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review
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Abstract

Background To investigate the risk of postoperative function and complications associated with reconstruction
methods in patients with short residual proximal femurs (< 12 cm) after resection of distal femoral bone tumors, we
performed a systematic review of studies reporting postoperative function and complications in these patients.

Methods Of the 236 studies identified by systematic searches using the Medline, Embase, and Cochrane Central
Register of Controlled Trials databases, eight were included (none were randomized controlled trials). In these studies,
106 (68.4%), 12 (7.7%), and 37 (23.9%) patients underwent reconstruction with custom-made megaprostheses with
extracortical plates or cross-pins, allograft prosthetic composite (APC), and Compress® compliant pre-stress (CPS)
implants, respectively.

Results Aseptic loosening occurred slightly more frequently in the APC group than in the other reconstruction
methods (APC group, 21%,; custom-made megaprosthesis group, 0—17%; CPS implant group, 14%). No differences
were noted in the frequencies of implant breakage, fractures, or infections between the three reconstruction meth-
ods. Mechanical survival, where endpoint was set as implant removal for any reason, was 80% at seven years in the
APC group, 70-77% at 10 years in the custom-made megaprosthesis group, and 68% at nine years in the CPS implant
group. Therefore, there appeared to be no difference among the three reconstruction methods with respect to
mechanical survival.

Conclusions During megaprosthetic reconstruction of the distal femur with a short residual proximal femur after
bone tumor resection, similar results were obtained using custom-made megaprostheses, APCs, and CPS implants.

Keywords Distal femur replacement, Distal femoral tumor, Short proximal femur, Compressive osseointegration,
Allograft prosthetic composite, Custom-made megaprosthesis
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Background

Primary malignant bone tumors, such as osteosarcoma
and Ewing’s sarcoma, often arise in the distal femur [1].
Reconstruction of the distal femur after tumor resection
is challenging in young patients with long-life expectancy
and high functional demands [2]. Reconstruction with
a megaprosthesis allows early weight bearing, relatively
short hospitalization, early return to daily activities,
and early resumption of postoperative chemotherapy
[3, 4]. Occasionally, tumors extend to the subtrochan-
teric area, requiring subtrochanteric femoral osteotomy
during tumor resection, and the remaining proximal
femur becomes too short to allow insertion of a stand-
ard modular-type megaprosthesis stem (120-150 mm)
[5, 6]. Even with short-stem prostheses, aseptic loosening
occurs at a high rate because of the limited stem-to-bone
interface [7]. When it is no longer possible to preserve
the remaining proximal femur, total femur replacement
can be performed, but this leads to a significant loss of
function compared to distal femoral replacement [8—10].
Additionally, total femur replacement is associated with
a risk of dislocation and impaired hip abduction func-
tion [11]. Therefore, to preserve hip abduction function,
it is important to preserve the remaining short proximal
femur [11].

Custom-made megaprostheses with extra-cortical
plates or cross-pins (Fig. 1) [5, 11-15], allograft pros-
thetic composite (APC) implants (Fig. 2) [2], and
Compress®-compliant pre-stress (CPS) implants [16]
have been used as reconstructive options for patients
with a short proximal femur remaining after resection
of a distal femoral bone tumor. However, the results of
each reconstruction method are limited to retrospective
case series, owing to their rarity, and there are no com-
parative studies or randomized controlled trials (RCTs).
Therefore, the optimal reconstruction method remains
unknown. To the best of our knowledge, no systematic
review of the literature has addressed this issue.

To investigate the risk of postoperative function and
complications in patients with a short residual proximal
femur after distal femoral bone tumor resection, we per-
formed a systematic review of studies reporting the func-
tional results and complications in these patients after
reconstruction with custom-made megaprostheses, APC,
and CPS implants.

Methods

We followed the recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-anal-
yses 2020 statement [17]. Additionally, we registered
our protocol with the University Hospital Medical
Information Network Clinical Trials Registration as
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i)
Fig. 1 Non-cemented, custom-made short-stem megaprosthesis
with cross-pins (cited from Dieckman et al. [13])

UMINO000048111  (http://www.umin.ac.jp/ctr/index.
htm [accessed on June 20, 2022]).

Eligibility criteria

Only studies that reported functional results and com-
plications of megaprosthetic reconstruction of the
distal femur with a short residual proximal femur fol-
lowing bone tumor resection were included. A residual
short proximal femur was defined as<12 cm in length,
where the standard modular-type megaprosthesis stem
could not be inserted. Studies in which reconstruc-
tion was performed in patients without short residual
proximal femurs were excluded. Studies that performed
reconstruction in patients with short residual proximal
femurs, but did not specify both functional results and
complications, were also excluded. Only English- and
Japanese-language literatures were included, with no
restrictions on publication year.


http://www.umin.ac.jp/ctr/index.htm
http://www.umin.ac.jp/ctr/index.htm
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Literature search and study selection

The literature was searched according to a system-
atic search strategy using the Medline, Embase, and
Cochrane Central Register of Controlled Trials databases
on May 31, 2022 (Additional file 1). Additionally, the bib-
liographies of the retrieved literature were used to iden-
tify other relevant studies.

Data collection and presentation

The studies were independently selected, and data were
extracted. In case of disagreement, an agreement was
reached among the authors. The following data were col-
lected using a data collection sheet: (1) Basic data (author
name, year of publication, journal name, type of study,
period investigated, number of patients, patient age,
and tumor histology); (2) Surgical indication, method of
reconstruction, cement fixation, porous coating, time to
full weight bearing, stem length of prosthesis, adjuvant
chemotherapy, adjuvant radiotherapy, non-union, aseptic
loosening, implant breakage, fracture, infection, mechan-
ical survival (where the endpoint was set to implant

(2023) 18:68

(b)
Fig. 2 a Infection in an 18-year-old female after resection of the distal femoral osteosarcoma and reconstruction with a megaprosthesis. After
removal of the prosthesis and debridement, antibiotic cementing and knee arthrodesis were performed to cure the infection, but the remaining
proximal femur was short. b X-ray immediately after reconstruction of the allograft prosthetic composite. Cement fixation and additional plate
fixation were also performed. ¢ Three years post-operatively, the host bone and allograft fused, and no aseptic loosening was observed
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removal for any reason), oncological outcome, Muscu-
loskeletal Tumor Society (MSTS) score [18], and postop-
erative follow-up period.

Data summary

Tables 1 and 2 summarize the data extracted from the
collected data. Table 3 summarizes the time to full
weight-bearing, non-union, aseptic loosening, implant
breakage, fracture, infection, mechanical survival, MSTS
score [18], and postoperative follow-up period for each
reconstruction method (custom-made megaprosthe-
sis, APC, and CPS implant). All studies included in this
review were non-randomized; therefore, data pool-
ing (meta-analysis) was not appropriate and thus, not
performed.

Assessment of methodological quality

The methodological quality of each study was indepen-
dently assessed. When there was disagreement, agree-
ment was reached among the authors through discussion.
Articles included in the final analysis were independently
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assessed according to the Risk of Bias Assessment tool
for Non-randomized Studies (RoBANS tool) to assess the
quality of non-randomized studies in meta-studies [19].

Search results

Of the 236 studies identified by the search, eight were
included in our review (Fig. 3; Tables 1, 2 and 3) [2, 5, 11—
16]. These eight studies were not RCTs.

Demographic data and ratio of patients who underwent
reconstruction with custom-made megaprostheses, APC,
and compression-compliant pre-stress implant

A total of 155 patients underwent megaprosthetic recon-
struction of their distal femurs with a short residual prox-
imal femur, following bone tumor resection. Of the 155
patients, 106 (68.4%) underwent reconstruction with a
custom-made megaprosthesis, 12 (7.7%) with APC, and
37 (23.9%) with CPS implants (Tables 1, 2 and 3). Cus-
tom-made megaprostheses were the most commonly
used from the 1980s until recently (Table 1). Between
2008 and 2018, at one institution, APC was the only
method used to reconstruct the remaining short proxi-
mal femur after bone tumor resection of the distal femur
[2] (Table 1).

Methodological quality of the included studies

The quality of each study was assessed using the ROBANS
tool; overall, there was a moderate risk of bias. All the
eight included studies showed that ‘selection of par-
ticipants’ and ‘confounding variables’ were high, while
‘measurement of exposure, ‘blinding of outcome, ‘incom-
plete outcome data, and ‘selective outcome reporting’

were low.

Results

Time to full weight bearing was 1.5 months in the group
reconstructed with custom-made megaprostheses or
CPS implants [14, 16] compared with seven months in
the group reconstructed with APCs [2]. The time to full
weight bearing was longer in the APC group due to the
need for non-weight bearing until the allograft fused
with the remaining host bone [2].

The frequency of aseptic loosening was 21% in the
group reconstructed with APCs [2], 0-17% in the group
reconstructed with a custom-made megaprosthesis [5,
11-15], and 14% in the group reconstructed with CPS
implants [16]. This indicates that the APC group may
have a slightly higher frequency of loosening than the
other reconstruction methods; however, the quality of
these studies was not good, and they were not RCTs.
Therefore, we could not pool the data and perform statis-
tical analyses to determine whether there were differences

(2023) 18:68
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in the occurrence of aseptic loosening among the three
treatment options. For custom-made megaprostheses,
the frequency of aseptic loosening ranges between 0 and
17% in the porous coating group [5, 11, 13, 14] and 5 and
8% in the cement fixation group [12, 15]. There was no
difference in the frequency of aseptic loosening between
the porous coating and cement fixation groups.

The frequencies of implant breakage were 0-21%
[5, 11-15], 7% [2], and 0% [16] in the custom-made
megaprosthesis, APC, and CPS implant groups, respec-
tively. The breakdown of implant breakage was 7% for
screw breakage [11, 13], 5-14% for component connec-
tion breakage [11, 15], and 11% for stem breakage [12].
Additionally, the frequency of fractures was 0-7% [5, 11—
15], 0% [2], and 2% [16] in the custom-made megapros-
thesis, APC, and CPS implant groups, respectively.
Moreover, the frequency of infection was 7-17% [5, 11—
15], 7% [2], and 12% [16] in the custom-made megapros-
thesis, APC, and CPS implant groups, respectively.
Therefore, the frequencies of implant breakage, fracture,
and infection are similar among the three reconstruction
methods [2, 5, 11-16, 20].

Mechanical survival, where the endpoint was set
for implant removal for any reason, was 70-77% at
10 years in the group reconstructed with a custom-made
megaprosthesis [5, 12], 80% at 7 years in the group recon-
structed with APCs [2], and 68% at 9 years in the group
reconstructed with a CPS implant [16]. Therefore, there
appears to be no difference between the three recon-
struction methods with respect to mechanical survival [2,
5,12, 16].

Discussion

The most appropriate reconstructive approach for
patients with a short residual proximal femur after dis-
tal femoral bone tumor resection remains unclear. We
included studies that reported megaprosthetic recon-
struction of the distal femur with a short residual proxi-
mal femur after bone tumor resection and compared the
mechanical survival and risk of complications between
custom-made megaprostheses, APC, and CPS implants.
The APC group had a longer time to full weight bearing
because of the need for non-weight bearing until the allo-
graft was fused with the remaining host bone. The APC
group also appeared to have a slightly higher frequency of
aseptic loosening than the other reconstruction methods
groups. There was no difference in the frequency of asep-
tic loosening between the porous coating and cement
fixation groups for the custom-made megaprostheses.
Additionally, there were no differences in the frequencies
of implant breakage, fracture, or infection between the
three reconstruction methods. There appeared to be no
difference among the three reconstruction methods with
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Table 3 Summary of complications and functional outcomes for each reconstruction method

Reconstruction Time to Non-union Aseptic Implant Fracture Infection Mechanical MSTS score  Mean
full weight loosening breakage survival (median)
bearing follow-up
(months) period

(months)

Custom-made 15 NA 0-17% 0-21% 0-7% 7-17% 70-77% at 23-28 47-132

megaprosthesis (Cement 10 years

with extra- fixation: 5-8%,

cortical plates Porous coat-

Of Cross-pin ing: 0-17%)

(n=106)

Allograft pros- 7 0% 21% 7% 0% 7% 80% at 7 years 27 49

thetic composite

(n=14)

Compress® Com- 1.5 NA 14% 0% 2% 12% 68% at 9 years NR 68

pliant Pre-stress
implant (n=37)

MSTS Musculoskeletal Tumor Society; NA not applicable; NR not reported

respect to mechanical survival. Therefore, all the custom-
made prostheses, APC, and CPS implants may be good
choices for reconstruction of the distal femur in patients
with a short residual proximal femur after bone tumor
resection.

This study has several limitations. First, all studies
included in this systematic review were retrospective
and bias based on patient background. All studies in
which surgical indications were made for patients who
did not have a short residual proximal femur were
excluded; however, there were still variations in surgi-
cal indications. However, RCTs can avoid many of these
biases by randomly allocating participants into groups.
As we identified no RCTs, further well-designed cohort

and observational studies with strong effects may pro-
vide more reliable information. Second, 14 patients
underwent APC reconstruction of the distal femur with
short residual proximal femurs after resection of the
bone tumors, and 37 patients underwent CPS implant
reconstruction. The number of patients who underwent
these reconstruction procedures is small. Future stud-
ies with larger populations and longer follow-up periods
may yield different results. However, to date, this is the
extent of information available regarding reconstruction
of the distal femur in patients with short residual proxi-
mal femurs after bone tumor resection. Third, the time
span of the cases included in the study is large; from 1980
to 2021, the time span is as long as 40 years. Too long a

Citations found in each electronic database:
MEDLINE (n = 264), EMBASE (n = 230),
Cochrane Database (n = 1)

The bibliographies of retrieved
studies were manually searched
to identify other studies: n = 6.

]

[ 236 records identified after duplicates were removed ]

!

[ 236 records screened ]—-[213 records were excluded based on title and abstract ]

23 full-text articles were
assessed for eligibility

15 full-text articles were excluded with the following reasons
No data for distal femoral replacement alone (n = 3)

Non English or Japanese-language text (n = 2)

The remaining proximal femur is not short (n = 10)

8 studies were included
in the qualitative synthesis
(meta-analysis)

J

Fig. 3 Flow chart of the search for relevant articles
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of distal femoral bone tumors

Patients with short residual proximal femurs (<12 cm) after resection

v

| Primary surgeryl
For tumors For tumors that
requiring do not require
preoperative preoperative
chemotherapy chemotherapy

3 ) 2

\

Revisionsurgery

N\

If a minimum of
2.5 mm cortical

If a minimum
2.5 mm cortical
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1. Custom-made 1. CPS implant
megaprosthesisor || 2. APC (A recycled
CPS implant autograft can be
2. APC (A recycled || used instead of
autograft bone can
be used instead of
allograft if the

tumor is
osteosclerotic.)

allograftif the bone

thickness thickness does
remains not remain
[ ] ]
1. Custom- 1. Custom-
made made
megaprosthesis megaprosthesis
or CPS implant 2. APC
2. APC

bone tumor is
osteosclerotic.)

Fig. 4 Algorithm for megaprosthetic reconstruction of the distal femur with a short residual proximal femur following bone tumor resection (CPS:

Compress® compliant pre-stress; APC: allograft prosthetic composite)

time span changes the understanding of the surgeon, the
design of the prosthesis, the materials, and processes for
making the prosthesis. Even in the same center, it is dif-
ficult to achieve the same clinical solutions for similar
cases. However, because of the rarity of patients requir-
ing residual proximal femoral reconstruction after distal
femoral bone tumor resection, we did not limit the year
of publication to ensure a sufficient number of cases.
APC reconstruction combines a modular megapros-
thesis with a massive bone allograft [21]. Cement is often
required for proper stem fixation of massive bone allo-
grafts because avascular allografts do not lead to bone
growth into the porous coated stem, similar to the host
bone [2]. The use of plates or screws to increase allograft
fixation to the host bone has also been recommended [2].
Healey et al. proposed telescopic allograft reconstruction,
in which the allograft and host bone overlap like a tele-
scope to promote allograft-host bone union [22]. Healey
et al. recommended an overlap length of 50 mm [22]. In
their study, Hindiskere et al. reported that all 14 patients
achieved allograft-host bone union with an average over-
lap length of 19 mm [2]. In this systematic review, the
frequency of loosening was slightly higher in the APC
reconstruction group than that in the other reconstruc-
tion groups. Allograft resorption may be a cause of loos-
ening, as bone union was observed in all cases [2]. The

advantage of using APC is that the procedure can be
customized based on the surgeon’s needs at the time of
surgery by combining a modular megaprosthesis with an
allograft [20, 21]. Additionally, during reconstruction at
the time of the first surgery;, it is possible to use a recycled
autograft instead of an allograft to reconstruct the resid-
ual short proximal femur in combination with a modular-
type megaprosthesis [7].

Custom-made megaprostheses comprise a short stem
with extracortical plates or cross-pins that are cemented
or fixed with a porous coating to induce osteointegra-
tion. However, they are time-consuming to manufacture
and can be problematic in patients who do not require
neoadjuvant chemotherapy [23]. Based on the results
of our systematic review, there was no difference in the
frequency of aseptic loosening between cemented and
porous coating fixation of custom-made megaprosthe-
ses. In a previous study, Hu et al. treated 85 patients
with custom-made cemented or cementless fixed total
knee systems (United USTAR system) with a follow-up
period of 89 months [24]. At five years, the mechanical
survival rate was 75% in the cemented group and 94%
in the cementless group [24]. Causes of failure included
aseptic loosening in five patients and implant breakage in
six patients in the cemented stem group [24]. Mechanical
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survival in the cementless fixation group was significantly
better than that in the cemented group (p=0.01) [24].

CPS implants (Biomet, Warsaw, IN, USA) use the prin-
ciples of Wolff’s law to generate compliant self-adjusting
compression via a short (4 or 8 cm) intramedullary trac-
tion bow that produces a compressive force, which pro-
motes biological fixation [25, 26]. The CPS implant was
approved by the Food and Drug Administration in 2003
because it demonstrated complication rates and func-
tional outcomes comparable to those of cemented stems
(Orthopaedic Salvage System [OSSTM]; Biomet) [27].
CPS implants have been shown to induce bone hypertro-
phy at the distal bone—prosthetic junction of a stable and
fixed implant [28, 29]. The insertion of a relatively less
rigid medullary fixation component eliminates the need
for stress shielding that occurs with conventional stem
devices, as stresses are transferred directly to the bone—
prosthetic interface during normal cyclic loading [26, 28].
These features make this implant an attractive option for
reconstruction of the remaining short proximal femur.
However, the indications for CPS implants are narrower
than those for APCs and custom-made megaprostheses,
as the indications are limited to the remaining proximal
femur with a minimum cortical thickness of 2.5 mm,
without cortical defects or osteolysis [6, 27]. In the case
of revision in previously reconstructed patients, the cor-
tical thickness may not be sufficient to achieve compres-
sion of the CPS implant [27].

The goal of megaprosthetic reconstruction of the dis-
tal femur in patients with short residual proximal femurs
is to preserve the hip and abductor muscle mechanism.
Loss of abductor muscle strength increases the energy
expenditure of gait by 1.41 times the normal [30], and
patients who undergo proximal femoral replacement
experience significantly lower functional outcomes [8—
10]. Kalra et al. reported a mean MSTS score of 72% in
26 patients who underwent total femur replacement and
were followed for an average of 57 months [10]. Further-
more, other authors have reported similar MSTS scores
of 60-70% [8, 9]. Therefore, it is essential to maintain hip
and abductor attachments, especially in young patients
with long life expectancy to preserve function and reduce
the risk of complications and revision surgeries [11].

Conclusions

In megaprosthetic reconstruction of the distal femur in
patients with a short residual proximal femur after bone
tumor resection, the time to full weight bearing was
longer in the APC group. Aseptic loosening was slightly
more frequent in the APC group (21%) than in other
reconstruction methods (0—17%). There were no differ-
ences in the incidence of implant breakage, fracture, or
infection between the three reconstruction methods.
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Regarding mechanical survival, there was no difference
between the three reconstruction methods. Indications
for CPS implants are limited to those with a minimum
remaining cortical thickness of 2.5 mm without cortical
loss or osteolysis in the remaining proximal femur. There-
fore, reconstruction of the residual short proximal femur
after bone tumor resection of the distal femur had similar
results with the CPS implants, APCs, and custom-made
tumor prostheses; reconstruction with APC or a custom-
made prosthesis is preferable in patients with thinning of
the bone cortex of the residual short proximal femur. We
propose an algorithm for megaprosthetic reconstruction
of the distal femur with a short residual proximal femur
following bone tumor resection (Fig. 4). However, only a
small number of patients were included in this system-
atic review, and only retrospective studies were available.
To revalidate our results, more detailed patient reports
(allowing patients to be pooled for subsequent analysis)
and obligatory follow-up of tumor reconstructions with
some sort of registry may be required.
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