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Abstract
Background Aseptic loosening is one of the most common
causes of revision of distal femoral endoprostheses and is
considered a mid- to long-term complication. There are not
many reports of 10-year survivorship free from aseptic
loosening and all-cause survivorship in cemented stems. To
our knowledge, there are no reports on radiographic features
that are associated with aseptic loosening of these implants.

Questions/purposes (1) What is the 5- and 10-year sur-
vivorship free from aseptic loosening in patients un-
dergoing reconstruction with a cemented distal femoral
endoprosthesis after a tumor resection? (2) What is the all-
cause 5- and 10-year survivorship at in these patients?
(3) What radiographic features are associated with aseptic
loosening at long-term follow-up?
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Methods We performed a multicenter retrospective study
reviewing aseptic loosening in cemented prostheses to
determine radiographic features associated with long-term
implant survivorship. Patients who underwent a cemented
distal femoral reconstruction with a modular endopros-
thesis after resection of a musculoskeletal tumor between
1997 and 2017 were reviewed. A total of 246 patients were
identified from five institutions and met initial inclusion
criteria. Of those, 21% (51) were lost to follow-up before
2 years, leaving 195 patients available for us to evaluate
and analyze the survivorship and radiologic features as-
sociated with long-term implant survival. The mean
(range) follow-up was 78months (22 to 257). At the time of
this analysis, 69% (135 of 195) of the patients were alive.
Osteosarcoma was the most common diagnosis in 43% of
patients (83 of 195), followed by metastatic carcinoma
13% (25 of 195). Fifty-six percent (110 of 195) of patients
received chemotherapy; 15% (30 of 195) had radiation
therapy. Aseptic loosening was diagnosed radiographically
and was defined as a circumferential radiolucent line on
all views, or subsidence around the stem in the absence
of infection. We present 5- and 10-year Kaplan-Meier
survivorship free from aseptic loosening, 5- and 10-year
all-cause survivorship, and a qualitative assessment of ra-
diographic features potentially associated with aseptic
loosening (including the junctional radiolucent area, and
cortical expansion remodeling). The junctional radiolucent
area was defined as a radiolucent area of the bone starting at
the bone-endoprosthesis junction to the tip of the femoral
stem, and cortical expansion remodeling was defined as an
increased cortical thickness at the stem tip. Although we
wished to statistically analyze radiographic factors poten-
tially associated with aseptic loosening, we did not have
enough clinical material to do so (only nine patients de-
veloped loosening). Instead, we will report a few pre-
liminary qualitative observations, which necessarily are
preliminary, and which will need to be confirmed or refuted
by future studies. We urge caution in interpreting these
findings because of the very small numbers involved.
Results Kaplan-Meier survivorship free from aseptic
loosening of the femoral component at 5 and 10 years were
95% (95% CI 89 to 98) and 93% (95% CI 86 to 97), re-
spectively. Kaplan-Meier survivorship free from revision
for any cause at 5 and 10 years were 74% (95%CI 65 to 79)
and 64% (95% CI 49 to 70), respectively. Although the
numbers were too small to analyze statistically, all patients
with aseptic loosening had a junctional radiolucent area
more than 20% of the total length of the stem without
cortical expansion remodeling at the stem tip. No aseptic
loosening was observed if there was cortical expansion
remodeling, a junctional radiolucent area less than 20%, or
curved stems that were 13 mm or greater in diameter. The
numbers of patients with aseptic loosening in this series
were too small to analyze statistically.

Conclusions Cemented distal femoral endoprostheses
have a relatively low rate of aseptic loosening and ac-
ceptable projected first-decade survivorship. The presence
of a radiolucent area more than 20% without cortical ex-
pansion remodeling at the stem tip may lead to aseptic
loosening in patients with these implants. Close radio-
graphic surveillance and revision surgery may be consid-
ered for progressive lucencies and clinical symptoms of
pain. If revision is contemplated, we recommend using
larger diameter curved cemented stems. These are pre-
liminary and provisional observations based on a low
number of patients with aseptic loosening; future studies
with greater numbers of patients are needed to validate or
refute these findings.
Level of Evidence Level III, therapeutic study.

Introduction

For decades, cemented modular endoprostheses have been
used for distal femoral reconstruction after tumor resection.
The principal advantages are immediate full weightbearing
and early restoration of function in most patients [1, 7, 12].
A systematic review by Haijie et al. [5] found that the
overall implant survival rates of cemented distal femoral
endoprostheses at 5 and 10 years were 82% and 70%, re-
spectively. But prior studies have demonstrated that aseptic
loosening is one of the most common reasons for revision
of distal femoral endoprostheses [4, 7-9, 13-14, 16, 19].
Aseptic loosening rates have ranged from 4% to 9% at 4 to
12 years [3, 5, 13, 15-16, 19-20]. This is considered a mid-
term to long-term complication, with reported times to
revision ranging from 3 years to 12 years [2, 6, 11, 16, 18].

There are few reports of 10-year survivorship free from
aseptic loosening [3] and all-cause survivorship in
cemented stems [5, 8, 13, 17]. In addition, there are no
reports, to our knowledge, of radiographic features that
may help anticipate which endoprostheses are at risk for
aseptic loosening, or which radiographic features are as-
sociated with durable cemented fixation. Identifying such
factors may help identify implants at risk of future revision.

We therefore asked (1) What is the 5- and 10-year sur-
vivorship free from aseptic loosening in patients un-
dergoing reconstruction with a cemented distal femoral
endoprosthesis after a tumor resection? (2) What is the all-
cause 5- and 10-year survivorship in these patients? (3)
What radiographic features are associated with aseptic
loosening at long-term follow-up?

Patients and Methods

We performed a retrospective study gathering data from five
institutions. The study was approved by the institutional
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review board or ethics committee of the respective authors’
institutions. We identified 332 patients who underwent re-
construction with a cemented modular distal femoral endo-
prosthesis for a musculoskeletal tumor between 1997 and
2017. Twenty-six percent (86 of 332) of patients were ex-
cluded who either had an expandable or uncemented im-
plant, had surgery for a nononcologic diagnosis or a revision
procedure. Therefore, 246 patients met initial inclusion cri-
teria. Of those, 21% (51) were lost to follow-up before 2
years, leaving 195 patients available for us to evaluate and
analyze the survivorship and radiologic features associated
with long-term implant survival (Fig. 1).

In general, implant choice was based on individual sur-
geon experience. In four institutions, cemented stems were
used for all patients, while one institution employed unce-
mented stems in young adult patients only. All surgeons used
the Global Modular Replacement System (GMRS), manu-
factured by Stryker/Howmedica (Mahwah, NJ, USA). The
kneemechanismwas a rotating hinge platform in all implants.
The shaft and intramedullary stem were composed of a
titanium alloy (Ti 318 [Ti-6Al-4V]), and the rotating hinge
cast was made of a cobalt-chromium-molybdenum alloy.

Data collected included: age, sex, BMI, Enneking stage,
diagnosis, stem diameter and length, prosthesis length, and
the use of chemotherapy and radiotherapy. Radiographs
were reviewed and measurements were taken. The radio-
graphic features we considered were the junctional radio-
lucent area, cortical expansion remodeling, as well as stem
diameter and design (straight or curved). The decision to
perform revision surgery was made individually by the
treating surgeons, but generally revisions were performed
for painful aseptic loosening, periprosthetic joint infection,
a soft tissue problem, periprosthetic fracture, implant break-
age or tumor recurrence.

We evaluated radiographs at 2 to 3weeks postoperatively
and then every 3 to 4 months for the first 2 years, every 6 to

12months for the next 3 years, and annually thereafter. Each
follow-up evaluation included a clinical examination and
standard non-weightbearing AP and lateral radiographs of
the affected extremity.

Patient Characteristics

Of the 195 patients, 106 were male and 89 were female. The
mean (range) patient age was 43 years (12 to 87). A total of
69% (135 of 195) of the patientswere alive at the last follow-
up examination. The minimum follow-up for inclusion in
the study was 24 months. The mean (range) total follow-up
time was 78 months (22-257). Osteosarcoma was the most
common diagnosis in 43% (83 of 195) of the patients, fol-
lowed bymetastatic carcinoma in 13% (25 of 195). Fifty-six
percent (110 of 195) of patients received chemotherapy
preoperatively, postoperatively, or both as part of their
treatment. Fifteen percent (30 of 195) of patients had ra-
diation therapy to the affected extremity. All patients
received a unilateral implant; 100 were inserted on the
right side and 95 on the left. The mean BMI was 26 kg/m2

(range 13 to 48 kg/m2). The mean (range) bone resec-
tion length was 15 cm (11 to 31). The mean length of the
distal femoral prosthesis was 14.5 cm (10.5 to 30.6). The
mean diameter of the stemwas 13mm (8 to 17) and themean
length of the stem was 12.7 cm (10.2 to 20.3). All patients
underwent reconstruction with a cemented tibial component
with or without metal backing and variable length stems.

The tumor resection was planned based on preoperative
imaging that included radiographs, CT andMRI scans and the
length of resection was carefully measured intraoperatively.
The bone resection wasmade perpendicular to the anatomical
axis of the femur in all patients. The bone canal was
reamed 1 mm to 2 mm above the planned stem diameter.
Third-generation cement technique, with the insertion of

Fig. 1 The STROBE study flow diagram is shown here.
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pressurized cement with a cement gun was used. All
implants were in neutral alignment (7° of valgus was built
into the implant) with a solid cement stem mantle (1 mm
to 2 mm of cement thickness) and good contact between
the stem and cortical femoral bone.

Radiographic Analysis

Radiographs were reviewed in all 195 patients. All films
were evaluated by one reviewer (PP), whowas only involved
in a small number of the subjects in this study. Radiographs
were evaluated for two radiographic features: junctional ra-
diolucent area and cortical expansion remodeling (Fig. 2).All
radiographs were reviewed in a blind fashion and then
2 weeks later all were re-reviewed. Intraobserver agreement
(kappa statistic) was 92% for the junctional radiolucent area
and 94% in assessing cortical expansion remodeling.

Aseptic loosening was diagnosed radiographically and
was defined as a circumferential radiolucent line on all views
or subsidence around the stem in the absence of infection.

The junctional radiolucent area was defined as a radiolucent
area of the bone starting at the bone-endoprosthesis junction of
the femoral stem that can progress up to the stem tip. This was
measured using the minimum length of the radiolucent area
divided by the total length of the stem on AP and lateral
radiographs (Fig. 3). We grouped junctional radiolucent area
findings into four zones: Zone I: junctional radiolucent area 1%
to 20%; Zone II: 21% to 40%; Zone III: 41% to 60%; andZone
IV: 61% to 100%. Junctional zone lucencies were observed in
48% of patients (94 of 195). Among the 94 patients, 52 had
Zone I junctional radiolucent area, 29 had Zone II, four
had Zone III, and nine had Zone IV (Fig. 4).

Cortical expansion remodeling was defined as an in-
creased cortical thickness at the stem tip. This sign was
measured using the ratio of the maximum bone diameter at

the stem tip, divided by the cortical diameter 2 cm above
the stem tip on AP and lateral views (Fig. 5). This sign was
observed in 15% (29 of 195) of patients. In these 29
patients, all cortical expansion remodeling was observed
exclusively in junctional radiolucent area Zone II (21% to
40%) and the average increase diameter of the cortical
expansion remodeling at the tip of the stem was 6% (range
3% to 15%).

Statistical Analysis

The 5- and 10-year aseptic loosening free survivorship, and
5- and 10-year revision-free survivorship for any reason,

Fig. 2 This image shows the junctional radiolucent area at the
bone-endoprosthesis junction (arrows), with cortical expan-
sion remodeling at the tip of the stem (circled).

Fig. 3 The junctional radiolucent area was measured as the
minimum percentage of the length of the radiolucent area
divided by the total length of the stem on AP and lateral ra-
diographic views.

Fig. 4 The four zones of the junctional radiolucent area are
shown in this figure. We grouped junctional radiolucent area
findings into four zones: Zone I: junctional radiolucent area 1%
to 20%; Zone II: 21% to 40%; Zone III: 41% to 60%; and Zone IV:
61% to 100%. Junctional zone lucencies were observed in 48%
of the patients (94 of 195). Among the 94 patients, 52 had Zone
I junctional radiolucent area, 29 had Zone II, four had Zone III,
and nine had Zone IV.
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were analyzed using a Kaplan-Meier survival analysis [10],
performed on STATA software version 16.1 (StataCorp,
College Station, Texas, USA).

Although we wished to analyze radiographic factors
potentially associated with aseptic loosening statistically,
we did not have enough clinical material to do so (only nine
patients developed loosening). Instead, wewill report a few
early qualitative observations, which necessarily are pre-
liminary, and that will need to be confirmed or refuted by
future studies. We urge caution in interpreting these find-
ings because of the very small numbers involved.

Results

Survivorship Free from Aseptic Loosening

Kaplan-Meier survivorship free from aseptic loosening of
the femoral component at 5 and 10 years were 95% (95%
CI 89 to 98) and 93% (95% CI 86 to 97), respectively

(Fig. 6). Aseptic loosening involving the femoral stem
occurred in 4.6% of the patients (9 of 195) and aseptic
loosening involving the tibial component occurred in 2.6%
(5 of 195). The mean (range) time to revision for aseptic
loosening of the femoral stem was 59 months (22 to 178).

All-cause Survivorship

Kaplan-Meier survivorship free from revision for any
cause at 5 and 10 years was 74% (95% CI 65 to 79) and
64% (95% CI 49 to 70), respectively (Fig. 7). Revision for
any cause occurred in 27% of patients (53 of 195).
Infection was the most common reason for revision in 10%
of patients (19 of 195), followed by aseptic loosening in
7.2% (14 of 195 patients), aseptic loosening involving the
femoral stem in 4.6% (9 of 195), and aseptic loosening of
the tibial component in 2.6% (5 of 195).

Radiographic Features Associated with Loosening

Small patient numbers precluded statistical analysis; only
nine patients developed loosening. These findings are
qualitative and should be considered preliminary.

All nine patients who underwent revision surgery for
aseptic loosening of the femoral stem had a junctional ra-
diolucent area more than 20% of the total length of the stem
and no cortical expansion remodeling at the tip of the stem. If
the junctional radiolucent area was less than 20% or cortical
expansion remodelingwas present, no aseptic looseningwas
observed in this small series. No aseptic loosening was ob-
served in patients with implants with curved stems that were
13 mm or greater in diameter.

Fig. 5 The cortical expansion remodeling was measured as
the ratio between the maximum thickness at the tip of the
stem divided by the cortical diameter 2 cm above the tip of the
stem on AP and lateral radiographic views.

Fig. 6 Kaplan-Meier survivorship free from aseptic loosening of the femoral component at
5 and 10 years was 95% (95% CI 89 to 98) and 93% (95% CI 86 to 97), respectively.
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None of the 52 patients with Zone I (junctional ra-
diolucent area 1% to 20%) changes without cortical
expansion remodeling progressed to revision due to
aseptic loosening. All 29 patients with Zone II (21% to
40%) changes had cortical expansion remodeling at the
stem tip and did not progress or undergo revision surgery
for aseptic loosening. Four patients in Zone III (41% to
60%) had mechanical implant failure. Three of four
patients had a broken stem and one patient had a peri-
prosthetic fracture. All broken stems occurred in patients
with a stem diameter less than or equal to 11 mm. The
patient with a periprosthetic fracture had a stem diame-
ter of 13 mm. All nine patients with Zone IV changes

(61% to 100%) underwent revision for aseptic loosening
(Fig. 8).

Discussion

For patients who undergo distal femoral endoprosthetic re-
construction, aseptic loosening is one of the most common
reasons for revision [4, 7-9, 13-14, 16, 19]. The reported
incidence of aseptic loosening ranges from 4% to 9% at 4
years to 12 years [3, 5, 13, 15-16, 19-20] with time to re-
vision ranging from 3 years to 12 years [2, 6, 11, 16, 18].
Relatively little is known about the 10-year survivorship free

Fig. 7 Kaplan-Meier survivorship free from revision for any cause at 5 and 10 years was 74%
(95% CI 65 to 79) and 64% (95% CI 49 to 70), respectively.

Fig. 8 This figure shows the association of the four zones of junctional radiolucent area
with cortical expansion remodeling and aseptic loosening.
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from aseptic loosening in cemented stems [3]. There are no
reports to our knowledge of radiographic criteria that may
help to anticipate which endoprostheses are at risk for
aseptic loosening, or alternatively, which radiographic fea-
tures might be associated with durable cemented fixation.
We therefore sought to study these endpoints.

This study has several limitations. First, this is a ret-
rospective, nonrandomized study with potential selection
bias. However, we think the effect of this bias was rela-
tively small, since indications for using this device were
consistent at four of five study sites (four institutions
preferred cemented implants in all patients, while another
used uncemented implants only in young adult patients.).
In addition, we raise a concern about generalizability;
although the same distal femoral endoprosthesis (Stryker
GMRS) was used exclusively after musculoskeletal tumor
resection in this study, our findings may not apply to all
cemented distal femur implants. We also remind readers
that children in whom the limb could not be salvaged and
who underwent amputation were also excluded from this
review.

The second major limitation is transfer bias. Twenty-
one percent of patients were lost to follow-up before 2
years (51 of 246); in addition, because the mean time to
aseptic loosening was 59 months, 4% (8 of 195) of the
patients were lost to follow-up at more than 5 years post-
operatively. These patients were at risk of exhibiting
aseptic loosening. Therefore, our results may be a best-case
estimate. We note that Kaplan-Meier survival analysis
addresses loss to follow-up to some degree, and the CIs are
informative on this point.

Third, the radiographic measurements were performed
by one author (PP), who assisted in a few of the procedures,
therefore, assessment bias is a concern that could have led
to underestimates of radiographic loosening. Fourth, this
paper considered loosening and revision as the primary
endpoints; however, it is possible that some patients ex-
perience stem-related pain or limited function that was not
assessed because a rigorous clinical outcome analysis was
not performed.

Finally, although we aimed to analyze the factors (both
radiographic and clinical) associated with aseptic loosening,
we did not have enough clinical material to do so (only nine

patients developed loosening). We can report a few pre-
liminary qualitative observations that will need to be con-
firmed or refuted by future studies. We urge caution in
interpreting these findings.

Survivorship Free from Aseptic Loosening

Our study showed survivorship free from aseptic loosening
of cemented stem at 5 and 10 years in 95% (95% CI 89 to
98) and 93% (95% CI 86 to 97), respectively, similar to
cemented stem loosening reported by Coathup et al. [3] (5
and 10 years was 94% and 92%, respectively). Our study
also showed that 4.6% of stems were aseptically loose at
6.5 years, similar to that reported by Schwartz et al. (3.5%
at 8 years) [16] and lower than that reported by Coathup
et al. [3] (8% at 8.5 years), Zhang et al. [20] (7.7% at 4.4
years), and Haijie et al. [5] (9.3% at 6.5 years) (Table 1).
Taken together, these findings suggest that cemented stems
in patients with distal femoral replacement after tumor
resection will likely result in low rates of aseptic loosening
in the first postoperative decade.

The mean (range) time to revision due to aseptic loos-
ening was 59 months (22 to 178), which is consistent with
other studies ranging from 3 years to 12 years [2, 6, 11, 16,
18]. We have observed in this study, however, that aseptic
loosening can occur early, within the first 2 years after sur-
gery. Therefore, surveillance for aseptic loosening should
begin early because it can be a short-term complication that
may or may not be related to technique.

All-cause Survivorship

Our study showed that all-cause survivorship of cemented
stems at 5 and 10 years was 74% (95%CI 65 to 79) and 64%
(95% CI 49 to 70), respectively, similar to the all-cause
survivorship reported in a systematic review by Haijie et al.
[5] (survivorship at 5 and 10 years was 82% and 70%, re-
spectively), Houdek et al. [8] (survivorship at 5 and 10 years
was 74% and 59%, respectively), Sharma et al. [17] (sur-
vivorship at 5 and 10 years was 84% and 79%, respectively),
and Myers et al. [13] (survivorship at 5 and 10 years was

Table 1. Review of the literature in cemented distal femoral endoprosthesis

Study Stem type Number Percentage of patients with aseptic loosening

Schwartz et al. [16] Cemented (modular) 85 3.5% (3 of 85) at a minimum follow-up 1 month (mean
follow-up 8 years; range 0.08 to 28)

Coathup et al. [3] Cemented (custom-made) 61 8% (5 of 61) at a minimum follow-up 24 months (mean
follow-up 8.5 years; range 2 to 8)

Zhang et al. [20] Cemented (modular) 78 7.7% (6 of 78) at a minimum follow-up 12 months (mean
follow-up 4.4 years; range 1 to 10.4)

Haijie et al. [5] Cemented 1574 9.3% (147 of 1574) (mean follow-up 6.5 years)
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83% and 58%, respectively). Deep infection was the most
common reason for revision followed by aseptic loosening.

Radiographic Features Associated with Loosening

We found no aseptic loosening in patients with radiographs
that demonstrated cortical expansion remodeling or junc-
tional radiolucent area less than 20% of the total length of
the stem; we also saw no aseptic loosening in curved stems

that were 13 mm or greater in diameter, but the numbers on
this observation were quite small. We remind readers that
these observations are preliminary: The numbers were too
small to analyze statistically, and only nine patients had
aseptic loosening in this study. These findings, therefore,
will need to be substantiated or refuted in larger prospective
studies.We speculate that these findings are consistent with
stress shielding (Fig. 9). The weight of the limb is trans-
ferred through the stem to the proximal femoral bone,
resulting in a radiolucent area at the bone-endoprosthesis

Fig. 9 This image shows the stress shielding between the prosthesis and bone.

Fig. 10 This image shows the radiographs that have junctional radiolucent area and
cortical expansion remodeling after follow-up at 1 and 3 years.
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junction. When the radiolucent area develops, contact at
the bone-endoprosthesis area decreases and the load at the
stem tip increases. The cortex at the stem tip thickens in
response, resulting in what we have termed cortical ex-
pansion remodeling (Fig. 10). In patients with progressive
junctional radiolucencies without cortical thickening for
stabilization of the stem, a periprosthetic fracture, broken
stem, or aseptic loosening might occur. Close radiographic
surveillance is therefore very important over the course of
the patient’s lifetime.

Conclusions

We demonstrated that cemented distal femoral endopros-
theses have a relatively low rate of aseptic loosening and
acceptable projected first decade survivorship. Factors that
may be associated with aseptic loosening are a junctional
radiolucent area greater than 20%, and the absence of
cortical expansion remodeling at the tip of the stem. Larger,
curved stems (13 mm or greater in diameter) may be as-
sociated with more-durable fixation. However, we did not
have sufficient numbers to analyze any of these putative
associations statistically, and with only nine patients de-
veloping aseptic loosening, these findings must be con-
sidered preliminary. Future, larger studies are needed to
confirm or refute them. Patients with distal femoral
replacements using cemented stems should be monitored
over their lifetime to assess stem stability and aseptic
loosening.
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