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Abstract
Background Different approaches are applied for reconstruction in patients with a musculoskeletal malignancy which require 
a proximal femoral or total femoral resection. We aimed to evaluate the treatment outcomes of patients who underwent a 
proximal femoral or total femoral resection due to bone and soft tissue tumors and had an endoprosthetic reconstruction by 
a bipolar hemiarthroplasty type of hip articulation.
Methods We retrospectively identified 133 patients who underwent a proximal femoral or total femoral endoprosthetic 
replacement after resection of a bone or soft tissue malignancy. There were 74 male and 59 female patients, with a mean age 
of 55.02 ± 16.92 years (range 11–84 years) and a median follow-up of 24.47 ± 24.45 months (range 6–164 months). Patient 
demographics, surgical, and oncological data were recorded. Acetabular wear was measured using the classification pro-
posed by Baker. Functional assessment was performed using the Musculoskeletal Tumor Society (MSTS) functional score.
Results There was no statistically significant difference among primary diagnostic groups in terms of gender, prosthesis type, 
trochanter major resection, local recurrence, complication/revision rate, and MSTS Score (p > 0.05, for each parameter). On 
the other hand, a statistically significant difference was detected in terms of degree of acetabular erosion among diagnostic 
groups (p < 0.001); the acetabular erosion rate (AER) was found to be lower in patients with metastatic carcinoma than in 
patients with a diagnosis of primary bone or soft tissue sarcoma. The univariable analysis revealed that the effect of age, 
primary diagnosis, localization, follow-up time, and presence and number of distant organ metastasis variables on AER were 
found to be statistically significant (p = 0.018, p = 0.035, p = 0.002, p = 0.007, p = 0.031, p = 0.040, respectively).
Conclusion In patients who undergo a proximal femoral or a total femoral resection due to a musculoskeletal tumor, bipolar 
hemiarthroplasty is an adequate type of hip articulation method, since it does not affect the revision requirements and func-
tional outcomes of patients with acetabular erosion.
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Introduction

The modular megaprostheses are widely used for reconstruc-
tion in patients who undergo a proximal femoral or a total fem-
oral resection due to musculoskeletal tumors [1–4]. Depend-
ing on the patient’s age, functional status and presence of the 
acetabulum involvement, bipolar or unipolar head hemiarthro-
plasty or total hip arthroplasty with acetabular replacement can 
be used. Although hemiarthroplasty has a lower risk of dislo-
cation than total hip arthroplasty, there are studies showing 
that acetabular erosion is more common, especially in young 
patients [1, 3–6].

Bipolar hemiarthroplasty causes less erosion and less pro-
trusion in the acetabulum than unipolar hemiarthroplasty [7]. 
There are studies showing that acetabular erosion and proximal 
migration develops as follow-up time increases in patients with 
non-tumoral conditions who undergo a standard bipolar and 
unipolar hemiarthroplasty [4, 8–14]. In addition, it has been 
shown that following a proximal femoral resection, the rates 
of acetabular cartilage erosion and acetabular revision surgery 
requirement were 18.4–35.7% and 0–10.7%, respectively [6, 
15–17]. Drexler et al. reported that, on 4.6% of patients who 
underwent a proximal femoral endoprosthetic reconstruction 
with a bipolar head hemiarthroplasty, they performed a revi-
sion surgery requiring acetabular resurfacing (12.3%) at an 
average of 36 months due to pain, acetabular protrusion and 
degenerative changes [15]. The most important reason for 
revising a hemiarthroplasty by a total hip replacement is hip 
pain caused by acetabular wear [18].

In patients with musculoskeletal tumors involving the femur 
and requiring a proximal femoral or a total femoral resection, 
the bone defect can be reconstructed by an endoprosthesis, and 
a unipolar/bipolar hemiarthroplasty or a total hip arthroplasty 
is preferred according to the patient’s age, current clinical sta-
tus, and acetabular involvement [1–3].

The current study aimed to evaluate the adequacy and effec-
tiveness of bipolar hemiarthroplasty type of hip articulation in 
patients who underwent a proximal femoral or a total femoral 
resection due to a musculoskeletal malignancy, including pri-
mary bone and soft tissue sarcoma and metastatic carcinoma. 
The degree of acetabular erosion was compared among the 
primary diagnostic groups. In addition, a univariate analysis 
was done to search for the effect of demographic and oncologi-
cal variables on acetabular erosion rate (AER).

Patients and methods

This retrospective study was conducted upon the approval 
of our İnstitution’s Ethics Committee (03.04.2020. 444). 
Between January 2008 and April 2019, 133 patients 
who were diagnosed as primary bone sarcoma, multiple 

myeloma, metastatic carcinoma, and soft tissue sarcoma 
at our institution and underwent a proximal femoral or a 
total femoral resection and endoprosthetic reconstruction 
by a bipolar hemiarthroplasty were included in the study. 
The patients treated for non-oncological indications or 
benign tumors, and who had acetabular involvement and 
required an acetabular replacement were excluded. All 
patients were assigned the same approach and technique 
by two orthopaedic oncological surgeons. The patient’s 
demographic features (age, gender), histopathological 
diagnosis, tumor localization, the primary focus in meta-
static patients, distant organ metastasis (present/absent), 
and number of distant organ metastases were recorded. 
Additionally, the degree of acetabular erosion, the need 
for revision, and complications including local recurrence 
were recorded. Retrospective information was obtained 
from records, patients files, radiographic imaging, and 
pathological reports. Extended follow-up consisted of 
clinical visits, serial radiographs, and routine annual 
patient questionnaires.

The patients were divided into four groups based on diag-
nosis as primary bone sarcoma, multiple myeloma, meta-
static carcinoma, and soft tissue sarcoma. Statistical differ-
ences in operative time, perioperative blood loss, survival, 
local recurrence, presence of distant metastases, number of 
organs with distant metastasis, development of complica-
tions, revision requirement and acetabular erosion were ana-
lyzed. We determined the variables which would have a pos-
sible effect on acetabular erosion with univariable analysis.

Intravenous antibiotic prophylaxis (1st generation ceph-
alosporins), calculated by age and weight, was given to 
patients 30 min before surgery. Lateral incision was used 
in patients who underwent proximal femur resections. The 
incision was extended to anterolateral aspect of the patellar 
tendon in patients who underwent a total femoral resection. 
Oral antibiotic treatment was continued untill the drains were 
taken out when the amount of total drainage was < 50 cc in 
24 h. Anticoagulant therapy was administered for six weeks 
in patients older than 16 years. All patients were able to walk 
with a walker on the second or third postoperative day and 
a brace was not used in any of them.

The complications and failures were classified accord-
ing to the International Society of Limb Salvage (ISOLS) 
Committee’s modified system, which sub-classifies all five 
primary types of failure for limb salvage following endo-
prosthetic and biological reconstruction [19]; these included 
structural failure (including dislocation), aseptic loosening, 
periprosthetic fracture, periprosthetic infection and tumor 
progression with contamination of prosthesis.

The patients’ functional outcomes were calculated 
according to the Musculoskeletal Tumor Society (MSTS) 
Scoring System [20]. This scoring system looks at six 
parameters including pain, function, emotional acceptance, 
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use of walking supports, walking ability and gait. Scoring 
between 0 and 5 is done for each parameter. Then, a total 
is calculated by adding all points, up to a maximum of 30.

The patients were followed up at our orthopedic oncol-
ogy outpatient clinic with intervals of 3 months for the first 
2 years, intervals of 6 months for the next 3 years, and once 
every year afterward; physical examination, laboratory 
data, and anteroposterior (AP) and lateral plain radiographs 
(X-rays) were recorded for each patient. The probable rate 
of erosion in the acetabulum due to bipolar hemiarthroplasty 
was evaluated by two orthopaedic oncological surgeons on 
plain radiographs using the criteria defined by Baker et al. 
[21]; the degree of acetabular erosion was rated between 0 
and 3 as follows; Grade 0 (no erosion), Grade 1 (narrowing 
of articular cartilage, no bone erosion), Grade 2 (acetabular 
bone erosion and early migration), and Grade 3 (protrusio 
acetabuli).

Statistical analysis

For statistical analyses, the NCSS (number cruncher statisti-
cal system) 2007 (Kaysville, Utah, USA) program was used. 
Descriptive statistical methods (mean, standard deviation, 
frequency, ratio, minimum, maximum) were used to evaluate 
the study data. The normal distribution of the quantitative 
data was tested using the Shapiro–Wilk test and graphical 
analysis. One-way analysis of variance and Bonferroni-cor-
rected binary evaluations was used to compare more than 
two groups between normally distributed quantitative vari-
ables. Pearson chi-square test, Fisher’s Exact test and Fisher-
Freeman-Halton exact test were used to compare qualitative 

data. Diagnostic screening tests (sensitivity, specificity, 
PKD, NKD) and ROC analysis were used to determine the 
parameters’ predictive value. Cox regression analysis was 
used to determine the factors affecting survival. GLMM 
(Generalized Linear Mixed Model) with a logit link was 
used to determine the factors affecting the classification of 
acetabular erosion. Statistical significance was accepted as 
p < 0.05.

Results

The study cohort included 74 (55.6%) men and 59 (44.4%) 
women at a mean age of 55.02 ± 16.92  years (range 
11–84 years) at the time of surgery. Patients’ demograph-
ics, surgical details, adjuvant treatments, oncological and 
functional data of the patients were given in Tables 1 and 2. 
Following resection of the tumors with appropriate surgical 
margins, the proximal femoral endoprostheses (119 patients, 
89.5%) and total femoral endoprostheses (14 patients, 
10.5%) were applied with bipolar head. There was no statis-
tically significant difference among the groups in terms of 
gender. On the other hand, a statistically significant differ-
ence was detected among the diagnostic groups in terms of 
age (p < 0.001); the age of the patients with a primary bone 
sarcoma was found to be lower than the age of the patients 
with multiple myeloma, metastatic carcinoma, and soft tis-
sue sarcoma (p < 0.001, p = 0.001, p = 0.002, respectively) 
(Table 1). Further analysis of the study data revealed that 
there was no statistically significant difference among the 
diagnostic groups in terms of prosthesis type, trochanter 

Table 1  Demographic data

PBS primary bone sarcoma, MM multiple myelom, MC metastatic carcinoma, STS soft tissue sarcoma
*p < 0.05
a Pearson chi-squared test
b Fisher-Freeman-Halton exact test

Total PBS MM MC STS p
mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD

Age 55.02 ± 16.92 33.29 ± 21.32 61.37 ± 11.29 59.15 ± 12.32 53.78 ± 14.55 a < 0.001*
n (%) n (%) n (%) n (%) n (%)

Gender a0.834
 Female 59 (44.4) 10 (47.6) 10 (52.6) 35 (41.7) 4 (44.4)
 Male 74 (55.6) 11 (52.4) 9 (47.4) 49 (58.3) 5 (55.6)

Side b0.036*
 Right 68 (51.1) 6 (28.6) 7 (36.8) 50 (59.5) 5 (55.6)
 Left 65 (48.9) 15 (71.4) 12 (63.2) 34 (40.5) 4 (44.4)

Localization n (%) b < 0.001*
 Proximal femur 116 (87.2) 11 (52.4) 18 (94.7) 81 (96.4) 6 (66.7)
 Total femur 17 (12.8) 10 (47.6) 1 (5.3) 3 (3.6) 3 (33.3)
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Table 3  Complications and 
their management

*p < 0.05
a Fisher-Freeman-Halton exact test

Total PBS MM MC STS
n (%) n (%) n (%) n (%) n (%) p

Complication/revision a0.056*
 Absent 118 (88.7) 17 (81) 17 (89.5) 78 (92.9) 6 (66.7)
 Present 15 (11.3) 4 (19) 2 (10.5) 6 (7.1) 3 (33.3)
  Aseptic loosening 2 (1.5) 0 (0) 1 (5.3) 1 (1.2) 0 (0)
  Debridement + Liner replacement 1 (0.8) 0 (0) 0 (0) 1 (1.2) 0 (0)
  Dislocation 3 (2.3) 1 (4.8) 1 (5.3) 0 (0) 1 (11.1)
  Dislocation + Infection 1 (0.8) 1 (4.8) 0 (0) 0 (0) 0 (0)
  Infection 4 (3) 2 (9.5) 0 (0) 0 (0) 2 (22.2)
  Periprosthetic fracture 2 (1.5) 0 (0) 0 (0) 2 (2.4) 0 (0)
  Stem failure 1 (0.8) 0 (0) 0 (0) 1 (1.2) 0 (0)
  Superficial infection 1 (0.8) 0 (0) 0 (0) 1 (1.2) 0 (0)

Complications
 Amputation 1 (0.8) 0 (0) 0 (0) 0 (0) 1 (11.1)
 Bipolar head revision 1 (0.8) 0 (0) 1 (5.3) 0 (0) 0 (0)
 Debridement 1 (0.8) 0 (0) 0 (0) 1 (1.2) 0 (0)
 Debridement + Liner replacement 1 (0.8) 0 (0) 0 (0) 1 (1.2) 0 (0)
 Two-stage revision 1 (0.8) 0 (0) 0 (0) 0 (0) 1 (11.1)
 Two-stage revision + THA 3 (2.3) 3 (14.3) 0 (0) 0 (0) 0 (0)
 Osteosynthesis 2 (1.5) 0 (0) 0 (0) 2 (2.4) 0 (0)
 Revision 3 (2.3) 0 (0) 1 (5.3) 2 (2.4) 0 (0)
 THA 2 (1.5) 1 (4.8) 0 (0) 0 (0) 1 (11.1)
 Absent 118 (88.7) 17 (81) 17 (89.5) 78 (92.9) 6 (66.7)

Fig. 1  Survival analysis distri-
bution between groups
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major resection, local recurrence and complication and revi-
sion rates (p > 0.05 for each) (Tables 2 and 3).  

There was a statistically significant difference among 
groups in terms of survival (p < 0.001). The survival of the 
patients with metastatic carcinoma was found to be shorter 
than the survival of patients with primary bone sarcoma, 
multiple myeloma, and soft tissue sarcoma (p = 0.003, 
p = 0.001, p = 0.001, respectively) (Fig. 1). As a result of 
the univariable analysis using Cox regression analysis, we 
found that variables of age, primary diagnosis, presence 
and number of distant organ metastasis had statistically sig-
nificant effects on survival (p = 0.004, p < 0.001, p = 0.001, 
p = 0.007, respectively). Determination of variables affecting 
survival by Cox regression analysis was given in Table 4. 

There was a statistically significant difference among 
the groups in terms of the degree of acetabular erosion 
(p < 0.001) (Table 5). The acetabular erosion rate (AER) 
was found to be lower in patients with metastatic carcinoma 
than in patients with a diagnosis of primary bone sarcoma 
and soft tissue sarcoma (p = 0.001, p = 0.001, respectively). 
As a result of univariable analysis, the effect of age, pri-
mary diagnosis, follow-up time, presence of distant organ 
metastasis, number of distant organ metastases, and locali-
zation variables on AER were found to be statistically 

significant (p = 0.018, p = 0.035, p = 0.007, p = 0.031, 
p = 0.040, p = 0.002, respectively) (Table 6). When a group 
with AER equals to Grade 0 is taken as reference, it was 
found that 1 unit increase in survival time increases the 
probability of AER Grade 1 to 1.139 times [OR (95% CI) 
1.139 (1.079–1.202), p < 0.001]. When the group with AER 
equals to Grade 0 is taken as reference, it was found that 1 
unit increase in survival time increases the probability of 
AER Grade 2 and 3 to 1.181 times [OR (95% CI) 1.181 
(1.109–1.257), p < 0.001].

ROC analyses were carried out to determine the avail-
ability of survival time in distinguishing AER groups. Five 
different analyses were performed in order to be able to 
determine cut-offs, aiming to distinguish between AER = 0 
and AER = 1, AER = 0 and AER = 2&3, AER = 0 and 
AER = 1&2&3, AER = 0&1 and AER = 2&3, and AER = 1 
and AER = 2&3 (Table 7).

A statistically significant difference was found between 
acetabular lysis and complication rates according to the type 
of endoprosthesis, proximal femoral or total femoral, applied 
after resection (p < 0.01, p < 0.05, respectively). While the 
rate of Grade 0 acetabular erosion was high in the proxi-
mal femoral endoprosthesis group, the rate of Grade 1, 2, 
or 3 acetabular erosion was found to be significantly high in 

Table 4  Determining the variables affecting survival by cox regression analysis

Cox regression analysis
HR hazard ratio, CI confidence interval, MC metastatic carsinoma, MM multıple myelom, PBS primer bone tumor
*p < 0.05, **p < 0.01

Univariable Multivariable

HR (95%CI) p HR (95%CI) p

Age 1.018 (1.006–1.031) 0.004* 1.012 (0.997–1.027) 0.124
Gender (male) 1.241 (0.841–1.831) 0.276 – –
Primary diagnosis (MC) 22.902 (3.143–166.896) 0.002* 17.018 (2.294–126.257) 0.006*
Primary diagnosis (MM) 8.792 (1.158–66.752) 0.036* 7.243 (0.950–55.211) 0.056
Primary diagnosis (PBS) 6.337 (0.833–48.209) 0.075 5.745 (0.730–45.210) 0.097
Presence of distant organ metastasis 2.150 (1.368–3.379) 0.001** 2.574 (1.204–5.504) 0.015*
Number of distant organ metastases 1.397 (1.094–1.785) 0.007* 0.688 (0.425–1.113) 0.127

Table 5  Acetabular erosion rate 
(AER)

*p < 0.05
a Fisher-Freeman-Halton exact test

Total PBS MM MC STS
n (%) n (%) n (%) n (%) n (%) p

AER (baker 
class.)

a < 0.001*

 0 72 (54.1) 7 (33.3) 7 (36.8) 57 (67.9) 1 (11.1)
 1 51 (38.3) 10 (47.6) 10 (52.6) 26 (31) 5 (55.6)
 2 8 (6) 2 (9.5) 2 (10.5) 1 (1.2) 3 (33.3)
 3 2 (1.5) 2 (9.5) 0 (0) 0 (0) 0 (0)
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total femoral endoprosthesis group (Table 8). In addition, 
the complication rate was higher following total femoral 
replacements (Fig. 2). 

Accordingly, when life span of the patients was longer 
than 40 months, sensitivity, specifity, PPV, NPV, accuracy, 
and Youden index were found to be 100%, 89.43%, 43.5%, 

100%, 90.2%, and 0.894, respectively. AuROC value for 
AER = 1 vs AER = 2&3 was found to be 0.935 [AuROC 
(95% CI) = 0.935 (0.842–0.982), p < 0.001]. Accordingly, 
when life span was longer than 40, sensitivity, specifity, 
PPV, NPV, accuracy, and Youden index were found to be 
100%, 74.51%, 43.5%, 100%, 78.7%, and 0.745, respectively. 

Table 6  Distribution of factors affecting acetabular erosion rate (AER)

GLMM (with logit link). ALS = 0 is taken as the reference category
OR odds ratio, CI confidence interval
*p < 0.05

Univariable Multivariable

OR (95% CI) P OR (95% CI) p

AER = 1
 Age 0.975 (0.953–0.998) 0.035* 0.991 (0.958, 1.027) 0.627
 Gender (male) 1.346 (0.646–2.804) 0.424 – –
 Primary diagnosis (4) 10.944 (1.175–101.901) 0.036* 1.744 (0.155–19.657) 0.650
 Primary diagnosis (3) 3.131 (1.047–9.360) 0.041* 0.476 (0.076–2.977) 0.424
 Primary diagnosis (2) 3.133 (1.047–9.375) 0.041* 0.563 (0.104–3.045) 0.501
 Duration of follow-up (months) 1.138 (1.083–1.196)  < 0.001* 1.139 (1.079–1.202)  < 0.001*
 Presence of distant organ metastasis 0.611 (0.276–1.355) 0.223 1.326 (0.225–7.819) 0.753
 Number of distant organ metastases 0.780 (0.468–1.301) 0.338 0.877 (0.3–2.564) 0.809
 Length of resection (cm) 0.994 (0.986–1.002) 0.123 – –
 Trochanter resection (present) 0.755 (0.346–1.646) 0.477 – –
 Localization (total femur) 4.926 (1.240–19.580) 0.024* 1.688 (0.202–14.129) 0.627

AER = 2&3
 Age 0.952 (0.917–0.989) 0.012* 1.001 (0.939–1.067) 0.977
 Gender (male) 0.933 (0.237–3.673) 0.921 – –
 Primary diagnosis (4) 169.782 (7.898–3649.619) 0.001* 2.175 (0.076–62.548) 0.648
 Primary diagnosis (3) 32.341 (3.020–346.304) 0.004* 0.708 (0.038–13.121) 0.815
 Primary diagnosis (2) 16.193 (1.239–211.687) 0.034* 0.434 (0.031–6.123) 0.533
 Duration of follow-up (months) 1.186 (1.120–1.255)  < 0.001* 1.181 (1.109–1.257)  < 0.001*
 Presence of distant organ metastasis 0.143 (0.033–0.625) 0.010* 1.454 (0.031–69.051) 0.848
 Number of distant organ metastases 0.185 (0.049–0.697) 0.013* 0.507 (0.032–8.081) 0.628
 Length of resection (cm) 1.002 (0.991–1.013) 0.712 – –
 Trochanter resection (present) 0.961 (0.222–4.167) 0.957 – –
 Localization (total femur) 22.955 (4.066–129.583)  < 0.001** 2.301 (0.129–41.087) 0.568

Table 7  Evaluation of acetabular wear and complications according to the type of resection

AuROC area under the ROC curve, PPV positive predictive value, NPV negative predictive value, CI confidence interval

0 vs 1 0 vs (2&3) 0 vs (1&2&3) (0&1) vs (2&3) 1 vs (2&3)

AuROC (95% CI) 0.946 (0.890–0.979) 1.000 (0.944–1.000) 0.955 (0.904–0.983) 0.973 (0.929–0.993) 0.935 (0.842–0.982)
Cut-off  > 16  > 28  > 16  > 40  > 40
Sensitivity (95% CI) 94.12 (83.8–98.8) 100 (69.2–100.0) 95.08 (86.3–99.0) 100 (69.2–100.0) 100 (69.2–100.0)
Specificity (95% CI) 88.89 (79.3–95.1) 100 (93.4–100.0) 88.89 (79.3–95.1) 89.43 (82.6–94.3) 74.51 (60.4–85.7)
PPV (95% CI) 85.7 (73.8–93.6) 100 (69.2–100.0) 87.9 (77.5–94.6) 43.5 (23.2–65.5) 43.5 (23.2–65.5)
NPV (95% CI) 95.5 (87.5–99.1) 100 (93.4–100.0) 95.5 (87.5–99.1) 100 (96.7–100.0) 100 (90.7–100.0)
Accuracy 91.1 100 91.7 90.2 78.7
Youden Index 0.830 1 0.840 0.894 0.745
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We concluded that these results could be interpreted as "The 
AER = 0 Group was composed of patients with survival 
time ≤ 16 months, the AER = 1 Group had a survival time 

of > 16 and ≤ 40 months, and the AER = 2&3 group had a 
survival time > 40 months.

In the current study, we did not find any statistical dif-
ference among the groups in terms of MSTS Scores. In 
addition, no statistically significant difference was found 
among groups based on survival time and of MSTS Scores 
(p > 0.05) (Table 9).

Discussion

There is an increase in survival of patients with malignant 
bone and soft tissue tumors due to the advances in chemo-
therapy and radiotherapy. Limb-sparing surgery has become 
the standard treatment in many orthopedic oncology centers, 
partly due to increased patient survival [22]. In limb-sparing 
surgery, osteochondral allografts, allograft prosthetic com-
posites, and megaprostheses are the preferred reconstruc-
tion options after proximal femoral or total femoral resec-
tions [22]. Although osteochondral allografts and allograft 
prosthetic composites are useful in reconstruction of bone 
defects, they have disadvantages such as non-union, resorp-
tion, fracture formation and possible disease transmission 

Table 8  Evaluation of acetabular wear and complications according 
to the type of endoprosthesis

EPR endoprosthetic reconstruction
*p < 0.05
**p < 0.01
b Pearson ki-kare test
d Fisher’s Exact test

Localization p

Proksimal femoral 
EPR (n = 116)

Total femoral 
EPR (n = 17)

Complication d0.025*
 Present 10 (8.6) 5 (29.4)
 Absent 106 (91.4) 12 (70.6)

ALS Baker b < 0.001**
 0 69 (59.5) 3 (17.6)
 1 42 (36.2) 9 (53.0)
 2&3 5 (4.3) 5 (29.4)

Fig. 2  X-rays of the patient who 
underwent two-stage revision 
surgery due to infection and 
erosion. A: A 16-year-old male 
patient, after proximal femur 
resection with the diagnosis 
of Ewing sarcoma in the left 
proximal femur, a bipolar head 
and proximal femur prosthe-
sis was applied to the patient. 
B: In the 56th month of the 
patient’s follow-up, erosion and 
prosthetic infection developed 
in the acetabulum C Two-stage 
revision surgery was performed 
on the patient.
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[23–25]. In their study on 28 patients who received allograft, 
Jofe et al. stated that the rate of infection was 20%. Nonun-
ion was developed in the graft-host region in two patients, 
in addition to instability which was observed in one patient 
[23]. Our study revealed that bipolar hemiarthroplasty is a 
suitable reconstruction option for patients who underwent 
proximal femoral and total femoral resections due to a 
tumoral mass in terms of complication and revision rates, 
acetabular wear, and functional outcomes. In addition, our 
study contributes significantly to the literature in revealing 
the degree of acetabular wear according to the patients’ aver-
age survival time.

Especially in children, because the acetabulum is not fully 
developed, superior dysplasia and migration in the lateral 
acetabulum may develop progressively following bipolar 
hemiarthroplasty [26]. In adults, insufficiency develops 
progressively in the superomedial portion of the acetabu-
lum due to cartilage abrasion after hemiarthroplasty which 
is performed for proximal femoral fractures and degenerative 
arthritis [10, 12, 14]. Although it has a low dislocation rate, 
bipolar hemiarthroplasty causes controversy as a treatment 
option in reconstruction, because it generates acetabular 
wear in the long-term follow-up [27, 28]. Medial migration 
with acetabular erosion has been shown in young adults who 
underwent bipolar hemiarthroplasty after resection with a 
diagnosis of osteosarcoma in the proximal femur [29]. There 
are studies reporting that the conversion of bipolar hemiar-
throplasty to total hip arthroplasty in the long-term follow-
up of orthopedic oncology patients is between 4.6 and 8% 
[15, 27]. Khodamorad et al. retrospectively analyzed a total 
of 57 patients with a musculoskeletal malignancy, 29 of 
whom underwent a bipolar hemiarthroplasty and 28 a total 
hip prosthesis. The authors stated that the dislocation rate of 
total hip prosthesis was not higher than the bipolar hemiar-
throplasty group and that the functional results were better 
[30]. There are also studies that do not recommend primary 
total hip arthroplasty in tumor patients due to the high risk 
of dislocation [1, 2, 31, 32].

In the current study, we found a statistically significant 
difference among the diagnostic groups in terms of acetabu-
lar wear levels. The degree of acetabular erosion was lower 
in patients with metastatic carcinoma than patients with 
primary bone tumor and soft tissue sarcoma. We believe 

that the low survival rates in metastatic patients was the 
most important reason for that. The fact that the follow-up 
time was the only variable which had a significant effect 
on acetabular wear supported this conclusion. When we 
searched for effect of survival time on acetabular erosion 
rates, acetabular erosion was most prevalent, especially in 
patients with soft tissue sarcoma, because this group had a 
survival time of longer than 40 months. The least acetabu-
lar erosion was observed in the metastatic carcinoma group 
because the survival time was shorter than 16 months.

Following the reconstruction of proximal femoral tumors 
with a megaprosthesis, hip dislocation rate ranges from 2 to 
28% [25, 33–36]. In a study comparing the complications 
seen in two groups with tumor-related hemiarthroplasty and 
non-tumor hemiarthroplasty, it was stated that the disloca-
tion rate in the tumor group was 3.4% and higher than the 
non-tumor group [37]. In the current study, total dislocation 
rate was 3.1% (n = 4). Two patients were in the primary bone 
tumor group, and one of them had a dislocation accompa-
nied by infection. The remaining two patients were in the 
multiple myeloma and soft tissue sarcoma groups, and there 
was no dislocation in the metastatic carcinoma group. We 
believe that our low dislocation rate was due to our meticu-
lous soft tissue care including capsular repair and abductor 
mechanism reconstruction after resection. Three out of four 
dislocations were managed by a one-stage revision of bipolar 
hemiarthroplasty without a further dislocation. The remain-
ing dislocation which was associated with infection was 
managed by two-stage revision with a total hip arthroplasty.

Bickels et  al. reported that the revision rate due to 
aseptic loosening was 5% at an average of 6.6 years of 
follow-up in patients who underwent bipolar hemiarthro-
plasty after proximal femoral resections [29]. Similarly, 
Farid et al. stated that the rate of revision due to aseptic 
loosening was 10% at long-term follow-up in a series of 
52 patients who underwent a proximal femur resection 
[38]. In the current study, the mean follow-up period was 
24.47 ± 24.45 months, and we observed aseptic loosening 
in 2 (1.5%) patients, one in metastatic carcinoma and one 
in multiple myeloma groups. We believe that the low rate 
of aseptic loosening was probably due to our relatively 
short follow-up.

In a study evaluating the functional outcomes of 59 
patients who underwent a bipolar hemiarthroplasty, the 
average MSTS Score was 22 at 21-month postoperative 
follow-up [1]. Farid et al. reported similar functional out-
comes, without a significant difference between metastatic 
carcinoma and primary bone tumor groups [38]. In the 
current study, we did not find any statistical difference 
among the diagnostic groups in terms of MSTS Scores. 
The results were remarkable in that although there was 
a difference in degree of acetabular erosion among the 

Table 9  Relationship between survival time and MSTS Scores

One-way analysis of variance

MSTS p
Mean ± SD

Survival time ≤ 16 76.86 ± 9.9 0.847
16 < survival time ≤ 40 77.83 ± 9.7
Survival time > 40 77.82 ± 8.6



340 Archives of Orthopaedic and Trauma Surgery (2022) 142:331–341

1 3

diagnostic groups, there was no statistical difference in 
terms of MSTS Scores.

The limitations of the current study were as follows; (1) 
it was a retrospective study, (2) the number of patients was 
not homogeneously distributed among the diagnostic groups, 
(3) the age distribution among the groups differed and the 
follow-up period varied depending on the survival time, and 
(4) there was a low number of patients in soft tissue sarcoma 
group. On the other hand, the adequacy and effectiveness of 
bipolar hemiarthroplasty type of hip articulation was inves-
tigated extensively in patients who underwent a proximal 
femoral or a total femoral resection due to a musculoskeletal 
malignancy.

Conclusion

Considering acetabular erosion was not existent in patients 
with metastatic carcinoma who had an average survival 
time of ≤ 16 months, and acetabular erosion was minimal 
in patients with primary bone tumor and multiple myeloma 
who had an average survival time of > 16 and ≤ 40 months, 
we can consider bipolar hemiarthroplasty type of hip articu-
lation is the gold standard for patients who undergo a proxi-
mal femoral or total femoral resection for a musculoskel-
etal malignancy. Even though acetabular erosion was more 
advanced in soft tissue sarcoma group who had an average 
survival time of > 40 months, it did not affect the functional 
outcomes and the need for a revision.
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