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Abstract

Introduction Total femoral replacement (TFR) is a limb salvage procedure performed for large bony defects. However, it is
often associated with major complications and reduced function. Data on limb preservation rates and functional outcomes
after TFR are limited. The primary objective of this study is to assess indications, functional outcomes, and complications
after TFR.

Materials and methods We retrospectively analyzed all patients after TFR between 2006 and 2016. All patients received a
modular mega endoprosthesis (MUTARS®). Patients were grouped according to their initial indication for TFR: (1) fracture,
(2) tumor, or (3) infection. We evaluated (i) patient survival, (ii) postoperative function with the Musculoskeletal Tumor
Society Score (MSTS), knee strength, range of motion, and (iii) complications.

Results Between 2006 and 2016, TFR was performed in 22 patients with a mean age of 64 +/—17 years. Indications for TFR
were tumor (n =6), infection (n=8) and fracture (n =8). The mean follow-up (f/up) was 18 months. At final follow-up, mean
MSTS was 24%. Mean knee flexion strength was reduced 63% compared to the contralateral leg (p=0.004). At time of final
f/up, 5 patients (22%) died, 5 (22%) underwent secondary hip exarticulation, and 12 (54%) suffered a major complication.
At f/up, 11 patients had infections. Of these 11 patients, 5 died, 4 were treated with debridement, and 5 were treated with
hip exarticulation. Fifteen patients survived with preserved limbs at f/up.

Conclusion TFR is a salvage procedure with limited functional outcome and high complication rates. Nevertheless, the
majority of our cohort could be treated successfully with limb salvage.

Keywords Total femoral replacement - Outcome - Indication - Function - Complication

Introduction

The first total femoral replacement (TFR) was implanted
in 1965 by Joseph Buchman [1]. Indications for TFR as a
salvage operation are large bone defects, usually after tumor
resection, periprosthetic loosening, periprosthetic fracture,
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primary complex fracture, periprosthetic infection, pseudar-
throsis, or recurrent prosthetic instability [32]. In Ger-
many, approximately 7500 patients per year undergo major
amputations for trauma, soft tissue injury, and tumor [20,
29]. Periprosthetic fractures with large bone defects range
between 0.3 and 5.5% after primary total knee arthroplasty
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and are seen in up to 30% after revision arthroplasty with
mortality rates as high as 46% [15, 16]. For peripros-
thetic fractures or bone defects at the proximal femur, the
MUTARS® system (Implantcast GmbH, Buxtehude, Ger-
many) is a well-established system; however, it is associ-
ated with high reoperation rates, up to 25% [4]. Although
TFR offers the opportunity to return to daily living, they
are associated with major complications and revision rates
as high as 59% [2, 3, 9, 25]. The main cited complication
is a high infection rate, up to 34%, compared with primary
prosthetic joint replacements [5-8, 14, 27, 32], likely due
to longer surgery time, larger soft tissue damage, complex
biomechanical reconstruction, and larger prosthetic surface
area [8]. The total postoperative complication rates ranges
from 25 to 92% [8], primarily in the TFR cohort after tumor
resection.

Functional outcome after TFR is guarded [17, 22].
Although the complications and revision rates are high,
alternative treatment options are often limited to above-
knee amputation or even hip exarticulation [21]. Prior stud-
ies have focused on young oncologic cohorts, whereas we
treat a more heterogeneous patient cohort at our Trauma
Center. The primary objective of this study is to determine
the indications, functional outcomes, and complications of a
cohort of patients who underwent TFR. We hypothesize that
(1) implantation of TFR is associated with severely impaired
clinical function compared to the contralateral side, (2) oper-
ative time, age, and ASA classification are risk factors for
postoperative complications, and (3) postoperative infections
are associated with worse clinical outcomes, higher revision
rates, and secondary limb loss.

Materials and methods

This study was performed with institutional review board
approval. We retrospectively analyzed all patients at our
Trauma Center and Department of Musculoskeletal Tumor
Surgery who underwent TFR between 2006 and 2016.
We used a modular mega endoprosthesis system for TFR
(MUTARS®) in all patients. This modular universal tumor
and revision system allows for modular total femur recon-
struction, including a hip replacement, adjustable femoral
shaft modules, and a rotating hinged total knee replacement.
We evaluated: (i) indication for TFR, (ii) postoperative func-
tion, and (iii) complications such as postoperative infection
and revision surgery. Indications for TFR were classified
into three groups: (1) trauma, (2) tumor, and (3) infection.
Postoperative function was assessed by the Musculoskeletal
Tumor Society Score (MSTS) [3], final hip and knee ranges
of motion (ROM), and final knee flexion (N) and extension
(kg) strengths.
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Demographic patient data were queried from our hospital
registry and were retrospectively analyzed for the aforemen-
tioned variables. Initial query resulted a cohort of 22 patients
who underwent TFR.

Clinical evaluation was performed in our outpatient clinic.
We assessed MSTS, ROM, and strength. An orthopaedic sur-
geon who was blinded for the initial indication and patient’s
history performed clinical examination of hip and knee ROM.
A blinding for the operated extremity was not performed. For
patients who could not come to an office visit, we assessed
functional ability via telephone interview or used the last docu-
mented ROM in the patient record. We used the German trans-
lation of the Musculoskeletal Tumor Society Score (MSTS) for
the lower extremity (Enneking), which ranges from 0 to 30 and
addresses pain, function, emotional situation, medical aids,
walking distance, and gait to evaluate the subjective clinical
function. High values indicate better and low values indicate
worse functional outcomes. Patients were asked to complete
the MSTS either before clinical evaluation or by telephone or
mail questionnaire. Two orthogonal plain radiographs were
performed of the hips, femurs, and knees and were evaluated
for signs of osteolysis, heterotopic bone formations, or tumor
recurrence. Furthermore, muscle strength was measured for
knee extension and flexion. For knee extension strength, we
used a knee-trainer device [12, 30], which asks patients to
press against a hypomochlion beneath the popliteal fossa and
measures muscle strength in kilograms (kg). For knee flexion
strength, we used the IsoForceControl® (MDS AG; Oberburg,
Switzerland) device, which asks patients to flex their knee with
full power and measures the bending strength of the knee in
Newtons (N).

To rule out infection, we used intraoperative and postopera-
tive microbial probes and diagnosis was based on international
consensus for the diagnosis of periprosthetic infection.

As the trial was of exploratory nature no sample size calcu-
lation was performed. Data were summarized using Microsoft
Excel® software and statistical analysis was performed with
IBM SPSS Statistics® Version 25. Data were tested for normal
distribution with the Kolmogorov—Smirnov Test. For com-
parative statistics ¢ test, Mann—Whitney U test and Chi-square
test were used. In case of normal distribution parametric # test
was used. The Mann—Whitney U test was used for comparison
of nonparametric unpaired variables between groups. Regres-
sion analysis was used for multivariate analysis. The stand-
ard significance criterion of ®=0.05 was employed. Data are
expressed as mean +/- standard deviation.
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Results
Study cohort

In total, between 2006 and 2016, TFR was performed in 22
patients with a mean age of 64 years (range 22to 85 years),
including 13 female (59%) and 9 male (41%) patients. No
intramedullary femur replacements were used. The mean
ASA classification was 2.5 (range 0—4). TFR was performed
in six patients for tumor, eight patients for periprosthetic
infection, and eight patients for periprosthetic fracture. The
mean follow-up was 18 months (+/— 21 months). There was
no statistical significant difference between the three groups
for age or ASA classification (Table 1).

Functional outcomes

In the study cohort, at final follow-up, mean hip flexion was
82 +/— 19° and mean knee flexion was 81 +/— 20°. Mean
hip flexion was 92 +/— 3° in the tumor group, 90 +/— 0° in
the infection group, and 65 +/— 25° in the fracture group.
Mean knee flexion was 82 +/— 23° in the tumor group,
85 +/— 16° in the infection group, and 76 +/— 19° in the

Table 1 Patients characteristics from the 22 patients included in the study

fracture group. There was no statistically significant differ-
ence between the three subgroups with respect to postopera-
tive hip or knee ROM. However, the trauma group showed a
trend to decreased ROM compared to the remaining cohort.
Knee extension strength was comparable to the contralateral
side (p =0.2). Howeyver, a significant reduction in knee flex-
ion strength, to 37% of the contralateral side, was observed
(p=0.004). The mean MSTS score was 7.2/30, with no sig-
nificant difference among the three groups.

Complications

We observed 12 major complications, including 1 prosthetic
hip joint dislocation and 11 periprosthetic infections. Out
of these, 10 underwent revision surgery. One patient was
treated conservatively for persistent low-grade infection
without revision surgery due to the high morbidity of reoper-
ation. There was a high correlation between revision surgery
and infection (p =0.002). However, the infection rate did not
correlate with age or ASA classification. Of the 8 patients
who received TFR for infectious indications, 3 patients had
no signs of infection postoperatively, whereas 5 patients
developed recurrent or new infection, despite negative pre-
operative microbial probes. New postoperative infections

Sex/age  Knee ROM (°) Hip ROM (°) Indication Revision (1) Infection  Operative  ASA clas-
time (min)  sification
F/82 0/0/50 0/0/90 Infection - - 237 2
M/81 0/0/90 0/0/90 Infection - - 425 2
F/60 0/0/90 0/0/90 Infection Debridement Yes 225 2
M/60 0/0/90 0/0/90 Infection - Yes 359 2
F/73 Exarticulation Exarticulation Infection Exarticulation Yes 390 2
F/68 5/0/105 0/0/90 Infection Debridement - 298 3
M/58 0/10/90 0/0/90 Infection Cup change Yes 440 4
Fr74 Dead Dead Infection Exarticulation Yes 225 3
M/71 0/5/30 0/0/90 Spindle-cell sarcoma - - 393 3
M/74 0/0/95 0/0/90 Chondrosarcoma - - 338 2
M/69 0/0/90 0/0/95 Metastatic carcinoma - - 460 4
M/22 0/0/90 0/0/100 Ewing sarcoma - - 387 2
F/42 0/0/90 0/0/90 Metastatic carcinoma 1 Yes 380 2
M/29 0/0/100 0/0/90 Osteosarcoma - - 410 1
F/62 0/0/90 0/0/90 B2 periprosthetic fracture - - 255 3
M/52 0/0/90 0/0/90 C periprosthetic fracture 3, Exarticulation ~ Yes 291 3
F/74 0/0/90 0/0/60 B2 periprosthetic fracture - - 364 2
F/77 0/0/60 0/0/60 C periprosthetic fracture 2 Yes 207 3
F/85 0/0/90 0/0/80 atypic - Yes 323 2
F/85 Exarticulation Exarticulation B2 /2 periprosthetic fracture 1 Yes 221 3
F/79 0/30/40 0/0/15 B2 periprosthetic fracture - - 199 4
F/45 Explantation/ dead  Explantation/ dead B2/ 3 periprosthetic fracture 1 Yes 225 3

F Female, M male, ROM range of motion Vancouver classification/Rorabeck classification for periprosthetic fracture
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developed in six patients who underwent TFR for noninfec-
tious indications. At final follow-up, 5 patients died, and 5
patients underwent hip exarticulation. Of those with postop-
erative infection (n=11), 5 died (45%) and 5 (45%) under-
went hip exarticulation. A total of 15 (68%) patients main-
tained their limbs and are still alive. Of the 5 dead patients,
none were from the tumor group, 2 were from the fracture
group, and 3 were from the infection group. Although there
was no statistically significant difference in regard to mortal-
ity between the three groups, there was a trend to a higher
mortality in the infection group with 42% compared to the
trauma group with 22% and the tumor group with 0%. The
mean operative time was 320 min (range 199-420 min).
Although the operative time in the tumor group was sig-
nificantly longer compared to the trauma group (p =0.001),
this parameter did not correlate with higher infection rates.
There was no difference in mean operative time in those
with a postoperative infection (289 +/— 79 min) and those
without a postoperative infection (342 +/— 80 min) (p =0.2)
(Figs. 1, 2, 3).

Discussion

The indications for TFR are rare, and data on functional
outcomes of TFR are limited, especially after peripros-
thetic fracture and periprosthetic infection. We confirmed
the hypothesis that implantation of TFR is associated with
a highly limiting clinical function compared to the contralat-
eral side and found a significant reduction in knee exten-
sion and flexion strength compared to the contralateral side.
Contrary to our expectations, age, ASA classification, and
operative time are not associated with postoperative com-
plications; however, postoperative infections are associated
with higher revision rates. TFR is still a limb salvage proce-
dure and especially after infection with a trend to a higher
mortality it should be considered carefully.

Our mean MSTS score of 24% (7.2/30) is inferior com-
pared to prior reports in the literature [18, 22, 26]. However,
prior studies included only young patients with a mean age
of 30 to 31 years [13, 18, 20, 22] and our cohort was much
older. Moreover, prior studies focused on oncologic patients,
whereas our patient’s cohort was mixed and consisted of
only 6 oncologic patients with an additional 16 cases with
history of several previous operations and subsequent poor
soft tissue conditions.

Our reported knee and hip ROM were comparable to
those reported in the literature [22]. Limited data exists
to describe functional outcomes after TFR; therefore, we
further measured knee flexion and extension strengths. The
observed mean reduction of the extension strength to 63%
compared with the contralateral side, although not statis-
tically significant, was likely a side effect of the surgical
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procedure. Knee extension forces are transferred through
the patellar tendon to the tibia which is generally preserved
and untouched. The reduction of extension force may be due
to loss of femoral length and reduced muscle preloading.
Moreover, reduced limb use leads to muscle atrophy and
additionally attenuates muscle strength. Significant reduc-
tion of knee flexion strength may also be related to loss of
femoral length and muscle disuse atrophy. Furthermore,
systematic release of the gastrocnemii muscle from the pos-
terior distal femur is an additional contributor to the loss of
flexion power resulting in mean reduction of knee flexion
strength to 38% of the contralateral side.

Our observed infection rate of 50% is higher than the
cited value in the literature of approximately 34% [9, 10].
This is likely due to the high rate of preoperative peripros-
thetic infection, which was present in 8 patients. Despite
negative preoperative microbial probes, the risk of persistent
periprosthetic infection is high, especially after megapros-
thesis implantation. However, our revision surgery rate of
45% was slightly below the reported average of 59% [3,
9, 25]. We expected a worse clinical outcome and higher
infection and revision rates with increasing age and ASA
classification, but neither age nor ASA classification were
associated variables in this study cohort. The operative time
in the tumor group was significantly longer compared to
the trauma group, likely due to a more time-consuming and
meticulous wide tumor resection. However, there was no
significant correlation between operative time and rates of
infection.

Data on complication rates are heterogeneous as shown
by Hoell et al. [11] who observed a complication rate of
only 4% after TFR in 12 patients and 33% after intramed-
ullary femur replacement and no recurrence of infec-
tion after TFR implantation in 5 patients after preopera-
tive periprosthetic joint infection. Although our data are
above the given complication rate they are in line with
the data given by Toepfer et al. who evaluated 22 patients
and had a revision rate of 59% with 5 infections. Taking
into consideration that a major difference between both
groups was that we included patients after periprosthetic
joint infection, higher rates in our cohort can be explained
thereby. However, the indication should be considered
carefully in close discussion with the patient especially
after periprosthetic joint infection. The option of a lower
level disarticulation or amputation should be considered,
and the high revision rate should be explained to the
patient. If considering a TFR into a formerly peripros-
thetic joint infection an extensive debridement should be
performed, and a perioperative antibiotic therapy should
be performed as described by Renz et al. Additionally, an
antibiotic long-term therapy should be considered in case
of complicated infection and chronic infection [23]. Gen-
eral factors influencing the risk of revision surgery due to
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Fig. 1 Operative time did not
correlate with the infection rate.
The revision rate was signifi-
cantly higher if an infection was
present. The operative time in
the tumor group was signifi-
cantly longer compared with the
fracture group, but not with the
infection group
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Fig.2 79-years-old female patient first presenting in our emergency
room with a 33-A3 fracture of the distal femur and bad bone stock
(a). A cement augmentation and LISS fixation was performed (b).
We had to observe a periprosthetic fracture (c¢). Therefore, we needed

to revise the patient and total femur replacement was performed (d,
e). Although postoperative X-ray showed good results we needed to
observe a discrepancy compared to the clinical outcome (f)

Fig.3 29 years old male patient who needed to undergo total femur
replacement in a case of osteosarcoma in 02/2012 as shown in a
(MRI scan coronal T2) and b (MRI scan axial T2 fat saturated). At

a periprosthetic joint infection are male sex, younger age,
elevated BMI and diabetes [17]. Apart from this factors
and most importantly previous septic arthritis influences
the risk of revision surgery [17]. To reduce the risk of an
infection during initial operation silver coating has been
shown to be a valuable tool [24]. Data on silver coating
during revision surgery are so far not distinct, however

@ Springer

S-year follow-up in 05/2017 the patient showed no signs of tumor
relapse or implant associated problems (¢, d). He presented without
pain and only minor functional impairment (e, f)

silver coating seams to positively influence the postop-
erative infection rate [28, 31]. Further options could be
the use of an antibiotic-loaded hydrogel which has been
shown to reduce the infection rate after internal osteosyn-
thesis [19]. So far data on the impact after periprosthetic
joint infection is missing and needs to be evaluated in the
future.
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Limitations

One major limitation is the heterogeneous and small sample
size which could be expected for a single center analysis.
Furthermore, variables as different surgeons, type of micro-
bial colonization, antibiotic therapy might have influenced
the outcome. We performed a post hoc power analysis with
a power between 24 and 44%. We are aware of the given,
very low values. A sample size of 50 patients for each group
would have been needed to answer our questions more reli-
able. Nevertheless, our data give general information about
the outcome after TFR in a heterogeneous collective and are
in accordance with the data given by Toepfer et al.

Conclusion

In our heterogeneous patients group after TFR, limb salvage
was successful in 68% of patients. This was associated with
a significant loss of function compared to the contralateral
side, especially for knee flexion strength, which reduced
to 38% of normal. We observed high infection rates in our
cohort, up to 50%, which did not correlate with age, ASA
classification, or operative time. TFR is a suitable limb
salvage procedure, but surgeons should be aware of high
complications and revision surgery rates. Therefore, we
recommend a strict evaluation of indications and balanced
consideration of alternative treatment options before total
femur replacement. There is a need for multicenter studies
to risk-stratify potential candidates for TFR and to identify
parameters which make TFR a more favorable option to
allow limb salvage while preserving maximal function.
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