that WBC count in COVID-19 patients is normal
or slightly reduced in the early stages and that these values may change as the disease
progresses [28]. Furthermore, recent studies suggest that various parameters, including
WBC, could predict critical disease progression [29]. Another result that emerged from
our study was the finding of higher values of CRP in the Italian group upon admission
and post-operative time. For all COVID-19 patients, we should consider a high level
of inflammation due to the nature of COVID-19 disease [30–32]. Indeed, in the study of
Puzzitiello et al., it is reported how these patients with orthopedic trauma injuries may have
an amplified response to the traumatic insult because of their baseline hyperinflammatory
and hypercoagulable states [33]. The same findings were confirmed by Bayrak et al., where
inflammatory parameters, including CRP, were higher in COVID-19-positive patients with
femoral fractures [34]. Our results are adequately framed within the literature findings;
however, further studies should be conducted to explain the reason for the laboratory
differences between the patients of the two countries.

This study presents several limitations. First of all, it is a case series. Second, the
collection of clinical documentation was conducted in two different countries in line with
the primary objective of this work in the study of differences. However, this collection of
data had to face different pre-operative, surgical and post-operative treatment protocols,
as already illustrated above. In this respect, it is not easy to compare the pre-operative
preparation and surgical technique of different surgeons from two different countries.
Third, there is still little literature about the differences of COVID-19-positive patients
among different countries, and future studies should investigate any differences and points
in common in order to establish the best possible treatment throughout the duration of the
medical intervention. Furthermore, possibly, further studies should increase the sample
size, which, in the present work, is already important, considering the sampling of patients.
Another limitation is scarce information about the COVID-19 infection of these patients
(onset of infection, severity, quantity of oxygen support needed, relationship with patient
outcomes). Due to the above-mentioned difficulties in collecting data, some records about
the onset of the viral infection and the symptoms are lacking. In particular, we do not know
if the traumatic event might have been directly related to the COVID-19 infection (i.e.,
due to muscular weakness); it is also highly possible that our patients were hospitalized
and treated in different stages of the viral infection, thus affecting the evaluated outcomes.
Finally, another important aspect that constitutes a limitation resides in the follow-up of
these patients, which is limited to the few days of hospital stay in the post-operative period.
Further studies should be able to evaluate the survival of COVID-19 patients surgically
treated precisely in order to perhaps be able to draw up international guidelines.

5. Conclusions

The present study shows that some differences were found between COVID-19-
positive patients with proximal femoral fractures in Italy and Iran in terms of mean age,
length of hospital stay, number of transfusions, WBC count and CRP values. Further studies
are required to validate these results, to better explain the reasons behind these differences
and to establish the best treatment throughout the duration of the medical intervention.
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Abstract: Background and Objective: Various fixation devices and surgical techniques are available
for the management of proximal femur fractures. Recently, the femoral neck system (FNS) was
introduced, and was promoted on the basis of less invasiveness, shorter operating time, and less
fluoroscopy time compared to previous systems. The aim of this study was to compare two systems
for the internal fixation of femoral neck fractures (FNF), namely the dynamic hip screw (DHS)
with an anti-rotation screw (ARS) and an FNS. The outcome measures included operating room
time (ORT), dose–area product (DAP), length of stay (LOS), perioperative changes in haemoglobin
concentrations, and transfusion rate. Materials and Methods: A retrospective single-centre study was
conducted. Patients treated for FNF between 1 January 2020 and 30 September 2021 were included,
provided that they had undergone closed reduction and internal fixation. We measured the centrum-
collum-diaphyseal (CCD) and the Pauwels angle preoperatively and one week postoperatively.
Results: In total, 31 patients (16 females), with a mean age of 62.81 ± 15.05 years, were included.
Fracture complexity assessed by the Pauwels and Garden classification did not differ between groups
preoperatively. Nonetheless, the ORT (54 ± 26.1 min vs. 91.68 ± 23.96 min, p < 0.01) and DAP
(721 ± 270.6 cGycm2 vs. 1604 ± 1178 cGycm2, p = 0.03) were significantly lower in the FNS group.
The pre- and postoperative CCD and Pauwels angles did not differ statistically between groups.
Perioperative haemoglobin concentration changes (–1.77 ± 1.19 g/dl vs. –1.74 ± 1.37 g/dl) and LOS
(8 ± 5.27 days vs. 7.35 ± 3.43 days) were not statistically different. Conclusions: In this cohort, the
ORT and DAP were almost halved in the patient group treated with FNS. This may confer a reduction
in secondary risks related to surgery.

Keywords: dynamic hip screw; femoral neck system; femoral neck fracture; individual medicine;
minimal-invasive surgery; multiple trauma; geriatrics

1. Introduction

Femoral neck fractures (FNF) have an enormous socioeconomic impact on modern
society. The total number of hip fractures is expected to increase from 1.26 million in 1990 to
21.3 million by 2050 [1]. These fractures have been reported to negatively impact patients’
functional status, quality of life, and independence [2]. Furthermore, fractures close to the
hip are strongly associated with a pronounced risk of cardiovascular complications and
mortality [3].

Several authors have worked on standardised treatment concept that take into ac-
count the fracture location, fracture classification, and patients’ individual risk factors [4,5].
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However, these concepts remain highly heterogeneous, especially regarding the indication
for osteosynthetic reconstruction or replacement with a hemi- or total hip arthroplasty.
Reconstruction is reserved for cases in which the perfusion of the femoral head is presum-
ably not compromised. Therefore, broadly accepted fracture classification systems, such as
the Pauwels [6] or Garden classification [7], help clinicians through the decision-making
process. Accordingly, Pauwels type I and II and Garden type I and II fractures usually
qualify for reconstruction.

Various implants for the reconstruction of an FNF are currently available. The dynamic
hip screw (DHS) is the most commonly used system (Figure 1). When considering the
implantation of a DHS, an additional anti-rotational screw (ARS) should explicitly be
used in FNF to increase rotational stability. This combination has been associated with
significantly improved traction and compression distribution on fractures [8], potentially
facilitating a healing outcome. However, a recent meta-analysis observed no superiority
regarding mortality, fracture consolidation rate, and revision rate when comparing the
DHS to cannulated screws [9].
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(ARS). (a,b) Preoperative radiographs of a Garden type II/Pauwels type II femoral neck fracture.
(c,d) Postoperative radiographs after osteosynthesis using a DHS with ARS.
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Recently, a new and innovative reconstruction system was introduced: the femoral
neck system (FNS) (DePuy Synthes, Raynham, MA, USA) (Figure 2) [10–12]. This system is
exclusively designed to stabilise FNF. It allows for dynamic fixation of the femoral neck,
rotational stability through a screw-in-screw concept, and increased strength at the shaft
due to a locking screw. Thereby, it combines the biomechanical advantages of different
well-known osteosynthesis principles. Furthermore, the FNS can be applied percutaneously
while maintaining the beneficial characteristics of the DHS. Biomechanical studies have
shown that the FNS is as a valid alternative to the DHS with ARS and is superior to
cannulated screws for the management of Pauwels type III fractures [13]. Recent clinical
studies have shown that reconstructions using the FNS lead to satisfactory perioperative
and clinical outcome measures [14–18]. To date, only one group of authors has compared the
FNS with the DHS for Garden type I and II fractures in elderly patients [17]. They observed
a shorter operating room time (ORT) in the FNS group, but there were no differences in the
transfusion rate, local complications, length of stay (LOS), or mortality between groups.
However, only including elderly patients and Garden type I and II fractures may impair
study data quality and limit the implications for other clinicians.

Therefore, this study aimed to compare all patients that were stabilised using either a
DHS with ARS or FNS at our institution. Particular emphasis was given to the ORT, which
was our primary outcome measure. Secondary outcome measures were dose–area product
(DAP), LOS, change in haemoglobin concentrations, and transfusion rate.
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Figure 2. Radiographic visualisation of the femoral neck system (FNS). (a,b) Preoperative radiographs
of a Garden type II/Pauwels type II femoral neck fracture. (c,d) Postoperative radiographs after
osteosynthesis using the FNS.
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2. Methods

We conducted a retrospective study examining all FNF patients being treated at
our level 1 trauma centre between January 2020 and September 2021. Approval of the
local institutional review board (application number EA4/141/21) was obtained before
initiation of the study. Patient data (age, gender, the American Society of Anesthesiologists
[ASA] physical status classification system, Charlson Comorbidity Index (CCI) [19], trauma
mechanism, fracture type according to Pauwels and Garden, LOS, and complications
following surgery) were extracted from the electronic medical data system, SAP (SAP
ERP 6.0 EHP4, SAP AG, Walldorf, Germany). Furthermore, perioperative data were
noted including time to surgery (TTS) (including patient positioning and closed fracture
reduction), ORT, DAP, transfusion rate, perioperative volume therapy, and haemoglobin
concentrations prior to and following surgery.

We assessed Pauwels and centrum–collum–diaphyseal (CCD) angles in pre- and
postoperative plain anterior–posterior radiographs of the pelvis using MERLIN Diagnostic
Workcenter (MERLIN Diagnostic Workcenter for Microsoft Windows, Version 5.8.1, Phönix-
PACS GmbH, Freiburg im Breisgau, Germany). This is displayed in Figure 3.
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Figure 3. Radiographic visualisation of angle measurements in plain anterior–posterior radiographs
of the pelvis. In (a), CCD angle (α) is measured between the longitudinal femoral shaft axis (d),
determined by two bisections of the shaft (a, b), and the femoral neck axis (c), determined by the
centre of the femoral head (centre of [e]) and its overlap with the femoral neck (f). In (b), fracture
angle according to Pauwels classification (α) is measured between the fracture line (d or e) and the
horizontal (f), which was perpendicular to the longitudinal femoral shaft axis (c), determined by
two bisections of the shaft (a, b). Abbreviations: CCD, centrum–collum–diaphyseal.

Statistical analysis was performed using GraphPad Prism (GraphPad Prism 9 for ma-
cOS, Version 9.3.1 [350], GraphPad Holdings, LLC, San Diego, CA, USA). Data distribution
was tested using histograms and Q–Q plots. The Mann–Whitney U test was used for dis-
crete and continuous variables and Fisher’s exact test was used for categorical variables. We
performed outlier detection using the ROUT method with Q = 0.1% [20]. Unless otherwise
stated, discrete and continuous variables are represented as the mean ± SD (95% CI), and
categorical variables are presented as frequencies (%). All p-values are two tailed, and
p-values < 0.05 were considered statistically significant.
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3. Results
3.1. Demographics

Between January 2020 and September 2021, 31 patients (16 female) were operated on
due to an FNF. Of these, 19 patients received a DHS with ARS and 12 patients received
an FNS. In each group, two patients received an in situ fixation as the smallest possible
intervention due to their individual perioperative risk constellations.

The mean age of the cohort was 62.81 ± 15.05 years (95% CI 57.28–68.33). Twenty-
three patients (74.19%) had a low impact trauma (fall from standing height), four patients
(12.9%) had a bicycle accident, two patients (6.45%) had a motorised scooter accident, one
patient (3.23%) had an inline skate accident, and one patient (3.23%) had a car accident. A
detailed overview of the study cohort is given in Table 1. We did not detect any significant
differences between groups regarding the baseline characteristics. Especially, pre- and
postoperative Pauwels classification and CCD angles did not differ between groups.

3.2. Outcome Measures

The ORT significantly differed (U = 24.5, p < 0.01) between the DHS group (91.68 ±
23.96 min, 95% CI 80.14–103.23) and the FNS group (54 ± 26.1 min, 95% CI 37.42–70.58).
No outliers were detected.

The DAP was 1604.19 ± 1178.16 cGycm2 (95% CI 1036.34–2172.04) in the DHS group
and 721 ± 270.65 cGycm2 (95% CI 527.39–914.61) in the FNS group. Analysis revealed a
significant difference between groups (U = 47, p = 0.03). One outlier was identified in the
FNS group (DAP of 5407.25 cGycm2) and was excluded prior to analysis.

Haemoglobin concentration changes were highly comparable between the DHS group
(−1.74 ± 1.37 mg/dL, 95% CI −2.42–−1.06) and the FNS group (−1.77 ± 1.19 mg/dL,
95% CI −2.52–−1.01) (U = 104.5, p = 0.89). No outliers were detected.

The LOS was 7.35 ± 3.43 days (95% CI 5.59–9.12) in the DHS group and 8 ± 5.27 days
(95% CI 4.65–11.35) in the FNS group. The differences between groups were not significant
(U = 100, p = 0.94). Two outliers were identified in the DHS group (LOS of 26 and 43 days)
and were excluded prior to analysis.

Figure 4 shows the assessed outcome measures.

Table 1. Overview of the study cohort.

DHS (n = 19) FNS (n = 12) Statistics

Age (years) 60.47 ± 17 66.5 ± 10.98 p = 0.34
(95% CI 52.28–68.67) (95% CI 59.52–73.48)

Gender
Female (% of group) 10 (52.63%) 6 (50%)

p = 1
Male (% of group) 9 (47.37%) 6 (50%)

ASA
2.32 ± 0.75 2.42 ± 0.67 p = 0.81

(95% CI 1.96–2.68) (95% CI 1.99–2.84)

CCI
3.16 ± 3.39 4.42 ± 3.7 p = 0.38

(95% CI 1.53–4.79) (95% CI 2.06–6.77)

Preoperative Pauwels angle (◦) 50.93 ± 14.07 47.66 ± 14.44 p = 0.41
(95% CI 44.15–57.71) (95% CI 38.49–56.83)

Postoperative Pauwels angle (◦) 46.74 ± 7.71 43.34 ± 7.93 p = 0.22
(95% CI 43.03–50.46) (95% CI 38.3–48.38)

Preoperative CCD angle (◦) 129.5 ± 16.21 130.8 ± 13.25 p = 0.8
(95% CI 121.7–137.3) (95% CI 122.4–139.2)

Postoperative CCD angle (◦) 135.9 ± 7.27 136 ± 5.24 p = 0.85
(95% CI 132.4–139.4) (95% CI 132.7–139.4)
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Table 1. Cont.

DHS (n = 19) FNS (n = 12) Statistics

Pauwels classification

Type I (% of group) 1 (5.26%) 1 (8.33%)

p = 0.72 *Type II (% of group) 10 (52.63%) 7 (58.33%)

Type III (% of group) 8 (42.11%) 4 (33.33%)

Garden classification

Type I (% of group) 2 (10.53%) 1 (8.33%)

p = 0.45 **
Type II (% of group) 9 (47.37%) 8 (66.67%)

Type III (% of group) 4 (21.05%) 2 (16.67%)

Type IV (% of group) 4 (21.05%) 1 (8.33%)

TTS (min)
44.74 ± 10.66 48.83 ± 34.15 p = 0.16

(95% CI 39.6–49.87) (95% CI 27.13–70.53)

In situ fixation
Yes (% of group) 2 (10.53%) 2 (16.67%)

p = 0.63
No (% of group) 17 (89.47%) 10 (83.33%)

Perioperative volume therapy (L) 1616 ± 661.2 1291 ± 784.2 p = 0.46
(95% CI 1297–1934) (95% CI 793.1–1790)

Postoperative weight
bearing

Partial weight bearing
(% of group) 18 (94.74%) 10 (83.33%)

p = 0.54
Full weight bearing

(% of group) 1 (5.26%) 2 (16.67%)

Discharge status
Stationary rehabilitation

(% of group) 5 (26.32%) 7 (58.33%)
p = 0.13

Home (% of group) 14 (73.68%) 5 (41.67%)

Abbreviations: DHS, dynamic hip screw; FNS, femoral neck system; ASA, American Society of Anesthesiologists
(physical status classification system); CCI, Charlson Comorbidity Index; TTS, time to surgery; CCD, centrum–
collum–diaphyseal. * Fisher’s exact test assessing fracture distribution differences between groups (Type I + II
vs. Type III). ** Fisher’s exact test assessing fracture distribution differences between groups (Type I + II vs.
Type III + IV).
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Figure 4. Outcome measures following osteosynthesis of FNF. (a) ORT, (b) DAP, (c) LOS, and
(d) haemoglobin concentration changes in the DHS group and the FNS group. Abbreviations: FNF,
femoral neck fracture; ORT, operating room time; DHS, dynamic hip screw; FNS, femoral neck
system; DAP, dose-area product; LOS, length of stay.

4. Discussion

This study represents a comparative outcome analysis of two minimally invasive
fixation systems used for the surgical management of FNF, namely the DHS with ARS and
the FNS. This is the first study to employ broad inclusion criteria, as we assessed Garden
type I to IV fractures and did not exclude any patients due to their pre-existing medical
conditions. Compared to the DHS with ARS, perioperative outcome measures revealed
a shorter ORT and lower DAP when using the FNS. There were no further differences
between groups regarding the assessed outcomes. Particularly, there were no inter-group
differences in the pre- and postoperative Pauwels and CCD angles between groups.

Fractures to the neck of the femur represent a relevant entity of the orthopaedic
surgical spectrum [1]. Frequently, these injuries result in a life-changing event for patients,
especially in geriatric cohorts [2]. Therefore, therapy concepts need to be highly efficient and
straightforward to prevent adverse events [3] and to continuously improve the functional
and patient-reported outcomes.

There is still an ongoing debate among orthopaedic specialists about whether patients
may be eligible for reconstruction instead of an arthroplasty procedure. Various individual
factors need to be considered, including the specific type of fracture and individual patient
characteristics such as biological age, comorbidities, and previous mobility [4]. Further-
more, the typical complications of each of these approaches also need to be taken into
account [21,22]. When considering DHS, infection rates of 1.3% have been reported [23].

Reconstruction is accepted in presumably intact femoral head perfusion and in bi-
ologically young patients. Non-displaced fractures in high-risk patients with multiple
comorbidities also represent well-accepted indications for fixation. Since its introduction
in 2018, the FNS has expanded the spectrum of available fixation systems [12–18,22,24].
It is assumed to be less invasive, thereby potentially reducing perioperative risks [10,11].
Published biomechanical data for the FNS demonstrate superiority compared to cannulated
screws in Pauwels type III fractures [13]. Other studies have shown that the FNS might
be more resistant to varus deformation, which is one of the main failure modes of femoral
neck fixation [25].

However, there is still a lack of clinical outcome data for the FNS. Stassen et al.
reported data with a maximum follow-up of one year after FNS implantation [24]. The
authors included all FNF types. Multiple injured and patients with severe chronic medical
conditions were excluded. The authors observed an ORT of 34 ± 9.4 min, incision sizes of
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45.3 ± 8.8 mm, and an LOS of 4 ± 2.8 days. These data are in concordance with our results
and corroborate the assumed less invasiveness of the FNS.

Other studies compared the FNS with three cannulated screws [14–16,18] and observed
heterogeneous outcomes. He et al. reported shorter but not significantly different ORT, less
radiation, a lower complication rate, and no differences in LOS [14]. Tang et al. confirmed
the reduced fluoroscopy time in the FNS group [16]. However, the authors did not observe
any significant differences in ORT, blood loss, incision size, or LOS. In contrast to these
reports, Hu et al. and Zhou et al. reported longer ORT and higher blood loss when the
FNS was used [15,18]. Furthermore, the LOS tended to be shorter, and patients had less
pain and a shorter time to walk without crutches in the FNS group [18]. When discussing
these data, one must consider that the latter two studies excluded typical patients: Hu et al.
solely included patients under 60 years old and Zhou et al. excluded severely ill patients
and patients with pre-existing severe cognitive dysfunction [15,18]. Hence, these studies
may not reflect the typical, rising elderly patient cohort [4]. Partly, our results are in line
with those of the aforementioned authors. We also observed reduced ORT and DAP, but
our data do not allow for an adequate comparison of the previously reported blood loss
reduction. At our clinic, the total amount of intraoperative blood loss was not systematically
documented in the electronic medical data system. Therefore, we assessed differences in
haemoglobin concentrations following surgery and perioperative volume management in
order to take dilution into account. Here, we did not find any differences between groups.
This may suggest that there was no significant difference in blood loss between groups,
since haemoglobin differences and perioperatively administered fluids were not different
and neither group needed a transfusion prior to hospital discharge. A reason for this could
be that the total blood loss is dominated by the blood loss due to the initial trauma, making
the additional blood loss due to the surgical procedure, either by DHS with ARS or by FNS,
relatively minor.

To date, Vazquez et al. are the only authors that have compared the DHS, the FNS, and
cannulated screws [17]. However, the authors only included Garden type I and II fractures
in an elderly cohort (mean age, 84.9 years). While the ORT was significantly shorter in
the FNS group, there were no statistically significant differences in the transfusion rate
and LOS between groups. The absolute values of the ORT and LOS compare well to
our results. Furthermore, we did not observe different transfusion rates since no patient
needed transfusion.

In particular, the broadly observed decrease in the ORT is of utmost importance since
published data show that prolonged ORT is associated with an increased risk of postopera-
tive complications [26]. However, the most frequent surgical complication following the
osteosynthesis of the FNF is the shortening of the femoral neck and the development of
avascular necroses (AVN), which is observed in up to 20% of cases [27,28]. Accordingly,
the data showed a conversion rate to arthroplasty in up to 10% of cases after osteosynthesis
of the femoral neck [14,17,22]. Therefore, pre-existing comorbidities, such as osteoarthrosis
of the hip, severe osteoporosis, rheumatoid arthritis, and chronic kidney disease, should
be taken into account, as they confer a high risk of secondary osteosynthesis failure [29].
However, we did not observe any of these complications during the primary hospital stay,
which was the focus of this report.

The current study has some limitations. First, the study groups were rather small,
thereby potentially limiting the statistical power. This needs to be addressed in future
studies through larger cohorts. However, published clinical data for the FNS are, thus
far, rare, and we provide perioperative clinical data comparing the FNS with a commonly
used implant in daily clinical practice. Furthermore, there were no broad exclusion criteria,
either regarding fracture types or patient characteristics. Second, we were not able to
contribute clinical outcome data exceeding the primary hospital stay. This limits the overall
significance of our study. Therefore, further outcome data are needed to effectively assess
long-term clinical outcomes and any subsequent complications. During the aforementioned
study period, we did not observe any implant-associated complications. Nonetheless,
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future studies are needed to prospectively assess perioperative and long-term clinical,
functional, and patient-reported outcomes to adequately compare osteosynthesis systems.

5. Conclusions

The FNS is a highly effective fixation system for the surgical management of FNF. It
allows for a significant reduction in the duration of surgery, thereby potentially reducing
surgery-related risks and complications.
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Abstract: Background and Objectives: The aim of this study was to compare the effect of valgus versus
anatomic reduction on internal fixation of Garden type III femoral neck fractures using the sliding
hip screw (SHS) and anti-rotation screw (ARS) regarding the radiographic and therapeutic outcome.
Patients and Methods: A retrospective case-controlled study was performed in a level I trauma center.
All patients between 2006 and 2020 aged younger than 70 years with a Garden type III femoral neck
fracture and a Kellgren–Lawrence score under grade III stabilized using SHS and ARS were identified.
One-hundred and nine patients were included, with a group distribution of sixty-eight patients in
group A (anatomic reduction) and forty-one patients in group B (valgus reduction). Results: Mean
age was 55 years, and the mean Kellgren–Lawrence score was 1 in both groups. Mean femoral neck
angle was 130.5 ± 3.8◦ in group A and 142.8 ± 4.3◦ in group B (p = 0.001), with an over-correction
of 12◦ in group B. Tip-apex distance was 10.0 ± 2.8 mm in group A versus 9.3 ± 2.8 mm in group
B (p = 0.89). Healing time was 9 weeks in group A compared to 12 weeks in group B (p = 0.001).
Failure rate was 4.4% in group A and 17.1% in group B (p = 0.027). Conclusions: Anatomic reduction
of Garden type III femoral neck fractures in patients younger than 70 years treated using SHS and
ARS resulted in significantly lower failure rates and shorter healing times than after valgus reduction.
Therefore, it can be recommended to achieve anatomic reduction.

Keywords: femoral neck fracture; Garden classification; sliding hip screw; anti-rotation screw; valgus
reduction; Kellgren–Lawrence score; outcome

1. Introduction

Younger adults are more likely to suffer from unstable Garden type III femoral neck
fractures demanding accurate reduction and stable internal fixation, while having a higher
likelihood of failure due to missing intrinsic instability [1–3]. Although there is still a lack
of consensus regarding the most appropriate fixation technique for femoral neck fractures,
sliding hip screw (SHS) supplemented with a cannulated anti-rotation screw (ARS) is
commonly accepted as one of the gold standards for vertical fractures of the femoral neck
in younger patients [4]. Apart from the anatomic reduction of these fracture configurations
and the optimal restoration of the femoral neck-shaft angle (caput-collum-diaphyseal
angle, CCD), the desirable or undesirable possibility of a valgus reduction occurs. In
addition to total hip arthroplasty, in cases of failed fixation of femoral neck fractures, an
often-described salvage procedure is valgus intertrochanteric osteotomy to achieve valgus
positioning of the proximal fracture fragment [5]. Hereby, a larger CCD could be achieved,
which converts shear forces at the femoral neck to compressive forces to improve osseous
healing, resulting in suitable outcomes and adequate healing rates [5–8]. Consequently, a
potential approach to further minimize complications and to maximize healing rates even
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in the initial surgical treatment of displaced femoral neck fractures might be to perform
the fracture reduction in a slight valgus position of the proximal fragment prior to fracture
fixation. Therefore, the aim of this study was to compare the effect of valgus alignment
with the effect of anatomical reduction during closed internal fixation of Garden type III
femoral neck fractures regarding the radiographic and therapeutic outcome, as well as the
time period until osseous healing, using SHS combined with ARS. It was hypothesized
that there would be faster and improved fracture healing and a better clinical outcome
following valgus reduction of the fracture than after anatomic fracture reduction.

2. Patients and Methods
2.1. Study Design

A retrospective case-controlled study was performed in a single European level I
trauma center. All patients between 2006 and 2020 aged younger than 70 years suffering
a femoral neck fracture diagnosed by biplanar conventional radiographs and stabilized
by using SHS combined with ARS were identified. Whenever conventional radiographs
were not conclusive to determine the diagnosis or the classification of a femoral neck
fracture, computed-tomography (CT) scan was performed to clarify the type of fracture.
Garden classification was used to identify the fracture pattern [9]. To minimize inter-
observer variation, all fractures were assessed by two experienced senior surgeons and
only fractures that were identically classified by both surgeons were included [10]. To
objectify the severity of the injury and the morbidity of the study group only patients with
a Garden type III femoral neck fracture and a Kellgren-Lawrence score under grade III
were included in the study after analyzing the radiological images taken on the day of
accident [11–13]. Patients with preliminary disturbances of gait patterns and injuries of
the affected hip as well as patients with an incomplete follow-up were excluded. After
checking the mentioned inclusion and exclusion criteria, the data sets of 109 patients (age
55 ± 11 years; 63 males, 46 females) were included in the analysis (Figure 1).Medicina 2022, 58, x FOR PEER REVIEW 3 of 15 
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Figure 1. Overview on patients’ inclusion process.

2.2. Surgical Procedure

All surgical procedures were performed in a standard manner under the supervision
of twelve experienced senior surgeons. Patients were positioned on the extension table
and closed reduction was performed either in anatomic or valgus position as decided
by the surgeon—preoperatively and independently of individual patient and fracture
criteria—with biplanar X-ray control. Following preparation to the proximal femur region
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and correct positioning of the aiming device for SHS, a 2.5 mm guide wire was placed
center–center into the femoral head to the subchondral area. The position in the femoral
neck was aimed to be in the caudal-dorsal quarter. After positioning of the guide wire and
biplanar fluoroscopic control, a second 3.2 mm guide wire for the ARS was placed parallel
to the first wire, cranially. After measuring the length of the SHS (DHS System, Synthes
GmbH, Oberdorf, Switzerland), the femoral neck was prepared using the three-step drill,
which was adjusted 10 mm shorter than the measured length following the insertion of the
SHS over the guide wire. This procedure was followed by measuring the length of the ARS
and insertion by using a cannulated 6.5 mm partial threaded screw (Asnis™ III, Stryker
Trauma AG, Selzach, Switzerland), reaching the subchondral area, too. After removing the
guide wires and after another X-ray control of the correct positioning of the SHS and ARS,
the 2- or 4-hole SHS plate with a barrel angle of 130◦ or 135◦ (DHS System, Synthes GmbH,
Oberdorf, Switzerland) was fixed to the SHS and the proximal femoral shaft with 2 or 4
bi-cortical 4.5 mm cortex screws. After surgical stabilization of the femoral neck, fracture
pain-adapted full-weight-bearing was allowed for all patients.

2.3. Clinical and Radiological Assessment

As well as epidemiological patient parameters and the Kellgren–Lawrence score at the
time of hospital admission, the femoral neck angles (◦) were captured in comparison to the
opposite side (Figure 2a) after reduction and surgical stabilization six weeks postoperatively
by using biplanar conventional radiographs. Valgus reduction was defined as a femoral
neck angle of more than 5◦ in comparison to the opposite side. Then, the cohort group was
divided into group “A”, which included patients with anatomical reduction, and group
“B”, which consisted of patients with valgus reduction of the Garden type III femoral neck
fracture. Further on, the angle of the 2- or 4-hole SHS plate (◦), the tip-apex distance (mm)
as described by Baumgaertner et al. (Figure 2b), and the angle between SHS and ARS (◦)
were measured in frontal (Figure 2c) and axial planes (Figure 2d) of the intraoperative or
postoperative X-rays [14].
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Figure 2. Measurement of the femoral neck angle (*) compared to the contralateral side (◦), defined
as the angle between the femoral neck axis and the bisecting line of the femoral shaft (a). The tip-apex
distance (TAD) was defined as the calibrated summation of the distance between the tip of the SHS
and the apex of the femoral head on anteroposterior and (not demonstrated) lateral radiographs
(mm) (b), and the angle between SHS and ASR in the frontal plane (#) (c) and the axial plane (x) (d)
by using biplanar conventional radiographs, six weeks postoperatively.

In each follow-up visit, the healing time (weeks) and failure rate as well as potential
surgery-related complications were examined. Hereby, treatment failure was defined as
cutting out of the SHS, and respectively the ARS, collapse of the femoral head, implant
loosening, or failure of fracture healing up to 6 months after surgical stabilization. Fracture
healing was defined as osseous union of at least three cortices diagnosed by biplanar
conventional radiographs [15].

2.4. Follow-Up

After discharge from the hospital, patients were followed-up clinically and radiologi-
cally in the outpatient department at regular intervals after 6 weeks, followed by 4-week
intervals until the sixth month after surgical stabilization of the femoral neck fracture or
until fracture healing was documented. In addition, in case of suspected complications,
additional visits were scheduled. During each visit, patients where clinically and radio-
logically examined regarding fracture healing and possible complications. Furthermore,
in addition to these documented follow-up examinations, the conventional radiographs
were retrospectively re-evaluated by two experienced senior surgeons to verify the healing
time, defined as the time from the diagnosis of the femoral neck fracture to its osseous
consolidation.

2.5. Statistical Analysis

As well as implant-related parameters, tip-apex distance, Kellgren–Lawrence score,
healing time and treatment failure were compared between groups A and B (SPSS version
26.0, SPSS Inc., Chicago, IL, USA). For all variables, a check for normal distribution was
performed using the Kolmogorov–Smirnov test. Only two variables from the group of
valgus patients (group B) demonstrated a normal distribution, so the non-parametric Mann–
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Whitney test was used. Due to multiple testing, for the comparison of the three variables
healing time, femoral neck angle and tip-apex distance, the significance level was set to
α = 0.05/3 = 0.017. The complications (dichotomous yes/no) were tested for a significant
difference between the groups using Pearson’s chi-square test (α = 0.05). Effect sizes for
significant differences were calculated using Cohen’s d (for the Mann–Whitney test) and
Phi’s r (for Pearson’s chi-square test) [16]. Results of this study are presented as mean
values ± standard deviation. Results were considered statistically significant with p values
< 0.05.

2.6. Ethics and Study Registration

The study adhered to the tenets of the Helsinki Declaration and according to the
guidelines and the approval of the Ethics Committee of the institutional and national
Medical Board (Bavarian State Chamber of Physicians, ID 2022-1157). On 2 August 2022,
the study was retrospectively registered with the German Clinical Trials Register (Trial
registration number: DRKS00029953).

3. Results
3.1. Patient Cohort

One-hundred and nine patients were included in the study, with a group distribution
of sixty-eight patients in group A with anatomical and forty-one patients in group B with
valgus reduction of the Garden type III femoral neck fracture (Table 1).

Table 1. Overview of the patient cohort with Garden type III femoral neck fractures divided into group
A (anatomic reduction) and group B (valgus reduction). Values are presented as mean ± standard
deviation or as total number of patients.

Group A Group B p-Value

Group size
Male
Female

68
40
28

41
23
18

Age 55 ± 11 years 55 ± 11 years 0.78

Body mass index 24.9 ± 3.2 kg/m2 23.6 ± 3.5 kg/m2 0.07

ASA 1 1.6 ± 0.7 1.8 ± 0.6 0.26

Duration between trauma and fracture stabilization
≤24 h
>24 h

65
3

40
1

SHS plate
2-hole
4-hole

61
7

38
3

Barrel angle of SHS
130◦

135◦
7

61
3

38

Kellgren–Lawrence score 1.0 ± 0.6 1.2 ± 0.6 0.14

Cut-to-seam time of the surgical procedure 58 ± 19 min 60 ± 21 min 0.70

Tip-apex distance (TAD) 10.0 ± 2.9 mm 9.3 ± 2.8 mm 0.89

Angle between SHS and ARS in frontal plane 0.0 ± 0.2◦ 0.0 ± 0.3◦ 0.56

Angle between SHS and ARS in axial plane 2.2 ± 1.8◦ 2.4 ± 1.5◦ 0.76

Femoral neck angle 6 weeks postoperatively 130.5 ± 3.8◦ 142.8 ± 4.3◦ 0.001

Difference of the femoral neck angle 6 weeks
postoperatively in comparison to the contralateral side 1.2 ± 1.3◦ 12.0 ± 4.2◦ 0.001

1 American Society of Anesthesiologists physical status classification.
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The average femoral neck angle was significantly different between groups A and B
(group A: 130.5 ± 3.8◦, group B: 142.8 ± 4.3◦; p = 0.001, effect size d = 0.829). In accordance
with the inclusion criteria, the over-correction in comparison to the opposite side was
performed with 12 ± 4.2◦ in group B and 1.2 ± 1.3◦ in group A (p = 0.001). Average age
was 55 years in both groups (group A: 55 ± 11 years, group B: 55 ± 11 years). In addition,
with an average Kellgren–Lawrence score of 1 in both groups, no significant difference
could be observed (group A: 1.0 ± 0.6, group B: 1.2 ± 0.6). Regarding the tip-apex distance
with 10.0 ± 2.9 mm in group A versus 9.3 ± 2.8 mm in group B (p = 0.89), no significant
difference could be detected. In the axial plane of the biplanar X-rays, the mean angle
between SHS and ARS in group A was 2.2 ± 1.8◦, and 2.4 ± 1.5◦ in group B (p = 0.76). In
the frontal plane of the biplanar X-rays, the screws were almost exactly parallel in both
groups (group A: 0.0 ± 0.2◦, group B: 0.0 ± 0.3◦; p = 0.56). Considering the duration of
the surgical procedure—defined by cut-to-seam time—as a parameter for its difficulty, no
significant difference could be observed in both groups (group A: 58 ± 19 min, group B:
60 ± 21 min; p = 0.70).

3.2. Treatment Failure

Regarding the failure rate of the surgical-stabilized femoral neck fractures, a relevant
difference could be observed between patients who received an anatomical and those who
received a valgus reposition. The failure rate was significantly higher in group B than
in group A, as 7 complications (17.1%) appeared after valgus reduction in group B and
3 cases with fracture-related complications (4.4%) were detected after anatomical reduction
in group A (p = 0.027, effect size r = 0.212) (Figure 3).
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In detail, in group A, two cases of femoral head necrosis were observed, while one of
these cases was stabilized more than 24 h after trauma and one cutting out of the SHS was
found. In group B, femoral head necrosis was found in five cases and cutting out of the
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SHS in two cases. All these patients had to be revised by total hip arthroplasty (THA) due
to immobilizing hip pain. Implant loosening or failure of the fracture to heal over 6 months
were not observed in any patient.

3.3. Healing Time

In accordance with the above-mentioned treatment failure, osseous healing of the
Garden type III femoral neck fracture stabilized by SHS and ARS could be achieved in
group A in 65 out of 68 patients and in group B in 34 out of 41 patients during the follow-up
period of 6 months, accompanied by full-weight-bearing. Hereby, osseous healing was
significantly shorter after anatomical reduction in group A, with a mean healing time of
9 ± 2 weeks compared to 12 ± 2 weeks after valgus reposition in group B (p = 0.001, effect
size d = 0.509) (Figure 4).
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Figure 4. Duration of time to osseous healing after anatomical and valgus reduction stabilized using
SHS and ARS (weeks) in a Garden type III femoral neck fracture.

4. Discussion

The objective of this study was to evaluate the potential influence of valgus reduction
on the healing process in Garden type III femoral neck fractures fixed using SHS in combi-
nation with ARS. Despite the promising outcome of valgus intertrochanteric osteotomy as
well as biomechanical considerations, performing the fracture reduction in Garden type III
femoral neck fractures in a slight valgus position of the proximal fragment prior to fracture
fixation with SHS and ARS was not superior compared with the anatomical reduction
in patients younger than 70 years. In the current study, an average valgus correction of
femoral neck fractures of 12◦ resulted in a significantly increased rate of treatment failure
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as well as in a longer period of time until fracture healing of about 3 months. In so far,
based on the results of this study in patients younger than 70 years, anatomical reduction
of Garden type III femoral neck fractures is suggested prior to internal fixation with SHS
and ARS.

There are several studies examining the outcome and the biomechanical behavior after
femoral neck fractures regarding the different types of fracture fixation, demonstrating an
advantage of the sliding hip screw systems in combination with an additional anti-rotation
screw [1,17]. Nevertheless, studies regarding the influence of the reduction of the proximal
fragment of femoral neck fractures are rare and difficult to compare due to the different
methods of fracture stabilization. Regardless of this, femoral neck fractures fixed in a varus
position demonstrated the highest rate of failure (37.5%), followed by fractures fixed with
a visible medial transcervical line independent of anatomical or valgus reduction of the
proximal fragment (36.0%) [18]. In a recently published finite element analysis, anatomic
reduction of valgus-impacted femoral neck fractures diminished the stress at the fracture
ends, although displacement significantly increased. When the fracture was fixed with SHS
and ARS, there was less stress at the fracture end with anatomic reduction than without [19].
For example, Ramallo et al. examined 81 patients younger than 60 years with femoral
neck fractures treated with closed reduction and internal fixation using three cannulated
screws and evaluated a significant influence of a satisfactory reduction on the outcome [20].
Satisfactory reduction was defined as deviation of the focus of the fracture less than 2 mm
in combination with Garden angles between 160◦ and 180◦. After sufficient reduction,
treatment failure was observed in 7% compared with an over 8 times higher risk of failure
when the reduction was inadequate. Although the failure rate of satisfactory reductions
was comparable to our failure rate of 4% after anatomic reduction, no statement was made
regarding valgus positioning by Ramallo et al. [20]. Schwartsmann et al. detected a failure
rate in femoral neck fractures after good reduction—defined by a normal or slightly valgus
reduction in accordance with the alignment index stated by Garden—and stabilization
with a sliding hip screw system in about 20% of the cases, comparable to our failure rate
of 17.5% after valgus reduction [21,22]. Incorrect screw positioning in the femoral head
was identified as a main risk factor for therapy failure due to necrosis [21]. A comparable
failure rate of 19.5% to the valgus group of the current study was observed after fixation of
femoral neck fractures with valgus impaction and any further reduction [23]. Although
there are studies which did not find any affection of the healing rate by the quality of
reduction [24,25], failure rates in the present study correlate with the majority of the current
literature, highlighting the need of an appropriate reduction of femoral neck fractures. A
closer look at the type of complications showed that in total, 7 out of 109 patients analyzed
(6.4%) developed femoral head necrosis. In particular, after anatomic reduction, femoral
head necrosis occurred in only 2 of 68 patients (2.9%) and after valgus reduction in 5 of 41
patients (12.2%) during follow-up. Considering the frequency of avascular necrosis of the
femoral head after stabilization of Garden type III femoral neck fractures in the current
literature, with a 95% confidence interval between 6.4% and 27.6%, the incidence of femoral
head necrosis in our study cohort is quite low, especially after anatomic reduction [26].
One possible reason for this moderate necrosis rate could be—as noted in a recent meta-
analysis—that femoral neck systems present a lower rate of femoral head necrosis than
cannulated cancellous screws, which are also commonly used worldwide and thus may
have an impact on the previously observed necrosis rates [27].

A more detailed look at the group of patients with an acceptable reduction of the
femoral neck fracture demonstrated a mixed picture in the available literature: A study
published in 1981 after evaluation of 446 cases of femoral neck fractures in all Garden’s
stages treated by internal fixation reported a healing rate of 90% after a reduction in
valgus position and only 77% if anatomical reduction was achieved [28]. In addition,
Füchtmeier et al. analyzed a patient cohort of 51 patients during 1975 and 1985 and
reported that the anatomical reduction of femoral neck fractures—compared to a valgus
position—and stabilization with mainly three to four cannulated screws resulted in a higher,
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but statistically not significant, rate of osteonecrosis (18.2%) and nonunion (9.1%) in the first
5 years following osteosynthesis [29]. These findings are in contrast to the present study,
demonstrating a lower rate of treatment failure after anatomical reduction, with 4%, which
is more interesting since in both studies, the average valgus correction of femoral neck
fractures was about 12◦. One possible explanation for these opposite findings might be the
utilized stabilization with SHS and ARS instead of mainly cannulated screws, as well as that
the patients’ cohort includes all Garden’s stages with a significantly higher rate of Garden
type III femoral neck fractures in the group with valgus position. Looking at the group of
patients with anatomical reduction between 5 and 15 years after internal fixation analyzed
by Füchtmeier et al., a change in both groups was observed, and a better long-term outcome
with an improved functional outcome and a lower rate of osteoarthritis of the hip were
detected in the group that received anatomic reduction [29]. Focusing on therapy failure
by analyzing 202 patients with femoral neck fractures treated using 3 cannulated screws,
Yang et al. did not find any significant difference regarding development of nonunion
after anatomical reduction [30]. Looking at the failure rate in relation to the size of the
valgus tilt of valgus-impacted femoral neck fractures which were not dis-impacted and
were stabilized with three cannulated screws, Song et al. could demonstrate that a valgus
tilt above 15◦ results in a higher failure rate [31].

Another important point that supports the anatomical reduction of femoral neck frac-
tures in addition to the above-mentioned lower risk of developing osteoarthritis of the
hip in younger patients is the higher rate of femoral neck shortening in valgus-impacted
femoral neck fracture combined with a worse functional outcome due to a femoral offset
shortening and the resulting change in the abductor moment arm [31]. This is also empha-
sized by a study conducted by Park et al., which demonstrated that anatomical reduction
of femoral neck fractures with valgus impaction above 15◦ leads to a better functional
outcome one and two years following osteosynthesis, compared to in situ stabilization of
the valgus-impacted femoral neck fractures without any reduction [25].

Relevant literature data regarding the time period between surgery and fracture
healing could not be found yet. The results of the present study demonstrated a significantly
shorter healing time after anatomic reduction of the femoral neck, which may be explained
by less compromise of blood supply than after valgus reduction of the femoral neck.

Limitations of this study might be seen in the retrospective study design, resulting in
a lack of clarity as to why in every single case, the surgical team decided for anatomical
or valgus reduction. Besides, a longer follow-up for at least one year would be helpful
to investigate if early secondary THA would have been needed due to the offset change
related to the femoral neck angle reduction. Nevertheless, to our knowledge, the current
study is the first clinical trial comparing SHS in combination with additive ARS in an
excellent comparable patients’ cohort consisting only of Garden type III femoral neck
fracture stabilized by the same implants, with a focus on the intraoperative reduction angle
of the femoral neck.

5. Conclusions

Anatomic reduction of Garden type III femoral neck fractures in patients younger
than 70 years treated using SHS in combination with ARS resulted in significantly lower
failure rates and shorter healing times than after valgus reduction between 5◦ and 15◦ of
the proximal fracture fragment. Therefore, based on the results of the current study, it can
be recommended to aim for anatomic reduction when using SHS and ARS for internal
stabilization.
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Abstract: The ideal surgical treatment of femoral neck fractures remains controversial. When treating
these fractures with internal fixation, many fixation constructs exist. The primary aim of this study
was to evaluate the incidence and specific risk factors associated with complication and re-operation
following fixation of intracapsular proximal femoral fractures using the Targon-FN system (B.Braun
Melsungen AG). A secondary aim was to identify if lateral prominence of the implant relative to the
lateral border of the vastus ridge was a specific risk factor for elective plate removal. Methodically,
a retrospective case series was conducted of all consecutive adult patients treated at a single level
1 trauma center in Switzerland for an intracapsular proximal femoral fracture with the Targon-
FN. Demographic data were collected. Patients with a follow-up of less than three months were
excluded. Complications as well as plate position were recorded. Statistical analysis to identify
specific risk factors for re-operation and complications was performed. In result, a total of 72 cases
with intracapsular femoral neck fractures were treated with the Targon-FN locking plate system
between 2010 and 2017. Thirty-four patients (47.2%) experienced one or more complications. The
most common complication was mechanical irritation of the iliotibial band (ITB) (23.6%, n = 17).
Complications included intraarticular screw perforation (6.9%, n = 5), avascular necrosis (5.6%,
n = 4), non-union (5.6%, n = 4) among others. In total, 46 re-operations were required. Younger age,
fracture displacement and time to postoperative weight bearing were identified as risk factors for
re-operation. In conclusion, intracapsular femoral neck fractures treated with the Targon-FN system
resulted in a high rate of post-operative complication and re-operation. Statistical analysis revealed
patient age, fracture displacement, time to postoperative full weight bearing were risk factors for
re-operation. The main limitation is the limited number of cases and a short follow-up of less than
12 months in a subgroup of our patients.

Keywords: avascular; band; femoral; fracture; neck; necrosis; iliotibial; implant; osteosynthesis

1. Introduction

Femoral neck fractures are among the most common orthopaedic injuries treated in
the elderly population [1]. In patients over 65 years of age, the incidence of femoral neck
fractures is estimated to be between 600 and 900 per per year [2].

While arthroplasty is the preferred treatment in elderly patients with displaced intra-
capsular proximal femur fractures, in younger patients or stable fracture patterns in the
elderly, joint preserving treatment with internal fixation may be favored [3–8]. However,
complications that can occur after internal fixation, including excessive fracture shortening,
varus collapse, avascular necrosis, and screw perforation leave room for improvement with
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internal fixation treatment methods [9–14]. Furthermore, variability among observed fail-
ures of the implants utilized for internal fixation of intracapsular hip fractures suggests an
opportunity for optimization of implant design [9–11,15,16]. Both, cannulated femoral neck
screws as well as the concept of sliding hip screws find many supporters. Biomechanically,
the sliding hip screw concept appears to be more stable [17]. On the other hand, blood
flow in the femoral head may be less impaired by cannulated femoral neck screws [18].
The large-scale FAITH trial was unable to give a qualified recommendation for one of
the surgical techniques over the other [19]. In this context, the question arises whether
a combination of concepts such as the Targon® FN (B.Braun AG, Melsungen, Germany)
could constitute a superior construct resulting in improved outcome.

In 2007, the Targon® FN system (B.Braun AG, 34209 Melsungen, Germany) was
developed by Parker MJ et al., which integrated a telescoping mechanism in each of the
head-neck screws (TeleScrew), aimed at allowing more controlled fracture collapse and
minimizing the risk of cut-through or backing out of screws. Moreover, locking fixation to
the femoral shaft provides greater rotational stability to the construct. Rotational instability
and strength of femoral head fixation have shown to be associated with tendencies for
femoral neck shortening, fracture collapse, and construct failure [12].

Several studies have shown promising early results regarding complications, non-
union, and revision rates when using the Targon FN System [20–23]. In particular, the
Targon FN system has shown promise in terms of lower risk of revision or re-operation
compared to traditional cannulated screw fixation methods [21,24–26]. Other studies,
however, report equivocal rates of complications with this implant comparted to the
established treatment standards including cannulated screws and hemiarthroplasty [27,28].
Of interest, a high rate of elective implant removal for iliotibial band (ITB) related lateral
hip pain has been described by Takigawa et al. using the Targon FN system [23].

The primary aim of this study was to evaluate the number of complications and re-
operations following fixation of intracapsular proximal femoral fractures with the Targon
FN system and identify risk factors for complications or re-operations. The secondary aim
was to identify if lateral prominence of the implant as referenced to the lateral border of the
vastus ridge was a specific risk factor for elective plate removal.

2. Materials and Methods

This article was written in accordance with the STROBE-statement [29].

2.1. Patients

This study is a retrospective case series of all consecutive patients older than 18 years
treated for an intracapsular proximal femoral fracture with a dynamic locking plate system
(Targon® FN) at a single level 1 trauma center in Switzerland between 2010 and 2017.
Imaging and patient data were extracted from electronic medical records. All patients
received preoperative plain radiographs of the pelvis and a lateral view of the injured
hip/proximal femur, intraoperative fluoroscopic images of the operative hip, as well as
post-operative plain radiographs of the pelvis and hip. Patients treated for extracapsular
fractures with follow up of less than three months or missing imaging and medical data
were excluded.

2.2. Implant, Surgical Technique, Rehabilitation and Follow Up

The Targon® FN system (B.Braun AG, Melsungen, Germany) consists of a contoured
titanium locking plate, with up to four 6.5 mm telescoping titanium sliding screws (Tele-
Screws) for fixation into the femoral neck, and two 4.5 mm distal locking screws for fixation
to the femoral shaft. The TeleScrews have an integrated telescoping limit of 10–20 mm to
prevent the risk of excessive screw back out or collapse (Figure 1).
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Figure 1. The figure shows the measurement of the plate prominence. One line is parallel to the lateral
cortex of the femur, the second line is parallel to the first line and tangential to the distal portion of
the trochanter major. In Grade 1 the plate is not cut by the tangential line. In Grade 2, the plate is
intersected by the tangential line, in Grade 3 parts of the implant are lateral to the tangential line.

Patients were operated under general anesthesia in the supine position. All patients
received a single weight-based dose of cefazolin 30 to 60 min prior to surgery for antibiotic
prophylaxis. All procedures were performed under fluoroscopic guidance. For displaced
fractures, closed reduction on traction table was first attempted. Open reduction was
performed at the discretion of the operating surgeon if an adequate reduction could not be
achieved by closed means. For implantation of the Targon implant, a direct lateral approach
to the femur was performed by either a trans-vastus approach or by elevation of the vastus
lateralis along the posterior boarder of the muscle, depending on the surgeon’s preference.
The specific surgical technique for the implant system was performed according to the
description of Parker MJ et al. [30].

The postoperative rehabilitation protocol consisted of early active-assistive range
of motion at the hip joint. Immediate, full weight bearing as tolerated was allowed for
stable and non-displaced fractures (Garden I and II) in elderly patients not able to tolerate
restricted weightbearing. For patients <65 and those with displaced fractures (Garden
III and IV), a 6 to 12-week period of partial weight bearing was advised. All patients
used crutches for a minimum of six weeks. At the discretion of the treating surgical team,
patients were allowed to wean from crutches if clinical and radiological evaluation showed
no secondary displacement and signs of fracture healing at follow-up.

According to our protocol, patients were evaluated postoperatively both radiograph-
ically and clinically at six weeks, three months, six months, and one year after surgery.
Longer follow up was conducted as clinically necessary, however, if no clinical or radio-
graphic complication had occurred at the 1-year mark, patients were discharged from
routine surveillance.

2.3. Data Analysis

Demographic data were collected from of the electronic medical record and operative
report including age, sex, smoking status, ASA-Score defined according to the American
Society of Anaesthesiologists, dementia (yes/no), diabetes (yes/no), time to operation
(from first X-ray until skin incision) (min.), type of reduction (open versus closed versus
not necessary), on-call-operation (between 5 pm and 7 am), and number of TeleScrews used
(two to four). A diagnosis of osteoporosis was assigned to patients with a T-score <2.5 if
a Dual-energy X-ray absorptiometry (DXA) scan was available for review in the clinical
record. Table 1 gives an overview of the parameters collected.

56



Medicina 2022, 58, 1812

Table 1. Baseline Characteristics and Risk Factors (n = 72).

Patient Dependent Factors Hospital Dependent Factors

Sex, No. (%) Time to surgery hours
(SD)

Male 35 (48.6) Mean 19.99 (20.65)

Female 37 (51.4) postoperative CCD
angle No.

Age, y <125 5 (6.94)
Mean (SD) 61.36 (16.35) 125–135 29 (40.28)

Median (range) 60.50 (25–89) >135 38 (52.78)
Age group, No. (%) measured TAD (SD)

<65 y 42 (58.33) Mean 18.79 (5.05)
≥65 y 30 (41.66) Reduction No. (%)

ASA, No. (%) Open 23 (31.94)
I 10 (13.9) Closed 29 (40.28)
II 38 (52.8) Not necessary 20 (27.78)

III 23 (31.9)
Time to full weight
bearing weeks No.

(%)
IV 1 (1.4) Immediately 27 (37.50)

V 0 (0) 6 weeks
postoperative 26 (36.11)

Diabetes, No. (%) 10–12 weeks
postoperative 19 (26.39)

Type-I 1 (1.4) Out of office
operation No. (%)

Type-II 3 (4.2) Yes 33 (45.83)
No 68 (94.4) No 39 (54.17)

Dementia No. (%)
Yes 5 (6.9)
No 67 (93.1)

Osteoporosis No. (%)
Yes 10 (86.1)
No 62 (13.9)

Smoking status, No.
(%)
Yes 17 (23.6)
No 55 (76.4)

AO fracture
classification No. (%)

31-B1 30 (41.7)
31-B2 35 (48.6)
31-B3 7 (9.7)

Garden fracture
classification (%)
Non-displaced 41 (56.9)

Displaced 31 (43.1)
Trauma intensity *

No. (%)
Low 51 (70.8)
High 21 (29.2)

* Trauma intensity was classified according to ATLS as “low” for fall heights up to 2 meters or speed deltas up to
30 km/h, and as “high” above these values.

Two fellowship-trained trauma surgeons (B.L. and F.B.) evaluated and classified all
pre- and postoperative radiographs. The fractures were classified using the AO and Garden
fracture classification systems [31,32]. Garden type I and II fractures were categorized as
non-displaced and Garden type III and IV as displaced.

The neck-shaft angle was measured on the first postoperative X-ray, one day after
surgery using a digital goniometer according to the technique described by Wilson et al. [33].
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A neutral neck-shaft angle was assigned to measurements between 120◦ and 135◦, varus
if less than 120◦, and valgus if more than 135◦. The lateral X-ray was used to detect any
residual ante- or retro angulation at the fracture site after fixation. The cortical index was
also measured on the first postoperative X-ray using a digital ruler, defined as the ratio of
cortical width minus endosteal width divided by cortical width at a level of 100 mm below
the tip of the lesser trochanter on the anteroposterior radiograph based on the description
of Nash et al. [34]. The tip–apex distance was measured between the tip of the nearest
TeleScrew to the apex of the femoral head in anteroposterior and axial view referring to the
publication by Baumgaertner MR et al. [35]. The result was calibrated by the known lateral
diameter (6.5 mm) of the TeleScrew.

If patients had a follow-up of more than 3 months, fracture healing, and no or only
category A complication, the position of the lateral plate relative to the vastus ridge was
measured and classified using the available intraoperative and postoperative radiographs
(Figure 2). The best available anterior posterior hip image was selected based on the profile
of the greater trochanter, specifically radiographic overlap of the intertrochanteric ridge
and lateral wall of the piriformis fossa [36]. Using this image, a line was created parallel
with the lateral cortical border of the femoral diaphysis and tangential to the most lateral
border of the vastus ridge. Plates that were positioned medial to this line were classified as
Grade 1. Any plate where the most proximal aspect of the plate intersected the line was
classified as Grade 2, and plates positioned lateral to the line was classified as Grade 3
(Figure 1).
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Figure 2. The best available anterior posterior hip image was selected based on the profile of the
greater trochanter, specifically radiographic overlap of the intertrochanteric ridge and lateral wall
of the piriformis fossa. (a): The antero- and postero-superior borders of the greater trochanter
overlap in the Cortical Overlap View, this coincides with an overlapping of the easily recognizable
intertrochanteric crest and density line of the piriform fossa. (b): Yellow marks the intertrochanteric
ridge. Green marks the density line of the piriform fossa. Red marks the posterior-superior border of
the greater trochanter [36].

The time at which full weight bearing was permitted, as documented by the surgeon
in the medical record, was categorized parametrically to either immediately, 6 weeks,
12 weeks, or greater than 12 weeks.

All surgical complications mentioned in the operative report (for example, damage to
vascular, nerves, or other structures, additional implants, conversion to arthroplasty) were
categorized in this study as intraoperative complications.
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Postoperative complications were collected from the medical record and the corre-
sponding x-rays at the post operative follow-up. Only complications directly related to the
surgical site were included.

We defined persistent mechanical irritation of the iliotibial band as category A com-
plication. Other complications including plate or screw breakage, screw perforation into
the hip joint, secondary loss of reduction (varus deformity with neck-shaft angle <120◦

or valgus deformity with neck-shaft angle >135◦), development of a pathological femoral
offset leading to symptomatic femoroactetabular impingement (FAI) and superficial or
deep surgical site infections (SSI) were defined as category B. Superficial surgical site in-
fection was defined as an infection of the surgical site involving skin and subcutaneous
tissue, occurring within 30 days after surgery. Deep SSI involved soft tissues deep to the
subcutaneous tissue and could occur up to one year after surgery [37]. A diagnosis of
avascular necrosis was defined by Steinberg stage two or greater on any of the follow
up radiographs [38]. Implant failure was defined by any damage of the implants noted
on radiographs including breakage of the plate or breakage or loosening of any screws.
Non-union was defined if the fracture showed no evidence of bony fusion of at least
2 cortices on conventional X-rays in two planes after 6 months.

Any re-operation at the same surgical site performed after the index operation, includ-
ing implant removal, was recorded.

2.4. Statistical Analysis

All computations were done with the Statistical Package for Social Sciences (SPSS),
version 22 (IBM SPSS Statistics, USA). Continuous data were presented as means with
corresponding standard deviation (SD) when normally distributed. In other cases, median
with interquartile range (IQR) was used. Categorical variables were presented as counts
and corresponding percentages. Differences in continuous variables were analyzed using
the independent T-test for normally distributed and Mann–Whitney U test for non-normally
distributed variables. Differences in categorical variables were analyzed using the Fisher’s
exact or Chi-Square test, respectively.

Univariate risk factor analysis was performed using logistic regression and presented
as odds ratio’s (OR) with corresponding 95% confidence interval (95% CI). p < 0.05 was
considered statistically significant. No multivariate analysis was possible due to low
number of events in the regression model.

3. Results

The study included a total of 83 cases of proximal femur fractures treated with
the Targon® FN system between 2010 and 2017. Of these, one was excluded due to a
pertrochanteric fracture pattern and ten were excluded due to a follow-up of less than
the minimum of three months. Mean follow-up was 19.7 months with a range from
3 to 92 months. A subgroup of 20 patients has a follow-up of less than 12 months. The
baseline demographics and risk factors are listed in Table 1.

3.1. Complications and Re-Operations

Forty of seventy-two cases (55.6%) recovered without any category A or B complica-
tions and required no unplanned re-operation during the complete follow-up period.

In the 32 remaining cases, at least one complication occurred. The details of these
complications can be found in Table 2. Thirty-two cases required one re-operation, and nine
patients required more than one re-operation. A total of 46 re-operations were performed.
The summary of the re-operations is listed in Table 3.
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Table 2. Detailed Listing of Complications with Indication of Underlying Cause. * Percentage of the
underlying complication referred to 72 cases. ** Reoperations are indicated by the event that led most
likely to the intervention because an associated complication may also lead to a reoperation.

Complications Cat. A Cat. B All % * Reoperations **

Hematoma and bleeding
hematoma - 1 1 1.4 3
Soft tissue

tractus irritation 17 - 17 23.6 17
Reduction

Secondary loss of reduction - 2 2 2.8 2
Plate and screws

screw perforation through the cortex of the
femoral head - 5 5 6.9 5

Loosening Tele Screw - 2 2 2.8 5
Loosening Screw base plate - 1 1 1.4 1

Osseus disorders
avascular necrosis of the femoral head - 4 4 5.6 5

nonunion - 4 4 5.6 4
postoperative femoroactetabular

impingement - 2 2 2.8 4

Total number 17 21 38 52.8 46

Table 3. The table gives a summary of the resulting 46 re-operations. In the left column, all procedures
we performed are listed. If one procedure was performed in one operation the number of cases is
found in a diagonal manner (light green fields). Those cases where two procedures were performed
in one operation are shown in the lower left of the table (light blue fields). ITB = Ileotibial band.
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Complete implant removal 20
Partial implant removal 4
Total hip arthroplasty 6 2

Monopolar hip arthroplasty 1
Hip arthroscopy 1 1

Cement spacer interposition 1
Removal of cement spacer 1

Valgus osteotomy with 90◦ blade plate 1
Revision 90◦ blade plate 1
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Table 3. Cont.
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Girdlestone procedure 1
Exchange of one TeleScrew 1

Revision total hip replacement 1
Wound revision 3
Revision of ITB 1

3.2. Analysis of Risk Factors for Complications

Risk factors for complication (except irritation of the iliotibial band) including ASA-
Score, energy of trauma, time to postoperative weight bearing, postoperative caput-collum-
diaphyseal (CCD) angle did not show significant differences comparing patients who
experienced a complication to patients without complications in univariate analysis. Only
age 60 years and younger was observed to be an independent risk for mechanical irritation
of the iliotibial band in a univariate logistic regression analysis (OR 8.8, 95% CI 2.3–34.5,
p = 0.001).

3.3. Analysis of Risk Factors for Re-Operation

Statistical analysis showed that age 60 years and older was significantly related to a
lower chance of a second operation (OR 0.25, 95% CI 0.098–0.637, p = 0.004). In cases with
displaced femoral neck fractures (Garden Type III, IV), there was a significantly higher risk
of re-operation (OR = 2.73, 95% CI 1.09–6.83, p = 0.03). Moreover, patients that did not reach
full weight bearing until after 12 weeks had a significantly higher re-operation rate (OR 3.44,
95% CI 1.07–11.07, p = 0.04). Finally, there was a significant correlation between a valgus
(>135◦) postoperative CCD angle and rate of re-operations (OR 3.11, 95% CI 1.20–8.10,
p = 0.02). Gender, smoking status, diabetes, osteoporosis, trauma energy did not show a
significant association to higher re-operation rates. A complete list of re-operation risk
factors is shown in Table 1.

3.4. Plate Position as a Risk Factor for Plate Removal

Fifty-three cases with a follow-up of more than 3 months, fracture union, and no or
only category B related complications were analysed to assess the plate position relative
to the lateral vastus ridge line described. The plate was classified as Grade 1 in 11 (20.8%)
cases, Grade 2 in 36 (69.8%) cases, and Grade 3 in 6 (11.3%) cases. Of the 17 patients who
underwent elective plate removal due to lateral hip pain and ITB irritation, 1/11 (9%) was
classifed as Grade 1, 14/36 (38%) Grade 2, and 2/6 (33%) grade 3. Relative to Grade 1, the
odds ratio for plate removal for Grade 2 was found to be 6.36 (95% CI 0.73–55.30, p = 0.064)
and 5.00 (95% CI 0.35–71.90, p = 0.21) for Grade 3. Although not statistically significant, the
data demonstrated a higher risk of plate removal with higher grade of plate position. In all
patients, pain resolved after removal of the implant.
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4. Discussion
4.1. Key Results

In summary, thirty-four of seventy-two cases (47.2%) treated for an intracapsular
femoral neck fracture using the Targon FN system had at least one complication. The
most common complication was mechanical irritation of the ITB (23.6%) followed by
screw perforation (6.9%), avascular necrosis of the femoral head (5.6%) and non-union
(5.6%). Statistical analysis identified patient age 60 years and younger to be an indepen-
dent risk for mechanical irritation of the iliotibial band. According to statistical analysis,
displaced femoral neck fractures (Garden Type III, IV), delayed full weight bearing after
12 months, and a higher postoperative CCD angle (>135◦) were significantly associated
with re-operations. Although not statistically significant, there is a higher odds ratio for
removal of implants in a more laterally prominent position.

4.2. Limitations

The present study has limitations. There was a relatively small number of cases at a
single center, with a retrospective study design, and no control or comparison group to other
fixation methods. A subgroup of 20 patients has a follow-up of less than
12 months. In this collective, we must assume that we even have underestimated the
rate of avascular necrosis, delayed bone healing and irritation of the ITB. Additionally, if
patients experienced complication but cared for at outside institutions, the present study
would not have captured those events.

Regarding radiographic assessment, there was no standard to ensure the consistency
of the AP view acquired used to classify the position of the plate. This was best mitigated by
using the best available image of all postoperative and intraoperative views. Furthermore,
the technique to determine the TAD was developed for the sliding hip screw with a single
screw placed in the femoral head and neck. It is unclear if the concept of TAD applies to
an implant consisting of 3 to 4 sliding screws. In the current study the CCD angle was
measured on plain ap radiographs. In some cases, it was difficult to define the center of
the femoral head for example due to head deformities in cases of osteoarthritis of the hip.
Moreover, the definition of the center of the femoral neck was occasionally complicated
by posttraumatic deformities. Due to the potential of radiographic technique to confound
measurement the clinical significance behind the correlation of high CCD >135◦ and higher
rates of re-operation cannot be made.

4.3. Interpretation

Traditional fixation constructs for intracapsular femoral neck fractures include multiple
cannulated screws or sliding hip screw and plate designs. Each of these constructs present
unique modes and rates of failure. The literature reports complication rates between 10 and
33% and re-operation rates between 30 and 50% for the treatment of intracapsular proximal
femoral fractures using these traditional methods [9–11,19,21,30,39–41]. The Targon FN
system was therefore designed to blend the best of both the cannulated screw and sliding
hip screw designs by providing multiple smaller diameter screws for fixation into the
femoral neck combined with the rigidity of a fixed angled side plate, while allowing for
controlled fracture collapse [24].

Literature comparing the Targon FN system to traditional fixation constructs in terms
of complication rates is inconsistent. A recent study of two-thousand femoral neck fractures
comparing Targon FN to cannulated screws, Alshameeri et al. reported screw cut out in
0.6%, AVN in 7.0% and non-union in 9.5% of all cases treated with the Targon FN system.
In cases with displaced femoral neck fractures screw cut out was found in 0.9%, AVN in
8.9% and non-union in 14.4 %. They found the Targon FN System to be associated with
lower rates of non-union compared to the cohort treated with cannulated screws. Similar
results in smaller cohorts of patients had been previously published by this group. Of note,
the authors for these studies included individuals responsible for the design of the Targon
FN system implant. At an institution independent from the design institute, Osarumwense
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et al. reported results in favor of the Targon FN [24]. In this study, a 9% complication rate
during a 24 month follow up period. Nearly the same results were published in a study by
Sass et al. where they found a 9% rate of complications treated with the Targon FN [42]. In
contrast, Griffin et al. found no clinical difference in the risk of revision surgery between the
Targon FN (n = 51) and cannulated screw fixation (n = 123) for treatment of intracapsular
hip fractures [28]. In this study, 31% of the Targon FN patients and 36% of patients in the
cannulated screw group underwent re-operation within 12 months postoperatively.

While in the present study the rate of non-implant associated complication including
AVN and non-union is within a similar range as previously reported with this implant,
a high rate of implant associated complications due to mechanical irritation of the ITB
and lateral hip pain was observed. To our knowledge, there is only one study discussing
this finding. Takigawa et al. reported a 10.9% rate of elective implant removal after non-
displaced and 48.3% after displaced fractures, for what was reported as discomfort around
the implant. In the discussion the authors hypothesized that the size of the Targon FN plate
may be too large for the Asian population and could lead to increased irritation of the soft
tissue around the plate [23]. The high rate of mechanical irritation in the present study
shows that the problem seems not to be limited to an Asian population and potentially due
to the position of the plate. Although this study was underpowered to detect a significant
correlation between higher grades of implant prominence and rates of implant removal,
there was a higher odds ratio of 5 to 6 times for more prominent implant position. Moreover,
statistical analysis identified patient age of 60 years and younger to be an independent risk
for mechanical irritation of the ITB. We acknowledge that with the use of locking screws in
the distal aspect of the plate, there is the possibility of leaving the plate prominent if the
surgeon is not conscious to ensure that the plate lies flush against the lateral cortex when
applying these locking screws. There could, therefore, be a learning curve associated with
this implant resulting in plate prominence that was not accounted for in the current study,
but potentially a subject of future study.

The present study aimed to identify risk factors influencing the rate of re-operation.
Younger age, fracture dislocation, time to postoperative weight bearing of more than twelve
weeks and postoperative caput–collum–diaphyseal (CCD) angle were identified as factors
increasing the rate of re-operation. Age less than 60 was the only factor influencing the
rate of implant removal. In most other studies the opposite is reported. Carpinetero
et al. for example, reported that patients older than 65 years have pre-existing medical
comorbidities and thus a higher risk of re-operations and complications (non-unions and
avascular necrosis). In our opinion, the higher re-operation rate for younger patients is
attributed to a potentially higher activity level of younger patients and resulting in more
mechanical irritation around the implant, and possibly more symptomatic than in older,
less active patients. We purport that this could lead to a bias toward implant removal and
is a reason for younger age as a risk factor for re-operation for implant removal observed in
this study.

This study also found a significant correlation between fracture displacement and the
likelihood of re-operations. This finding is in line with L.T. Nilsson et al. who reported on a
prospective series of femoral neck fractures of 138 patients finding fracture displacement as
the only predictive factor of complications [5]. Comparable findings were made by A.Alho
et al. in a study with 149 cases of femoral neck fractures. They identified displaced femoral
neck fractures to be a risk factor for impaired fracture healing and advocated arthroplasty
instead [6]. Parker et al. compared 56 patients with displaced intracapsular fractures
randomly treated with hemiarthroplasty or the Targon FN. He found significantly higher
reoperation rates and higher postoperative pain in the internal fixation group [43].

Delay to weightbearing beyond 12 weeks was also found as a risk fractor for re-
operation. In fact, recent studies recommend an early transition to full weight bearing [8,44].
A study by Kolaczko et al. showed that limiting weight bearing for more than 8 weeks may
negatively affect bone healing [44]. In turn, this could lead to prolonged higher loads on the
implant and thus promote implant failure. However, bias toward cautious aftercare may
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be influenced by many factors including the experience of the treating surgeon, patient age,
general medical condition of the patient, a somewhat less than perfect reduction or implant
position. Therefore, this finding may be a surrogate parameter for other risk factors rather
than a risk factor on its own.

5. Conclusions

In summary, there is a high complication rate for patients treated for intracapsular
femoral neck fracture using the Targon FN system. The most common complication
was mechanical irritation of the iliotibial band around the implant. Age 60 years and
younger was an independent risk factor for ITB irritation requiring plate removal. We
hypothesize this is associated with lateral plate prominence and higher activity levels in
younger patients. Statistical analysis showed that patient age, fracture dislocation, time
to postoperative full weight bearing were risk factors for re-operation. In our opinion, if
the Targon FN system is utilized, plate position should be as flush as possible to avoid
mechanical irritation of the ITB.
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Abstract: Background and Objectives: Cemented hemi arthroplasty is a common and effective procedure
performed to treat femoral neck fractures in elderly patients. The bone cement implantation syndrome
(BCIS) is a severe and potentially fatal complication which can be associated with the implantation
of a hip prosthesis. The aim of this study was to investigate the influence of a modified cementing
technique on the incidence of BCIS. Material and Methods: The clinical data of patients which were
treated with a cemented hip arthroplasty after the introduction of the modified 3rd generation
cementing technique were compared with a matched group of patients who were treated with a
2nd generation cementing technique. The anesthesia charts for all patients were reviewed for the
relevant parameters before, during and after cementation. Each patient was classified as having no
BCIS (grade 0) or BCIS grade 1,2, or 3 depending on the severity of hypotension, hypoxia loss of
consciousness. Results: A total of 92 patients with complete data sets could be included in the study.
The mean age was 83 years. 43 patients (Group A) were treated with a 2nd and 49 patients (Group B)
with a 3rd generation cementing technique. The incidence of BCIS grade 1,2, and 3 was significantly
higher (p = 0,036) in group A (n = 25; 58%) compared to group B (n = 17; 35%). Early mortality was
higher in group A (n = 4) compared to group B (n = 0). Conclusions: BCIS is a potentially severe
complication with a significant impact on early mortality following cemented hemiarthroplasty of
the hip for the treatment of proximal femur fracture. Using a modified 3rd generation cementing
technique, it is possible to significantly reduce the incidence of BCIS and its associated mortality.

Keywords: bone cement implantation syndrome; cementation technique; femoral neck fracture;
hip hemiarthroplasty

1. Introduction

Femoral neck fractures are common injuries in elderly patients. Despite advances in
the medical and surgical management, these injuries are still associated with a peri- and
postoperative 30-day mortality of up to 10% [1]. Despite a short modulation of incidence
during the COVID epidemic, the total number of fractures is expected to rise significantly
in the next decade [2]. In elderly, less mobile patients cemented hemiarthroplasty is the
currently recommended treatment of choice for displaced femoral fractures [3]. Although
associated with a longer operation time, cemented hemiarthroplasty leads to faster recovery,
less pain and better functional results than uncemented fixation of the femoral stem [4–8].

Despite these superior clinical results and a lower revision rate of cemented stems [4–7]
the use of cement still remains controversial [9–11], because cemented hip arthroplasty
can be associated with the development of bone cement implantation syndrome (BCIS).
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First described by Donaldson 2009 it is a potentially fatal complication characterized by
transient oxygen desaturation, hypotension, acute increase in pulmonary arterial resistance
which in severe cases can lead to right ventricular and subsequent life-threatening cardio-
vascular failure requiring cardiopulmonary resuscitation [12–14]. The occurrence of BCIS
has resulted in an extensive debate about the fixation of the femoral stem and considerable
variation in the practice. Although there is an abundance of literature comparing cemented
to uncemented arthroplasty for the treatment of proximal femur fracture [5,7,8,10,15–17]
there is a scarcity of data available for surgical measures to prevent BCIS. So far, only a
single prospective randomized interventional study has analyzed the impact of a modified
implantation technique on the incidence and severity of BCIS [18].

The aim of the present study was therefore to investigate the influence of a compre-
hensive cementing technique on the development of BCIS in a geriatric patient population
with hip fractures treated with cemented hemi arthroplasty.

2. Material and Methods

After approval by the Institutional review Board, we included all patients into this
retrospective study that received a primary cemented hemiarthroplasty due to a femoral
neck fracture between January 2007 and December 2015. Between January 2007 and
July 2010, a 2nd generation cementing technology was used. Between January 2014 and
December 2015, we used a third generation cementing technology. The data collected (from
the time of admission to discharge) was extracted from the patient file, the surgical reports
and the anesthesia protocols. The following patient characteristics were recorded: age, sex
and place of residence. Comorbidities and the severity of pre-existing conditions were
determined using the Charlson Comorbidity Index (CCI) [19] and the American Society
of Anesthesiologists (ASA) risk classification [20]. In addition, time to surgery, duration
of the surgery, type of anesthesia, intraoperative blood pressure, oxygen saturation and
adverse perioperative cardiovascular reactions, length of stay, and peri- and postoperative
complications were assessed.

The Bone Cement Implantation Syndrome Grades were classified according to Don-
aldson et al. [12] (Table 1).

Table 1. Classification Bone Cement Implantation Syndrome.

Grade 1 moderate hypoxia (arterial oxygen saturation < 94%) or hypotension (a
decrease in systolic arterial pressure (SAP) > 20%)

Grade 2 severe hypoxia (arterial oxygen saturation < 88%) or hypotension (a
decrease in SAP > 40%) or unexpected loss of consciousness

Grade 3 cardiovascular collapse requiring cardiopulmonary resuscitation

Initially, 203 patients with complete data sets were included. Because of inconsistent
documentation of the exact time, 111 patients had to be excluded. Depending on the
technique of cementation, these patients were divided in two groups. Group A consists of
patients who were operated with the second-generation cementing technology, whereas
group B had been operated on with a modified third generation cementing technology
(Figure 1).

2.1. Surgical Technique

All procedures were performed under general anesthesia and monitored by electro-
cardigram, non-invasive blood pressure management and pulse oximetry. In patients with
severe concomitant medical conditions, the monitoring was extended by invasive blood
pressure measurement and measurement of the central venous pressure. Prior to cement
implantation, the patients were preoxygenated with an FiO2 of 1.0.
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Figure 1. Flowchart.

In all patients an appropriately sized stem (Bicontact®, Aesculap, Tuttlingen, Ger-
many) was cemented with Palacos® (Heraeus Medical, Wehrheim, Germany) through an
anterolateral approach in a supine position.

In patients of group A, the 2nd generation cementing technique was used: After
femoral canal preparation, a distal cement restrictor was inserted. Then cement was mixed
in open atmosphere by hand in an open plastic bowl supplied by the cement manufacturer.

The bone bed was rinsed with a syringe. The cement was applied in a retrograde
fashion with the cement gun and the stem was inserted.

In patients of group B, a modified 3rd generation cementing technique was used:
After femoral canal preparation, a distal cement restrictor was inserted. The bone bed was
thoroughly cleaned with a jet lavage. Cement (Palacos® Heraeus Medical) was mixed with a
vacuum mixing system provided by the cement manufacturer (Palamix® Heraeus Medical).
Residual blood was removed by lavaging the femoral canal with the jet lavage (Interpulse®

Stryker, Kalamazoo, MI, USA). The cement was inserted in a retrograde fashion with a
cement gun without a femoral pressurizer.

2.2. Statistical Analysis

Statistical analysis was carried out with the SPSS Statistic Program (Version 23, SPSS
Inc., Chicago, IL, USA). The level of significance was on α = 0.05 two sided fixed. For
comparison of the relative frequency of the BCIS the Chi Quadrat Test, two unpaired tests
were used. Further significance analysis of the study results was taken through for nominal
variables by the Chi Quadrat Test, for ordinal variables with the Mann-Whitney-U-Tests.
For not normally distributed variables, the median was determined.
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3. Results

The average age of the 92 patients was 83 years (58–99 years.), 65 were female (71%),
and 27 (29%) male (Table 2). The demographic, medical and surgery related date are shown
in Table 1. There was no significant difference in the demographic data of the patients.

Table 2. Patients characteristics, * p < 0.05 (significant).

Group A Group B

Age (median) 81 84
Gender n (%)

- Female 30 (70%) 35 (71%)
- Male 13 (30%) 14 (29%)
Residence n (%)

- Independent 22 (51%) 30 61%)
- Nursing home 9 (21%) 16 (33%)
- Hospital or rehab clinic 5 (12%) 2 (4%)
- Unknown 7 (16%) 1 (2%)
ASA Grade n (%)

- ASA 1 0 0
- ASA 2 7 (16%) 14 (29%)
- ASA 3 30 (70%) 33 (67%)
- ASA 4 6 (14%) 2 (4%)
CCI (median) 3 3

Time to surgery in hours n (%)

- <24 28 (65%) * 42 (86%) *
- 24–48 9 (21%) 5 (11%)
- 48–72 2 (5%) 2 (4%)
- >72 4 (9%) 0

The proportioning of the patients in the Charlson Comorbidity Index showed a vari-
ation in total from 0–9 points with a median of 3 points. There was no difference in the
variation of the CCI in between the groups with a median of 3 in both groups.

The majority of the patients (91%) were operated on in the first 48 h following ad-
mission. In group B significantly more patients were operated within the first 24 h after
admission (Table 2).

The statistical analysis of age, ASA score, CCI and duration of the operation did not
reveal a statistical difference between group A and B.

3.1. Occurrence of BCIS

42 patients (46%) developed a BCIS. The BCIS occurred significantly (p = 0.036) more
frequently in Group A (2nd generation cementing technique) (n = 25, 58%) than in Group B
(3rd generation cementing technique) (n = 17, 35%). In addition, when BCIS occurred it was
more pronounced in patients of Group A (Figure 2).
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Figure 2. Severity of BCIS in 2nd and 3rd generation technique.

3.2. Complications and Mortality

The postoperative complication rate of all patients was 32% (n = 29). Patients of Group
A showed a slightly higher rate of complications (n = 15 (35%)) than patients of Group
B (n = 14 (29%)), without being statistically significant. The majority of the complication
were medical complications and not directly related to the surgery itself (Table 3).

Table 3. Overview of complications.

Postoperative Complications
Group A Group B

n (%) n (%)

Overall complications 15 (35%) 14 (29%)
Hip Dislocation 0 1 (2%)
Surgical Site Infection 3 (7%) 2 (4%)
Haematoma 2 (5%) 0
Cardiopulmonary 5 (12%) 5 (10%)
Pulmonary embolism 0 0
Renal failure 0 2 (4%)
Delirium 1 (2%) 4 (8%)
Mortality 4 (10%) 0

There were four perioperative deaths in Group A and none in Group B. Three of the
four patients that died suffered a BCIS. An overview of al complications distributed to the
different groups is shown in Table 3.

The likelihood of complications was increased if BCIS occurred with 15 complications
(36%) in BCIS positive group compared to 14 complications (28%) in the BCIS negative
group (Table 4).
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Table 4. Postoperative Complications in BCIS positive and negative patients.

Postoperative Complications
BCIS
Positive

BCIS
Negative

n (%) n (%)

Number of patients 42 (100%) 50 (100%)
Overall complications 15 (36%) 14 (28%)
Hip Dislocation 0 1 (2%)
Infection 3 (7%) 2 (4%)
Hematoma 1 (2%) 1 (2%)
Cardiopulmonary 5 (12%) 5 (10%)
Pulmonary embolism 0 0
Renal failure 1 (2%) 1 (2%)
Delir 2 (5%) 3 (6%)
Death 3 (7%) 1 (2%)

4. Discussion

Analysis of large registries has demonstrated a high revision rate following unce-
mented arthroplasty for hip fracture due to periprosthetic femur fractures in [7,21]. Because
of the aforementioned scientific data, the NICE guidelines and the National Hip Fracture
Data Base in Great Britain use cemented fixation of the femoral component as a marker
of quality for patients with femoral neck fractures [22]. However cemented arthroplasty
can be associated with Bone Cement Implantation Syndrome (BCIS). First described and
classified by Donaldson, it has a wide spectrum of clinical features that range from transient
oxygen desaturation, hypotension to cardiovascular collapse requiring cardiopulmonary
resuscitation [12]. The clinical features typically occur at a time of cementation but can also
occur at the insertion of an uncemented stem.

The incidence of BCIS varies between 19% and 53% [18,23,24]. It is likely that the
real incidence is higher because mild reactions with a blood pressure drop below 20% are
not classified as BCIS. The distribution of the severity of BCIS in our study is comparable
to the data from Olsen et al. [25]. The high incidences of BCIS do document that it is a
potential problem for patients suffering from a proximal femur fracture. A recent analysis
documented a trend towards excess mortality in a subgroup of ASA class IV patients [26].
Therefore, identification of frail the patients with poor cardiorespiratory reserves and who
are most likely to be affected is paramount in the prevention of BCIS.

Since in-hospital mortality is significantly increased if BCIS occurs, several anesthesiol-
ogy and surgical measures have been recommended to decrease the incidence of BCIS [23].
The surgical measures include the routine insertion of intramedullary plugs, the placement
of medullary drains during cement insertion or alternatively a femoral bore hole and the
placement of the patients in a lateral decubitus position in the case of pulmonary dis-
ease [18,27]. These surgical recommendations are rather based on assumptions deducted
from the analysis on cemented vs. uncemented arthroplasties and not from results of
interventional studies.

So far, only a single study has investigated the impact of a modified cementing tech-
nique on the development of BCIS. In a prospective randomized study on 72 patients,
Leidinger et al. were able to demonstrate a significant reduction in mortality from 14%
in the control group and 3% in the group where the bone cement was prepared with a
vacuum mixing system. In addition, the rate of echocardiographically diagnosed pul-
monary embolism and circulatory insufficiency was significantly decreased. Unfortunately,
they did not grade the severity of the BCIS according to Donaldson; therefore, a direct
comparison with our study is not possible [18]. In contrast to our study, they did not use
an intramedullary plug and pulsatile lavage before implanting the stem. Our study is the
first to investigate the impact of a modified 3rd generation cementing technique on the de-
velopment of BCIS. We were able to demonstrate a significant reduction in the incidence of
BCIS when a modified 3rd generation cementation technique was used (35% 3rd generation
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vs. 58% 2nd generation cementation technique). The 3rd generation cementing technique
aims to improve the inter interlock of cement through thorough bone bed preparation
with a pulsatile lavage, use of a distal cement restrictor, retrograde cement application and
preparation of cement in a vacuum and femoral pressurization [28].

Bone cement consists of two components. Pre- polymerized polymethyl methacrylate
(PMMA) which is present as white powder and the liquid monomer of methyl methacrylate
(MMA). When mixing the substances, a catalyst initiates the polymerization of the monomer
fluid and the PMMA “pearls” are entrapped within the polymerized monomer.

There is compelling evidence that bone cement is an independent risk factor in the de-
velopment of BCIS. Christie et al. were able to show that the cemented arthroplasty caused
greater and more prolonged embolic cascades than did uncemented arthroplasty [29]. The
exact mechanism of this cement mediated pulmonary embolism remains unclear because
monomer concentrations in the circulation are very low [30].

Vacuum preparation of cement has been shown to reduce micro and macro pores,
resulting in improved strength with a lower risk of aseptic loosening [30]. In addition,
vacuum bone cement mixing systems have been shown to significantly remove monomer
fumes [31]. It has been hypothesized that monomer-mediated vasoconstriction and medi-
ator release, complement activation and endothelial damage caused by cement particles
induce vasoconstriction and pulmonary vascular resistance [12,30]. Given the results of our
study and that of Leidinger et al. it is highly likely that the removal of monomer fumes has
a significant clinical impact because the vacuum cementing technique significantly reduced
the incidence of BCIS.

Although the pathophysiology of BCIS still is not completely understood, there is
evidence that pulmonary embolism plays a key role in the etiology of BCIS. Embolic
material can be detected in 60% of patients with cemented hip replacement compared to
6% of patients with uncemented hip replacement [32]. In addition, Leidinger et al. were
able to detect intra pulmonary thrombotic material in all patients with BCIS that were
resuscitated [18].

The use of a pulsatile lavage removes debris caused by femoral canal preparation and
fatty marrow particles facilitating cement interdigitation. Given the pathophysiology of
BCIS, it is highly likely that thorough jet lavage also reduced the number of intramedullary
particles that could dislodge into the systemic circulation, resulting in reduced histamine
release, complement activation and emboli formation. In addition to pulsatile lavage,
we consistently used a distal cement restrictor (plug) in all patients. In contrast to We-
ingärtner et al., who have advocated against a medullary plug, we believe that placing a
medullary plug does reduce the intramedullary volume by creating a “cement compart-
ment” thereby reducing the overall number of intramedullary particles that can potentially
dislodge into the circulation. In addition, we further reduced the intramedullary pressure
by not using a proximal pressurization device. We were able to show that the addition of
pulsatile lavage and a distal cement restrictor to vacuum cementing technique not only
reduces the perioperative mortality, but also decreases the incidence of BCIS.

The total complication rate in our study was 32%, which is comparable to other
series [10,15], while implant associated complications occurred less frequently than in
the literature with 7 % [11,15]. BCIS positive patients showed an increased number of
postoperative complications compared to patients who did not develop a BCIS, without
being statistically significant. In our study, the incidence of BCIS did not increase with
advancing age. This unexcepted finding is difficult to explain because patient related risk
factors for the development for BCIS, like age [23], cardiovascular diseases [18,23,33,34]
and malignant diseases [35,36] are well described and influence the development and
characteristic of a BCIS. Accordingly, in our study, we were not able to determine any
significant influence of the ASA score of the patients on developing a BCIS. Although
there was an increased incidence of BCIS in patients with ASA 3, we could not find any
significance in contrast to the study of Weingärtner et al., which identified the ASA Score
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as an independent risk factor [23]. Other risk factors, described in the literature are COPD
and the long-term medication with warfarin or diuretics [24].

The study has several limitations. It is a retrospective study. Not all data could be
collected completely, also the documentation accuracy varied. In several cases, the time of
the application of cement was not noted in the anaestheological protocol, therefore these
patients could not be included in the study. The sample size of both groups was different.
However, a comparative analysis of the patients did not reveal any statistically significant
differences in the demographic and outcome parameters of the sample subgroups.

5. Conclusions

Although associated with a longer operation time, treatment of proximal femur frac-
tures with cemented hemi or total arthroplasty leads to better functional results and a
lower reoperation rate than uncemented fixation of the femoral stem. Nevertheless, BCIS
is a potentially severe complication, with a significant impact on early mortality. In our
study, we were able to show that using a modified 3rd generation cementing technique, it is
possible to significantly reduce the incidence of BCIS and therefore its associated mortality.
Further studies are warranted to elucidate the pathophysiology of BCIS.

A rapid response report concerning the perioperative mortality following cemented
arthroplasty for hip fractures by the National Patient Safety Agency in Great Britain in
2009 has led to an extensive analysis of a large number of patients from national registries.
These revealed an increase in deaths following cemented arthroplasty in the first 24 h
following surgery compared to uncemented arthroplasty [37]. However, an analysis of
16.496 patients from British Nation Hip Fracture Data Base documented significantly lower
deaths at discharge in patients with cemented arthroplasty [22]. The findings that cemented
arthroplasty does not increase the perioperative mortality has been confirmed by a recent
meta-analysis [38].

In a recent study by Weingärtner et al. on a comparable patient population using
vacuum mixing system, 37% of patients developed BCIS [23]. The authors investigated risk
factors for the development of BCIS were able to identify age, ASA score and, as the only
modifiable parameter, the (non) placement of a distal bore hole as significant risk factors. It
is noteworthy that only 28% of the patients did receive a bore hole.

This tendency towards a higher complication rate is clearer presented by the work of
Weingärtner et al. [23] who showed a significantly higher rate of cardiovascular complica-
tions and a higher in-hospital mortality rate for BCIS positive patients. Work by Olsen et al.
demonstrated that with higher BCIS stages, the one year mortality rate is increasing [25].
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Abstract: Background and Objectives: Intramedullary nailing of trochanteric fractures can be challeng-
ing and sometimes the clinical situation does not allow perfect implant positioning. The aim of this
study was (1) to compare in human cadaveric femoral heads the biomechanical competence of two
recently launched cephalic implants inserted in either an ideal (centre–centre) or less-ideal anterior
off-centre position, and (2) to investigate the effect of bone cement augmentation on their fixation
strength in the less-ideal position. Materials and Methods: Fourty-two paired human cadaveric femoral
heads were assigned for pairwise implantation using either a TFNA helical blade or a TFNA screw as
head element, implanted in either centre–centre or 7 mm anterior off-centre position. Next, seven
paired specimens implanted in the off-centre position were augmented with bone cement. As a result,
six study groups were created as follows: group 1 with a centre–centre positioned helical blade,
paired with group 2 featuring a centre–centre screw, group 3 with an off-centre positioned helical
blade, paired with group 4 featuring an off-centre screw, and group 5 with an off-centre positioned
augmented helical blade, paired with group 6 featuring an off-centre augmented screw. All specimens
were tested until failure under progressively increasing cyclic loading. Results: Stiffness was not
significantly different among the study groups (p = 0.388). Varus deformation was significantly
higher in group 4 versus group 6 (p = 0.026). Femoral head rotation was significantly higher in
group 4 versus group 3 (p = 0.034), significantly lower in group 2 versus group 4 (p = 0.005), and
significantly higher in group 4 versus group 6 (p = 0.007). Cycles to clinically relevant failure were
14,919 ± 4763 in group 1, 10,824 ± 5396 in group 2, 10,900 ± 3285 in group 3, 1382 ± 2701 in group
4, 25,811 ± 19,107 in group 5 and 17,817 ± 11,924 in group 6. Significantly higher number of cycles
to failure were indicated for group 1 versus group 2 (p = 0.021), group 3 versus group 4 (p = 0.007),
and in group 6 versus group 4 (p = 0.010). Conclusions: From a biomechanical perspective, proper
centre–centre implant positioning in the femoral head is of utmost importance. In cases when this
is not achievable in a clinical setting, a helical blade is more forgiving in the less ideal (anterior)
malposition when compared to a screw, the latter revealing unacceptable low resistance to femoral
head rotation and early failure. Cement augmentation of both off-centre implanted helical blade and
screw head elements increases their resistance against failure; however, this effect might be redundant
for helical blades and is highly unpredictable for screws.

Keywords: biomechanics; bone cement augmentation; cephalomedullary nailing; helical blade; TFNA
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1. Introduction

Trochanteric fractures cause significant socioeconomic costs and represent an increas-
ingly common challenge for both patients and orthopaedic trauma surgeons. Individual
surgeons’ skills, as well as technical aspects of the implant placement, play a crucial role
for their successful fixation [1]. Although numerous advances in implant designing and
postoperative treatment methods have been achieved, complication rates between 2% and
16.5% have been reported [2,3] being mostly related to cut-out, varus deformation and
rotation of the femoral head fragment [4–8]. In recent years, novel fixation methods were
developed to overcome the problematic anchoring of the implant head element (HE) in
femoral heads. One of them is implemented with use of the Trochanteric Femoral Nail
Advanced System (TFNA, DePuy Synthes, Zuchwil, Switzerland), allowing the choice
between a helical blade or a screw HE. Other implants allow a combination of both [9].
Furthermore, bone cement may be injected through the HE into the femoral head to reduce
the risk of failure in osteoporotic bone [10–13]. Beside improvements of the implants in
recent years, surgeon-related technical aspects during the operation play a crucial role for
patients’ outcome. The introduction of the tip–apex distance (TAD) and the calcar-related
TAD already proved that off-centre positioning of the HE may predict mechanical failure
of the implant [14–16]. However, in a clinical situation it is not always possible to achieve a
perfect (centre–centre) HE position and surgeons sometimes have to accept an off-centre
position of the implant [17]. Recently, a biomechanical study on artificial femoral heads
demonstrated the superiority of non-augmented blades versus non-augmented screws in
an off-centre position. Furthermore, bone cement augmentation was able to enhance the
anchorage of off-centre-positioned HE to a level of centrally placed cephalic implants [18].
However, the resistance to failure of malpositioned non-augmented helical blades and
screw head elements, as well as the effect of bone cement injection on a malpositioned
implant, have not been investigated in cadaveric bone yet. Therefore, the aims of this study
were to investigate in human cadaveric femoral heads (1) the biomechanical competence of
two recently launched cephalic implants inserted in either ideal (centre–centre) or less-ideal
anterior off-centre positions and (2) to investigate the effect of bone cement augmentation
of the cephalic implants on their fixation strength in a less ideal position.

2. Materials and Methods
2.1. Specimens and Study Groups

Forty-two fresh frozen (−20 ◦C) paired human cadaveric femoral heads from
10 females and 11 males, aged 68.3 years on average (range 54–82 years), were used.
All donors gave their informed consent inherent within the donation of the anatomical gift
statement during their lifetime (Science Care, Inc., Phoenix, AZ, USA). All specimens under-
went high-resolution peripheral quantitative computed tomography (HR-pQCT, Xtreme
CT, SCANCO Medical AG, Brüttisellen, Switzerland) to exclude any bone pathologies and
calculate volumetric bone mineral density (BMD) within a cylinder of 20 mm diameter
and 30 mm length, located in the centre of the femoral head, using a phantom (European
Forearm Phantom QRM-BDC/6, QRM GmbH, Möhrendorf, Germany). The specimens
were assigned for pairwise implantation using either a TFNA helical blade or a TFNA screw
HE. The HEs of each type (helical blade or screw) were implanted in either centre–centre or
7 mm anterior off-centre position. Next, 7 paired specimens implanted with helical blades
and screws in the anterior off-centre position were augmented with bone cement (Trau-
macem V+, DePuy Synthes, Zuchwil, Switzerland). Thus, six study groups were created,
consisting of 7 specimens each and combined in 3 clusters, comprising specimens of the
same donors in both paired groups of each cluster: group 1 with a centre–centre-positioned
helical blade, paired with group 2 featuring a centre–centre screw (cluster 1); group 3 with
an off-centre-positioned helical blade, paired with group 4 featuring an off-centre screw
(cluster 2); and group 5 with an off-centre-positioned augmented helical blade, paired with
group 6 featuring an off-centre augmented screw (cluster 3, Figures 1 and 2). The sample
size of 7 specimens per group was considered sufficient for detection of existing significant
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differences among the corresponding groups, based on previous published work with
similar study design, investigating different fixation methods in femoral heads [19–21].
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2.2. Specimens Preparation

All femoral heads were sawed 50 mm distally to the articular surface and orthogonally
to the femoral neck axis after thawing for 24 h at room temperature. Implantation was
performed according to the manufacturer’s guidelines under fluoroscopic control (Siemens
ARCADIS Varic, Siemens Medical Solutions AG, Erlangen, Germany) with a targeted TAD
of 20 mm [14]. According to the group assignment, a guide wire was either placed centrally
or with a 7 mm anterior offset at a depth of 40 mm into the femoral head perpendicular
to the cut surface, and therefore parallel to the femoral neck axis. For this purpose, the
cutting plane of each femoral head was divided into four quadrants defined by distance
measurements (Figure 1). For off-centre implant insertion, the entry point was located
7 mm anteriorly to the centre of the femoral head. The 7 mm anterior off-centre position
was in agreement with previous work on cephalic implant positioning and seems to reflect
well the reality in the surgical theatre [22]. All HEs had a length of 100 mm. The helical
blades were inserted over the guide wire to their final depth using hammer blows without
predrilling. The screws were implanted after predrilling with a 6 mm drill bit to the desired
depth. They were inserted over the guide wire and tightened. Both helical blade and
screw HEs were orientated as in a real patient in order to fit within the locking mechanism
of the nail. Femoral heads assigned for bone cement augmentation were warmed up to
37 ◦C in a water bath (Y6, Grant Instruments Cambridge Ltd., Shepreth, UK) prior to bone
cement injection. A total volume of 3 mL bone cement was injected into the specimens in a
standardized manner under fluoroscopic control. After injection of 1 mL through the HE’s
perforations on the cranial side, the canula was twisted 180◦ and another 1 mL was injected
through the caudal perforations of the HEs. Next, the cannula was withdrawn 10 mm and
the procedure was repeated with injection of 0.5 mL twice [18]. All specimens underwent
CT examination to exclude possible undesired bone damages created during implantation.
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2.3. Test Setup

Biomechanical testing was performed on a servo-hydraulic test system (Acumen III,
MTS Systems Corp., Eden Prairie, MN, USA) equipped with a 3 kN load cell in a dry
environment at room temperature (20 ◦C). The test setup was adopted from previous
studies and simulated an unstable trochanteric fracture with lack of medial support and
load sharing at the fracture gap (Figure 3) [18,23,24]. To mimic the locking mechanism of the
TFNA nail that allows sliding without rotation of the HEs, the implant shafts were inserted
in flange sleeves. These were rigidly mounted on a base fixture with a total inclination of
149◦ to the vertical line to simulate a 130◦ caput-collum-diaphyseal angle, a 16◦ resultant
joint load vector orientation to the vertical, and 3◦ lateral inclination of the femoral shaft
axis as previously described [24]. The implants were free to slide along their shaft axis with
blocked rotation around it during testing. The femoral heads were attached to spikes on
a polycarbonate plate mounted on a roller bearing, allowing for rotational movement of
the plate and the femoral head around its axis. Furthermore, the specimens were mounted
on two cylindrical rollers allowing varus and valgus tilting. Axial load was transmitted to
the femoral heads via a polymethylmethacrylate (PMMA) shell mounted on a XY-table to
compensate for shear moments during cyclic testing. Furthermore, reflective markers were
attached to the femoral head and the HE for optical motion tracking.
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2.4. Loading Protocol

Progressively increasing cyclic axial loading at 2 Hz, starting at 1000 N and being
with physiologic profile of each cycle, was applied until failure [25]. The peak load of each
cycle increased monotonically by 0.1 N/cycle until reaching 3000 N, while its valley load
was kept constant at 100 N. If the specimens reached 3000 N without failure, the test was
continued with no further increase of the peak load. Test stop criterium was reaching a
10 mm axial displacement of the machine actuator relative to the test start.

2.5. Data Acquisition and Analysis

Machine data in terms of axial load and axial displacement were recorded from the
machine controllers at 128 Hz. Based on these data, initial axial construct stiffness was
calculated from the ascending slope of the load–displacement curve between 400 N and
600 N during the first loading cycle. Anteroposterior X-rays were taken every 500 cycles
using a triggered C-arm. Furthermore, the coordinates of the optical markers attached to
the femoral head and the HE were continuously acquired throughout the tests at 75 Hz by
means of stereographic optical measurements using contactless full-field deformation
technology (Aramis SRX, GOM GmbH, Braunschweig, Germany) to assess the bone-
implant motions in all six degrees of freedom with regard to the marker sets. Anatomical
axes (vertical, frontal and sagittal) of the femoral head and the HE axis were defined by
proper alignment of the respective marker sets. Varus deformation was defined as the
relative bending of the femoral head to the HE axis in the coronal plane. Furthermore,
rotation of the femoral head around the HE axis was evaluated. Implant cut-out and
implant migration (cut-through) were defined as relative cranial movement of the HE in
the femoral head and relative longitudinal HE movement along its axis, respectively. The
outcome values of these four parameters were analyzed after 2000 and 4000 cycles, and
if applicable after 6000, 8000 and 10,000 cycles in peak loading condition, to evaluate the
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degradation of the construct stability over the course of cycles [19]. Margins of 5◦ varus
deformation and 10◦ rotation of the femoral head around the implant axis—considered
with respect to the beginning of the cyclic test—were defined as clinically relevant failure
criteria derived from previous work [10,23,26]. For each separate specimen, the numbers
of cycles until fulfilment of each of these two criteria under peak loading condition were
calculated. Based on these, clinical failure was defined as the event when whichever of the
two criteria was fulfilled first, and the corresponding number of cycles until that event was
considered as cycles to clinical failure. Catastrophic failure modes were evaluated using
X-ray imaging and physical inspection of the implant in end of each test.

2.6. Statistical Analysis

Statistical analysis was performed with SPSS software package (IBM SPSS Statistics,
V27, IBM, Armonk, NY, USA). Shapiro–Wilk test was conducted to prove normality of
data distribution for each separate parameter and group. Explorative data was calculated
in terms of mean value and standard deviation (SD). For the single-measure parameters
BMD, initial stiffness and cycles to clinical failure, significant differences between the
paired groups—belonging to the same cluster—were explored with Paired-Samples t-tests.
Furthermore, One-Way Analysis of Variance (ANOVA) was conducted to screen these
parameters for significant differences with regard to the other pairs of groups associated
with the same implanted HE (blade or screw), but assigned to a different cluster (e.g., all
groups featuring TFNA blade implantation were compared amongst each other with regard
to centre–centre, off-centre, and augmented off-centre positioning). For the longitudinal
multiple-measure parameters cut-out, implant migration, rotation around implant axis
and varus deformation at the pre-defined time points of cyclic testing, outcome measures
among all groups were screened for significant differences with General Linear Model
(GLM) Repeated Measures (RM) tests. Thereby, the number of repeated-measures steps was
determined under consideration of the highest rounded number of predefined cycles when
none of the specimens within the compared groups had failed yet. If any of the ANOVA or
GLM RM tests indicated overall significance, a post hoc test analysis accounting for multiple
comparisons was conducted. Significance level was set to 0.05 for all statistical tests.

3. Results
3.1. Morphometrics

Mean age of the donors was 69.4 ± 4.9 years in groups 1 and 2, 74.2 ± 3.5 years in
groups 3 and 4, and 66.0 ± 8.6 years in groups 5 and 6, with no significant differences
among all groups, p = 0.121. BMD (mgHA/cm3) was 186.5 ± 36.6 in group 1, 180.3 ± 51.8
in group 2, 183.2 ± 37.6 in group 3, 176.6 ± 35.4 in group 4, 180.6 ± 45.3 in group 5 and
179.5 ± 65.9 in group 6, with no significant differences among all groups (p = 0.999).

3.2. Initial Stiffness

Initial axial stiffness (N/mm) was 1211.1 ± 85.6 in group 1, 1168.2 ± 260.6 in group
2, 1471.8 ± 553.8 in group 3, 973.7 ± 331.1 in group 4, 1169.6 ± 433.6 in group 5 and
1214.7 ± 309.8 in group 6. No significant differences were detected within each cluster
(p ≥ 0.104) as well as among all groups (p = 0.388).

3.3. Varus Deformation, Femoral Head Rotation, Implant Migration and Implant Cut-Out at
Predefined Cycles

The outcome measures for these four parameters of interest are summarized in Table 1.
In the centre–centre position and augmented off-centre position, there were no signifi-

cant differences detected between the two HE designs in the paired groups 1–2 (cluster 1)
and 5–6 (cluster 3, p ≥ 0.077), respectively. However, in the non-augmented off-centre posi-
tion, the screw HEs in group 4 were associated with significantly higher values compared
to the helical blade HEs in the paired group 3 for rotation around the implant axis and
cut-out (p ≤ 0.047), with a trend toward significantly higher values for varus deformation
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(p = 0.052), and with non-significantly higher values for implant migration (p = 0.122).
Furthermore, the off-centre screw positioning in group 4 was associated with significantly
higher values compared to the centre–centre screw positioning in group 2 for rotation
around the implant axis and cut-out (p ≤ 0.008). No significant differences between the
corresponding groups with helical blade implantation (groups 3 and 1) were detected
(p ≥ 0.579). On the other hand, whereas the augmentation of off-centre screws in group 6
resulted in significantly lower values compared to group 4 with non-augmented off-centre
screws for varus deformation, rotation around implant axis, and cut-out (p ≤ 0.026), the
differences between the corresponding groups 3 and 5 with helical blade implantation were
not significant (p ≥ 0.227).

Table 1. Outcome measures for the investigated longitudinal multi-measure parameters of interest
varus deformation, femoral head rotation, implant migration and cut-out, presented separately for
each study group at the predefined numbers of cycles in terms of mean and SD. The six groups
were combined in three clusters comprising specimens of the same donors each—group 1 (centre–
centre positioned blade) paired with group 2 (centre–centre positioned screw), group 3 (off-centre
positioned blade) paired with group 4 (off-centre positioned screw), and group 5 (off-centre positioned
augmented blade) paired with group 6 (off-centre positioned augmented screw).

Parameter Cycles

Study Groups

Cluster 1 Cluster 2 Cluster 3

1
Blade

Centre–
Centre

2
Screw

Centre–
Centre

3
Blade

Off-Centre

4
Screw

Off-Centre

5
Blade

Off-Centre
Augmented

6
Screw

Off-Centre
Augmented

Varus
deformation

[deg]

2000 1.75 ± 0.67 2.17 ± 0.90 1.20 ± 1.02 3.33 ± 2.07 1.06 ± 0.40 1.47 ± 0.51

4000 2.16 ± 0.82 2.91 ± 1.49 1.61 ± 1.45 5.15 ± 2.58 1.20 ± 0.50 1.74 ± 0.69

6000 2.53 ± 0.90 3.77 ± 2.07 2.25 ± 1.88 – 1.37 ± 0.65 2.09 ± 1.00

8000 3.01 ± 1.05 4.89 ± 2.62 3.12 ± 2.37 – 1.51 ± 0.85 –

10,000 3.44 ± 1.55 6.08 ± 3.07 5.24 ± 6.29 – 1.69 ± 1.05 –

Femoral head
rotation

[deg]

2000 1.03 ± 1.90 0.84 ± 1.74 0.68 ± 0.42 25.60 ± 17.02 0.54 ± 0.31 1.60 ± 1.67

4000 1.32 ± 1.93 2.24 ± 5.23 1.35 ± 0.76 30.97 ± 25.50 0.66 ± 0.39 2.92 ± 3.50

6000 1.65 ± 2.09 3.73 ± 7.71 2.73 ± 1.45 – 0.84 ± 0.51 5.82 ± 7.81

8000 2.55 ± 3.68 6.20 ± 9.79 5.88 ± 3.42 – 1.22 ± 0.76 –

10,000 5.03 ± 7.78 8.32 ± 11.44 10.74 ± 10.77 – 2.02 ± 1.55 –

Implant
migration

[mm]

2000 0.09 ± 0.11 0.16 ± 0.15 0.60 ± 0.02 0.40 ± 0.30 0.06 ± 0.06 0.07 ± 0.02

4000 0.20 ± 0.31 0.24 ± 0.20 0.10 ± 0.03 0.37 ± 0.39 0.08 ± 0.06 0.09 ± 0.04

6000 0.31 ± 0.42 0.31 ± 0.25 0.30 ± 0.27 – 0.11 ± 0.07 0.14 ± 0.08

8000 0.64 ± 0.89 0.48 ± 0.31 0.59 ± 0.42 – 0.19 ± 0.11 –

10,000 1.42 ± 2.20 0.96 ± 0.67 0.93 ± 0.49 – 0.37 ± 0.29 –

Implant
cut-out
[mm]

2000 1.09 ± 0.35 1.23 ± 0.23 1.11 ± 0.53 3.53 ± 1.75 1.02 ± 0.19 1.28 ± 0.38

4000 1.38 ± 0.44 1.55 ± 0.42 1.38 ± 0.75 4.28 ± 2.44 1.18 ± 0.25 1.51 ± 0.49

6000 1.63 ± 0.53 1.98 ± 0.67 1.70 ± 1.02 – 1.35 ± 0.35 1.76 ± 0.64

8000 1.90 ± 0.67 2.61 ± 1.07 2.16 ± 1.32 – 1.54 ± 0.43 –

10,000 2.30 ± 1.12 3.53 ± 2.08 4.33 ± 5.45 – 1.74 ± 0.53 –

3.4. Cycles to Clinical Failure

Cycles to clinical failure (5◦ varus or 10◦ rotation of the femoral head, whichever
occurred first) were 14,919 ± 4763 in group 1, 10,824 ± 5396 in group 2, 10,900 ± 3285 in
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group 3, 1382 ± 2701 in group 4, 25,811 ± 19,107 in group 5 and 17,817 ± 11,924 in group 6
(Figure 4). Centre–centre positioning in cluster 1 resulted in significantly higher resistance
to failure in group 1 versus group 2 (p = 0.021). Moreover, augmented off-centre positioning
in cluster 3 resulted in no significant difference between the paired groups with blade and
screw implantation (p = 0.193). However, non-augmented off-centre HE positioning in
cluster 2 was associated with a significantly higher number of cycles to failure in group 3
using helical blades versus group 4 using screws (p = 0.007). Finally, augmented off-centre
screw positioning in group 6 resulted in significantly higher number of cycles to failure
compared to non-augmented screw positioning in group 4 (p = 0.010). No further significant
differences were detected among all other non-paired groups (p ≥ 0.112).
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Figure 4. Cycles to clinical failure presented for each separate group in terms of mean and SD.
Clusters: 1 (green); 2 (orange); 3 (blue); helical blades: checkerboard pattern; screws: solidly filled.
BC: group 1 (helical blade centre–centre); SC: group 2 (screw centre–centre); BO: group 3 (helical
blade off-centre); SO: group 4 (screw off-centre); BOA: group 5 (helical blade off-centre augmented);
SOA: group 6 (screw off-centre augmented). Stars indicate significant differences.

3.5. Catastrophic Failure Modes

Whereas centre–centre screw positioning resulted in two failure cases by rotation
around the implant axis and five failure cases by varus collapse, non-augmented and
augmented off-centre screw positioning was associated with exclusive rotational failure
around the HE axis. On the other hand, rotational failure in the groups with blade implan-
tation was detected in three specimens with centre–centre positioning, four specimens with
non-augmented and four specimens with augmented HE off-centre positioning.

4. Discussion

Trochanteric fractures are a significant burden for health systems as most patients
need to be hospitalized and operated [1]. When TFNA is used to treat those fractures,
surgeons have the choice to select intraoperatively either a helical blade or a screw as a HE
for fixation of the femoral head and neck. Furthermore, it offers the option for bone cement
augmentation. The current study investigated the biomechanical characteristics of these
two different HEs in the ideal centre–centre and less-ideal anterior off-centre positions.
Moreover, the effect of bone cement augmentation on the fixation strength within the
femoral head was explored.

Comparable initial construct stiffness independent from the implant positioning or
augmentation with bone cement was reported in the current study. Furthermore, similar
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results were observed in optimally positioned implants, although helical blades demon-
strated a slightly better resistance to varus deformation when compared to screws. These
findings are in line with other reports in the literature, demonstrating a trend of higher cut-
out rates when using screws versus helical blades [10,27]. Furthermore, the current study
revealed a significantly higher resistance of uncemented helical blades to rotational forces
and moments in the centre–centre position compared to centrally positioned uncemented
screws. A possible explanation for this might be the design of the helical blade, which
compacts the cancellous bone in the femoral head during insertion [28]. This theoretically
provides better fixation strength in low bone quality by preventing bone loss, because pre-
drilling along the entire HE length—as required for use of cephalic screws in adequate bone
quality—is not always necessary [29]. On the other hand, an increased resistance to the
rare complication related to medial cut-through of the HE along its axis, as well as higher
pull-out forces, were reported for cephalic screws [30,31]. However, in contrast to other
reports in the literature, the current study revealed no significant differences regarding
HE migration along its axis among all investigated groups. Furthermore, there are several
existing reports in favor of centrally-placed screw HEs compared to helical blades [30,32].
In the current study, the bone compaction around the helical blade might also be an expla-
nation for the higher resistance to rotational moments following anterior malpositioning
when compared to screws. Further, the helical blades in the anterior off-centre position
were significantly less susceptible for failure and compensated the offset significantly more
effective than the screws. This is in line with previous results reported by Sermon et al.,
who investigated anterior malpositioned implants in osteoporotic foam models [18]. In
addition, they investigated malpositioned helical blades and screws with anterior and
posterior offset and reported no differences between them. It is therefore hypothesized that
although only anteriorly malpositioned implants were investigated in the current study,
the results are transferable to the posterior malposition, too. However, despite the higher
resistance to failure of the malpositioned helical blades compared to screws, this study fully
supports the well-established mantra that correct implant placement in the centre–centre
position is of utmost importance.

Various reports in the literature demonstrate an increase in resistance to failure of
helical blades and screws augmented with bone cement [10,19,23,33–36]. Furthermore,
a recently published review reported fewer reoperations, less complications and shorter
hospital stay at the cost of a slightly increased operation time when bone cement was used
for augmentation in elderly patients [37]. In contrast, no advantages in resistance to both
failure load and axial displacement after cement augmentation of intramedullary nailed
trochanteric fractures was reported by Fensky et al. [38]. Moreover, cement augmentation of
cannulated screws in a femoral neck fracture model did not demonstrate any improvement
in construct stability [39].

However, most of these studies focused on an optimally positioned HE, with only
one of them focusing on cement augmentation of a malpositioned implant [18]. The
findings of the current study also demonstrate an increased resistance to failure after cement
augmentation of both investigated HEs in off-centre position, although this effect was only
significant for screws, demonstrating unacceptably low resistance to failure following
off-centre screw positioning without cement augmentation in the currently used pool of
specimens. In consequence, the findings of the present study suggest that the anterior
off-centre position must be avoided for screws in a real patient under all circumstances. If
the guide wire of the TFNA system is not revisable in an anterior or posterior malposition,
a screw should be avoided, and a blade should be inserted instead. If a screw is already
inserted in an off-centre position and is not revisable, the results of the current study suggest
its augmentation with bone cement. However, the data scattering in the current study
might be an indicator of an unpredictable outcome of this approach in real patients, which
should be taken into account by a very careful aftercare of patients with a malpositioned
augmented screw. In addition, bone cement augmentation of a non-revisable helical blade
in an anterior off-centre position might not always be beneficial. Although in the current
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investigation their resistance to failure was higher when compared to non-augmented
off-centre helical blades, the scattering of the data prohibited significance, and therefore the
downsides of bone cement augmentation should be carefully balanced against its possible
advantages in a clinical situation.

Another point worth mentioning is that during the biomechanical analysis this study
focused on clinically relevant findings. For this reason, no comparisons were made be-
tween non-augmented off-centre-positioned screws (group 4) and augmented off-centre-
positioned helical blades (group 5), despite the expected significant difference between
them (see Figure 4). In a clinical setting, a misplaced screw would be unlikely to be removed
and replaced with an augmented off-centre helical blade—due to the necessary predrilling
for screw HEs, bone impaction during insertion of the helical blades cannot occur.

This study has some limitations inherent to all biomechanical investigations. First,
only a limited number of femoral heads were used per group, restricting the generalization
of the study findings; however, an appropriate paired study design was set to compare the
biomechanical competence of the two different implants. Moreover, a bone model is not
capable to completely simulate in vivo situations with swelling and biological reactions
of the surrounding soft tissues following a bone fracture in a real human. Furthermore,
the applied biomechanical model did not consider all in vivo forces and moments acting
on the femoral head; however, the test setup and loading protocol were defined in such
a way to ensure a close simulation of dynamic physiologic loading conditions. Due to
the paired study design, only screws and helical blades inserted in the same position
could be investigated in the same donor; however, prior to testing, a BMD evaluation
demonstrated equally distributed values, thus ensuring comparability among the different
groups. Other limitations are artificially created fractures via osteotomies, which do not
necessarily obey the physical laws of real fracture mechanisms; however, they were used
for standardization purposes and better implant comparability. Despite these limitations,
the main failure modes in the current study reflected well clinical failure types in real
patients—rotation and varus tilting of the femoral head [40]. However, large scattering of
the data was observed in both bone-cement-augmented groups; therefore, further studies
are needed to investigate the biomechanical behavior of malpositioned cephalic implants
and the influence of different cement distribution models, especially in osteoporotic bone.
Moreover, several factors determine the clinical outcome besides the implant design, such
as duration of surgery, consequences following cement augmentation, quality of reduction,
soft tissue damage, infections, and other postoperative complications. Further prospective
randomized clinical trials are needed to relate the findings of the current study to the
clinical practice.

5. Conclusions
From a biomechanical perspective, proper centre–centre implant positioning in the

femoral head is of utmost importance. In cases when this is not achievable in a clinical
setting, a helical blade is more forgiving in the less ideal (anterior) malposition when
compared to a screw, the latter revealing unacceptably low resistance to femoral head
rotation and early failure. Cement augmentation of both off-centre implanted helical blades
and screw head elements increases their resistance against failure; however, this effect
might be redundant for helical blades and is highly unpredictable for screws. Author
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Abstract: Background and Objectives: The study assessed the effectiveness of a fracture liaison service
(FLS) after 1 year of implementation in improving the outcomes of hip fracture surgery in older adult
patients at Taipei Municipal Wanfang Hospital. Materials and Methods: The Wanfang hospital’s FLS
program was implemented using a multipronged programmatic strategy. The aims were to encourage
the screening and treatment of osteoporosis and sarcopenia, to take a stratified care approach for
patients with a high risk of poor postoperative outcomes, and to offer home visits for the assessment
of environmental hazards of falling, and to improve the patient’s adherence to osteoporosis treatment.
The clinical data of 117 and 110 patients before and after FLS commencement, respectively, were
collected from a local hip fracture registry; the data were analyzed to determine the outcomes 1 year
after hip fracture surgery in terms of refracture, mortality, and activities of daily living. Results: The
implementation of our FLS significantly increased the osteoporosis treatment rate after hip fracture
surgery from 22.8% to 72.3%, significantly decreased the 1-year refracture rate from 11.8% to 4.9%,
non-significantly decreased 1-year mortality from 17.9% to 11.8%, and improved functional outcomes
1 year after hip fracture surgery. Conclusions: Implementation of our FLS using the multipronged
programmatic strategy effectively improved the outcomes and care quality after hip fracture surgery
in the older adult population, offering a successful example as a valuable reference for establishing
FLS to improve the outcomes in vulnerable older adults.

Keywords: hip fracture; fracture liaison service; outcomes; stratified care

1. Introduction

Osteoporosis-induced fragility fractures, predominantly in the hip and spine, are a
grave health concern in older adult patients. Of all osteoporosis-related fractures, hip
fracture is the most debilitating injury and is a growing public health concern in the context
of an aging population [1,2]. In Asia, the number of cases of hip fracture is estimated
to increase from 1,124,060 in 2018 to 2,563,488 in 2050, contributing to a corresponding
increase in the direct cost of hip fracture treatment from USD 9.5 to USD 15 billion [3]. In
addition, the prognosis of older adults after hip fractures is poor. The 1-year mortality rate
associated with a geriatric hip fracture ranges from 14.0% to 18.1% [4–6], but it can be as
high as 36% 1 year after surgery [7]. In our previous study, up to 33.9% of the 281 older
adult patients with hip fractures exhibited severe dependence and required additional care
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at the 1-year follow-up [8]. Moreover, patients with hip fractures were five times more
likely to experience a hip refracture within 1 year [9]. Thus, public health measures and a
robust treatment protocol for hip fracture are crucial.

To provide improved care for fragility fractures, the International Osteoporosis Foun-
dation (IOF) advocated the Capture the Fracture campaign in 2013 to raise awareness
regarding secondary fracture prevention [10]. Fracture liaison services (FLSs) have been
recommended as a coordinator-based best practice program for the care of patients with
fragility fractures [10]. This involves systematic investigation and risk assessment to reduce
the refracture risk and improve survival [11]. For patients with hip fractures, these FLS
programs have been demonstrated to be cost-effective [12] and to reduce both secondary
fracture incidence and mortality rates [13].

FLS has been implemented in our hospital since July 1, 2019. However, in contrast
to the majority of the FLS programs executed worldwide that focus on osteoporosis de-
tection and treatment, we implemented a multipronged programmatic strategy including
encouraging postoperative osteoporosis and sarcopenia screening and treatment, taking a
stratified care approach for patients with a high risk of poor postoperative outcomes, and
offering home visits for the assessment of environmental hazards of falling and assistance.
The program also focused on adherence to taking prescribed antiosteoporosis medications
(AOMs), and the aim was to reduce the refracture risk in older adult patients with hip
fractures. By evaluating the refracture risk, 1-year mortality rates, and changes in 1-year-
postoperative activity of daily living (ADL), the present study assessed the effectiveness of
our FLS program after its implementation for 1 year in comparison with the results before
FLS implementation.

2. Materials and Methods
2.1. Program Description

Taipei Municipal Wanfang Hospital is a medical center in Taipei, Taiwan, performing
hip fracture surgery in approximately 180 patients annually. Since 1 December 2017,
all older adult patients who were scheduled for hip fracture repair were prospectively
followed-up and registered in a local hip fracture registry. The patients were included
in the registry if they: were at least 60 years old; had a hip fracture, namely femoral
neck fracture (FNF) and peritrochanteric fracture (PTF); and were scheduled for surgery,
namely hemiarthroplasty or internal fixation with intramedullary nailing by using in
situ cannulated screws or dynamic hip screws. Patients were excluded if they were to
undergo hip surgery for a reason other than primary hip fracture, including osteoarthritis,
trauma, tumor, infection, and avascular necrosis of the femoral heads. Data on demographic
characteristics, pre-fracture ADL, and postoperative outcomes were collected for all patients.
All the registered patients were routinely followed-up by telephone to gather data on ADL
and postoperative complications, including refracture events and mortality, 1 year after
hip fracture surgery. From 1 July 2019, Taipei Municipal Wanfang Hospital began to
implement FLS for older adult patients with hip fractures as a physician-led intervention.
It involves a multipronged programmatic strategy that investigates and treats osteoporosis,
provides shared care by physiotherapists and geriatricians for personalized post-surgery
rehabilitation programs and comorbidities management, respectively, and offers a stratified
care approach for patients with a high risk of poor postoperative outcomes (Figure 1). This
FLS of Wanfang hospital was awarded the Gold Level standard as part of the Capture the
Fracture program by the IOF in 2021.

In our FLS program, all patients with hip fractures were encouraged to receive op-
eration within 48 h after admission. After operation, all patients had to complete full
workups for osteoporosis by dual-energy X-ray absorptiometry (DXA). In addition, all
participants were encouraged to undergo sarcopenia screening during admission where
handgrip strength was measured and muscle mass was assessed through DXA. Patients
with hip fractures were then classified as those with low or high refracture risk based on the
presence of concomitant sarcopenia, comorbidities or their bone mineral density. High-risk
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patients were defined as having concomitant sarcopenia, T-score ≤ −3.0, or more than
three comorbidities. After hip fracture surgery, physiotherapists arranged personalized
rehabilitation programs for all patients. However, for high-risk patients, geriatricians were
also consulted for comorbidity management, duplicate medication screening, and nutrition
support during admission.
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Figure 1. Fracture Liaison Service in Taipei Municipal Wanfang Hospital.

Once the patient was discharged from the hospital, a prescription of AOMs and
calcium and vitamin D supplements within 3 months after surgery was encouraged for
all patients with a confirmed diagnosis of osteoporosis through DXA. Three, six, and nine
months after surgery, all patients with hip fractures were assessed by an FLS coordinating
nurse for AOM use. Patients who failed to continue AOMs after hip fracture surgery and
those who were classified as the high-risk group were encouraged to receive home visits by
our FLS team members (including orthopedic surgeons and nurses) within 1 year after hip
fracture surgery, once consent for home visits was obtained from these patients. During the
home visits, we screened and educated the patient on environmental fall hazards at their
place of residence, assisted patients who had stopped treatment to adhere to prescribed
AOMs, and instructed patients on home-based exercise (Figure 2a,b). After the home
visits, the visited patients were contacted by telephone 1 month later for follow-up and to
record the changes made in the living place to remove the hazards. Patients who stopped
osteoporosis treatment before the home visits were also followed-up after the visits to
determine whether they returned to the clinic for AOM treatment.

Because the local hip fracture registry had been collecting patients’ data since 1 De-
cember 2017, whereas our FLS program began after 1 July 2019, patients with hip fractures
who were scheduled for surgery at Taipei Municipal Wanfang Hospital were thus divided
into two groups: a pre-FLS control group and post-FLS intervention group. This study
compared the 1-year outcomes of hip fracture surgery, that is, refracture, mortality, and
post-fracture ADL, between the pre-FLS and post-FLS groups by using the data extracted
from the local hip fracture registry. The entire protocol for the local hip fracture registry
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and home visits project for the patients were approved by the Ethics Committee of Taipei
Medical University, and ethical approval was registered under the serial numbers TMU-
JIRB N201709053 and TMU-JIRB N201912066. More specifically, each participant gave their
written informed consent to participate in this study. All participants also consented to the
publication of their data.
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2.2. Data Collection

Data on the following basic characteristics were collected: age; sex; body mass index
(BMI); Charlson Comorbidity Index (CCI); fracture type; namely FNF or PTF; surgical
method; namely joint replacement or internal fixation; surgical time; and blood loss. In
addition, surgical delay from admission and results from preoperative serum tests, includ-
ing those on hemoglobin, creatinine, sodium, and potassium levels were collected. The
primary outcomes for comparison between groups included refracture rates (namely all
types of osteoporotic fractures including hip, vertebral, radial, and humeral fractures) and
mortality rates at the 1-year follow-up. The secondary outcome was post-fracture ADL
after 1 year.

2.3. Key Performance Indicators for FLS

In our FLS program, we defined several patient-level key performance indicators
(KPIs) for FLS to guide quality improvement with reference to the guidance from the
IOF Capture the Fracture Campaign [14]. Our KPIs were based on the patient receiving
(1) osteoporosis assessment with DXA within 12 weeks after surgery; (2) sarcopenia screen-
ing; (3) postsurgery physiotherapy consultation; (4) AOM use (indicated by initiation of
treatment, prescription within 3 months after surgery, and continuing AOMs for 1 year
after fracture surgery); (5) nutritional supplements (specifically, calcium or vitamin D); and
(6) home visits. Data regarding the KPI completion rate were also collected and compared
between the pre- and post-FLS groups.

2.4. Environmental Evaluation in Home Visits

The environmental evaluations were made by FLS team members by using an envi-
ronmental checklist during home visits. In our protocol, indoor environmental variables
were assessed in two dimensions: (1) environmental fall hazards and (2) environmental
protections against falling. Each indoor environmental hazard variable was specifically
measured using a dichotomous response (“no” and “yes”) to whether (1) inadequate light
(Figure 2e) or (2) other tripping hazards (e.g., cluttered pathways, unsecured rugs, and
scattered electrical cords) (Figure 2d) were present. Each indoor environmental protective
variable was also assessed using a dichotomous response (“no” and “yes”) to two items:
(1) antislip rubber mats in the bathroom and (2) grab bars on the path and in the bathroom
(Figure 2c).
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2.5. Definition of Sarcopenia

Sarcopenia was diagnosed if the patient had low muscle mass and low handgrip
strength, as recommended by the Asian Working Group for Sarcopenia (AWGS) [15]. The
handgrip strength was measured using a Jamar hydraulic dynamometer (Sammons Preston,
Bolingbrook, IL, USA). Handgrip strengths of <28 and <18 kg for men and women, respec-
tively, were regarded as low, based on the thresholds recommended by the AWGS [15].
Muscle mass was represented by the appendicular skeletal muscle mass index (ASMI),
which was calculated using DXA. Muscle masses of 7 and 5.4 kg/m2 for men and women, re-
spectively, were regarded as low, based on the thresholds recommended by the AWGS [15].

2.6. Instruments for Functional Outcomes

The Barthel index (BI), for 10 variables with scores ranging from 0 to 100, is an
ordinal scale used for measuring ADL performance and mobility [16]. A higher number
is associated with a greater likelihood of being able to live at home independently after
being discharged from the hospital. According to the proposed guideline, a BI score
of <60 indicates “severe to total” dependency. The BI can be used to accurately assess
functional recovery in patients who undergo hemiarthroplasty after FNF [17].

2.7. Statistics

All statistical analyses were conducted using IBM SPSS Statistics software version 22
(Armonk, NY, USA). Categorical variables are presented in terms of frequency (percentage)
and were compared using the chi-square test and Fisher’s exact test. Continuous variables
are presented in terms of the mean ± standard deviation and compared using the Wilcoxon
two-sample test and Student’s t test.

3. Results
3.1. Demographic Data

From 1 December 2017 to 30 June 2019 (namely before FLS implementation), data on
the basic characteristics of 110 patients undergoing hip fracture repair at Taipei Municipal
Wanfang Hospital were collected from the local hip fracture registry; these patients formed
the pre-FLS group. Data on the basic characteristics of another 117 patients with hip
fractures with complete 1-year follow-up from 1 July 2019 to 30 June 2020 (i.e., after FLS
implementation at the Wanfang hospital) were collected; these patients formed the post-FLS
group. The basic characteristics of the patients from the pre-FLS and post-FLS groups are
presented in Table 1 for comparison. All parameters, including age, sex, BMI, fracture type,
CCI, preoperative serum tests, surgical methods, and surgical delay, did not significantly
differ between the pre-FLS and post-FLS groups. In addition, no difference in pre-fracture
ADL was observed between the patients in the pre-FLS and post-FLS groups.

3.2. KPIs for Quality Control in FLS

Table 2 presents statistics on our specific KPIs for quality control in the pre-FLS and
post-FLS groups. Patients in the post-FLS group had a higher KPI (all KPIs) completion
rate than those in the pre-FLS group; notably, the post-FLS group exhibited significant
improvements in the adherence to post-surgery physiotherapy consultation, use of AOMs,
consumption of nutritional supplements, and receiving of home visits. In total, 72.3% of
patients in the post-FLS group received AOMs, and the majority (62.3%) of them received
denosumab as the treatment drug. One year after having a hip fracture, 53% of patients in
the post-FLS group continued AOM treatment, but the AOM treatment rate decreased to
14.5% in the pre-FLS group. In addition, 55.6% and 56.4% of the patients in the post-FLS
group received nutritional supplements and home visits within 1 year after hip fracture
surgery, respectively.
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Table 1. Basic characteristics of patients in the pre-FLS and post-FLS groups.

Variable Pre-FLS (n = 110) Post-FLS (n = 117) p Value

Age 82.98 ± 8.20 80.67 ± 9.76 0.071
Gender 0.66

Female 81 (73.6%) 83 (70.9%)
Male 27 (26.4%) 34 (29.1%)

BMI 22.31 ± 3.74 21.58 ± 3.46 0.063
Fracture type 0.349

Femoral neck fracture 66 (60.0%) 62 (53.0%)
Peritrochanteric fracture 44 (40.0%) 55 (47.0%)

Lesion side 0.233
Left 52 (47.3%) 65 (55.6%)
Right 58 (52.7%) 52 (44.4%)

CCI 5.05 ± 1.74 4.87 ± 1.80 0.475
Preoperative serum tests

Hemoglobin (g/dL) 12.05 ±1.78 12.18 ± 1.74 0.924
Creatinine (mg/dL) 1.36 ±1.70 1.07 ± 0.96 0.477
Sodium (mmol/L) 137.01 ±3.77 136.62 ± 4.29 0.475
Potassium (mmol/L) 3.94 ±0.51 3.90 ± 0.46 0.617
Surgical methods 0.173

Joint replacement 48 (43.6%) 40 (34.2%)
Internal fixation 62 (56.4%) 77 (65.8%)
Surgical delay from admission 0.982

Within 24 h 66 (60%) 70 (59.8%)
24–48 h 32 (29.1%) 35 (29.9%)
>48 h 12 (10.9%) 12 (10.2%)

Surgical time (h) 71.61 ± 26.23 85.92 ± 54.62 0.073
Surgical blood loss 102.00 ± 91.95 106.39 ± 110.84 0.851
Pre-fracture ADL 82.36 ± 24.23 83.25 ± 23.78 0.959

Table 2. Comparison of KPIs between the pre-FLS and post-FLS groups.

KPIs Pre-FLS
(n = 110)

Post-FLS
(n = 117) p Value

Assessment with DXA within 12 weeks
after surgery 92 (83.6%) 102 (90.9%) 0.449

T-score −3.93 ± 1.10 −3.90 ± 1.12 0.84
Sarcopenia screening

Handgrip strength (kg) 14.52 ± 7.93 14.42 ± 12.50 0.382
Muscle mass assessment with DXA 80 (72.7%) 96 (82.1%) 0.093

Muscle mass (ASMI, kg/m2) 5.67 ± 1.04 5.70 ± 1.12 0.84
Diagnosis of sarcopenia 42 (53.2%) 49 (51.3%) 0.873

Post-surgery physiotherapy consultation 32 (29.1%) 117(100%) 0.000
AOM use
Initiating treatment with AOMs 32 (22.8%) 74 (72.3%) 0.000

Prescription within 3 months after
surgery 24/32 (75%) 67/74 (90.5%) 0.071

Denosumab 10 (31.3%) 46 (62.3%)
Bisphosphonate 11 (34.3%) 19 (25.7%)
Selective estrogen-receptor

modulators 7 (21.9%) 2 (2.7%)

Teriparatide 4 (12.5%) 7 (9.5%)
Continuing AOMs for 1 year after
fracture 16 (14.5%) 62 (53.0%)

Nutrition supplements (i.e., calcium or
vitamin D) 16 (14.5%) 65 (55.6%) 0.000

Receiving home visits 0 66 (56.4%) 0.000
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3.3. Findings on Home Visits and Changes Thereafter

Table 3 shows a total of 66 patients in the post-FLS group successfully received home
visits at a mean of 8.26 months after hip fracture surgery. As for the assessment of indoor
environmental hazards, 24.2% and 72.7% of the patients were found to have inadequate
light and tripping hazards, respectively, in their place of residence. In addition, only
33.3% and 15.2% of the patients had antislip rubber mats and grab bars, respectively, as
environmental protections against falling. However, after home visits by the FL team
members, 42.6% of these patients made changes in their environment to prevent falls.
Among 30 patients who had stopped AOM use before the home visits, 16 (53.3%) patients
successfully returned to a clinic for AOM treatment after the home visits.

Table 3. Findings on home visits and changes thereafter.

Home Visits after Hip Fracture Surgery n = 66

Mean follow-up time after surgery (months) 8.26 ± 3.40
Mean age 79.86 ± 9.52
Environmental evaluation

Indoor environmental hazards of falling 54 (81.8%)
Inadequate light 16 (24.2%)
Tripping hazards 48 (72.7%)

Indoor environmental protection against falling 26 (39.4%)
Antislip rubber mats in the bathroom 22 (33.3%)
Grab bars on the path and in the bathroom 10 (15.2%)

Changing environmental hazards after visits 23/54 (42.6%)
Stop AOM use before home visits 30

Return to clinics for AOM treatment after home visits 16/30 (53.3%)

3.4. Primary and Secondary Outcomes

As indicated in Table 4, the 1-year mortality rate after hip fracture surgery was lower
in the post-FLS group than in the pre-FLS group (11.8% versus 17.9%) but not significantly
so. However, the refracture rate within the first year after surgery was significantly lower
in the post-FLS group than in the pre-FLS group (4.9% versus 11.8%, p = 0.048). As
for the secondary outcome at the 1-year follow-up, patients in the post-FLS group had a
significantly higher ADL score (75.61 ± 30.67) than patients in the pre-FLS group (p = 0.018).

Table 4. Comparison of 1-year outcomes between the pre-FLS and post-FLS groups.

Outcomes Pre-FLS
(n = 110)

Post-FLS
(n = 117) p Value

Refracture within the first year of surgery 13 (11.8%) 5 (4.9%) 0.048
Mortality within the first year of surgery 17 (17.9%) 12 (11.8%) 0.225
ADL at 1-year follow-up 64.19 ± 34.17 75.61 ± 30.67 0.018

4. Discussion

Before the implementation of our FLS, the AOM treatment rate after hip fracture
surgery was only 22.8%. However, after FLS was implemented, efforts were made to
promote osteoporosis screening and treatment and home visits were offered to ensure
that patients who had stopped AOM use start using it again, leading to an increase in
the AOM treatment rate after hip fracture surgery to 72.3%. Moreover, using a stratified
care approach for patients with a high risk of poor postoperative outcomes—including
provision of shared care through physiotherapists and geriatricians, as well as indoor
environmental assessments by home visits—we successfully decreased the refracture rate
from 11.8% before FLS to 4.9% after FLS. Furthermore, the 1-year mortality rate effectively
decreased from 17.9% in the pre-FLS group to 11.8% in the post-FLS group. Patients in
the post-FLS group also presented with higher ADL 1 year after hip fracture surgery than
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those in the pre-FLS group. This study demonstrated the effectiveness of our FLS program
wherein a multipronged programmatic strategy is used for reducing 1-year refracture and
mortality rates and facilitating functional outcomes after hip fracture surgery in the older
adult population.

Osteoporosis treatment is a key factor affecting hip fracture outcomes in the older
adult population. However, missed diagnosis and the undertreatment of osteoporotic
fractures following the first osteoporotic fracture is common and now regarded as a critical
clinical concern, and greater effort from both healthcare systems and individual clinicians
is required [18]. In the Asia-gap study that surveyed women at postmenopause from seven
Asian countries, although 70% patients with hip fractures were aware of the osteoporosis
risk, only 25% were assessed for bone mineral density and 30% received AOMs as os-
teoporosis treatment [19]. The FLS program, which is characteristic of multidisciplinary
care allowing for systematic coordination between healthcare professionals, is an effective
method for improving investigation, detection, and treatment of osteoporosis following in-
dex osteoporotic fracture [10]. A recent study on 724 older adult patients with hip fractures
in one medical center in Spain reported that the osteoporosis treatment rate can be increased
from 12.3% to 74.9% after FLS implementation [20]. In that study, patients treated with
AOMs during FLS implementation had a lower mortality rate than those managed without
AOMs before FLS implementation (20.2% versus 25.8%), although FLS implementation
seemed not to affect the refracture risk between the pre-FLS and post-FLS groups (4.6%
and 3.6%, respectively) [20]. Another study analyzing 75 hip fracture patients under FLS
with one-year follow-up in one medical center in Thailand reported that the osteoporotic
medication treatment rates increased from 40.8% to 80%, resulting in a significant decline
on refracture rate from 30% to 0% [21]. However, the one-year mortality rate was not
significantly changed (9.2% and 10.7% in pre- and post-FLS groups, respectively) [21].
Meanwhile, in a study in a teaching hospital in Italy, implementation of FLS in 210 geri-
atric hip fracture patients was reported to increase the osteoporosis treatment rate from
17.2 to 48.5%, successfully reducing the one-year mortality rate from 15.7% to 12.7% [22].
Moreover, evidence from a recent meta-analysis has also shown that the FLS program can
significantly improve the osteoporosis treatment rate, resulting in effectively improved
outcomes in terms of reducing future fractures as well as morbidity and mortality [11].

In the present study, our FLS program was found to effectively increase the osteo-
porosis treatment rate after hip fracture surgery, which not only significantly decreased
the refracture rate for all osteoporotic fractures but also improved the mortality rate 1 year
after hip fracture surgery in the older adult population. Although our results act in concert
with the results of previous reports on the effectiveness of FLS [23], we are convinced
that the multipronged programmatic strategy aiming at promoting osteoporosis screening
and treatment, increasing patient’s adherence to AOM through home visits, and using a
stratified care approach for patients with a high risk of poor postoperative outcomes has
also played a crucial role contributing to the positive outcomes in this study. Regarding
refracture risk, good compliance to osteoporosis treatment is necessary for fracture risk
reduction, with increasing benefit observed with higher compliance [24]. However, because
the older adult patients after hip fractures are at a great risk of losing some degree of
motility after surgery [8,25], return to clinics for regular AOM treatment may be a difficult
task, which may result in poor compliance to AOM treatment after hip fracture surgery. A
multicenter study in a high-level intervention FLS reported that the first-year persistence
rates for AOM use was only 66.4% after the initiation of osteoporosis treatment [26]. After
FLS implementation, among our 74 patients who received initiating treatment with AOMs,
62 (83.8%) patients continued AOM use until 1 year after hip fracture surgery. The high
compliance rate in this study may not only attribute to the treatment choice of long-lasting
AOMs (the majority of patients (62.3%) in the post-FLS group received denosumab, which
was prescribed for once every 6 months), but also result from the efforts of our home
visits to recall the patients who had stopped osteoporosis treatment back to the clinics for
AOM prescriptions.

96



Medicina 2022, 58, 875

In addition to the high treatment rate and compliance to AOM use, a stratified care
approach for patients with a high risk of poor postoperative outcomes is also a critical
step in our FLS program. Equipped with the knowledge of prognostic factors, clinicians
can adopt a stratified care approach by prioritizing older adult patients with hip fractures
who are at a high risk of poor functional outcomes or high mortality for intensive care [27].
Considering the findings of our previous study that patients who have hip fractures with
baseline sarcopenia [28], a low T-score [28], and high comorbidity [25] are prone to a poor
postoperative function and high mortality after hip fracture surgery, we used these three
prognostic factors to classify patients with hip fractures as a high-risk group. A Cochrane
review for fall prevention reported that several combination exercises led to an approxi-
mately 30% reduction in the incidence of falls and home environment adjustment achieved
approximately 20% reduction [29]. Therefore, after hip fracture surgery, high-risk patients
were obliged to be concomitantly cared for by physiotherapists and geriatricians through
personalized rehabilitation programs, nutrition supports, and professional management of
comorbidities. After discharge from the hospital, high-risk patients were also encouraged to
receive home visits so that indoor environmental hazards of falling could be identified and
necessary home environment adjustments could be suggested. Interestingly, during our
home visits, we found up to 72.7% patients had tripping hazards in their living place. Nev-
ertheless, through our efforts, 42.6% patients who had environmental hazards successfully
changed their environment to prevent falls. Compared with the 8.3% refracture rate within
1 year after the index hip fracture from a large-scale retrospective cohort study [30], our
stratified care approach for high-risk patients reinforced the protections against refracture
for patients with hip fractures, thereby effectively reducing the 1-year refracture rate to 4.9%
after FLS implementation. Moreover, our multipronged programmatic strategy was also
demonstrated to be effective in facilitating functional recovery after hip fracture surgery,
which may also be attributable to the reduced refracture rate and personalized rehabilitation
programs as well as nutritional support for patients with concomitant sarcopenia.

This study has some limitations. First, our FLS program was initiated from July 2019;
therefore, we compared the outcomes of patients before and after FLS implementation
based on a retrospective analysis of our local hip fracture registry. However, the comparison
between the pre-FLS and post-FLS groups was based on a different historical follow-up
period rather than on the outcomes from two intervention arms at the same time period.
Owing to the potential improvements in surgical techniques and the quality of patient
care with time, superior outcomes in the post-FLS group may also be affected by other
potential confounding factors and therefore be biased. However, because all patients’ data
were extracted from a local registry with high-quality follow-up (the loss follow-up rate
for patients 1 year after hip fracture surgery was only 9.5%), our findings likely reflect the
efficacy of our FLS program. Second, although rehabilitation programs and nutritional
support are essential for patients with hip fractures, especially the high-risk group, the
rehabilitation protocol and nutrient regimens cannot be standardized for each patient.
Personalized rehabilitation and nutrition support were inevitable and may therefore cause
uncontrolled bias. Third, the follow-up period was limited to 1 year, and this may be too
short for us to determine the long-term effectiveness of FLS in patients with hip fractures.
Finally, the representativeness of our sample was limited by its small size. All participants
were recruited from the same institution and might not represent the older adult population
undergoing hip fracture surgery throughout Taiwan. Whether our FLS program can be
replicated in other institutions to have similar outcomes remains to be clarified. Even with
these limitations, we shared our own experience using the multipronged programmatic
strategy to improve the care quality after hip fracture surgery in the older adult population,
offering a successful example for enhancing and closing the gaps in osteoporosis hip
fracture care at Taipei Municipal Wanfang Hospital.
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5. Conclusions

Our FLS program, which was designed to encourage the screening and treatment of
osteoporosis and sarcopenia, to take a stratified care approach for patients with a high risk of
poor postoperative outcomes, and to offer home visits for the assessment of environmental
hazards of falling, and to improve the patient’s adherence to osteoporosis treatment, was
proven to successfully reduced the 1-year refracture rate and facilitated functional recovery
after hip fracture surgery in our older adult sample. The experience of our multipronged
programmatic strategy for care after hip fracture surgery in the older adult population is
anticipated to serve as a valuable reference for establishing FLS to improve the outcomes of
vulnerable older adult individuals with hip fractures.
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Abstract: Background: Osteoporotic fractures are associated with a loss of quality of life, but only
few patients receive an appropriate therapy. Therefore, the present study aims to investigate the
awareness of musculoskeletal patients to participate in osteoporosis assessment and to evaluate
whether there are significant differences between acute care patients treated for major fractures of
the hip compared to elective patients treated for hip joint replacement.; Methods: From May 2015 to
December 2016 patients who were undergoing surgical treatment for proximal femur fracture or total
hip replacement due to osteoarthritis and were at risk for an underlying osteoporosis (female > 60
and male > 70 years) were included in the study and asked to complete a questionnaire assessing the
awareness for an underlying osteoporosis. ASA Score, FRAX Score, and demographic information
have also been examined. Results: In total 268 patients (female = 194 (72.0%)/male = 74 (28%)),
mean age 77.7 years (±7.7) undergoing hip surgery were included. Of these, 118 were treated for
fracture-related etiology and 150 underwent total hip arthroplasty in an elective care setting. Patients
were interviewed about their need for osteoporosis examination during hospitalization. Overall, 76 of
150 patients receiving elective care (50.7%) considered that an examination was necessary, whereas in
proximal femur fracture patients the awareness was lower, and the disease osteoporosis was assessed
as threatening by significantly fewer newly fractured patients. By comparison, patients undergoing
trauma surgery had a considerably greater risk of developing another osteoporotic fracture than
patients undergoing elective surgery determined by the FRAX® Score (p ≤ 0.001).; Conclusions: The
patients’ motivation to endure additional osteoporosis diagnostic testing is notoriously low and
needs to be increased. Patients who underwent acute care surgery for a fragility proximal femur
fracture, although acutely affected by the potential consequences of underlying osteoporosis, showed
lower awareness than the elective comparison population that was also on average 6.1 years younger.
Although elective patients were younger and at a lower risk, they seemed to be much more willing
to undergo further osteoporosis assessment. In order to better identify and care for patients at risk,
interventions such as effective screening, early initiation of osteoporosis therapy in the inpatient
setting and a fracture liaison service are important measures.

Keywords: awareness; osteoporosis; proximal femur fracture; hip replacement; fracture liaison service

1. Introduction

The importance of bone quality in the proximal femur is paramount, as it can have
a significant hazard for fragility fractures and consequent proper implantation of hip
prostheses. The treatment of femoral neck fractures is one of the most frequently performed
procedures worldwide. Due to the changing demographics, the number of proximal femur
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fractures (PFF), one of the most frequent fractures in older people, is predicted to rise to
6.3 million per year by 2050 [1]. Between 2020 and 2040, the number of hip fracture patients
who experience a decline in health as measured by DALYs (disability adjusted life years)
is expected to double, while socioeconomic expenses are anticipated to rise by 65% [2].
Along with a loss in mobility and daily activities, the mortality rises by up to 20% in the
first year [3,4]. Even though osteoporosis following PFF is highly prevalent, the percentage
of proper treatment is appallingly low, particularly in Germany [5]. Furthermore, affected
patients have very low awareness of the disease osteoporosis [6].

Patient awareness of osteoporosis management is also likely to have a relevant impact
on secondary fracture prevention. Considering the known treatment gap in patients with
osteoporosis and taking into account the growing awareness of osteoporosis among sur-
geons, the purpose of this study was to ascertain the willingness of elective and non-elective
patients undergoing hip surgery to participate in further investigations and subsequent
treatment of osteoporosis.

Patients undergoing hip replacement due to osteoarthritis were used as an elective
surgery comparison group (ES) to the patients undergoing non-elective surgery (NES)
due to hip fracture. Although patients with a planned total hip arthroplasty often have
risk factors for osteoporosis, no regular assessment is performed [7]. This is all the more
important because, in addition to the femoral neck, regions such as the distal radius
or the spine also have an increased fracture risk in patients suffering osteoporosis. It
has been shown that underestimating the prevalence of osteoporosis may increase the
perioperative fracture risk. Osteologists and arthroplasty surgeons must be cautious of
postoperative alterations in bone density. In fact, it is advised to take into account regular
bone mineral density (BMD) screening after knee arthroplasty [8]. It has been shown
that occult osteoporosis is present in 25% of patients with hip osteoarthritis and thus
osteoporosis screening is quite reasonable in this cohort [9]. In addition to osteoarthritis,
osteoporosis patients often have comorbidities with other diseases such as hypertension,
diabetes mellitus and depression [10–12]. The COVID-19 pandemic of recent years has also
had an impact, particularly on patients with proximal femur fracture. An Italian multicenter
study found a decrease in the mean age of patients with proximal femur fracture and a
higher incidence of domestic falls than before the pandemic [13].

The purpose of this study was to evaluate differences in fracture risk, demography,
and subjective health status among the groups listed in terms of awareness of and risk
factors for osteoporosis.

2. Materials and Methods

All patients (female > 60 years or male > 70 years) who received elective total hip
arthroplasty or hip fracture surgery in the trauma surgery department of a maximum
care university hospital or in an orthopedic clinic in the same city between May 2015
and December 2016 were included in the study. The most significant risk factors for
osteoporosis (according to Dachverband für Osteologie e.V. (DVO)) [14] and the patients’
general willingness to undergo osteoporosis diagnostics and other screening programs
provided by health insurance companies (mammography and coloscopy) were assessed by
a questionnaire to determine the patients’ awareness of osteoporosis. This questionnaire
was already published in a previous paper by our working group [6]. In addition, the 10-
year fracture risk for hip fracture and other fragility fractures was determined in all patients
using the WHO Fracture Risk Assessment Tool (FRAX®). Patients with the following
conditions were disqualified: language barriers, patients with further fractures, and patients
with brain organic illnesses (such as dementia, delirium, etc.). The Local Ethics Committee
of the University gave its approval to the project. (AZ 351-14).

2.1. Questionnaire

To assess awareness of osteoporosis, readiness for osteoporosis diagnosis, and risk
factors according to DVO and FRAX®, the questionnaire was specifically designed. It
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includes information on age, height, and weight as well as a self-report of current health
state using numerical and visual analogue rating scales. This has already been used by
our research group to study awareness and risk factors in osteoporosis patients with distal
radius fracture [6].

2.2. Self-Assessment of Health Status by Rating Scale

To evaluate a state in relation to a certain trait, rating scales were utilized. Patients can
characterize their present state of health using the one-dimensional numerical rating scale
in the questionnaire. The WHO defined health as a condition of whole mental, bodily, and
social well-being in 1947. Patients were asked to mark a rating scale level on a scale from
0 to 10, where 10 represents major disease (=severely ill) and 0 represents total health. A
smiley-based symbolic rating system was employed to make it easier for elderly patients
who no longer possess the essential ability to abstract to utilize a numerical rating scale.
Additionally, the American Society of Anesthesiologists (ASA) score, which was gathered
by associates in the anesthesia department before to surgery, was used to evaluate the
patients’ physical health status.

Further questions regarding the patient’s health status, information, and awareness
of osteoporosis were created in a binary nominal scale as “yes/no” responses to help
with response and evaluation. As a result, details about osteoporosis that was known or
diagnosed, such as current treatment, were elicited. Likewise, participants were questioned
regarding their own subjective need for an osteoporosis screening and their perception
of the disease’s risk. Other preventive exams, including colonoscopies for both men and
women within the last ten years, routine prostate exams for men, and mammography
screening for women up to 70 years of age were all noted.

According to DVO guideline 2014 [14], risk variables for osteoporosis were gathered
in order to ascertain each individual’s 10-year risk of fractures and the justification for
general and/or targeted medication therapy for osteoporosis. The following characteristics
were covered: wrist, vertebral, and femoral fractures that developed after the age of 50,
parental hip fractures, nicotine use, glucocorticoid use, and underlying illnesses, such as
type 1 diabetes, rheumatoid arthritis, osteogenesis imperfecta, untreated hyperthyroidism,
hypergonadism, chronic liver disease, malnutrition, alcohol use (less than one bottle of beer
or glass of wine per day), daily dairy intake, and regular vitamin D intake. Menopause
before the age of 45 in women, as well as consistent usage of aromatase inhibitors.

2.3. Fracture Risk Assessment Tool (FRAX®)

The Fracture Risk Assessment Tool (FRAX®) is a fracture risk assessment tool pub-
lished in 2008 by the World Health Organization (WHO) Collaborating Centre for Metabolic
Bone Diseases at Sheffield, UK. It provides country-specific algorithms for estimating the
individual 10-year probability of hip fracture and other serious osteoporotic fractures of the
pelvis, vertebral bodies, distal radius, and proximal humerus. The calculation of fracture
probability is based on the factors: age, gender, height, weight, previous fracture, parental
hip fracture, smoking status, oral glucocorticoid use, rheumatoid arthritis, secondary os-
teoporosis, alcohol intake and bone mineral density at the femoral neck. The algorithm
queries these risk factors, which, depending on age and BMI, and electively bone density,
results in a percentage 10-year fracture risk. This can be determined either in the form of
cross-tabulations or using the FRAX-online calculator. The probability obtained in this way
can be used to decide on therapy options. Kanis et al. give age-related threshold values
for the classification into risk groups, which can be considered as an indication for specific
osteoporosis therapy [15].

2.4. Osteoporosis Screening

The assessment of respondents’ physical activity, fall risk, dietary practices, and
medication use also helped to estimate each person’s individual risk for osteoporotic
fractures. Our treatment strategy, which is in line with our osteoporosis guidelines, also
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included basic osteoporosis laboratory tests and spine radiographs as needed to detect
common vertebral fractures. [16].

2.5. Statistical Analysis

Subjects were classified into four age groups: Group G1 = 60–69 years, G2 = 70–79,
G3 = 80–89, and G4 = 90–99 years. First, the relationship between patients’ age and
awareness of osteoporosis was determined and analyzed descriptively. Data are presented
as mean ± standard deviation (SD). The prevalence of risk factors for osteoporosis was
determined bivariate using cross-tabulations and tested for significance with a chi-square
test. An unpaired t-test with a significance level of p ≤ 0.05 was performed to compare
the influencing factors. To test for a linear relationship between ordinal scaled variables, a
correlation analysis using Spearman-Rho was performed.

Normal distribution and comparability of variance of the data were tested using the
Shapiro–Wilk and Levene’s test. To compare two interval scaled normally distributed
samples with comparable variance, the unpaired students t-test was used. The Mann–
Whitney U test and the 2-sample test for equality of proportions with continuity correction
were used to examine if the central tendency of two independent samples differed.

In addition, multiple logistic regression was performed using the “glm” function
of the “stats” package (version 3.6.2) for the factors influencing outcome awareness, in-
cluding the parameters age, sex, BMI, ASA score, ethnicity, number of risk factors, and
previous fracture.

R software version 4.0.3 was used to conduct statistical analysis (R Foundation for
Statistical Computing, Vienna, Austria). The same software’s package ggplot2 version 3.3.2
was used to make each graph.

3. Results

In total, 268 patients with an average age of 77.7 years (±7.7), (female = 194 (72%)/
male = 74 (28%)) were included in the study of which 150 patients (56%) were treated elec-
tively and 118 patients (44%) were treated non-electively. Patient characteristics including
BMI, age group distribution, ASA scores, proportions of risk factors for osteoporosis and
patient reported health status as displayed in Table 1.

3.1. Self-Assessment of Health Using a Rating Scale and a Questionnaire

The NES group reported an average score of 4.46 ± 2.42 as their subjective health state
at the time of the interview, using a numerical rating scale in which 0 represents perfect
health and 10 represents severe disease. For ES patients, a significantly lower mean score
of 3.87 ± 2.42 (p < 0.0001) was recorded.

Body Mass Index

The mean body mass index (BMI) was 24.05 ± 4.27 kg/m2 in the NES patients. The pa-
tients in the ES group had a significantly higher BMI with an average of 25.12 ± 3.94 kg/m2

(p = 0.031). The prevalence of obesity classes as defined by the World Health Organization
among the two groups is shown in Table 1.

3.2. ASA-Score

The ASA score was higher in the NES group, 2.61 ± 0.58 points, compared with an
average of 2.05 ± 0.49 points in the ES group. It should be noted here that mean age in
the two groups is significantly different (p = 0.020). ES patients were 75.0(±6.40) years old,
whereas NES patients were on average years old 81.25 (±7.80).
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Table 1. Demographic data and characteristics of the study population; Body Mass Index (BMI);
Physical Status Classification System (ASA); Dachverband für Osteologie (DVO). * statistically
significant p ≤ 0.05, ** statistically significant p ≤ 0.01, *** statistically significant p ≤ 0.001.

Results Non-Elective
Surgery

Elective
Surgery p-Value Significance Level

n = 118 n = 150

Age [years (±SD)] 81.25 (±7.80) 75.0 (±6.40) <0.001 ***

G1 (60–70 years) 10 (8.5%) 31 (20.7%) 0.009 **
G2 (71–79 years) 43 (36.4%) 89 (59.3%) <0.001 ***
G3 (80–90 years) 62 (41%) 30 (20.0%) <0.001 ***

G4 (91–100 years) 13 (11%) 0 (0.0%) — —

Gender

male 25 (21%) 49 (33%) 0.037 *
female 93 (79%) 101 (67%) 0.037 *

BMI [kg/m2 (±SD)] 24.05 (±4.27) 25.12 (±3.94) 0.031 *

<20 kg/m2 10 (8.5%) 6 (4.0%) 0.016 *
20–24.9 kg/m2 66 (55.9%) 65 (43.3%) 0.054 ns
25–29.9 kg/m2 30 (25.4%) 66 (44.0%) 0.002 **
30–34.9 kg/m2 10 (8.5%) 11 (7.33) 0.907 ns
≥35 kg/m2 2 (1.7%) 2 (1.33) 1.000 ns

ASA Score [Score; (±SD)] 2.61 (±0.58) 2.05 (±0.49) <0.001 ***

1 2 (1.7%) 13 (8.7%) 0.028 *
2 45 (38.1%) 117 (71.0%) <0.001 ***
3 67 (56.8%) 19 (12.7) <0.001 ***
4 4 (3.4%) 1 (0.7%) 0.237 ns

Risk Factors (DVO) [n; (%)]

Parental hip fracture 37 (31.0%) 27 (18.0%) 0.016 *
Current smoker 12 (10.0%) 10 (7.0%) 0.416 ns

Glucocorticoid use 16 (14.0%) 20 (13.0%) 1.000 ns
Rheumatoid arthritis 6 (5.0%) 8 (5.0%) 1.000 ns
Menopause < 45 year 31 (26.3%) 44 (29.3%) 0.676 ns

Aromatase inhibitor use 9 (8.0%) 1 (1.0%) 0.007 **
Alcohol (>1 bottle of beer a day) 16 (14.0%) 21 (14.0%) 0.701 ns

No regular consumption of dairy products 35 (30.0%) 24 (16.0%) 0.011 *
Cumulative number of risk factors per patient 1.86 (±1.45) 1.25 (±1.12) <0.001 ***

Osteoporosis Therapy Information [n; (%)]

Regular vitamin D intake 25 (21.0%) 60 (40.0%) 0.002 **
Known osteoporosis diagnosis 29 (25.0%) 41 (27.0%) 0.711 ns
Osteoporosis medication intake 27 (23.0%) 37 (25.0%) 0.845 ns

Patient Reported Health Status (1–10) 4.46 (±2.42) 3.87 (±2.42) 0.048 *

3.3. Risk Factors and FRAX

On average, patients in the NES group had slightly more risk factors (1.86 ± 1.45)
based on the DVO guidelines than the ES group (1.25 ± 1.12). The prevalence of the queried
risk factors for osteoporosis is shown in Table 1. According to FRAX®-Score, “high risk” is
defined as having a 10-year fracture hazard of ≥3% for hip and/or ≥20% for other major
osteoporotic fractures, while “low risk” refers to risk percentages that are lower than these
cutoff points. Of the investigated NES patients, 35% (41/118) had a 20% chance of suffering
a severe osteoporotic fracture in the following ten years. In contrast, the proportion in the
ES group was only 25% (38/150). The proportion at high risk of hip fracture within the
next 10 years was significantly lower in the ES group at 70% (105/150) than in the NES
group at 92% (108/118), (p ≤ 0.0001).
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Only 46.6% (55/118) of NES patients and 50.7% (75/150) ES patients considered
further diagnostics regarding osteoporosis necessary. This was significantly lower than
the proportion of patients who underwent a precautionary colonoscopy (NES: 62% vs.
ES: 66%), or regularly underwent general preventive examinations by the health insurers
(NES: 67% vs. ES: 85%).

When the raw FRAX scores are compared, the NES group showed a significantly
higher average fracture risk of 28.1 ± 16.3% compared with 14.6 ± 9.7% in the ES cohort
(Figure 1A).
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When the FRAX score is related to the age of the patients, a linear regression analysis
shows that in both groups the fracture risk after FRAX increases significantly with increas-
ing age (p ≤ 0.01). The coefficient of determination was R2 = 0.38 for the NES group and
R2 = 0.25 for the elective patients (Figure 1B).

The divisions into the four age groups selected as described above also clearly showed
increasing fracture risk with old age (Figure 1C).

3.4. Osteoporosis Therapy Information

In the preventive measures we investigated to avoid osteoporosis, the two groups
differed significantly in their regular intake of vitamin D. The difference between the two
groups was not significant. (NES: 21% and ES: 40%, p < 0.001). The proportion of patients
with known osteoporosis and specific therapy was almost the same in both groups (Table 1).

3.5. Threadiness

80% of elective care patients considered osteoporosis to be a threatening disease for
them, whereas the proportion in the NES was significantly smaller at 53.4% (p ≤ 0.0001).

3.6. Patients’ Osteoporosis Awareness

In accordance with the questionnaire, elective patients had a greater awareness rate of
50.7% compared to individuals who had fractures at 42% (Figure 2B).
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Figure 2. (A): Patient’s awareness: (A): Patients’ percentage of awareness of osteoporosis by gender,
shows an alarming lower awareness among men; (B): Patients’ awareness for osteoporosis divided
by electivity in percent, among patients not affected by a fracture, a higher percentage has awareness;
(C): Percentages of patients’ awareness of osteoporosis by age groups; Awareness is highest in the age
group 60–69 years and lowest in the age group 80–89 years; (D): Patients’ awareness for osteoporosis
divided by Electivity and age groups in percent. Only in the 70–79 age group is awareness higher
among trauma patients than among elective patients. In the age group 90+ no elective patients could
be included.

Regarding the gender of the patients, it was found that the awareness was signifi-
cantly higher in women with 52.6% (102/194) than in men with 31.0% (23/74) (p ≤ 0.01)
(Figure 2A).

It was discovered that awareness of osteoporosis (AO) was highest in those aged 70 to
79, with 51.6%, and lowest in those aged 90 to 99, with 41.0% (Figure 2C).

When the patients are divided into age groups and electivity, it can be seen that in the
60–69 years age group, the ES had 62.0% (n = 29) awareness, whereas in the NES group,
none of the patients were aware 0% (n = 7). In the 70–79 age group, NES patients showed
slightly higher awareness (57.0%; n = 42) than the ES group (48.8%; n = 86). In contrast, in
the 80–89 age group, the awareness of ES patients was considerably higher (45.7%; n = 45)
than that of NES patients (34.0%; n = 47).

In the 90+ age group, only patients in the NES group could be included, as elective hip
replacement is generally no longer performed in this cohort due to high surgical risk. In
the NES group, the proportion of patients with awareness was 41.0% (n = 22) (Figure 2D).

The multiple linear regression performed to determine the factors influencing the
presence of awareness showed that age, BMI, ASA score, and number of risk factors had
no significant influence (Supplementary Table S1). In contrast, patients with female gender
had an odds ratio of 1.94 (95% CI: 1.06, −3.64) for the presence of awareness (p = 0.035).
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Patients with no history of fracture had an odds ratio of 0.47 (95% CI: 0.23–0.94) versus
those with a positive history of fracture (p = 0.033). The ethnology “non-elective” showed a
barely non-significant difference with a p-value of 0.059 and an odds ratio of 0.54 (95% CI:
0.28–1.02) compared to elective patients.

4. Discussion

Our study’s findings demonstrated that patients having elective hip surgery were
much more aware of osteoporosis and more likely to receive the right treatment than
patients having surgery for an osteoporotic proximal femur fracture.

Awareness of underlying osteoporosis in older trauma patients has a relevant influence
on compliance for further diagnosis and treatment [17]. It is evident that the documented
reduction in fracture risk of up to 70% cannot be realized in patients, that are not treatment-
adherent, because the compliance of oral bisphosphonates is as low as 50% one year
after start of therapy. [18,19]. Even if there was an existing fragility fracture or a known
risk for further fractures, patients’ willingness to participate in other screening programs
(colonoscopy and check-ups) was higher in both groups of patients than in those screening
programs for osteoporosis. This reduced awareness is one factor that may help to explain
why therapy for osteoporosis is so low in elective and non-elective patients [7]. To frame
the results, it is important to keep in mind that in Germany the costs for screening programs
for mammography and colonoscopy are covered by the public health insurance. This is
currently not the case for osteoporosis screening, which is a major factor for a reduced
utilization of osteoporosis screening measures in the general population. In our studies,
the costs for the screening examinations were covered by the treating clinics, which meant
that the patients did not incur any direct costs for participating in the examinations and
thus the cost factor is unlikely to have had any influence on the willingness to participate.

For the best possible surgical management, it is essential to know about the existence
of osteoporosis or osteopenia. This is because the stability of the bone already plays an
important role in the selection of the prosthesis and its application. Patients undergoing
hip arthroplasty today are the patients who are at risk of suffering periprosthetic femur
fracture in the future. Therefore, the knowledge of bone health is crucial for selecting a
suitable drug therapy that positively influences implant osseointegration and reduces the
risk of periprosthetic fracture [20,21].

The fracture risk determined by means of FRAX is clearly correlated with age in our
patients, since on the one hand age is included in the score and on the other hand with
increasing age basically more comorbidities are to be expected, which are also recorded in
the score Given that a fracture in the past is considered a risk factor in the FRAX score, it
makes sense that individuals who have recently undergone trauma have a higher fracture
risk. However, this increased risk in the NES group is not associated with increased aware-
ness compared to elective patients. The reason for this is multifactorial. First, it has been
shown that fracture patients are generally less aware of preventive examinations (NES: 67%;
ES: 85%), suggesting reduced health awareness in this group. Second, the fracture patients
presumably have fewer physician contacts due to musculoskeletal problems than patients
who receive a hip prosthesis due to chronic arthritic disease of the corresponding joint.
Due to this mostly long-standing disease, the physicians have more opportunities to create
a higher awareness of the disease with regard to the musculoskeletal system during the
treatments than with the fracture patients who are acutely admitted to the clinic. Further-
more, elective patients rate their health status during hospitalization significantly lower
than non-elective patients, indicating a higher level of suffering among elective patients
than among acute patients, which makes them more likely to feel threatened by illness
than the supposedly healthier fracture patients. The ASA score collected anesthesiologists,
contradicts the subjective assessment of the patients, as it rates the fracture patients as
more severely affected than the elective patients. Another relevant factor is the fact that
the patients who were acutely hospitalized after a fall consider chronic diseases to be less
threatening than patients who are already chronically ill with arthrosis. In addition, on the
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surgical side, the focus is on the best possible treatment of the acute injury and less on the
detection of any additional osteoporosis that may be present. This can lead to a communi-
cation and perception problem in fracture patients, as they attribute their suffering to the
acute trauma and are not aware of the risk of a further fragility fracture. Patients frequently
may not understand the order of causation, believing that the damage was first caused by
diminished bone stability rather than the actual fall. Accordingly, physicians should focus
on creating the best possible understanding of the disease and the best possible awareness
among patients. This is a cornerstone for an early start of therapy, good therapy compliance
and adherence, which is essential for successful subsequent fracture prophylaxis. This is
particularly important for secondary prevention in fracture patients, but also relevant for
primary prevention in elective patients. Mortality after PFF has remained almost the same
over the last 30 years, still significantly increased in the first year, up to 21–24% depending
on the literature [22].

Therefore, Lyles et al. were able to demonstrate another important argument for the
postoperative implementation of specific therapy for osteoporosis after PFF: iv administra-
tion of 5 mg zoledronic acid within 90 days postoperatively significantly reduced mortality
by 28% in this group [23].

Another important point for primary as well as secondary prevention is a regular
intake of vitamin D. Among the elective patients before surgery, twice as much vitamin
D was substituted as among the NES patients. The reasons for this could be a possibly
increased health awareness among the ES patients combined with a higher awareness of os-
teoporosis among them. Presumably, ES patients generally pay more attention to a healthy
lifestyle and are therefore more likely to take vitamin D regularly as a preventive measure.

Similar to this, after coronary stent placement, chronic medication and close moni-
toring are much more frequently used in internal medicine to manage disorders, such as
hypertension and hypercholesterolemia, which cause artery narrowing and calcification.
Additionally, the health care system’s diverse systems frequently make consistent therapy
challenging. Models such as the Fracture Liaison Service have been developed to monitor
patients over the long term, including via many healthcare system sectors, to help with
this [24–26].

It is important to take into account the study’s limitations, such as the fact that it
was limited to one university hospital and one affiliated hospital. A multicenter research
would be really intriguing to perform. Although patients with cognitive impairment were
not included in the study, it is feasible that patients’ understanding of the underlying
osteoporosis may differ depending on their degree of education, even though this study
did not assess educational level.

To our knowledge, the current study is the first to investigate whether patients under-
going elective and nonelective hip surgery are aware of the underlying osteoporosis.

5. Conclusions

We demonstrated that in all groups, willingness to participate in other screening
programs (preventive examinations and colonoscopy) was significantly higher than will-
ingness to participate in further osteoporosis diagnostics. Therefore, implementation of a
screening and care program for osteoporosis such as Fracture Liaison Services (FLS) may
improve patient awareness of this condition especially among fracture patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/medicina58111564/s1, Table S1: Results of multiple linear regression performed to determine
the factors influencing the presence of awareness for osteoporosis.
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Abstract: Hip fractures are a leading cause of hospitalisation in elderly patients, representing an
increasing socioeconomic problem arising from demographic changes, considering the increased
number of elderly people in our countries. Adequate peri-operative treatment is essential to decrease
mortality rates and avoid complications. Modern management should involve a coordinated multidis-
ciplinary approach, early surgery, pain treatment, balanced fluid therapy, and prevention of delirium,
to improve patients’ functional and clinical outcomes. The operative treatment for intertrochanteric
and subtrochanteric fractures is intramedullary nail or sliding/dynamic hip screw (DHS) on the
basis of the morphology of the fracture. In the case of neck fractures, total hip replacement (THR) or
hemiarthroplasty are recommended. However, several topics remain debated, such as the optimum
thromboprophylaxis to reduce venous thromboembolism or the use of bone cement. Postoperatively,
patients can benefit from early mobilisation and geriatric multidisciplinary care. However, during
the COVID-19 pandemic, a prolonged time to operation with a subsequent increased complication
rate have burdened frail and elderly patients with hip fractures. Future studies are needed with the
aim to investigate better strategies to improve nutrition, postoperative mobility, to clarify the role of
home-based rehabilitation, and to identify the ideal analgesic treatment and adequate tools in case of
patients with cognitive impairment.

Keywords: elderly; nailing; hip; proximal hip fracture; COVID-19

1. Introduction

Proximal femur fractures are a common consequence of osteoporosis, and we refer
collectively to them as “hip fractures”. They are a global challenge for healthcare systems
and for patients themselves and their families, as there were 1.31 million of hip fractures
in 1990 [1], and they are predicted to rise to 6.26 million globally by 2050 [2,3]. The socio-
economic costs represent 0.1% of the global burden of disease worldwide [1]. Hip fractures
are potentially a catastrophic event: about 30% of such patients will die within the first year
after injury [4], and the survivors will experience an increasing ongoing burden of illness
which will affect their quality of life [5]. Within 1 year following the fracture, only between
40 and 60% of such elderly patients will have returned to their pre-injury level of mobility
and ability [6].

Several evidence-based guidelines are supported by systematic reviews, and such
patients commonly present the association of different metabolic (diabetic and thyroid
disease) and inflammatory diseases [7–11].

Patients older than 80 or patients with common elderly multimorbidity aged over 70
are defined as “geriatric” [12], and 25 to 50% of patients over 85 are considered frail [13].
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Frailty is a specific condition described as an increased vulnerability to stressors [13],
and frailty fractures are defined as bone damage in the absence of important trauma or
following a fall from standing height or less; in this context, hip fractures are the most
common type of frailty fracture [14,15].

Surgical management should take place within the first 24 h, beyond which there is an
increased chance of peri-operative complications (i.e., pulmonary embolism, pneumonia,
deep vein thrombosis (DVT), urinary tract infections). In case of surgery delay for more
than 48 h, mortality may rise significantly [16]; however, if surgery is undertaken within
48 h, a 20% lower risk of dying during the next year has been reported [17].

During the COVID-19 global pandemic, the total number of hip fracture patients was
significantly reduced [18]. However, a systematic review and meta-analysis have shown a
seven-fold increased mortality risk for COVID-19-positive patients with hip fractures and
an increase in postoperative complications [19]. The time necessary to obtain the results
of COVID-19 tests, the reduced operating capacity, and the shortage of hospital staff were
identified as the major challenges. A recent multicentre study showed a mean delay of
2.4 days to surgery, with a minimum of 0 days and a maximum of 13 days [20].

The identification and treatment of geriatric conditions and prevention of complica-
tions is the aim of a comprehensive geriatric assessment [7], and modern “hip fracture care”
is a multidisciplinary effort which acknowledges that a hip fracture is not a simple fracture
but a marker of general health status deterioration.

2. Diagnosis

Typically, proximal femoral fractures occur in the elderly as a result of low energy
trauma (i.e., a fall from standing). In the UK, the last report of the National Hip Fracture
database (NHFD) reveals that 91.6% of hip fractures occur in patients over 70, and 72%
are females [21], reflecting the increasing probability of falling (in the over 65 years, one in
three people fall each year) and osteoporosis with advancing age [22].

On examination, patients report hip pain and inability to bear weight, with the af-
fected leg shortened and externally rotated. Plain radiographs are adequate for diagnosis,
but, when they are apparently normal with clinical signs and symptoms suggestive of a
hip fracture, magnetic resonance imaging (MRI) or computed tomography (CT) may be
indicated, i.e., the so-called ”occult hip fracture”, [23].

3. Classification

Hip fractures can be divided into intra and extracapsular, respectively, inside or
outside the hip joint capsule, reflecting the disrupted blood supply of the femoral head, and
guiding the decision process as to whether the patient will undergo (hemi) arthroplasty
or internal fixation of intra-capsular fractures, and the choice of which construct to use to
stabilise extracapsular fractures (i.e., intramedullary fixation with a nail or extramedullary
fixation with a sliding hip screw) (Figure 1) [2,24].

Generally, patients will undergo surgery, obtaining benefits of the early fixation/replacement
such as rapid postoperative mobilisation, and avoiding the poor outcomes and risks
associated with long-term immobilisation from nonoperative treatment [25].

Intracapsular fractures are commonly divided in subcapital, midcervical, and basicer-
vical; especially in the elderly, midcervical are the most common type, at over 86% of
intracapsular fractures [26].

Three classifications for femoral neck fractures are the most common used: Garden’s,
Pauwels’s (Figures 2 and 3), and the AO classification.
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Figure 1. Dynamic hip screw (DHS), pre and post operation of hip fracture using a particular type of
DHS, named Anteversa Plate.

Figure 2. Garden classification.

Figure 3. Pauwels classification.

The Garden classification, characterised by a fair inter-observer reliability, is composed
of four types: type I describes an incomplete or impacted fracture; type II a complete
fracture without displacement; type III a complete fracture with partial displacement; and
type IV a complete fracture with full displacement [27].

The Pauwels classification is based on biomechanical forces and pressure at the fracture
line site: in type I, a compression force is dominating, with a fracture line up to 30◦

to the horizontal plane; in type II there is a shearing stress, with negative impact on
bone healing [28] and with a fracture line between 30◦ and 50◦; in type III, the fracture
line is above 50◦ with shearing stress being the predominant force, leading to fracture
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displacement [29]. However, for this classification, a weak reliability and reproducibility
have been reported [30].

Probably, the most complete classification is the AO classification which combines
the fracture level, degree of displacement, and fracture line angle. The original version
of the (AO)/ASIF classification for hip fracture has been in use since 1990 [31], and it has
rapidly become popular and readily used in the scientific literature. The new AO/OTA
classification, published in 2018, imparts greater importance to the integrity of the lateral
wall, which may play an important role in decision making and has been identified as a
major prognostic factor to predict mechanical failure after surgery [32]. Furthermore, the
AO/OTA classification considers isolated trochanteric fractures (of the greater or lesser
trochanter), which were not classified in the original AO system.

4. Peri-Operative Pharmacological Management

Pain management is mandatory given its essential role in delirium prevention [33].
However, in the elderly, NSAIDs are not recommended, and drugs such as paracetamol
every 6 h, unless contraindicated, can be useful [34]. When pain control is not achieved,
oral opioids can be administered and accompanied by constipation prophylaxis [16].

Routine laboratory tests should include complete blood count, inflammation markers,
prothrombin time—international normalised ratio (PT-INR), partial thromboplastin time, and
metabolic profile [16]. Given their age, frequently, patients with hip fractures tend to be
dehydrated; a flow rate of 100–200 mL/h of isotonic crystalloids is estimated to be safe [16].

The incidence of urinary tract infections and asymptomatic bacteriuria increases with
age [35], and an association with superficial wound infections and symptomatic bacteriuria
has been reported. A recent systematic literature review has shown that the postoperative
infectious rate did not decrease if asymptomatic bacteriuria was treated before surgery [36].
Therefore, screening of the urinary tract infections is recommended, but treatment is needed
only when symptomatic [16].

Thromboprophylaxis received great attention for hip fracture patients in the last few
years given the risk of deep vein thrombosis (DVT), but the role of early surgery and
mobilisation in mitigating this risk is clear.

Given the potential increase in morbidity and mortality from thromboembolic events,
several national guidelines recommend thromboprophylaxis [8] and, at present, some
evidence can be found supporting the graduated compression stockings and cyclical leg
compression devices to reduce DVT with relatively good compliance and little risk of skin
abrasions [37,38].

Regarding bleeding complications prevention, 40% of elderly patients with hip frac-
tures take anticoagulants or antiplatelet agents [39], and optimal coordination with anaes-
thesiologists is mandatory: in patients with antiplatelet therapy, the recommendation is
to proceed with the surgery with no delay [40]. In the case of double antiplatelet therapy,
spinal anaesthesia is contraindicated [40]. Furthermore, a PT-INR value below 1.5 is an
indication for vitamin K antagonists, including warfarin and phenprocoumon [40].

The use of clopidogrel and aspirin can increase perioperative blood loss, but hip
fracture surgery can still safely be performed with no delay [41].

In patients with mechanical valves, atrial fibrillation (AF), with recent stroke history,
DVT, or pulmonary embolism, the use of subcutaneous low-molecular weight heparin or
intravenous unfractionated heparin need to be taken into consideration [42].

In the case of patients who use anti-Xa-agents (Apixaban, Edoxaban, Rivaroxaban), a
plasma drug level of under 50 pg/mL is deemed safe for surgery, and, if the plasma level
cannot be measured, a 24 h gap between the last dose and surgery should be considered [43].

Systemic tranexamic acid administration reduces blood loss and transfusion rates,
impacting favouirably on post-operative bleeding and not interfering with anti-coagulation.
However, a recent meta-analysis could not ascertain what its optimal regimen, timing, and
dosage are [44].

114



Medicina 2022, 58, 1314

Delirium can be present, and often it remains undiagnosed in the elderly [45], increas-
ing complications and mortality risks. Its prevention can play an essential role in the care
of hip fracture patients [46]. Screening for delirium is not simple, but questionnaires such
as the 4AT, a sensitive and specific tool, are validated for hip fractures [47], and can be used
to evaluate mental status changes. They should be used in routine screening on admission.
Multicomponent non-pharmacological approaches have been used, showing good results
and including early mobilisation, adequate hydration, sleep enhancement, orientation in
time and place, and therapeutic activities such as reminiscence [45]. An ideal policy for
visitors can be adjusted to achieve a reduction in stress and maintain routine activities and
a normal night–day rhythm.

5. Surgical Management

Hip fractures are an emergency, and strong evidence regarding early surgery is associ-
ated with a reduction in the risk of death [48].

Treatment should aim to return patients to their previous levels of daily life activities
and full weight bearing. Management depends on the different type of hip fracture, based
on the vascular anatomy of the proximal femur and the different chances of bone healing
and future complications.

Regarding intertrochanteric and subtrochanteric fractures, surgical management is
intramedullary nailing, which allows the decrease in soft tissue injuries during surgery
and early weight-bearing after surgery (Figure 4). The implant choice for intertrochanteric
fractures depends on fracture stability defined by the lateral cortical wall [49]. For example,
extramedullary devices such as the sliding hip screw (SHS) can be chosen when the lateral
cortex is intact, but an intramedullary device has biomechanical advantages given its
location closer to the vector of the force of gravity, due to a shorter lever arm compared to
extramedullary devices [24,49].

Figure 4. AO/OTA classification and subclassification.
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A recent meta-analysis comparing different management options for intertrochanteric
fractures [dynamic hip screw, compression hip screw, percutaneous compression plate,
Medoff sliding plate, less invasive stabilisation system, gamma nail, proximal femoral nail,
and proximal femoral nail anti-rotating (PFNA)] identified the PFNA as the option with
less blood loss and higher functional results [50].

The use of the helical blade in intramedullary devices resulted in a higher collapse
rate of the neck-shaft angle with a cut-out of the screw compared to the lag screw [51].

A recent prospective randomised controlled trial in hip fracture patients showed that
the use of nail and cephalic hydroxyapatite coated screws results in higher mechanical
stability and improved implant osteointegration compared to standard nailing [52].

A less common type of hip fracture is the subtrochanteric fracture, for which in-
tramedullary nailing with a long nail is the accepted standard, given the reduced operation
time, fixation failure rate, and length of stay (LOS) when compared to extramedullary
devices [53].

SHSs are an established and optimal option to manage extra-capsular hip fractures,
in particular the extra-capsular AO/OTA A1 and A2 fractures avoiding fracture collapse
with good mechanical stability [54,55]. However, in the case of more complex unstable
fractures (A3 types) with comminution and/or deficient bone to share the load with the
fixation device, the fracture may collapse into varus with the consequent cut-out of the
cephalic screw, or the femoral shaft may medialise excessively producing mechanical failure
(Figure 5). An intramedullary nail for subtrochanteric fractures, and these types of fractures,
achieves a more stable construct [56].

Figure 5. Hip fracture nailing using two different devices characterised by one or two cephalic screws.

Despite the clear guidelines about the use of modern implants in certain fracture
patterns, there still remain some gaps in the evidence [57].

Cement augmentation improves the stability of the implant in osteoporotic bone, but
it has been linked to the risk of thermal damage, osteonecrosis, and cement leaking at the
fracture site [58]. A recent systematic review on the clinical results of cement augmentation
showed improved radiographic parameters and lower complication rates, but more studies
are needed [59].

Femoral neck fractures can be managed conservatively or with surgery, using total hip
arthroplasty (THA) or hemiarthroplasty. In the case of non-surgical treatment, patients with
more than one comorbidity aged above 70 have an 83% risk of secondary dislocations of the
fracture [60], making surgery the best choice in elderly patients. Displaced intra-capsular
fractures are approximately half of all hip fractures [21], and they occur in a region where
the femoral blood supply is tenuous, and healing is unreliable. Hip hemiarthroplasty, in
which only the femoral head is replaced, is the treatment of choice, and current evidence
supports the use of bone cement [61] (Figure 6).
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Figure 6. Failure examples of hip fracture fixation using nail devices.

For the choice of the implant, two main aspects need to be considered: indication for
osteosynthesis, and, furthermore, consideration that elderly patients are less compliant to
weight-bearing restrictions [62].

Following the Pauwels classification, in type I or II of femoral fractures, internal
fixation is indicated. Considering femoral head blood supply, in type III and IV of the
Garden classification fracture osteosynthesis is generally not recommended.

Displaced femoral neck fractures are generally accompanied by the disrupted blood
supply predisposing to fixation failure; when there are co-existing osteoporosis and age-
related bone changes, there is a major increase in the risk of non-unions in the elderly [63].

Osteosynthesis can be suggested as a salvage option or in young patients with non-placed
fractures (Figure 7). If patients are bed-bound, surgery is indicated for pain management.

Figure 7. Treatment of fracture of neck of the femur using a hemiarthroplasty.

In the case of healthy and active patients, biological age can guide the implant choice:
in the case of high functional requirements and lower biological age, indications shift
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towards THA instead of hemiarthroplasty, which is indicated in the healthy elderly [64]
(Figure 8).

Figure 8. In young patients with non-displaced fractures or as a salvage option, two or three partially
threaded canulated screws can be used.

Cemented implants are characterised by less postoperative pain and better mobil-
ity [61], with better fixation in the osteoporotic bone [65]. However, bone cement has
risks, especially in frail patients, with an increased morbidity and mortality in intra and
post-operative periods [66]. However, bone cement implantation syndrome is rare, and
evidence highlights the reduction in pain and increased functional outcomes compared to
uncemented implants [61].

The periprosthetic femoral fracture risk is two times higher in patients above 60 years
with uncemented stems compared to cemented stems [67]. For those with an elevated risk
and suitable bone quality, to reduce the risks of cement implantation syndrome during
surgery, a non-cemented femoral component is indicated.

Cemented THA should be considered for patients with high levels of pre-injury activity
and able to walk independently, with no cognitive impairment and medically fit to undergo
a longer operation [57].

THA can be associated with a higher dislocation rate [65], but, in young and active
patients, it remains the implant of choice given the optimal outcomes and lower long-term
reoperation rate compared to hemiarthroplasty. The risk of dislocation is related to the
components’ positioning, surgeon’s experience, and soft tissue tension, [68]. In elderly
patients, sarcopenia, proprioception loss, and increased risk of falls are other factors which
need to be considered [68] (Figure 9).

Hemiarthroplasty does have some advantages, such as shorter surgery time and lower
dislocation incidence [64], but, in young patients, hemiarthroplasty has a high rate of
acetabular erosion with the need for conversion in THA for secondary osteoarthritis [69].

A multicentre randomised controlled trial compared displaced femoral neck fractures
managed either with THA or hemiarthroplasty, with no difference incidence of secondary
interventions, but the better WOMAC score favoured THA over hemiarthroplasty [70].

Basicervical femoral neck fractures are uncommon (1.8% of cases), and management
includes both a cephalomedullary nail and DHS. Cancellous screws are not recommended
given their high failure rate. Further research with well-defined management outcomes or
fixation failure evaluation are needed to achieve clear recommendations [71].
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Figure 9. In case of healthy and active patients, with high functional requirements and lower
biological age, total hip arthroplasty is the treatment of choice.

6. Postoperative Treatment

To reduce the risk of pneumonia, pressure ulcers, thromboembolism, and delirium,
early mobilisation is recommended, particularly in elderly patients [72]. In general, patients
who have had one fracture are at risk of another one, and for this reason it is essential to
investigate the cause of the fractures and prevent further accidents, taking in consideration
that syncope, Parkinson’s disease, and polypharmacy are associated with an increased risk
of falling in the elderly [73].

Postoperative care needs to include mechanical thromboembolism prophylaxis me-
diated by early mobilisation, pharmacological prophylaxis with low molecular-weight
heparin continued for 28–35 days, and physiotherapy [74].

7. Postoperative Care

Fracture prevention plays an essential role for elderly care, and two strategies are
employed: reduce fall risk and improve patients’ overall bone health. To avoid the risk of
falls, a clinical assessment to identify medical conditions (such as postural hypotension,
syncope, arrhythmia) needs to be undertaken, and basic investigations (i.e., blood pres-
sure measurements, a 12-lead ECG, and a review of current medications) can be helpful.
Mechanical causes such as poor mobility and impaired vision need to be evaluated and
managed, and a home assessment with relative modifications is recommended.

Bone health status can be obtained by routine blood tests to evaluate calcium or
vitamin D deficiency, and a review of drugs used and comorbidities such as liver and renal
disease. Secondary prevention of osteoporotic fracture is recommended in elderly patients
with confirmed osteoporosis and high risk of re-fracture, with the initial use of anabolic
drugs (such as teriparatide, abaloparatide, romosozumab) followed by anticatabolic drugs
(i.e., oral or intravenous bisphosphonates or denosumab) [75].

The rehabilitation process begins with the involvement of specialists such as orthogeri-
atricians, who play a clear role to optimise the patient’s medical condition in the peri-
operative period and early supported discharge [39,76]. Mobilisation is recommended
already the day after surgery [77], and early intensive rehabilitation is more effective to
improve mobility compared to a more sedate approach [78,79].

However, there is no consensus regarding which is the optimal strategy to improve
mobility [80]. Only some high-quality studies investigate nutrition’s role [81,82], and
moderate evidence [83] supports dietary supplementation, to avoid protein and energy
malnutrition, improving postoperative nutritional status and decreasing mortality [81].
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8. Conclusions

Hip fractures are demanding challenges for patients and healthcare systems. Man-
agement cannot be limited to the operating theatre. Given the increase in the burden of
disease, the true challenge is in prevention and in developing strategies to improve the
quality of life for this group of patients.

Generally, an interdisciplinary orthogeriatric treatment reduces the length of hospital
stay, number of complications, and mortality. Essential peri-operative aspects are pain
management, early mobilisation, management of fluid, and delirium prevention.

The COVID-19 pandemic has brought additional difficulties in hip fracture patients’
care, leading to a delay in surgery, and a higher complication rate. Despite the importance
of this condition and its impact on the life quality of patients, our knowledge is still evolving
and there remains a lack of quality evidence for management options that we can offer.
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