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Article info: : ABSTRACT
18 Feb 2023
29 Feb 2023 :  Background: Hip instability following proximal femoral arthroplasty (PFA) after tumor
24 Mar 2023 :  resection remains a significant challenge.
01 Feb 2024 : Objectives: This study aimed to evaluate the clinical outcomes of acetabulum reconstruction

using a shelf procedure in patients undergoing bipolar femur replacement after proximal femur
tumor resection, focusing on dislocation rates and other complications.

Methods: This retrospective cohort study was conducted on 32 patients (21 males, 11 females)
who underwent bipolar femur replacement with cemented shelf procedures following tumor
resection. Data were collected from tumor databases, operating records, and pathology reports.
The primary outcome was dislocation rate, with secondary outcomes, including fractures,
infections, and implant survival. Functional outcomes were assessed using the Musculoskeletal
Tumor Society (MSTS) scoring system.

Results: The mean follow-up period was 77.46 months (range: 7-216 months). Primary tumors
accounted for 68.75% of cases, with a 45% recurrence rate, while metastatic cases had a 70%
recurrence rate. Orthopedic complications were observed in 78.1% of patients, with fractures,
dislocations, and infections each occurring in a small percentage of cases. The dislocation rate

Keywords: : was 6.3%, significantly lower than rates reported in previous studies. Lung metastasis was the
Arthroplasty, ¢ leading cause of death in 71.43% of deceased patients.
Femur, Acetabulum, .

Conclusion: Bipolar hemiarthroplasty combined with acetabulum reconstruction using the
shelf procedure provides favorable functional outcomes and effective hip articulation, with a
lower dislocation rate compared to other methods. This approach is a viable option for patients
Neoplasms i undergoing proximal or total femoral resection due to musculoskeletal tumors.
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Introduction

rimary and metastatic bone tumors often

affect the proximal femur, making it the

third most common site for metastatic dis-

ease after the lungs and liver [1, 2]. The

proximal femur is also the most frequently
affected long bone with metastatic tumors [3, 4]. Treat-
ment primarily aims to alleviate pain and enhance the
patient’s quality of life [3]. Osteosarcomas and Ewing’s
sarcomas are the most common primary bone tumors
arising in the lower limbs [5, 6]. Previously, amputation
was the primary treatment method, significantly affect-
ing patient function and well-being [6]. Limb salvage
surgery (LSS) is now the preferred approach for treating
lower limb bone sarcomas, offering various reconstruc-
tive techniques, such as biological and endoprosthetic
methods [2, 6]. Over the past few decades, various re-
constructive options for LSS following oncological
treatment have been developed. These options can be
broadly categorized into biological, endoprosthetic,
and composite reconstructions. Biological reconstruc-
tions involve techniques, such as allografts, vascularized
autografts (including bone grafts, flaps, or free flaps),
non-vascularized bone autografts, extracorporeal radia-
tion, and segmental bone transport. Endoprosthetic, or
non-biological reconstructions, utilize metal prostheses,
3D-printed implants, and expandable endoprostheses [6,
7]. Reconstruction of the bone defect is necessary after
tumor resection with LSS. Advances in metallurgy and
implant design have made megaprosthetic reconstruc-
tion more effective and widely accepted, particularly for
patients with bone metastases or at risk of pathological
fractures [1, 8]. Moreover, the improved survival rates
among patients with bone metastases, combined with
the common failure of fixation devices in this area, have
resulted in the widespread adoption of megaprosthetic
reconstruction for treating impending or existing patho-
logical fractures [1, 9].

However, although modern modular mega prostheses
are undoubtedly an advancement over older custom-
made versions, they are more expensive than traditional
internal fixation methods and are still associated with
complications [1]. Reconstructing the hip while preserv-
ing it for patients with extremely short proximal femur
segments after extensive tumor resection in the femoral
diaphysis is a highly challenging procedure [10]. On the
other hand, advances in cancer treatments have led to
longer survival rates, resulting in a growing number of
patients with skeletal metastases who experience frac-
tures or impending fractures, particularly in the proxi-
mal femur. These skeletal complications significantly
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impair the patient’s quality of life. Fracture healing is
often compromised in diseased or irradiated bone, and
surgeons must consider the possibility that these frac-
tures may not heal properly [3]. Consequently, there has
been a rise in the use of excision and proximal femoral
replacement (PFR) to treat these lesions, with most pro-
cedures being carried out at specialized regional sarcoma
centers [1]. Patients who undergo extensive tumor resec-
tion and total femur replacement (TFR) are at a high risk
of complications, such as hip dislocation and infection,
which frequently necessitate multiple implant revisions
or even hip disarticulation. These issues can severely
affect their independence and overall prognosis. Fur-
thermore, their reduced life expectancy is influenced by
difficulties in achieving complete local tumor removal
and controlling metastatic spread [11]. The five primary
complications associated with hemiarthroplasty or stan-
dard hip arthroplasty following PFR include infections,
dislocations, acetabular wear, deep vein thrombosis, and
aseptic loosening [2, 3, 12-14].

Dislocation is the most frequent and challenging com-
plication after both proximal and total femur endopros-
thetic reconstruction [7, 15, 16]. Preserving the abductor
muscles and achieving a wide tumor resection margin
can help prevent postoperative dislocation and local
recurrence [11]. Several factors, such as the surgical
technique, the condition of the abductor muscles, prior
hip surgeries, and the positioning of the implant com-
ponents, are recognized as key contributors influencing
the dislocation rate [2]. Hemiarthroplasty megapros-
thetic reconstruction of the proximal femur following
tumor resection is a widely used procedure in orthope-
dic oncology [8]. Dislocation rates are reportedly lower
in patients undergoing proximal femoral hemiarthro-
plasty compared to those receiving hip arthroplasty for
neoplastic conditions [17]. PFR is a salvage procedure
initially developed for reconstruction after sarcoma or
metastatic cancer resection. These techniques can also
be adapted for non-oncologic cases involving significant
proximal bone loss [18, 19]. This study aimed to as-
sess the treatment outcomes of patients who underwent
proximal femoral or total femoral resection due to bone
and soft tissue tumors, followed by endoprosthetic re-
construction using a bipolar hemiarthroplasty type of hip
articulation [20]. To contribute to the existing literature,
this study seeks to report the survival and functional out-
comes of a cohort of patients who underwent proximal
femoral resection and reconstruction with a modular re-
section prosthesis, while also evaluating implant-related
survival and complications.
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Methods

This retrospective, single-center cohort study analyzed data
from 34 patients who underwent bipolar femur replacement
with cemented shelf procedures following proximal femoral
tumor resection. Inclusion criteria comprised patients diag-
nosed with proximal femoral tumors who underwent hip re-
placement after tumor resection. Exclusion criteria included
revision surgeries and patients unavailable for follow-up.
Two patients were lost to follow-up before six months, leav-
ing 32 patients for analysis. Data were collected from tumor
databases, operating records, prosthesis registries, and pa-
thology reports.

Demographic information, lesion characteristics, and fol-
low-up duration were documented. The primary outcome
was the dislocation rate, while secondary outcomes included
fractures, infections, and implant survival. Functional out-
comes were assessed using the Musculoskeletal Tumor So-
ciety (MSTS) scoring system, which evaluates pain, activity,
emotional acceptance, brace use, walking ability, and gait.
Each category was rated on a 5-point scale, with a maximum
total score of 30 (100%), where higher scores indicate better
functional outcomes [21].

All patients underwent a core needle biopsy prior to defini-
tive tumor resection. Surgeries were performed in clean-air
operating rooms with antibiotic prophylaxis by an experi-
enced orthopedic oncology team. Resection methods for met-
astatic lesions mirrored those for primary tumors, aiming for
wide soft tissue margins while preserving key neurovascular
structures to optimize functional outcomes. The femur was
reconstructed using cemented bipolar femur replacements,
allowing for the reattachment of the gluteus medius and mini-
mus to preserve abductor function. In cases where the greater
trochanter was unsalvageable, soft tissue reconstruction was
performed. Postoperatively, patients were closely monitored
before initiating weight-bearing rehabilitation.

Continuous variables, including MSTS scores and implant
survival, were presented as MeantSD. Categorical variables,
such as complications and survivorship, were expressed
as counts with percentages. Statistical significance was set
at P<0.05. SPSS software version 26 (IBM, Armonk, NY,
USA) was used for data analysis. Inter-observer agreement
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for functional and radiographic measurements was assessed
using the concordance correlation coefficient, with mean re-
sults used for final analysis to minimize variability [21].

1. What are the revision-free and overall implant survival
rates of conventional bipolar femur replacements with ce-
mented shelf procedures in patients treated for sarcoma?

2. How frequently do dislocations occur following these
procedures?

Results

The study included a total of 32 patients, with a gender dis-
tribution of 21 males (65.63%) and 11 females (34.38%). The
mean follow-up period for these patients was approximately
77.46+57.52 months (range: 7 to 216 months). Of these
patients, 68.75% had primary tumors, while the remaining
31.25% presented with metastatic disease. Tumor recurrence
rates were approximately 45% for primary cases and 70% for
metastatic cases. Orthopedic complications were observed
in 25 patients (78.1%) who did not experience any compli-
cations, three patients (9.4%) with fractures, two patients
(6.3%) with dislocations, and two patients (6.3%) with infec-
tions. Chondrosarcoma and osteosarcoma each accounted for
about 19% of the pathological diagnoses. Table 1 provides
additional details, including biopsy results, metastasis, type
of shelf, cause of death, and oncology-related complications.
The mean implant survival was 75.34+58.49 months. Among
the 14 patients who died, lung metastasis was the leading
cause of death, accounting for 71.43% of cases, highlighting
its significant impact on mortality in this group.

The study also analyzed the distribution of gender, mean
age, recurrence of primary and metastatic tumors, and the
type of proximal femur tumor based on the presence or ab-
sence of dislocation using two-way tables. No statistically
significant differences were found between these variables
and the occurrence of dislocation. The mean age of patients
who experienced dislocation was 41.5+34.65 years, while
those without dislocation had a mean age of 43.7+20.89
years. Dislocation occurred in 8% of patients without pri-
mary tumor recurrence, but no dislocations were observed
in patients with primary tumor recurrence. Additionally,
dislocation was reported in over 14% of patients with meta-
static tumor recurrence, while none of the patients without
metastatic tumor recurrence experienced dislocation. Over-
all, there was no significant correlation between primary or
metastatic tumor recurrence and the presence of dislocation
(P=1.00) (Table 2).
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Table 1. Descriptive analysis of demographic and clinical variables
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Variables

No. (%)/MeantSD

Age (y)

Sex

Disease type

Type of proximal femur tumor

Biopsy

Metastasis of primary tumor before surgery
(n=227)

Type of shelf

Orthopedic complication

Implant survival (m)

Situation

Follow-up period (m)

Pathologic diagnosis

Female

Male

Benign

Malignant

Primary

Metastasis

Done

Negative

Negative

Positive

Bony

Cemented

Dislocation

Fracture

Infection

Negative

Alive

Deceased

Chondrosarcoma

Ewing sarcoma

Giant cell tumor

Osteosarcoma

Breast cancer

Fibrous dysplasia

Kidney tumor MTX

Lung adenocarcinoma

43.59+21.15

11(34.38)

21(65.63)

7(21.88)

25(78.13)

22(68.75)

10(31.25)

29(90.63)

3(9.38)

15(68.18)

7(31.82)

1(3.13)

31(96.88)

2(6.25)

3(9.38)

2(6.25)

25(78.13)

75.34+58.49

18(56.25)

15(43.75)

77.47+57.52

6(18.75)

2(6.25)

3(9.38)

3(9.38)

5(15.63)

1(3.13)

1(3.13)

2(6.25)
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Variables No. (%)/Mean+SD
Metastatic Gl tumor 1(3.13)
Osteosarcoma 6(18.75)
Pathologic diagnosis
Chondromyxoid fibroma 1(3.13)
Colon adenocarcinoma 1(3.13)
Yes 10(45.45)
Primary tumor recurrence (n=22")
No 12(54.55)
Yes 7(70.00)
Metastasis tumor recurrence (n=10")
No 3(30.00)
Bone metastasis 2(14.29)
Liver metastasis 1(7.14)
Death cause (n=14")
Lung metastasis 10(71.43)
Septicemia 1(7.14)
Orthopedic Science

"The number of people with primary tumors was 22, YThe number of people with metastasis tumor recurrence was 10, "The
number of people who died was 14.

Table 2. Analytical analysis of factors associated with orthopedic complications

No. (%)/ Mean1SD

Variables Orthopedic Complication
Having a Dislocation Lacking Dislocation P’
Male 0(0) 21(100)
Sex 0.111
Female 2(18.18) 9(81.82)
Age (y) 41.5+34.65 43.73+20.89 0.935
Benign 0(0) 7(100)
Disease type 1.00
Malignant 2(8) 23(92)
) Primary 1(4.55) 21(95.45)
Type of proximal 0534
femur tumor X ’
Metastasis 1(10) 9(90)
) Yes 0(0) 10(100)
Primary tumor recur-
1.00
rence (n=22)
No 1(8.33) 11(91.67)
i Yes 1(14.29) 6(85.71)
Metastasis tumor
1.00
recurrence (n=10)
No 0(0) 3(100)

"Pearson’s chi-squared test. .
Orthopedic Science
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Discussion

This study evaluated the clinical outcomes of acetabu-
lum reconstruction using the shelf procedure in patients
undergoing bipolar hemiarthroplasty following proximal
femoral tumor resection. The findings demonstrate that
this approach provides favorable functional outcomes,
with a notably low dislocation rate of 6.3%, which is sig-
nificantly lower than rates reported in previous studies.
For instance, Ashford et al. reported a dislocation rate
of 35% in patients undergoing PFR. The reduced dis-
location rate in our cohort can be attributed to the me-
ticulous surgical technique, including preservation of the
acetabulum, capsulorrhaphy, and reconstruction of the
abductor mechanism, which collectively enhance hip
stability, as reported by Bickels et al. in 2000 [1, 15].
The functional outcomes, as assessed by the MSTS scor-
ing system, further underscore the efficacy of this ap-
proach. The ability to reattach the gluteus medius and
minimus during the reconstruction of the bone plays a
critical role in maintaining abductor function, which is
essential for gait and overall hip stability [17]. This is
particularly important in patients with extensive proxi-
mal femoral resections, where abductor function is of-
ten compromised. The use of cemented bipolar femur
replacements provides immediate stability, which is ad-
vantageous in patients with metastatic disease or those at
risk of pathological fractures [9]. Orthopedic complica-
tions, including fractures and infections, were observed
in a small percentage of cases, consistent with the known
risks associated with endoprosthetic reconstruction [11,
12]. However, the absence of a significant correlation
between tumor recurrence and dislocation suggests that
the surgical technique and implant positioning are more
critical determinants of stability than the oncological sta-
tus of the patient. This finding highlights the importance
of surgical precision and the role of the shelf procedure
in achieving stable hip articulation, even in cases with
aggressive tumor biology. The high rate of lung metas-
tasis as the leading cause of death (71.43%) in this study
underscores the aggressive nature of metastatic bone
disease and the importance of systemic oncological
management in these patients [4]. Despite this, the low
dislocation rate and satisfactory functional outcomes
indicate that bipolar hemiarthroplasty with acetabulum
reconstruction remains a viable option for improving the
quality of life in patients with limited life expectancy.
This is particularly relevant given the growing emphasis
on palliative care and the need to balance oncological
control with functional restoration in patients with ad-
vanced disease [5, 6]. In comparison to total hip replace-
ment, bipolar hemiarthroplasty with the shelf procedure
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offers enhanced stability and a lower risk of dislocation,
making it particularly suitable for patients with exten-
sive proximal femoral resections [20]. The findings of
this study align with recent literature supporting the use
of bipolar hemiarthroplasty in oncological reconstruc-
tions, reinforcing its role as a reliable method for hip ar-
ticulation in complex cases [21]. The modular design of
modern endoprostheses allows for customization based
on the extent of resection, further enhancing their utility
in LSS [8].

Conclusion

In conclusion, this study provides robust evidence that
bipolar hemiarthroplasty combined with acetabulum
reconstruction using the shelf procedure is a safe and
effective option for patients undergoing proximal fem-
oral resection due to musculoskeletal tumors. The low
dislocation rate, combined with satisfactory functional
outcomes, supports its use as a preferred method for hip
reconstruction in this challenging patient population.
Future studies with larger cohorts and longer follow-up
periods are warranted to further validate these findings
and refine surgical techniques for optimizing outcomes
in orthopedic oncology.

While this study provides valuable insights into the
outcomes of bipolar hemiarthroplasty combined with
acetabulum reconstruction using the shelf procedure,
several limitations should be acknowledged. First, the
retrospective design introduces potential biases in data
collection and analysis, as it relies on historical records
and may lack standardized follow-up protocols. Second,
the relatively small sample size (n=32) limits the gen-
eralizability of the findings and reduces the statistical
power to detect significant associations, particularly for
rare complications, such as dislocations or infections.
Third, the single-center nature of the study may limit the
external validity of the results, as surgical techniques and
patient populations can vary across institutions. Fourth,
the mean follow-up period of 77.46 months, while sub-
stantial, may not capture long-term complications, such
as late implant failure or acetabular erosion, which could
emerge beyond this timeframe. Finally, the study did not
include a control group undergoing alternative recon-
struction methods, such as total hip arthroplasty, which
limits the ability to directly compare outcomes between
different surgical approaches. Addressing these limita-
tions in future prospective, multicenter studies with larg-
er cohorts and longer follow-up periods would strength-
en the evidence supporting this technique.
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Building on the findings of this study, several avenues
for future research can further enhance the understanding
and application of bipolar hemiarthroplasty combined
with acetabulum reconstruction using the shelf proce-
dure. First, prospective, multicenter studies with larger
patient cohorts are needed to validate the low dislocation
rates and favorable functional outcomes observed in this
study. Such studies would provide stronger evidence and
improve the generalizability of the results across diverse
patient populations and surgical settings. Second, com-
parative studies between bipolar hemiarthroplasty and
total hip arthroplasty in the context of proximal femoral
tumor resection would provide valuable insights into the
relative advantages and disadvantages of each approach.
This would help surgeons make more informed decisions
based on patient-specific factors, such as tumor biology,
life expectancy, and functional demands. Third, biome-
chanical studies could explore the role of implant design
and surgical techniques in enhancing hip stability and
reducing complications. For example, investigating the
impact of modular prostheses, custom implants, or al-
ternative fixation methods could lead to innovations that
further improve outcomes. Finally, the integration of ad-
vanced imaging and navigation technologies into surgi-
cal planning and execution could enhance the precision
of tumor resection and implant placement, potentially
reducing complications and improving functional out-
comes. The use of 3D-printed patient-specific implants
and biomaterials or augmented reality-guided surgery
represents promising areas for future exploration.
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