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a b s t r a c t 

Background: The literature has limited evidence regarding the mid-term survivals of cemented calcar- 

replacement bipolar hemiarthroplasty (HA) in elderly patients with unstable intertrochanteric (IT) frac- 

ture. The purpose of the present study was to evaluate clinical and radiological outcomes of cemented 

calcar-replacement bipolar HA for unstable IT fractures in elderly patients. 

Methods: One hundred and twenty-two patients with the mean age of 80.6 years were enrolled in this 

retrospective study after they met the selection criteria. Demographics, main clinical characteristics, and 

operative data were recorded for all patients. Functional outcomes were assessed according to Koval’s 

categories. Clinical and radiological evaluations were performed. Kaplan–Meier survival analysis was used 

to construct the cumulative survival rate. The mean follow-up time was 25.7 ± 2.9 months (ranges 0–72 

months). 

Results: Based on Koval’s categories, 3 or 4-level decrease was detected in 21 patients (17%). Three 

patients (2 periprosthetic infections, 1 periprosthetic fracture) underwent reoperation during follow-up. 

No patient underwent revision of bipolar HA prosthesis. Femoral stem loosening and stem subsidence was 

the most common complication, observed in 22 patients (18%), followed by acetabular erosion that was 

seen in 12 patients (9.8%). The mean cumulative survival rate of prosthesis was 56.5% (95% confidence 

interval: 51.3–61.6). 

Conclusion: Based on the results of our study, cemented calcar-replacement HA is an appropriate treat- 

ment option in elderly patients with unstable IT fractures owing to the advantages of satisfactory func- 

tional outcomes and lower reoperation rates. However, orthopedic surgeons should consider the low sur- 

vival rates of cemented calcar-replacement HA prosthesis because of the increased femoral loosening in 

osteoporotic elderly patients. 

© 2019 Elsevier Ltd. All rights reserved. 
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ntroduction 

The elderly population has increased considerably in devel-

ped countries [1] . Hip fracture, consisted of femoral neck and in-

ertrochanteric femur fracture, is one of the most common fracture

ypes among older people [2] . Intertrochanteric (IT) fractures are

ommon in the elderly people, and surgical management of these

ractures remains challenging because of the patients’ medical co-
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orbidity, poor bone quality owing to severe osteoporosis, and

racture instability [3,4] . In addition, the choice of surgical treat-

ent for displaced IT fractures in older people remains controver-

ial. Currently, most patients are treated with internal fixation, ce-

ented or cementless bipolar hemiarthroplasty (HA). 

Nevertheless, nonunion, implant failure, and screw perforation

f the femoral head can occur in elderly patients treated using

nternal devices because of severe osteoporosis [5,6] . Therefore,

rimary bipolar HA is proposed for the treatment of unstable IT

ractures in elderly patients considering its advantages of early

obilization, acceptable functional results, and lower failure rates

7–9] . The increased risk of periprosthetic fracture with the use of
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Fig. 2. Evaluation of the acetabular migration: “a” is the horizontal distance from 

the center of the bipolar head to the ipsilateral teardrop and “b” is the vertical 

distance from the center of the cup to the interteardrop line. 
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cementless components is a well-known fact, and recent data from

Rogmark showed a higher risk of reoperations with cementless HA

in patients with hip fractures [10–12] . 

On the other hand, cemented fixation is advantageous for en-

hancing the initial fixation strength in elderly patients with poor

bone quality. In addition, cemented bipolar HA is typically pre-

ferred in low-demand patients with high mortality risk. However,

the literature reveals limited evidence regarding mid-term sur-

vivals of cemented calcar-replacement bipolar HA for unstable IT

fractures in the elderly population. Therefore, the primary aim of

the present study was to evaluate the clinical and radiological out-

comes of cemented calcar-replacement bipolar HA after unstable IT

fractures in elderly patients. Additionally, we aimed to determine

the mid-term survivals of cemented calcar-replacement bipolar HA

prosthesis. 

Materials and methods 

This retrospective study was performed with the approval of

our institution’s ethical review board. Overall, 133 patients (133

hips) with unstable IT fracture were surgically treated using a pri-

mary cemented calcar-replacement bipolar HA between 2010 and

2014. The primary indications for cemented calcar-replacement

bipolar HA were unstable (Muller type A2.2 or A2.3) IT fracture

with the loss of posteromedial cortex support, ≥65 years of age,

and severe osteoporosis (Singh index ≤4). The exclusion criteria in-

cluded being wheelchair-bound or bedridden before the fracture,

incomplete medical records, or incomplete follow-up. Patients’ de-

mographics (gender, age), body mass index (BMI), American So-

ciety of Anesthesiologists (ASA) score [13] , and systemic diseases

were reviewed from our medical records. 

Two types of cemented calcar-replacement bipolar HA prosthe-

sis were used, either tapered design (Calcar Replacement Stem,

Zimed Medikal, Gaziantep, Turkey) or non-tapered design (CFS

stem, Sistem Ortopedi, Konya, Turkey). Both designs had a rectan-

gular collar in different sizes (15 mm, 25 mm, 35 mm, 45 mm, or

55 mm) for the bone deficiencies of the proximal medial femur.

The total length of the stems ranged from 160 to 190 mm and the

diameter of the stems ranged from 9 to 21 mm in 2 mm incre-

ments ( Fig. 1 ). All operations were performed under spinal anes-

thesia by using the standard posterolateral hip approach. Rasps

were used to prepare the intramedullary cavity of the femur,
Fig. 1. (A) A 75 years old female patient with an unstable Muller 31.A2 in- 

tertrochanteric fracture. (B) Anteroposterior radiograph showing cemented calcar- 

replacement bipolar hemiarthroplasty prosthesis with a rectangular shaped collar. 

c  

L  

w  

r

 

s  

w  

fi  

d  

w  

a  

f  

[  

s  

t  

d  

t  

a  

t  

t  

A  

g  

p  

B

nd then an appropriate size femoral stem was placed after a

tandard first-generation cementing technique. Proper placement

f the femoral stem was performed under the guidance of in-

act greater trochanter and the initial position of the fractured

esser trochanter. The fixation of the greater trochanter was per-

ormed by Ethibond Excel ( Ethicon, Johnson & Johnson , New Jer-

ey, USA) sutures. Both two prostheses have suture holes to fix

he greater trochanter and gluteus medius to the prosthesis. The

ip joint was reduced following stability assessment by perform-

ng a femoral head trial and placing an appropriate size femoral

ead. No complications related to anesthesia or orthopedic pro-

edure occurred during the surgery. All patients received prophy-

actic first-generation cephalosporin 30 min before the procedure.

ostoperative intravenous antibiotics were continued for 24 h. All

atients received low-molecular-weight heparin for thromboem-

olic prophylaxis until the end of the postoperative fourth week.

atients were mobilized with the help of a walker and were al-

owed full weight-bearing. We did not follow a posterior hip pro-

ocol to prevent dislocation of bipolar hemiarthroplasty prosthesis.

owever, we used abduction pillow for patients with cognitive im-

airment due to dementia or Alzheimer disease. Clinical follow-up

isits were conducted postoperatively at second and sixth weeks;

hird, sixth, ninth, and twelfth months, and then annually. The

reoperative and postoperative follow-up ambulatory status of the

atients was evaluated using the Koval’s categories [14] . The de-

rease in the ambulatory ability was recorded for all patients.

eg length discrepancy, detected either clinically or from x-Rays,

as noted during follow-up examinations. All complications were

ecorded. 

Radiographic evaluation was performed by an independent ob-

erver who did not perform the operations. Second postoperative

eek standard anteroposterior and lateral radiographs were de-

ned as the baseline and compared with the latest follow-up ra-

iographs. Patients who were lost to follow-up because of death

ere recorded, and their latest control radiographs were evalu-

ted as the final follow-up control. The radiographic evaluation of

emoral stem was performed using the zonal system of Gruen et al.

15] . Stem loosening was diagnosed when radiolucent zone at the

tem-cement interface, radiolucent zone at the cement-bone in-

erface, or fractured cement was observed in all zones in the ra-

iographs. Stem subsidence was defined as vertical migration of

he femoral stem by more than 5 mm. Acetabular migration was

ssessed by measuring the vertical distance from the center of

he bipolar head to the inter-teardrop line and the horizontal dis-

ance from the center of the cup to the ipsilateral teardrop ( Fig. 2 ).

cetabular migration was confirmed if vertical or horizontal mi-

ration was more than 3 mm [16,17] . Heterotrophic ossification, if

resent, was recorded and graded according to the classification of

rooker et al. [18] ( Fig. 3 ). 
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Fig. 3. Kaplan–Meier survival line chart of the patients. 
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Statistical analysis was performed using SPSS 20.0. Kaplan–

eier survival analysis was performed to determine mid-term sur-

ivals of the cemented calcar-replacement HA prosthesis. Femoral

oosening, femoral stem subsidence, acetabular erosion, or revision

urgery were defined as endpoints. 

esults 

One hundred and twenty-two patients (65 females, 57 males)

ith the mean age of 80.6 ± 6.8 years (ranges, 66–102 years) were

valuated in the current study. Demographics, main clinical char-

cteristics, and operative data of the patients are shown in Table 1 .

he mean follow-up time was 25.7 ± 2.9 months (ranges, 0–72

onths). Of the 122 patients, 41 (33.6%) died within 1 year post-

peratively. Forty-nine patients (40.1%) survived over 2 years, 29

23.7%) survived over 3 years, 16 (13.1%) survived over 4 years, and

2 (9.8%) survived over 5 years postoperatively. 
able 1 

emographics and clinical characteristics of the patients. 

Age ∗ (years) 80.6 ± 6.8 (66–102) 

Gender ∗∗ (Female /Male) 65/57 

Body mass index ∗ (kg/m2) 26.2 ± 3.7 (19–33) 

Total hospitalization time ∗ (day) 9.4 ± 4.7 (3–25) 

Time from injury to surgery ∗ (day) 2.5 ± 1.9 (1–10) 

Number of systemic comorbid diseases ∗∗ ( < 3/ ≥3) 110/12 

ASA score ∗∗ ( < 3/ ≥3) 70/52 

Operation time ∗ (minute) 81.9 ± 30.6 (25–280) 

Estimated blood loss ∗ (mL) 413.4 ± 164.9 (180–800) 

Postoperative immobilization ∗∗ (1 day/ ≥2 days) 75/47 

Decrease level in Koval’s categories ∗∗ ( < 3/ ≥3) 101/21 

∗ Mean ± Standard deviation (range). 
∗∗ Ratio of the patients. 
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Based on Koval’s categories, 84 of 122 patients (68.8%) were in-

ependent community ambulators and 38 patients were commu-

ity ambulators with a cane, preoperatively. At postoperative last

ollow-up, 28 patients (22.9%) returned to their pre-fracture am-

ulatory status, 39 (31.9%) dropped 1 level, 34 (27.8%) dropped 2

evels, and 21 (17.2%) dropped 3 or more levels. 

Three patients underwent reoperation during follow-up. Two

atients underwent debridement because of prolonged postoper-

tive wound drainage and suspected infection, and 1 patient un-

erwent plate fixation for periprosthetic femoral fracture. No pa-

ient underwent prosthesis revision. Femoral stem loosening and

tem subsidence was the most common complication, observed in

2 patients (18%), followed by acetabular erosion that was seen in

2 patients (9.8%). Heterotrophic ossification was encountered in 8

atients (6.5%). Leg length discrepancy was detected in 17 patients

13.9%). 

Kaplan–Meier survival analysis was based on 122 patients at

isk during follow-up. The cumulative survival rate was 56.5% (95%

onfidence interval: 51.3–61.6). 

iscussion 

IT fractures account for 45% to 50% of all hip fractures. Notably,

ore than half of these are unstable, with comminution of the

osteromedial support, displaced lesser trochanteric fragment, or

hose with the subtrochanteric extension [19] . The best treatment

ption for unstable IT fractures is still controversial. Currently, the

reatment options for IT are internal fixation and bipolar HA with

 cemented stem or cementless femoral fixation [20] . Bipolar HA

s proposed for the treatment of unstable IT fractures owing to its

dvantages of early mobilization, acceptable functional results, and

ower failure rates. Our study demonstrated that in elderly patients

ith unstable IT fractures cemented calcar-replacement bipolar HA
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for unstable IT fractures had successful clinical results. However,

the survival analysis based on our radiological outcomes showed

that cemented calcar-replacement bipolar HA had moderate sur-

vival rates. 

When the clinical data of our patients were reviewed, 28 of

122 patients (23%) were able to walk independently, and 73 of

122 patients (60%) could walk independently with the help of

a cane or walker. Overall, 21 patients (17%) were found to have

3- or 4-level decrease per Koval’s categories, which means that the

patients needed someone’s help for walking. Lee et al. reported

that 21 of 60 patients (35%) in their study dropped 3 or 4 levels

and 21.7% of patients were bedridden after cementless total or HA

for failed internal fixation of IT fractures [6] . Chan et al. reported

that 20% of the patients in their study (8 of 40 patients) regained

their pre-fracture walking ability after cemented HA [7] . Kim et al.

showed that 20 of 56 (36%) of their patients returned to their pre-

fracture ambulatory level after cementless HA for unstable IT frac-

ture [20] . Wada et al. reported that 20 of 44 (50%) of their patients

were ambulatory after cementless calcar-replacement HA for un-

stable IT fracture [21] . Suh et al. compared the outcomes, according

to Koval’s categories, between HA and internal fixation and found

no intergroup difference [22] . 

According to our radiographic outcomes, femoral stem loosen-

ing, and stem subsidence were the most common radiographic

problems at the latest follow-up. Femoral stem subsidence over

5 mm, which was defined as a definite diagnosis of femoral loos-

ening, was detected in 22 patients (18%). In their study, Celiktas

et al. reported no femoral loosening or femoral stem subsidence

over 5 mm after cemented HA in 64 patients with a mean follow-

up of 31 months [23] . Cankaya et al. compared cementless and ce-

mented hemiarthroplasty for IT fractures with 32- and 38-month

follow-ups, respectively, and they observed no femoral loosening in

both groups [24] . The rate of acetabular erosion in our study was

consistent with the literature. However, a higher rate of femoral

stem loosening was detected than that reported by Celiktas et al.

[23] and Cankaya et al. [24] . This difference may have occurred be-

cause of the relatively lower bone density of our patients, repre-

sented by the Singh index of ≤4. 

Among 122 patients, 3 patients underwent reoperation owing

to postoperative complications (2.4%). Infection was the most com-

mon complication in 2 patients (1.6%), and we observed peripros-

thetic femur fracture in 1 patient (0.8%). Dislocation of the pros-

thetic hip joint and periprosthetic fracture were not detected dur-

ing the follow-up. Lee et al. reported 3.3% dislocation and 3.3% in-

fection rate after cementless calcar replacement HA in 60 patients

of their study [6] . Rodop et al. noted 1 patient with deep infection

after HA [9] . In these 2 studies, the infection was treated by per-

forming implant removal and debridement. In our study, we per-

formed early debridement combined with intravenous antibiotic

administration and eradicated the infection successfully. Langslet

et al. encountered 1 femoral fracture postoperatively in their ce-

mented group and 7 femoral fractures in their cementless group

[25] . In their 12-month follow-up prospective study, Figved et al.

reported that 7 patients in the cemented group and 8 in the ce-

mentless group needed one or more operations [26] . Taylor et al.

reported that none of the patients with cemented HA experienced

periprosthetic fractures or prosthetic infection postoperatively in

their 2-year follow-up study [27] . In our study, the reoperation rate

was lower despite moderate radiographic outcomes. We encoun-

tered radiological problems that would generally need a revision

of bipolar HA. However, no patient in our study group needed to

undergo revision of the bipolar HA prosthesis. This issue may be

explained by the high mortality rate of the elderly patient popula-

tion. 

There is limited knowledge regarding the mid-term survival of

cemented calcar-replacement bipolar HA. In the present study, ac-
tabular erosion was observed in 12 patients (10%) and femoral

tem subsidence over 5 mm, which was defined as a definite di-

gnosis of femoral loosening, was detected in 22 patients (18%)

uring 5-year follow-up. There were no cases of calcar resorption.

rimsrud et al. reported no femoral loosening or femoral stem sub-

idence over 5 mm after cemented HA in 39 patients with a mean

ollow-up of 12 months [28] . As mentioned above, Cankaya et al.

ompared cementless and cemented HA for IT fractures, and they

bserved no femoral loosening in both groups [24] . Abdelkhalek

t al. reported no femoral loosening or femoral stem subsidence

ver 5 mm after cemented HA in 20 hips during a mean follow-

p of 24 months [8] . Like our study, Kim et al. evaluated mid-

erm survivals of cementless bipolar HA prosthesis for unstable IT

ractures in elderly patients [20] . However, the authors had higher

urvival rates (97.3% and 99.1% for reoperation and femoral stem

evision, respectively) than our study [20] . We did not revise any

rosthesis during follow-up. Nevertheless, we decided to define the

ndpoints as femoral stem loosening and acetabular erosion for as-

essing the survival of the prosthesis to evaluate the actual survival

f the cemented bipolar HA prosthesis because unstable IT frac-

ures mostly occur in extremely old patients who do not have a

hance to undergo revision of the prosthesis owing to their health

tatus. Moreover, we believe that these patients, with an inade-

uate functional status, probably do not demand revision of their

rosthesis. 

Nonetheless, this study had several limitations. First, it was a

etrospective evaluation of prospectively followed patient group.

econd, only a small number of patients were able to complete

he follow-up over 5 years (12 patients). However, our study group

onsisted of extremely old patients, and this study population is

he largest in the literature which reported mid-term survival of

emented calcar-replacement bipolar HA prosthesis. On the other

and, we reported clinical and radiological outcomes of a relatively

omogeneous patient population who were operated in a single

enter by the same surgical team. However, further studies are

eeded to procure valid evidence regarding survivals of cemented

alcar-replacement HA prosthesis. 

onclusion 

Based on our study results, cemented calcar-replacement HA is

n appropriate treatment option in elderly patients with unstable

T fractures considering the advantages of satisfactory functional

utcomes and lower reoperation rates. However, orthopedic sur-

eons should consider the low survival rates of cemented calcar-

eplacement HA prosthesis owing to increased femoral loosening

n elderly patients with osteoporosis. 
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