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Background: Patients who undergo massive femoral malignant tumor (MFMT)
resection often exhibit shortened femoral metaphyseal juxta-articular
segments. The use of a customized femoral endoprosthesis (CFE) with an
intra-neck curved stem (INCS) has emerged as a viable reconstructive surgical
strategy for these individuals. Relative to a cemented INCS, it remains unclear
as to whether cementless INCS use is associated with improvements in
functionality or reconstructive longevity. As such, the present study was
conducted to compare functional outcomes, endoprosthetic survival, and
endoprosthesis-related complication rates in patients undergoing cemented
and cementless INCS implantation.

Methods: A total of 24 patients undergoing lower limb salvage and
reconstructive surgical procedures utilizing cemented or cementless INCS
endoprostheses were retrospectively included. Patient-functional outcomes,
endoprosthetic survival, and complication rates were compared as a function
of age; diagnosis; the length of femoral resection; residual proximal femur
length; Musculoskeletal Tumor Society (MSTS) scores; visual analog scale (VAS)
scores; and the rates of implant breakage, periprosthetic infections,
periprosthetic fractures, and aseptic loosening.

Results: The mean follow-up was 56 months. Significant differences in the
length of femoral resection (p<0.001) and residual proximal femur length were
observed (p<0.001) between the cemented and cementless INCS groups.
There were no differences in overall patient survival and aseptic loosening-
associated endoprosthesis survival in the cemented and cementless groups.
None of the included patients experienced periprosthetic fractures, infections,
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or implant breakage. Average respective MSTS and VAS scores did not differ
between groups.

Conclusion: For patients undergoing treatment for MFMTs, the use of a CFE
with an INCS has emerged as a viable approach to hip-preserving
reconstructive surgery. With appropriately designed individualized
rehabilitative programs, good functional outcomes can be achieved for these
endoprostheses, which are associated with low complication rates. Moreover,
the selection between cemented or cementless INCS in the clinic should be
made based on patient-specific factors, with cementless INCS implementation
being preferable in younger patients with good-quality bone, the potential for
long-term survival, and the osteotomy site near the lesser trochanter, whereas
cemented INCS use should be favored for individuals who are older, have a

shorter life expectancy, or have poor bone quality.

KEYWORDS

massive femoral malignant tumor, total femur replacement, customized femoral
endoprosthesis, intra-neck curved stem, hip-preserving reconstruction

Introduction

In recent years, improvements in tumor staging, adjuvant
treatment options, and endoprosthetic design have made limb
salvage surgery an increasingly viable option for patients
undergoing treatment for massive femoral malignant tumors
(MFMTs) (1). Conventionally, total femur replacement (TFR)
has been the primary approach to limb salvage in these patients,
but this strategy is associated with complications including local
recurrence, infection, aseptic loosening, hip disarticulation, and
the potential for limb-length discrepancies (2-4). Proximal
femoral resection also often necessitates the opening of
additional tissue compartments, potentially leading to the hip
joint being affected in cases of infection or disease recurrence,
ultimately resulting in the need for a hemipelvectomy to achieve
the margins necessary to avoid further local recurrence (5). The
proximal femur is subject to high levels of biomechanical stress
and is the point of contact for several soft tissues necessary for
appropriate lower limb function (6). The preservation of native
hip joints can lower the risk of muscle damage, surgical
disruption, and articular surface degeneration relative to the
use of endoprosthetic hip joints, thereby improving the overall
function of the lower extremities in treated patients. Alternative
approaches to hip-preserving reconstruction (HPR) following
MEMT resection include the use of inactivated autologous bone
grafts (7), osteoarticular allografts (8), combined autografts and
allofraft (9, 10), and endoprostheses. Inactivated autologous
bone grafted has the advantage of anatomical matching,
biological reconstruction, relatively low cost, and no need for
large bone bank support; however, inactivated bone fracture,
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infection, non-union, and internal fixation failure are the
disadvantages of this technique (7). Osteoarticular allograft
can result in the biological reconstruction of bone defects and
preserve host bone stock without donor site morbidity (11).
Massive allografts are associated with a high risk of infection,
graft fracture, and delayed union or non-union (8, 12).
Combined autografts and allografts combine the biological
activity of free vascularized fibular grafts (FVFGs) with the
initial mechanical strength of allografts. The Capanna
technique has been reported to lessen the impact of
complication (graft fracture and delayed union or non-union)
(9, 13-15). However, the risk of anastomosis failure by
thrombosis is a concern (16). In addition, a previous study
showed that there was little difference in the percentage of graft
fractures when comparing allografts with and without this
vascularized graft (17).

While endoprosthetic reconstructive surgery is associated
with excellent cosmetic, functional, reliability, and emotional
acceptance outcomes in the short term (18), it can also be subject
to long-term complications including infection, endoprosthetic
joint dislocation, aseptic loosening, and mechanical breakage, all
of which can contribute to implant failure (1). Cemented fixation
strategies have remained the gold standard approach since the
advent of limb salvage surgery, enabling rapid weight-bearing
and stability without restriction while effectively adapting to the
bones of varying geometry and quality characteristics. It also
allows for drug delivery and can be less costly than cementless
fixation procedures (19). Even so, late aseptic loosening is a
relatively common complication in patients who undergo
cemented tumor endoprosthesis implantation (1). As
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cementless fixation strategies allow for the ingrowth of new
bone, they may be advantageous, contributing to lower aseptic
loosening rates (19, 20). In our institution, we defined a short
proximal femur (SPF) as the length of the residual proximal
femur of <110 mm (the length from the pyriform fossa to the
osteotomy level). The residual SPF segment may be insufficient
to accept a standard 150-mm intramedullary cemented stem
(21). To make the endoprosthetic stem better match the
curvature of the residual proximal femur and increase the
contact area between the endoprosthetic stem and cancellous
bone, we utilized a customized femoral endoprosthesis with an
intra-neck curved stem (INCS) to reconstruct massive femoral
diaphyseal defects with an SPF. To our knowledge, no studies to
date have specifically compared functional outcomes,
endoprosthetic survival, and endoprosthesis-related
complication rates in MFMT patients undergoing HPR using
cemented or cementless INCS-based reconstructive approaches.

The present study was developed to explore both oncological
and functional outcomes in MFMT patients undergoing HPR
using cemented or cementless INCS, with a specific focus on
endoprosthetic survival, patient-functional outcomes, and
postoperative endoprosthesis-related complications through a
direct comparison of these two patient groups.

Materials and methods
Patients

From 2013 to 2019, a total of 24 patients with MFMTs
underwent HPR using a customized femoral endoprosthesis
(CFE) with a cemented or cementless INCS at the author’s
institution (Figure 1). These patients (14 males, 10 females) had
a mean age of 24.5 years (range: 10-62 years) and an average
follow-up duration of 56 months (range: 17-102 months).
Surgical staging was performed with the Enneking bone and
soft tissue sarcoma staging system (22). All patients underwent
biopsy prior to definitive surgery, with preoperative X-ray,
computed tomography (CT), single-photon emission CT, and
magnetic resonance imaging (MRI) approaches being used to
measure the length of bone to be resected. Patient demographic
characteristics (age, sex), defect length, and residual proximal
femur length were recorded (Table 1).

The ethics committee of the author’s institution approved
this retrospective study, with all patients having provided written
informed consent.

Stem design and fabrication
For patients undergoing implantation procedures using a

cemented INCS, stems were designed as arc-shaped solid
structures with a diameter 2-3 mm less than that of the inner
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FIGURE 1

Radiographs of patients who underwent hip-preserving
reconstruction (HPR) with intra-neck curved stem (INCS). (A) A
patient who underwent HPR with cemented INCS. (B) A patient
who underwent HPR with cementless INCS. (HPR: hip-
preserving reconstruction; INCS: intra-neck curved stem).

surface of the inner femoral cortices. The curvature of the
developed stem was based upon the medial cortex of the
femoral neck. To maintain strength, the stem diameter was
gradually reduced such that there was a >10-mm diameter
remaining at the end of the curved portion of the stem. Arc-
shaped stems were used for patients undergoing implantation
procedures using a cementless INCS, with the center of the stem
being solid, with the medial and lateral stem porosity values of
50% and 70%, respectively. The base of the curved stem was
designed with two fins, and the diameter at the stem base was
identical to that of the inner surfaces of the femoral cortices.
Stem strength was maintained by gradually reducing the curved
stem diameter between the intertrochanteric region and femoral
head-neck junction, with a stem diameter at the latter point that
was roughly two-thirds the diameter of the medullary cavity.
Stem curvature was primarily based upon the shape of the
femoral neck medial cortex, and the diameter at the end of the
curved stem remained >10 mm. The tip of this curved step
exhibited a beak-like shape. All stems were designed by our
clinical team and fabricated by Chunlizhengda Medical
Instruments (Tong Zhou, Beijing, China).
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TABLE 1 Patient characteristics of study population.

Characteristic Total
(N=24)
Age, mean (SD) (y) 24,5 (13.3)
Diagnosis 12 (50)
Osteosarcoma 7 (29)
Ewing sarcoma 5(21)
*Other 0
Stage 0
I 22 (92)
IIA 2(8)
1IB 240.2 (102.4)
I 79.3 (14.5)

Length of femur resection, mean (SD) (mm)
Length of residual proximal femur, mean (SD) (mm)

10.3389/fonc.2022.933057

N (%)
HPR with cemented INCS HPR with cementless INCS p
(N=11) (N=13)

25.7 (14.7) 23.5 (12.6) 0.698
6 (55) 6 (46) 0.915
3(27) 4 (31) 0.902
2 (18) 3 (23) <0.001

0 0 <0.001
0 0
10 (91) 12 (92)
1(9) 1(8)
337.4 (16.3) 158.0 (62.2)
90.6 (10.6) 69.7 (9.5)

*Other primary bone sarcoma included either “high grade, undifferentiated sarcoma” or “high grade spindle cell neoplasm” based on available pathology reports. HPR: hip-preservin:.
p: ry gh g gh g 1% P’ P gy rep p-p 8

reconstruction; INCS: intra-neck curved stem; SD: standard deviation.

Surgical approach

The same senior surgeon performed all procedures included
in this study. Patients were placed in a lateral recumbent
position, and a lateral approach was used for all patients. En
bloc tumor resection and the removal of soft tissue were
performed based upon preoperative simulation results. The
potential for endoprosthetic misfit was minimized by carefully
controlling the degree of the osteotomy plain. Following tumor
resection, patients undergoing cemented INCS implantation had
the tip of a customized guide needle inserted into the center of
the femoral head with a mobile C-arm, with the medullary cavity
being gradually enlarged using a customized guide needle and
flexible reamers of different diameters to generate a cone-shaped
cavity. The prosthesis was then prepared to match the residual
femoral curvature and to appropriately correct for the alignment
of the lower extremities. Bone cement was then injected into the
medullary cavity with a vacuum-mixing gun, and the curved
stem was then inserted into the residual proximal femur,
ensuring that no cement remained present between the
endoprosthesis and soft tissues. For patients undergoing
cementless INCS implantation, a bone curette was used to
remove cancellous bone from the osteotomy surface, after
which a mobile C-arm was used to insert a customized guide
needle into the center of the femoral head. Flexible reamers and
customized guide needles were then used to generate a cone-
shaped medullary cavity as above. To ensure maximal
endoprosthetic stability while minimizing bone loss, the
residual proximal femur was under-reamed by 0.5 mm.
Additional reaming was then conducted at 0.5-mm increments
as necessary to achieve a stable fit. To initially verify matching
between the INCS and the proximal femur, a smaller plastic
trial-model endoprosthesis was initially inserted. Appropriately
sized endoprostheses were then implanted, with harvested
cancellous bone being used for grafting.
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Postoperative management

Patients were routinely administered prophylactic
antibiotics for 48 h postsurgery. Individualized assessments
were used to guide the development of patient-specific
rehabilitative programs. For patients who have undergone
procedures using a cemented INCS, patients were confined to
bed rest for 3-5 days with their lower extremities in a neutral
position. After 8 h, these patients began ankle and knee flexion
and extension exercises, progressing to hip abduction and
flexion exercises after 3 days, and initiating partial weight-
bearing after 7 days using two crutches for assistance.
Progression to full weight-bearing was initiated after 21 days.
For patients that have undergone procedures using a cementless
INCS, patients were confined to bed rest for 2-3 weeks with their
lower extremities in a neutral position. During this recuperative
period, ankle and knee flexion and extension exercises were
initiated. After 3 weeks, partial weight-bearing using crutches
was initiated, while hip abduction and flexion exercises were
initiated after 4 weeks. After 8 weeks, patients progressed to
walking with partial weight-bearing using one crutch, further
progressing to full weight-bearing after 12 weeks.

Patients underwent monthly follow-up for 3 months
postsurgery, after which they underwent a follow-up
evaluation every 3 months for 2 years, followed by annual
follow-up visits thereafter. The affected limb was evaluated
during each follow-up, with pain being rated using a VAS.
Radiographic imaging of the reconstructed limb was
performed monthly for the first 3 months, every 3 months for
the remainder of the first year, every 6 months during the second
year, and annually thereafter. Lower limb function was assessed
using the MSTS scoring system (23). Patients were monitored
for INCS implantation-associated complications such as
infection, implant breakage, aseptic loosening, and
periprosthetic fracture.
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Statistical analysis

Data were compared via two-sample t-tests, chi-square tests,
or the Fisher’s exact test, with p < 0.05 as the significance
threshold. SPSS v 19.0 (IBM Corp., Armonk, NY, USA) was
utilized for all data analyses.

Results

A total of 11 and 13 patients in the present study cohort
underwent HPR using a CFE with a cemented and a cementless
INCS, respectively. None of these patients exhibited preoperative
pathologic fractures. The mean respective follow-up durations in
the cemented and cementless INCS groups were 63.5 and 49.7
months (p=0.175). The mean ages of patients in these two
groups were 25.7 and 23.5 years, respectively (P=0.698).
Patients in the cemented INCS and cementless INCS groups
exhibited respective mean femoral resection length values of
337.4 mm and 158.0 mm, respectively (p<0.001), with
corresponding mean residual proximal femur length values of
90.6 and 69.7 mm, respectively (p<0.001).

Average respective MSTS scores in the cemented INCS and
cementless INCS groups were 24.9 and 26.0 (p=0.168), and none
of the surviving patients in either group required the use of
crutches or other walking aids as of most recent follow-up. Two
patients in the cemented INCS group reported mild pain in the
lower extremities when walking unsupported for >3,000 m, with
VAS scores of 3 and 2, respectively. These patients ultimately
underwent revision surgery due to aseptic loosening. One
patient in the cementless INCS group reported mild pain in
the lower extremities when walking unsupported for >5,000 m
(VAS score = 2 at final follow-up) but did not exhibit any
imaging complications associated with endoprosthesis
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FIGURE 2
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implantation. No other patients reported pain or
Trendelenburg gait as of most recent follow-up.

Three patients in the cemented INCS group have died of lung
metastases at 17, 22, and 29 months postreconstruction, while one
patient in the cementless INCS group died of lung metastases at 27
months postreconstruction (p=0.300). Aseptic loosening at 48 and
59 months postreconstruction affected two patients in the
cemented INCS group, whereas no patients in the cementless
INCS group experienced this complication (p=0.199) (Figure 2).
Local recurrence affected one patient in the cemented INCS group
who ultimately died of lung metastases at 22 months
postreconstruction, whereas no patients in the cementless INCS
group experienced local disease recurrence. None of the included
patients experienced vascular incidents, nerve palsy, implant
fractures, or periprosthetic infections (Table 2).

Discussion

Performing HPR following MFMT resection remains a
challenging procedure for musculoskeletal oncologists. In
addition to the cemented and cementless fixation strategies
used for distal femoral endoprostheses discussed herein, other
treatment strategies have included the use of extracortical plates,
cross-pin fixation, and compliant compression fixation.
Compressive osseointegration fixation allows for the creation
of a stable high-pressure interface between the bone and the
implant, thereby potentially protecting against stress shielding
(24, 25). This approach, however, is contraindicated in cases
where the cortical thickness at the bone-implant surface is
<2.5 mm (26). In children or patients who have undergone
prior reconstructive procedures, the residual cortical thickness
may be insufficient for this compression-based approach (27).
Compression fixation has also been linked to various types of

Survival Functions
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0.4+

0.2 ——  Cemented INCS
——  Cementless INCS

0.0 T T T T T

0 20 40 60 80 100 120
Months

(A) The overall patient survival of HPR with cemented INCS versus cementless INCS. (B) Survival to aseptic loosening of cemented INCS versus
cementless INCS. (HPR, hip-preserving reconstruction; INCS, intra-neck curved stem).
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TABLE 2 Results for patients undergoing hip-preserving reconstruction with an intra-neck curved stem.

N (%)

Characteristic Total HPR with cemented INCS HPR with cementless INCS (N=13) p

(N=24) (N=11)
Follow-up, mean 56.0 (22.9) 63.5 (29.1) 49.7 (14.3) 0.175
(SD) (mo) 2 (8.3) 2 (18.1) 0 (0) 0.199
Complications 22 (91.7) 9 (81.9) 13 (100) —
Aseptic loosening 0 0 0 —
Yes 24 (100) 11 (100) 13 (100) -
No 0 0 0 0.458
Periprosthetic infection 24 (100) 11 (100) 13 (100) 0.199
Yes 0 0 0 0.300
No 24 (100) 11 (100) 13 (100) 0.439
Periprosthetic fracture 1(4.2) 1(9.1) 0 0.168
Yes 23 (95.8) 10 (90.9) 13 (100) —
No 2(8.3) 2 (18.1) 0 (0) -
Implant breakage 22 (91.7) 9 (81.9) 13 (100)
Yes 4 (16.7) 3(27.3) 1(7.7)
No 20 (83.3) 8 (72.7) 12 (92.3)
Local recurrence 0 0 0
Yes 3(12.5) 2 (18.2) 1(7.7)
No 21 (87.5) 9 (81.8) 12 (92.3)
Secondary procedure 25.6 (1.8) 249 (2.4) 26.0 (1.1)
Yes 0 0 0
No 24 (100) 11 (100) 13 (100)
Survival status 0 0 0
Dead 24 (100) 11 (100) 13 (100)
Alive
Pain assessment
Severe
Mild
None
MSTS score
Gait-limp
Yes
No
Need for assist device
Yes
No

HPR, hip-preserving reconstruction; INCS, intra-neck curved stem; SD, standard deviation; MSTS, Musculoskeletal Tumor Society.

failure in cases of pathologic skeletal or extraskeletal conditions
in which patients exhibit osteopenia and altered bone
metabolism. These can include Type I failures defined by a
combination of bone and interface failure, Type IIA failures
defined by fracture proximal to the anchor plug, and Type IIB
failures defined by fractures between the anchor plug and
spindle (19). Chemotherapy can also reduce cortical
hypertrophy rates at the bone-implant interface, leading to a
reported downward trend in prosthetic survivorship (28). The
complication rates associated with the use of stems with cross-
fixation pins have been reported to be relatively low (29).
However, this approach is associated with a need for more
time to plan the procedure and manufacture the necessary
customized systems, potentially making this approach
infeasible for individuals undergoing neoadjuvant
chemotherapy due to time constraints (27). Short-stemmed
endoprostheses are theoretically susceptible to higher rates of
aseptic loosening and implant failure (30), leading some to
employ extra-cortical plants as a means of minimizing the risk
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of aseptic loosening through supplemental fixation. This can
increase resistance to bending and rotational forces, particularly
when additional screw fixation is performed. Standard side plate
addition, together with a hydroxyapatite coating, is available
from Stanmore (Stanmore Implants Worldwide Ltd, Elstree,
UK), but its impact on overall survival remains to be
assessed (19).

The Compress ® implant, cross-pin fixation, and stems with
extracortical plates have been employed in MFMT patients
undergoing HPR. The Compress ® implant exhibited an 80%
10-year survival rate in a retrospective analysis of 82 patients
performed by Healy et al. (26). Eckardt et al. further analyzed a
cohort of 56 patients that underwent cross-pin endoprosthesis
fixation, observing satisfactory durability outcomes at 10- and
15-year follow-up time points with 77% mechanical failure-free
survivorship for distal femur implants at both time points (29,
31). A 70% 10-year survival rate has also been reported for stems
with extra-cortical plates by Stevenson et al. (21) when
evaluating reconstruction performed at multiple anatomic sites
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with customized implants with side plates to overcome short
segment fixation and reconstruction challenges following
extensive resection. In the present study, 2/24 MFMT patients
undergoing HPR exhibited aseptic loosening at a mean follow-
up time point of 56 months postreconstruction, with this aseptic
loosening rate being consistent with those for the above-
mentioned methods. There are several potential explanations
for this outcome. For one, the endoprostheses used for HPR in
these patients were designed to fit well with the local proximal
femoral anatomy, and accurate INCS positioning was confirmed
postoperatively. Second, relative to straight stems, the tip of the
INCS is associated with a smaller offset distance and a smaller
bending moment, potentially contributing to lower aseptic
loosening rates (Figure 3) (32). In addition, INCS makes the
force distribution of the cancellous bone more even
(Supplementary Figure 1). Third, providing lasting fixation
between bone and endoprostheses can be challenging for
cemented prostheses, owing to a lack of sufficient residual
proximal femoral length. When insufficient residual femoral
length is available, a straight intramedullary stem will often
exhibit a proximal endpoint within the trochanteric region,
which contains inadequate cancellous bone and exhibits a
large offset (30). When inadequate cancellous bone is available,

10.3389/fonc.2022.933057

this can impact bone cement interdigitation, with the resultant
distribution and thickness of this bone cement impacting
intramedullary endoprosthesis stability (33).

For distal femoral endoprosthetic reconstruction, Unwin
and colleagues (34) reported 5% aseptic loosening, with the
implant survivorship of 65% at 10 years and 53% at 20 years in
218 cases using cemented implants. The same group
demonstrated 67.4% survival of aseptic loosening in custom,
cemented distal femoral replacement at 10 years follow-up (30).
Compared to cemented fixation, a low rate of aseptic loosening
in cementless stems was reported by Griffin et al. (20), with
femoral loosening identified in two cases (2.7%), between 1989
and 2000. Although there were significant design improvements
on subsequent cementless systems, some studies have failed to
demonstrate a significant difference in aseptic loosening rates
between cemented and cementless stems in distal femoral
replacement (35). In a retrospective comparative study of 232
patients who underwent lower limb tumor resection and
reconstruction, Pala and colleagues (1) reported higher aseptic
loosening in cemented stems (4.3%) than cementless stems
(1.8%) at an average follow-up of just over 2 years. However,
no statistically significant difference was found in that study. In
the present study, the mean length of residual proximal femur in

A B Cc D E
———— Axis of the
femur
1 1
Line of < |
force .
| I bone cement bone cement Intramedullary
stem
| Intramedullary Intr l Pin
I 1 stem I stem |
Prostheses
I shaft I 1 I
I I I I
Decreasing I bone cement J Prosthesi J Prosth: ] Prosthesis
offset ] shaft shaft | shaft
Intramedullary 1 |
stem ' | ]
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FIGURE 3

Schematic illustration of the offset distance between the line of force and the long axis of the femur and the offset distance of the tip of
intramedullary stem between a proximal and distal femoral replacement. (A) The offset distance between the line of force and the long axis of
the femur. (B) The offset distance of the tip of the intramedullary stem of proximal femoral replacement. (C) The offset distance of the tip of the
intramedullary straight stem of distal femoral replacement. (D) The offset distance of the tip of the cemented INCS of distal femoral
replacement. (E) The offset distance of the tip of the cementless INCS of distal femoral replacement. (INCS: intra-neck curved stem; Adapted

from ref. (28) with permission).
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cemented INCS and cementless INCS was 90.6 and 69.7 mm,
respectively (p<0.001). Although the residual short proximal
femoral length was associated with a high risk of aseptic
loosening and we did note gross differences in the rate of
aseptic loosening in the study groups, the rate of aseptic
loosening did not reach statistical significance (p=0.199). This
may be attributed to the reduced offset distance of the curved
stems compared to the straight stems, the appropriate cement
technique and press-fit fixation of the curved stem with
optimum diameter, and the surgical experience in oncological
operations in specialized institution. Lee et al. (36) proposed that
a 2-5-mm mantle is appropriate for the penetration of cement to
bone. Moreover, increasing cement thickness seems an effective
way to reduce stress in the bone and cement. In our study, for the
purpose of increasing the stability of the INCS, the thickness of
the bone cement at the base of the stem was moderately
increased to 3-4 mm. In general, for HPR after the resection
of MFMTs, cemented fixation could offer immediate stability
and unrestricted weight-bearing in early outcomes. However,
some studies reported that the survivorship of the cemented
stem dropped precipitously in the long-term outcomes (30, 34).
Additionally, some studies reported that cementless stem is
coated with hydroxyapatite or 3D-printed porous titanium,
which can facilitate biological bone ingrowth at the bone-
prosthesis interface (37-39). At present, the current literature
does not support the superiority of cementless over cemented
implants. Longer-term longitudinal studies, ideally prospective
randomized or retrospective match controlled, are required to
define the appropriate reconstruction technique after the
resection of MFMTs.

Average respective MSTS scores in patients in the cemented
and cementless INCS groups were 24.9 and 26.0, in line with
scores reported previously (40-42). While incomplete lower
extremity functional rehabilitation was achieved in these
patients, they nonetheless achieved sufficient pain relief and a
level of limb function necessary to permit effective self-care.
Moreover, the rapid postoperative recovery and return to full
weight-bearing for patients undergoing such reconstructive
surgery were particularly beneficial. No patients included in
the present study cohort reported any postoperative limitations
to lower limb function in their daily life. There may be several
potential explanations for this finding. For one, the preservation
of the native hip joint can minimize the risk of articular surface
degeneration, muscular damage, and surgical disruption that
may arise when employing prosthetic joints or osteoarticular
allografts (6), thereby maximizing the functional recovery of the
lower extremities. Second, the excellent stability of these
endoprostheses and the return to natural bodyweight
transmission may have led to better functional recovery.
Third, the employed rehabilitative programs supported early
functional training, contributing to better lower extremity
functional recovery. MSTS scores did not differ between the
two analyzed patient groups (p=0.168). While the length of
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femoral resection was longer in the cemented INCS group as
compared to the cementless INCS group, the remaining
proximal femur length in the cementless group was shorter
than that in the cemented group (p<0.001). The rehabilitative
programs employed herein were conducive to earlier functional
training in individuals who have undergone procedures using a
cemented INCS, allowing for greater benefit to the recovery of
lower extremity function. Owing to these factors, MSTS scores
did not differ between groups. Distal femur or diaphysis
reconstruction is often associated with postoperative
periprosthetic fracture and periprosthetic infection (31, 43,
44). However, no patients in the included study have
experienced either of these outcomes as of the most recent
follow-up.

There are certain limitations to this article. For one, this was
a single-center study of procedures performed by one surgeon.
Moreover, this was a retrospective analysis with a small sample
size and a relatively short follow-up, potentially resulting in
uncommon complications having been overlooked. Further
studies with larger sample sizes and longer follow-up period
are required to confirm the findings. Moreover, the relationship
between adjuvant treatments and patient outcomes was not
explored given that HPR procedures in MFEMT patients are
relatively rare. However, this study is the first to have specifically
explored outcomes associated with cemented and cementless
INCS use in this patient population, and these results may thus
be instructive, providing a foundation for further research.

Conclusion

In summary, this study explored the preliminary outcomes
associated with the use of cemented and cementless INCS
approaches in MEMT patients undergoing HPR. These results
support the overall safety and efficacy of this reconstructive
procedure and suggest that low complication rates and good
lower limb function can be achieved provided an individualized
rehabilitative program is appropriately implemented. Moreover,
the selection between cemented or cementless INCS in the clinic
should be made based on patient-specific factors, with
cementless INCS implementation being preferable in younger
patients with good-quality bone, the potential for long-term
survival, and the osteotomy site near the lesser trochanter,
whereas cemented INCS use should be favored for individuals
who are older, have a shorter life expectancy, or have poor
bone quality.
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