
Introduction

The geriatric population is the fastest growing worldwide, 
and femoral neck fractures have arisen as a major public health 
problem. Increased mortality is known to persist for several 
years postfracture (1), with a 1-year mortality rate of 14 to 
36% (2, 3). Surgery is the first choice of treatment for femoral 
neck fractures. Although some authors have reported better 
results with internal fixation (4), hemiarthroplasty is still ac-
cepted as the optimum treatment for displaced femoral neck 
fractures in most elderly patients (5). Total hip arthroplasty is 
an alternative for active patients with a long life expectancy 
and arthritic joints.

The choice of prosthesis in hemiarthroplasty is controver-
sial. Some authors advocate the unipolar prosthesis, whereas 
others prefer the bipolar prosthesis (5-13). The theoretical 
advantage of the bipolar prosthesis is the motion at its inner 
bearing in addition to the prosthesis-acetabulum interface 
(14). This should decrease the amount of acetabular erosion, 

as evidenced radiologically, and reduce pain clinically. Never-
theless, studies have shown that the inner bearing loses mo-
bility over time and that the bipolar prosthesis behaves simi-
larly to the unipolar prosthesis (15, 16). Moreover, the two- to 
five-fold increased cost of the bipolar prosthesis compared 
with the unipolar prosthesis poses the question of whether it 
affects quality of life and functional results in elderly patients 
after fractures with high mortality rates.

We hypothesised that selection criteria for unipolar or 
bipolar prostheses could be constructed based on factors 
affecting mortality of patients with femoral neck fractures. 
Therefore, the aims of this retrospective study were: (1) to 
determine the factors affecting mortality of femoral neck frac-
ture patients ≥65 years of age; (2) to compare patient mor-
tality rates, radiological findings, and functional outcomes 
according to prosthesis type (unipolar or bipolar); and (3) to 
evaluate the persistence of inner bearing mobility of bipolar 
prostheses.

This study was presented as an oral presentation at the 22nd National Turkish Orthopaedics and Traumatology Congress, 30 October –  
5 November 2011, Antalya, Turkey.
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ABSTRACT
Background: The choice of prosthesis in hemiarthroplasty is controversial for geriatric patients after femoral neck fracture. We hypothesised that selec-
tion criteria for unipolar or bipolar prostheses could be constructed based on factors affecting mortality.

Aims: The aims of this retrospective study were: (1) to determine the factors affecting mortality of femoral neck fracture patients ≥65 years of age; (2) to 
compare patient mortality rates, radiological findings, and functional outcomes according to prosthesis type (unipolar or bipolar); and (3) to evaluate the 
persistence of inner bearing mobility of bipolar prostheses. 

Study Design: Retrospective comparative study.

Methods: In total, 144 patients operated for hemiarthroplasty and aged ≥65 were included. We classified the patients into either unipolar or bipolar 
prosthesis groups. To reveal factors that affected mortality, age, sex, delay in surgery, and American Society of Anesthesiologists score were obtained 
from folders. Barthel Daily Living, Harris hip, and acetabular erosion scores were calculated and bipolar head movement was analysed for live patients. 

Results: One-year mortality was 31.94%. Age ≥75 (p=0.029), male sex (p=0.048), and delay in surgery ≥6 (p=0.004) were the patient characteristics 
that were related to increased mortality. There were no significant differences in sex, age, American Society of Anesthesiologists score, delay in surgery, 
mortality, or Barthel, Harris, acetabulum scores between the two groups. Twenty patients from each group were admitted for last follow-up. Bipolar head 
movement was preserved for 33.3% of patients. They were inactive patients with low Barthel and Harris scores.  

Conclusion: Although bipolar head movement was preserved in inactive patients, we suppose that this conferred no advantage to these patients, who 
could hardly walk. In this study, male patients, those aged ≥75 years, and those operated at ≥6 days had an increased risk of mortality. Also, although not 
significant in multivariate analysis, high American Society of Anesthesiologists score (≥3) was related to increased mortality. Considering that one of three 
patients died during the first postoperative year, we think that these patients should be operated as soon as possible, and expensive bipolar prostheses 
must be used selectively in regard to patient characteristics.
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Material and Methods

This was a retrospective comparative study that received 
local ethics committee approval. Informed consent was ob-
tained from all live patients. From 1 January 2001 until 1 Janu-
ary 2008, a total of 235 displaced femoral neck fracture pa-
tients aged 65 years and older were treated in our institute. 
Inclusion criteria were having been previously ambulatory and 
an at least 1-year postoperative follow-up if they survived. 
Patients with pathological fractures (12 patients), with insuf-
ficient or inconsistent preoperative data (17 patients), and 
those who were treated with internal fixation (28 patients) or 
total hip arthroplasty (32 patients) were excluded. One pa-
tient from the unipolar prosthesis group and one from the 
bipolar prosthesis group were excluded due to postoperative 
complications (dislocation). Finally, 144 patients were includ-
ed in the study.

We checked postoperative radiographs and classified the 
patients into either the unipolar or bipolar prosthesis groups. 
The unipolar prosthesis group included the Thompson, Lein-
bach, and modular head unipolar prostheses. Age at admis-
sion, sex, trauma date, number of days until surgery, and the 
American Society of Anesthesiologists (ASA) physical status 
score were obtained from patients’ computerised data, hos-
pital charts, and folders. The ASA score was used by the an-
aesthesiologists to predict operative risk.

Patients’ recent health status information was obtained by 
telephone interview. To reveal factors that affected mortality, 
the patients were grouped as either alive or dead. The post-
operative survival period was assessed for the dead patients. 
Twenty patients from the bipolar prosthesis group and 20 pa-
tients from the unipolar prosthesis group agreed to undergo 
a last follow-up. For these 40 patients, informed consent was 
obtained, physical examinations were performed, and the 
Barthel daily living activity (17) and Harris hip (18) scores were 
calculated. For radiological evaluation of these patients, an-
terior-posterior pelvis radiographs (Siemens, Erlangen, Ger-
many) were taken and acetabular erosion was determined 
using the method described by Phillips (19). In this method, 
the reference points are taken from the contralateral normal 
hip, and the precise postoperative location of the prosthetic 
femoral head is determined according to the lines drawn from 
these reference points as follows: in order to measure acetab-
ular erosion, a horizontal line is drawn through the proximal 
limits of the obturator foramina and a parallel line through 
the upper margins of the femoral head of the contralateral 
hip. This locates the original superior margin of the prosthetic 
head. The original medial margin of the prosthetic head is 
determined similarly, by measuring the distance from the ilio-
ischial line. The difference between the last position of the 
prosthetic femoral head and the postoperative location of the 
prosthetic femoral head is then measured. This is the amount 
of acetabular erosion (Figure 1). Finally, the acetabulum score 
is calculated by the following formula:

100 – (acetabular erosion amount / femoral head diam-
eter) X 100

For the patients in the bipolar prosthesis group, additional 
radiographs of the hips were taken in abduction, adduction, 

internal rotation, and external rotation to analyse bipolar 
head movement. The mobility of the bipolar head was scored 
according to the system of Phillips. In this fluoroscopy scoring 
system for bipolar head motion, the classifications are as fol-
lows: Type A, all movement at inner metal/polyethylene sur-
face until outer head/neck impingement; Type B, movement 
shared between outer metal/cartilage and inner metal/poly-
ethylene surfaces; and Type C, all movement at outer metal/
cartilage surface (20). 

Statistical analysis
For the statistical analysis NCSS (Number Cruncher Sta-

tistical System) 2007 & the PASS (Power Analysis and Sample 
Size) 2008 Statistical Software (Utah, USA) program were 
used. The unadjusted χ2 test was used to evaluate differ-
ences between proportions. The unpaired Student’s t-test 
was used to evaluate differences between means that with 
a normal distribution and the Mann-Whitney U test was 
used to evaluate differences between medians. Continuity 
Correction Yates test was used for gender-related mortal-
ity analysis. To determine the association between potential 
predictors and mortality, the Enter Logistic Regression Anal-
ysis test was used. In this method, the cut-off values were 
taken as 75 for age and 6 days for delay in surgery. These 
cut-off points were determined according to receiver oper-
ating curve (ROC) analysis and sensitivity-specificity tests. 
The results were analysed in 95% confidence interval and a p 
value of <0.05 was defined as significant in all tests. In power 
analysis, according to the delay in surgery parameter (delta 
was taken as 3 days and standard deviation was taken as 6 
days), sample size was calculated to be at least 62 for 80% 
power and α=0.05.

Figure 1. A 2-year postoperative anterior-posterior pelvis 
radiograph of a 76-year-old female patient operated with 
a unipolar prosthesis. The patients’ Harris hip score was 
83 and Barthel daily living activity score was 20 at last 
follow-up. In this example, the area of erosion measured 
12 mm and the diameter of the femoral head measured 48 
mm; therefore, the acetabular score was 100 - (12 / 48) X 
100 = 75
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Results

A total of 144 patients were included in this study. The 
mortality rates for 1 month and for the first 6 months were 
13.88% and 28.47%, respectively. The mortality rate declined 
following the first 6 months after surgery. One-year mortal-
ity was 31.94%. There were 62 live patients and 82 patients 
were dead. The baseline characteristics of these two groups 
are summarised in Table 1. We found that increasing age 
(p=0.024), male sex (p=0.016), high ASA score (p=0.020), and 
delay in surgery (p=0.024) were related to increased mortality 
in univariate analysis. We determined cut-off values as 75 for 
age and 6 days for delay in surgery according to ROC analysis 
and sensitivity-specificity tests. The risk factors (age ≥75, male 
sex, ASA, and delay in surgery ≥6) were analysed by the En-
ter Logistic Regression Analysis test and age ≥75 (p=0.029), 

male sex (p=0,048), and delay in surgery ≥6 (p=0.004) were 
significant independent predictors of mortality in multivariate 
analysis.

The patients were separated into unipolar and bipolar 
prosthesis groups according to treatment type. There were 
81 (56.2%) patients in the unipolar prosthesis group and 63 
(43.8%) in the bipolar prosthesis group. The baseline char-
acteristics of these two groups are summarised in Table 
2. There were no significant differences in sex, age, ASA 
score, or delay in surgery between the two groups. How-
ever, for the last 3 years, because the bipolar prosthesis was 
the choice of treatment for almost all femoral neck fracture 
patients, the follow-up periods were different for the two 
groups (p<0.001). Therefore, to determine the mortality rate 
according to treatment type, we analysed mortality rates 
during 1-, 6-, and 12-month follow-up periods. There were 

  Unipolar Prostheses (n=81) Bipolar Prostheses (n=63) p

Age 
 Mean (Years) 77.679±7.520 78.873±8.039 0.3607

Sex 
 Male 35 (43.2%) 17 (27%) 
 Female 46 (56.8%) 46 (73%) 0.0548

ASA  
 Median 3 3 0.1442

Delay in Surgery 
    Mean (Days) 11.90±13.119 9.93±9.181 0.342

Mortality 
 1 month 14.81 12.69 0.8106 
 6 months 30.80 25.3 0.5771 
 12 months 35.8 26.9 0.2844

Follow-up Period 
 Mean (Months) 32.52±27.145 18.52±14.231 <0.001*

* p<0.05

Table 2. Baseline characteristics of unipolar and bipolar prosthesis groups 

  Live (n=62) Dead (n=82) p (univariate analysis) p (multivariate analysis)

Age 
 Mean (Years) 76.53±7.15 79.46±7.98 0.024* 0.029*

Sex

 Male 15 (24.2%) 37 (45.1%) 
 Female 47 (75.8%) 45 (54.9%) 0.016* 0.048*

ASA  
 Mean 2.61±0.66 2.90±0.60 
 Median 3 3 0.020* 0.538

Delay in Surgery 
 Mean (Days) 9.58±11.02 11.79±11.46 
 Median (Days)     5 8 0.024* 0.004*

* p<0.05

Table 1. Baseline characteristics of live and dead patients
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no significant differences in mortality rates between the two 
groups (Table 2).

Of the 62 live patients, 28 were in the unipolar prosthesis 
group and 34 were in the bipolar prosthesis group. Twenty 
unipolar prosthesis patients and 20 bipolar prosthesis patients 
were admitted for a last follow-up. In the unipolar prosthe-
sis group, the mean age (73.938±6.298 years) and Harris hip 
(84.78±9.502), Barthel (18.44±3.265), and acetabulum scores 
(86.66±11.208) were not significantly different than the mean 
age (76.917±7.845 years) and Harris hip (83.46±13.791), Bar-
thel (18.25±2.701), or acetabulum scores (90.15±7.615) of 
the bipolar prosthesis group (p=0.2749, p=0.944, p=0.692, 
p=0.675, respectively). The mean follow-up in the unipolar 
prosthesis group (58±22.042 months) was significantly longer 
than that in the bipolar prosthesis group (18.33±6.14 months) 
(p≤0.001).

While analysing bipolar head movements of the 20 bipolar 
prosthesis patients who were admitted for the last follow-up, 
we were not able to classify two patients because the posi-
tions were not adequately proportioned on the serial radio-
graphs. For the remaining 18 patients, we observed type A 
movement in three patients (Figure 2), type B movement in 
three patients, and type C movement in 12 patients (Figure 
3). In other words, in a mean follow-up period of 23.5 months, 
we observed inner bearing movement (type A and B) in six 
prostheses (33.3%), while the remaining 12 prostheses (66.6%) 
showed movement only at the outer articular surface (type C). 
We compared prostheses with inner bearing mobility (types 
A and B, n=6) and immobility (type C, n=12). Between inner 
bearing mobile and immobile groups, there were no significant 
differences in mean age (74.167±5.776, 81.917±10.104 years; 
p=0.1035) or mean follow-up (21.67±7.711, 24.50±14.438 
months; p=0.925). In terms of functional outcome, the mean 
Harris hip score was significantly (p=0.028) lower in the mo-
bile inner bearing prosthesis group (66.68±14.153) than in 
the immobile group (82.84±12.920). In addition, although not 
statistically significant (p=0.175), the mean Barthel score of 
the mobile inner bearing group (13.17±6.274) was lower than 
that of the immobile group (17.33±2.902). However, regard-
ing the radiological follow-up results, the mean acetabulum 
score in the mobile inner bearing group (96.0±3.742) was sig-
nificantly (p=0.0233) higher than that in the immobile group 
(87.528±6.774).

Discussion

Hemiarthroplasty is widely accepted as the optimum 
treatment for displaced femoral neck fractures in most elderly 
patients (5). However, the choice of prosthesis is controver-
sial; some authors advocate the unipolar prosthesis, whereas 
others prefer the bipolar prosthesis (5-13). In this study, we 
hypothesised that selection criteria for unipolar or bipolar 
prosthesis could be constructed based on the factors affect-
ing the mortality of patients with femoral neck fractures.

Several limitations in this study may have affected the re-
sults. First, the unipolar and bipolar prostheses were not clas-
sified according to their subtypes. Second, the study was a 
retrospective analysis and so is subject to the limitations of 

all retrospective studies. Finally, 22 patients were not willing 
to attend the last follow-up, and so these patients were not 
evaluated clinically or radiologically.

When all patients were considered, the mortality risk was 
increased after femoral neck fracture, especially during the 
first 6 months. Although the risk began to lessen after the 
sixth month, almost one-third (32%) of the patients died in 
the first postoperative year. Many studies have reported that 
postfracture mortality is increased during the first year and 
then decreases gradually over time (1, 3).

In our study, high ASA score was related to increased mor-
tality in univariate analysis, but in multivariate analysis, it was 
not a significant predictor of mortality. Also, we found that 
male sex was related to increased mortality in both univariate 
and multivariate analyses. Although controversial (2), it has 

Figure 3. a, b. Twelve-month postoperative radiographs 
of a 68-year-old woman. Radiograph taken in adduction 
position (a). Radiograph taken in abduction position (b). 
All movement ensued at the outer metal/cartilage surface 
(Type C)

a b

Figure 2. a-c. Twenty-four-month postoperative radiog-
raphs of a 76-year-old man. Radiograph taken in adduc-
tion position (a). Radiograph taken in abduction position 
(b). Radiograph taken in lateral position (c). All movement 
ensued at the inner bearing (metal/polyethylene) surface 
(Type A). Hip motion did not lead to alteration of the outer 
articular surface position

a b c
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been advocated that male sex is related to increased mor-
tality, even when other potential confounders are controlled 
for (21). Moreover, the literature supports the current find-
ings that increased age (2), high ASA score (22), and delayed 
surgery (23) are correlated with increased mortality (Table 1).

In this study, there were no significant differences in the 
mortality and complication rates between the unipolar and 
bipolar prosthesis groups. Although some contrary reports 
have been published (5, 12), most retrospective studies 
confirm our findings (6-8). Moreover, many recent prospec-
tive studies have also reported no significant difference be-
tween the outcomes of unipolar and bipolar hemiarthroplasty 
treatments after femoral neck fracture (9, 11, 13). Finally, in 
a recent evidence-based Cochrane review, Parker et al. (24) 
reported no differences in mortality or complication rates be-
tween unipolar and bipolar hemiarthroplasty treatments.

Among the 40 patients that attended the last follow-up, 
the mean acetabulum score of the bipolar group patients was 
somewhat higher; nevertheless, the difference between the 
two groups was not significant. This might be due to the dif-
ference between the mean follow-up periods (unipolar group 
patients had a significantly longer mean follow-up period). In 
addition, this finding was not reflected in the daily living ac-
tivities (Harris hip and Barthel scores). Similar clinical studies 
have shown that radiological erosion does not lead to clini-
cal complaints (9, 10). Although significant acetabular ero-
sion with unipolar prostheses has been reported (10), it was 
caused by the younger age and higher daily living activity of 
the affected patients (6, 9). In a recent Cochrane review, there 
was no difference in acetabular erosion between unipolar 
and bipolar prostheses (24). Unipolar prostheses seem likely 
to lead to more acetabular erosion during long-term follow-
up, but how long the inner bearing surface motion of bipolar 
prostheses will continue is debatable (15, 16, 25).

In our bipolar head analysis, there was no significant differ-
ence in the mean follow-up period between the mobile inner 
bearing (types A and B, six patients) and immobile (type C, 12 
patients) groups. In a mean follow-up period of 23.5 months, 
two-thirds of bipolar prostheses behaved like unipolar pros-
theses, moving only from the outer articular surfaces. In previ-
ous studies, a decrease in inner bearing motion over time was 
reported (15, 16). Verberne et al. (16) demonstrated cessation 
of inner bearing motion at the third postoperative month, 
and Chen et al. (15) reported similar findings at the second 
postoperative year. Polyethylene lubricant behaviour deterio-
ration, foreign body reaction to the polyethylene debris, and 
wedge impaction of the metal head onto the polyethylene 
are the hypotheses for the loss of inner bearing motion (15, 
16). On the other hand, Bochner et al. (25) reported mainte-
nance of the inner bearing motion at the third postoperative 
year. However, in a prospective controlled study, Dalldorf et 
al. (26) compared acetabular cartilage biopsies obtained dur-
ing hemiarthroplasty revision surgery with those from a con-
trol group. They reported that acetabular erosion was related 
to the length of time that the prosthesis was in place rather 
than to the type of prosthesis. 

Theoretically, minimal radiological acetabular erosion is 
expected in patients with preserved bipolar motion. In our 

study, the mean acetabulum score was significantly higher in 
the six mobile inner bearing patients (types A and B) than the 
12 immobile inner bearing patients (type C). The theoretical 
advantage of bipolar motion was confirmed radiologically in 
these patients. However, this advantage was not reproduced 
in terms of functional outcome. The mean Harris score was 
significantly lower for types A and B patients than for type 
C patients. We believe this dilemma to be related to the in-
activity of the patients. Bipolar motion might be preserved 
due to the decreased loading of prostheses in less active pa-
tients. For an example, in Figure 2, that patient was suffering 
from hemiplegia, with a Harris hip score of 68.2 and a Barthel 
score of 13. Bipolar motion was preserved probably due to 
the decreased daily living activity and decreased loading of 
the prosthetic hip in that patient. Confirming this, although 
not significant, the mean Barthel daily living activity score was 
also lower for types A and B patients (13.17) than for type C 
patients (17.33). Similarly, Tsukamoto et al. (27) demonstrated 
loss of inner bearing motion with increased loading (20 kg) 
of prostheses in their cadaver study. Drinker and Murray (6) 
reported that obvious inner bearing motion in the supine po-
sition was significantly reduced with loading on the extremity. 
Wedge impaction of the metal head onto the polyethylene 
with the loading hypothesis (15) also supports our theory.

In conclusion, although it is predicted that the unipolar 
prosthesis may lead to more acetabular erosion in the long 
term, how long the inner bearing surface movement of the 
bipolar prosthesis will continue is unclear. In active patients, 
probably due to repeated loading, the inner bearing surface 
movement of bipolar prostheses ceases. In our study, al-
though the bipolar head movement was preserved in inac-
tive patients, we suppose that this conferred no advantage to 
these patients, who could hardly walk. In this study, male pa-
tients, those aged ≥75 years, and those operated at ≥6 days 
had an increased risk of mortality. Also, although not signifi-
cant in multivariate analysis, high ASA score (≥3) was related 
to increased mortality. Considering that one of three patients 
died during the first postoperative year, we think that these 
patients should be operated as soon as possible, and expen-
sive bipolar prostheses must be used selectively in regard to 
patient characteristics.
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