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Evaluation of the Risk Factors Associated with Dislocation
Following Cementless Bipolar Hemiarthroplasty of the Hip in
Elderly Patients: A Nested Case-Control Study
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ABSTRACT

0z

Introduction: Although a well-known advantage of the
cementless fixation technique is that it prevents bone cement
implantation syndrome, with lower perioperative mortality,
the risk factors associated with dislocation after cementless
bipolar hemiarthroplasty (BHA) have not yet been sufficiently
investigated. This study aimed to investigate the incidence
of dislocation following cementless BHA of the hip in elderly
patients with displaced femoral neck fractures. The related risk
factors are also examined.

Methods: In this nested case-control study, patients who had
undergone BHA for femoral neck fracture at a single tertiary
referral center were retrospectively reviewed. Three control
patients from the cohort who had not experienced dislocation
were selected for each patient who developed dislocation
following BHA. Clinical and radiographic outcome measures
were then assessed to determine the risk factors for dislocation
following BHA.

Results: Of the 103 patients available for the analyses in
the current study, 23 patients (12 females, 11 males) with
dislocation were selected as the study group and 70 patients
(33 females, 37 males) without dislocation were included in
the control group. Univariate analyses revealed significant
differences between the two groups in terms of number
of postoperative surgical site infections, dementia, center-
edge angle, and femoral offset. Two independent risk factors
associated with dislocation, namely, infection and dementia,
were identified during multivariate model analysis.
Conclusion: Patients with postoperative surgical site infection
or dementia are at greater risk for developing dislocation after
cementless BHA.

Keywords: Cementless bipolar hemiartrhoplasty, dislocation,
risk factors, femoral neck fracture

Amag: Cimentosuz fiksasyon tekniginin iyi bilinen avantajlari,
dustk perioperatif mortalite ile kemik cimentosu implantasyon
sendromunu onlemesi olmasina ragmen, ¢cimentosuz bipolar
hemiartroplasti (BHA) sonrasi dislokasyona bagli risk faktorleri
heniiz literatiirde yeterince arastinlmamistir. Bu calisma, yer
degistirmis femur boynu kingi olan yash hastalarda kalganin
cimentosuz BHA'sIni takiben cikik insidansini ve iliskili risk
faktorlerini arastirmayi amacladi.

Yontemler: Bu yuvalanmis olgu kontrol calismasinda, tek
bir t¢lincti basamak merkezde femur boyun kirigi nedeniyle
BHA uygulanmis hastalar geriye donik olarak incelendi.
BHAy1 takiben cikik gelisen her hasta icin kohortlardan ¢ikik
yasamamis (¢ kontrol hastasi secildi. BHA sonrasi dislokasyon
gelisimi ile ilgili risk faktorlerini belirlemek adina cesitli klinik
ve radyografik sonuc olcttleri degerlendirildi.

Bulgular: Analiz i¢in uygun oldugu belirlenen toplam 103
hasta arasindan dislokasyon gelistirmis olan 23 hasta (12
kadin, 11 erkek) calisma grubu olarak secildi. Kontrol grubuna
cikik gelistirmemis toplam 70 hasta (33 kadin, 37 erkek)
dahil edildi. Tek degiskenli analizler, postoperatif cerrahi
alan enfeksiyonlarinin sayisi, demans, merkez kenar agisi ve
femoral off-set acisindan iki grup arasinda 6nemli farkliliklar
ortaya koydu. Cok degiskenli model analizinde, dislokasyonla
iliskili iki bagimsiz risk faktorleri olarak: Enfeksiyon ve demans
tespit edildi.

Sonug: Ameliyat sonrasi cerrahi alan enfeksiyonu veya demansi
olan hastalar ¢imentosuz BHA'dan sonra dislokasyon gelisme
riski altindadir.

Anahtar Kelimeler: Cimentosuz bipolar hemiartroplasti, cikik,
risk faktorleri, femur boyun king
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Introduction

The incidence of femoral neck fractures has steadily increased along with
the improvement of the average life expectancy and social activities of
elderly patients (1,2). The most common treatment options for patients
with displaced femoral neck fractures include bipolar hemiarthroplasty
(BHA) or total hip arthroplasty (THA); of these, BHA is cited as the most
widely performed procedure in the treatment of these patients in the
USA (1).

Compared with THA, BHA is a less invasive surgery characterized by lower
blood loss, shorter operation times, and lower initial costs (3). One of the
major causes of treatment failure following BHA is hip dislocation. The
literature reports an incidence of dislocation ranging from 1% to 11%,
which indicates that this complication may be secondary to patient-
related factors, such as a history of neurological disease or weakness of
the abductor muscles, or surgery-related factors, such as the choice of
surgical approach and prosthesis type (4-8).

BHA prostheses can be implanted via the cemented or cementless
techniques, and both approaches have comparable clinical results (9,10).
Although a well-known advantage of the cementless fixation technique
is that it prevents bone cement implantation syndrome, with lower
perioperative mortality (11,12), to the best of our knowledge, the risk
factors associated with dislocation after cementless BHA have not yet
been sufficiently investigated. The aim of the present study, therefore,
is to investigate the incidence of dislocation following cementless BHA
of the hip in elderly patients with displaced femoral neck fractures. The
related risk factors are also examined.

Methods

A retrospective chart review of patients who had undergone BHA for
femoral neck fracture between 2012 and 2019 at a single tertiary referral
center was conducted in this work. Written informed consent was
obtained from all participants prior to their participation in this study.
The inclusion criteria for the study were a diagnosis of unilateral femoral
neck fracture due to low-energy trauma, treatment by cementless BHA,
age of 65 years or older, a minimum of 1 year of follow-up, complete
medical records and radiographic images, and willingness to participate
in the study. The exclusion criteria included a diagnosis of femoral neck
fracture due to high-energy trauma, pathological hip fracture, a history
of polytrauma, a history of previous hip surgery, loss to follow-up, death
during the first year of follow-up, and inadequate radiographic imaging.

Study Population and Design

A total of 241 patients were assessed according to the above eligibility
criteria. Exclusion of 138 patients left 103 patients available for analysis
in this study. A nested case-control design was used to analyze the risk of
experiencing hip dislocation following BHA. Three control patients from
the cohort who had not experienced dislocation were selected for each
patient with dislocation on the basis of age (£3 years), gender, and time
of surgery (the approximate ratio of 1:3 case-to-control). The approval
form the University of Health Sciences Turkey, istanbul Training and
Research Hospital Local Ethics Committee was obtained (approval
number: 2657, date: 08.01.2021).
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Surgical Technique

All BHA procedures were performed via a standard posterior approach by
four experienced orthopedic surgeons. A cementless bipolar prosthesis
was implanted in all of the patients (F40, Biomet, Inc., Warsaw, IN,
USA). A standard management protocol, including general or spinal
anesthesia, thrombosis prophylaxis, a suitable perioperative antibiotic
administration for infection prophylaxis, and physical rehabilitation, was
used in all operations. Low-molecular weight heparin was administered
as a thrombosis prophylaxis 12 hours prior to surgery and terminated
as the patients gained full mobility. Full weight bearing was allowed
immediately postoperatively if tolerated by the patients. All patients
received a standardized rehabilitation program under the supervision
of physiotherapists.

Clinical Outcome Measures

The length of time from hospital admission to operation, the length
of hospital stay, the length of hospitalization in the intensive care
unit (ICU), the time from operation to dislocation, the presence of
postoperative surgical site infection, the type of anesthesia, any medical
comorbidities, and the American Society of Anesthesiologists (ASA) score
of each patient were obtained from the hospital database.

The type of anesthesia administered was categorized as regional or
general. Medical comorbidities involved heart disorders (i.e., congestive
heart failure, myocardial infarction), diabetes mellitus, chronic
pulmonary disorders, and dementia. ASA scores were documented to
assess the physical status of the patients upon admission (13).

Radiographic Outcome Measures

The acetabular abduction angle (AA), femoral offset (FO), center-edge
(CE) angle, and limb length discrepancy (LLD) were measured from
the first postoperative anteroposterior hip radiographs collected by
an experienced orthopedic surgeon. AA (°) was calculated as the angle
between the horizontal line passing through the ischial tuberosities and
the line from the acetabular teardrop to the lateral acetabular margin.
FO (mm) was calculated as the perpendicular distance between the axis
of the femoral shaft and the center of rotation. LLD (mm) was measured
by calculating the difference in vertical distance from the inter-teardrop
line to the lesser trochanter between both sides (Figure 1).

Statistical Analysis

IBM SPSS Statistics software version 20.0 (IBM Corp., Armonk, New York,
NY, USA) was used for statistical analysis, and p<0.05 was regarded as
statistically significant. Normality tests were conducted using the Shapiro-
Wilk test. Data are presented as “minimum,” “maximum,
“IQR” “arithmetic mean,” “number,” and “percentage.” The data of the
study group were converted to nested case-control data based on a 1:3

» o«

median,”

ratio of patients to controls. For univariate analyses, parametric data
were compared by Student’s t-test for normally distributed variables
and the Mann-Whitney U test for non-normally distributed ones. Non-
parametric data were compared using the ? test or Fisher's exact
test. For multivariate analyses, conditional logistic regression analyses
were performed using a backward elimination technique to identify
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independent risk factors for the development of dislocation of hip BHA,
with significant variables (p<0.25) as in univariate analyses.

Results

Demographic Characteristics

Of the 103 patients available for the analyses in the current study,
23 patients (12 females, 11 males) were chosen as the study group
because they had experienced at least one dislocation following BHA
(3 developed recurrent dislocations). A total of 70 patients (33 females,
37 males) who experienced no dislocation were included in the control
group. The demographic characteristics of the study population are
presented in Table 1. The mechanism of dislocation was atraumatic in
17 patients (74%) and a simple fall in 6 patients (26%).

Univariate Analysis

Table 2 summarizes the clinical and radiographic outcomes of both

groups. Univariate analyses showed significant differences between

CEA: Center-edge angle, AA: abduction angle, LLD: leg length discrepancy, FO: femoral the study and control groups with respect to the following outcome

offset measures: number of postoperative surgical site infections, dementia,
CE angle, and FO.

Figure 1. Measurements of center-edge angle, abduction angle, leg length
discrepancy, and femoral offset

Table 1. Demographic characteristics of the study participants

Characteristic Study group (23 patients) Control group (70 patients) p
o Minimum-maximum 68-95 69-96
Age on admission (year) 0.75
(Mean * SD) 81+6.26 82+5.7
Gender Female/male 12/11 33/37 0.83°
Side Right/left 10/13 33/37 0.96°

aStudent’s t-test, *Pearson’s %2 test, *p<0.05, SD: standard deviation

Table 2. Comparative analyses of clinical and radiographic outcomes between the case and control groups

Study group Control group p
Clinical outcome measures
) Min-max 5-15 2-27
Length of hospital stay . 0.103
Median-IQR 9-6 8-2
o Min-max 0-5 0-6
Length of hospitalization in the ICU . 0.095
Median-IQR 1-0 0-1
Number of postoperative surgical site infections - 9/23 (39%) 5/65 (7%) 0.001**
Type of anesthesia Regional/general 19/4 54/16 0.32
Dementia 9/23 (39%) 7/70 (10%) 0.003*
ASA 1-2 8 (34.8%) 32 (45.7%)
ASA 0.25
ASA 3-4 15 (65.2%) 38 (54.3%)
Radiographic outcome measures
. Min-max 29-43 28-44
Acetabular abduction angle . 0.076
Median-IQR 35-9 33.5-8
Min-max 30-52 32-54
Center-edge angle 0.037*
Mean + SD 40.78£6.01 43.49+5.06
Min-max 20-47 20-47
Femoral offset 0.047*
Mean + SD 32.74+7.2 35.761+5.88
X . Min-max 0-13 0-15
Limb length discrepancy (mm) . 0.28
Median-IQR 1.1-1.8 1.9-1.93

ICU: Intensive care unit, ASA: American Society of Anesthesiologists, IQR: interquartile range, SD: standard deviation, *p<0.05, **p<0.01
min: minimum, max: maximum
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Multivariate Analysis

Variables identified as statistically significant at a p value of 0.05 in the
univariate model were included in the multivariate logistic regression to
measure their effects on the development of hip BHA dislocation. The
multivariate model found the following two significant independent
variables that were strongly associated with the risk of developing
dislocation: infection and dementia (Table 3).

Discussion

The results of this study indicated an incidence of dislocation of 9.5%
after cementless BHA through the posterior approach in elderly patients
with displaced femoral neck fractures. Multivariate logistic regression
revealed a possibly increased risk for BHA dislocation associated with
the development of postoperative site infection and the presence of
dementia in these patients.

The dislocation incidence of 9.5% obtained in the current study is
comparable with previous reports indicating an incidence of dislocation
after BHA ranging from 1% to 11% (6,14,15). However, the literature
remains controversial regarding the risk factors that play a role in the
development of dislocation after BHA in elderly patients. Several studies
have revealed different risk factors ranging from patient-related factors
(e.g., history of neurological disease and weakness in the abductor
muscles) to surgery-related factors (e.g., choice of surgical approach and
prosthesis type) (6-8,16). A prospective cohort study by Enocson et al. (16)
on 739 consecutive hips determined that the posterior approach is the
only factor associated with a significantly increased risk of dislocation.
A study by Kim et al. (6) reported that patients with a CE angle <44°
were significantly more prone to develop dislocation than patients
with a CE angle >44°. Similarly, Zhang et al. (2) found a significant
association between a CE angle <45.4° and dislocation after BHA. In
our study, although we found that the CE angle is significantly lower
in the group with dislocation after BHA than in the control group after
univariate analysis, we did not find a significant relationship between
these parameters during multivariate logistic regression analysis. Mukka
et al. (14) stated that, in addition to a smaller CE angle, the shortening
of the FO and a shorter leg could increase the dislocation rate by
decreasing the tension in peripheral soft tissues. In the present case, we

Table 3. Results of multivariate logistic regression analysis

Length of hospital stay
Length of hospitalization in the ICU
Number of postoperative surgical site infections
Dementia
Step 1 ASA
Acetabular abduction angle
Center-edge angle
Femoral offset
Constant

ICU: Intensive care unit, ASA: American Society of Anesthesiologists, *p<0.05
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found no significant association between either the FO or LLD and the
development of dislocation.

In addition to radiographic parameters, various clinical parameters
have been investigated as possible risk factors for the development
of dislocation after BHA. For example, Mukka et al. (14) reported that
mental status is more likely to be associated with dislocation than
age, gender, ASA score, or other factors. Similarly, Madanat et al. (8)
determined that dislocation is not associated with age, gender, BMI,
dementia, alcohol consumption, living environment, operation time,
or operator experience. Similar to Mukka et al. (14) but in contrast to
Madanat et al. (8), our logistic regression analysis identified dementia as
an independent risk factor for the development of dislocation following
BHA. However, in agreement with both studies, we also observed no
association between dislocation and other clinical factors, such as
age, gender, side of operation, type of anesthesia, ASA score, length of
hospital stay, and length of hospitalization in the ICU.

The effect of cement use during hemiarthroplasty on the risk of
dislocation remains a controversial issue. Some authors have reported
that the use of a cemented stem increases the risk of dislocation
(15), while others have determined that stem fixation decreases
the dislocation risk (17). In our study, because BHA prostheses were
implanted in all patients without the use of cement, we were unable
to compare the outcomes of the cementless and cemented techniques.
Nonetheless, our reported rate of dislocation is similar to the rates cited
in the previous studies discussed above.

Hemiarthroplasty is a popular treatment option for hip fractures in the
elderly population; however, many factors that can affect dislocation
may occur concomitantly in elderly patients because of the high
number of comorbidities that generally accompany aging. For example,
muscular dystrophy, cerebrovascular disease, chronic alcoholism, drug
use, muscle coordination, and balance disorders may affect the risk of
dislocation. Thus, careful examination of the patient’s comorbidities
during the preoperative period may be helpful in reducing the risk
of dislocation following hemiarthroplasty. Surgical technique errors
that may cause dislocation, such as component malposition, implant
selection, and the surgeon’s experience, are other factors that require
separate investigations.

B S.E. Wald df Sig. Exp (B)
-0.059 0.086 0.480 1 0.489 0.942
-0.276 0.255 1.175 1 0.278 0.759
1.51 0.775 3.801 1 0.051* 4.530
1.634 0.711 5.278 1 0.022* 5.123
0.091 0.631 0.021 1 0.885 1.096
-0.112 0.067 2.752 1 0.097 0.894
0.091 0.060 2.309 1 0.129 1.095
0.008 0.052 0.025 1 0.875 1.008
-0.772 4.060 0.036 1 0.849 0.462
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Study Limitation

The present study included several limitations that must be considered
when interpreting the results. First, this study has a relatively small
sample size, which limits the power of the results. However, the power
was strengthened by the use of a nested case-control design, which is
often adopted when the outcome is rare or when the feature of interest
is difficult to obtain. In the current study, we performed a 1:3 ratio
nested case-to-control study. For each dislocation patient, we matched
three control patients in terms of age and sex to eliminate several
confounding factors and increase the reliability of the study.

Conclusion

Evidence from this study showed that postoperative surgical site infection
and dementia are independent risk factors for hip dislocation following
BHA in elderly patients with displaced femoral neck fractures. Further
controlled, randomized, prospective studies are needed to confirm the
feasibility and effectiveness of cementless stem fixation in BHA.
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