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ABSTRACT

Introduction: Total femur replacement is an option instead
of amputation for extensive bone tumour or after revision
surgery with a massive bone loss. Over a long period of time
the patients may need revision surgery, and this might affect
the functional outcome. We reviewed all consecutive total
femur replacements done for primary and revision surgery of
primary bone tumours in our centre to evaluate the long-term
functional outcome and survival.

Materials and methods: All patients who had total femur
resection and reconstruction with modular endoprosthesis
replacement in our centre from June 1997 to May 2022 were
reviewed. The respondents were surveyed through
WhatsApp using google form which was translated into
Bahasa Malaysia based on the Musculoskeletal Tumour
Society Scoring System (MSTS). The data were presented as
descriptive data on the final survival of the limb and
prosthesis.

Results: Ten patients underwent total femur replacement.
There were eight osteosarcoma, one giant cell tumour and
one chondromyxoid fibroma. Three patients with
osteosarcoma succumbed to pulmonary metastases; all had
good early post-operative functional outcomes without local
recurrence. Seven patients were available for long term
evaluation of function with a mean follow-up of 17.6 years
(ranged 10-25 years). Four patients with total femur
replacement had good functional outcomes (60-80%)
without revision with 10-25 years follow-up. Three patients
experienced acetabulum erosion and chronic pain that
required early hip replacements. Two of them were
complicated with superior erosions and bone loss and
subsequently were managed with massive reconstruction
using cemented acetabulum cage reconstruction. The other
has diabetes mellitus with chronic infection following
revision of distal femur endoprosthesis to total femur
replacement and subsequently underwent limited
hemipelvectomy after 14 years.

Conclusion: Total femur replacement offers a good long
term functional outcome and prosthesis survival and is a
favourable option for limb salvage surgery.
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INTRODUCTION

Total femur replacement is an option for extensive primary
bone tumours. Stable reconstruction after resection is
impossible because of the limited length of the remaining
bone due to extensive bone loss to achieve a safe oncologic
margin or after a revision surgery. The lower limbs’
functional outcome is positive, despite major resection and
double joint reconstruction'”. The newer generation of
endoprostheses, with modularity, was able to maintain limb
length and joint size for optimal muscle balance, patellar
tracking, and adductor function for optimum limb functional
outcome.

With a modest number of revision surgeries or delayed
amputations, a long-term prosthetic survival rate of 80% was
achieved after 10 years™.

MATERIALS AND METHODS

All patients who had total femur resection or a revision
surgery and reconstruction with modular endoprosthesis
replacement in our centre from June 1997 to May 2022 were
reviewed. The epidemiological data, surgical indication, and
follow-up in terms of surgical revision and patients’
functional outcome were evaluated. For the final functional
outcome, all respondents were surveyed through WhatsApp
and google form in Bahasa Malaysia using the

Corresponding Author: Nor Azman Mat Zin, Department of Orthopaedics, School of Medical Sciences, Universiti Sains Malaysia, Kubang

Kerian, 16150, Kota Bharu, Kelantan, Malaysia
Email: nmz@usm.my

21



Adzhar AL, et al

Malaysian Orthopaedic Journal 2023 Vol 17 No 2

95easIp JO Palp :QOQ ‘@Seasip YHM dAIAINS :QAAS ‘[BAIAINS 93J) dseasIp :54q ‘(uolesodio) dipaedoylio pariun) waishs abeajes quiiT Yyv1sn ‘waisAs abeajes qui] ueipaenn, WBLIAN ‘wiaisAs abeajes ABojodouQ
19Wolg ‘'wa1sAs Juswade|day Jejnpojl [BGO|D :SYIAID ‘WlsAS Juswade|day Je|NPOIAl BIIPSWMOH :SYIAIH ‘de|4 ISIop snwissileT :1sioq 3T “Anowiny [|3 JuelD ;] DD ‘eW01esodlsO SO INwid [eisig :4d - SUOoIIeIAIqqy

J9jueydoJ} 0}

uoipuny jind syyuow 8 dod L - SYAD  UOISU3IXd MOLIBN SO 4d N Ll Ol
awel) Yum J91ueYd04} 0}
bunenquy Z 1SI0Q 187 UBIPJEND UOISUIXd MOIIBA| SO 4d 4 g€ 6
SISOy}Jo apjue
bunenque - Asjed J91uUeYd04]} 0}
EYSEIVRT-ETVISEY| z 1S4I0Q 387  SYIND  UOISUIXD MOUIBA SO 4a 4 ol 8
ainpely INway
1eb Bisaquasjspues | saselseydw bun| eyspiw Joy SO
— SS9UMEAM J0NPPY 104 Awojodeloy ol Isiop 17 YVISN  [leu buppopiaiul 4ia N w7 [
sIA {7 1914e ured diy
yeibojje inwsay |ero]
Jajueydouy
0} puaixe
sisopoisAydids pue 4q a1e|d SO
wdg Bujuanioys |eJale[esuod) ju Zl SYIND ymwnoub anjoau] jeasAydeiq 4 8 9
sn}ijjdw sayaqelq e
“(s1h 01)
uojsnJyoid |eipaw pue € UOSI9pUaH
(5) AwordonjadiwaH juedwi diy Buluasoo e -sihgae
diy jurensuod 39U UOIIId4UI dIUOIYD o sso| @uoq ewouql}
pue || dep *(s4A ) uoisnuyoud [eipaw 4@ buiussoo|  pioxAwoipuoyd
JreydEsym ‘31IM payssN 14 wnjnge}se uoisoiy e 9l - SYND pa1334u] 4d N LE S
siA ¢ 1e uoisoud Joradns
(€) diy e suod Y3m Buluasoo e
pajuawad || dep - 'sifk g1e diy € UOSIapUaH
00£-0 diy juressuod mau 1UlRJISUOD BUIUSOOT e - ainel) yum
29U J411S - AJIM YSaN sk g 1e diy sih z 18 ways
diy ajiqon diy uies3suod uoisinay € UoISOJd |Njuled e 6l - jJwolg Bujuasoo 10D 4a 4 43 ¥
wdg (sih g)
buiuayioys (€) diy uiensuod || dep uoI1d34ul pue Jaul|
00Z-0 - 9deds d13oi1qIuy wn|nge}ade BujuasooT e 4d 01
29wy 4411S wn|nge}ace pajuawad 'sifk z ye UoISUIIXd
diy aj1qoN - Jejodiq uoisiaAu0) € uoisoud abejie) o 0z - SYND mouie|n SO 4a W 9l €
SYIAD 01 210159y sisayisoidopug YA
sisay3so.d - 4Q |eJaie|esuod
aJ13us abueyd 4d 01
-sik g1 1e eauq — siseysedw bun1 uoISUaIXd
uonpuny jind juauodwiod 93Uy 4Q 1z I1silog1e7  SHIND MOJIBIN SO 4d N 9l 4
JNWa} 40 33U
uonpuny jind 1IN T4 Isiog1e7l  SHINH uoisa| diys SO 4d N Ll L
(¥4L sone
|leuld Ki1abins jo ou) uosIapusH uonesdwod (s1eak) dej4 inwag |ejol aseasIq
leuly uoneiadoay ainjieq w9} buo dn-mojjo4 oeau4 juejdwy uonesipuj Aewnd xag oaby ON

juswade|dal JNWa4 [0} JO) BWO0DINO WU} BUO| YHM $3sed 0| 4O Sa1Ias :| a|qel

22



Total Femur Replacement, Long-Term Outcome

Table Il: Detailed functional outcome based on MSTS Score

No Musculoskeletal Tumour Society Score
Pain Function Emotion Support Walking Gait Percentage

1 5 4 5 5 5 3 80%
2 4 2 2 5 3 3 63%
3 5 4 5 5 5 5 97%
4 3 1 2 1 1 1 33%
5 4 0 1 0 3 0 26%
6 4 4 3 5 4 3 77%
7 5 1 1 5 3 3 60%
8 5 3 4 5 4 4 78%
9 5 3 4 4 4 4 75%
10 5 4 4 5 5 4 83%

Musculoskeletal Tumour Society Scoring system (MSTS)3.
The data were presented as descriptive data on the final
survival of the limb and prosthesis.

RESULTS

Ten patients underwent total femur replacement. There were
eight osteosarcoma, one giant cell tumour and one
chondromyxoid fibroma. Seven of them with osteosarcoma
had primary total femur replacements due to skip lesions and
extensive bone marrow involvement. The other two cases
with giant cell tumour and chondromyxoid fibroma of distal
femur had proximal stem loosening and fractures that were
revised to a total femur replacement. Another child which
initially had total femur allograft reconstruction was
converted to a cemented hip resurfacing total femur
replacement due to hip pain and unstable knee (Fig. 1). Three
patients with osteosarcoma succumbed to pulmonary
metastases; all had good early post-operative functional
outcomes without local recurrence.

Seven patients were available for evaluation of function with
a mean follow-up of 17.6 years (ranged 10-25 years). Four
had good functional outcomes (60-80%) without revision
with 10-25 years follow-up. One had metachronous lesion to
the contralateral distal femur and underwent resection and
endoprosthesis replacement. The same patient also
underwent a revision of distal femur endoprosthesis due to
knee component failure, but the total femur was stable for 21
years with a MSTS score of 63%. Three patients experienced
acetabulum erosion and chronic pain that required early hip
replacements. Two patients were complicated with superior
erosions and bone loss and subsequently were managed with
massive reconstruction using cemented Gap II (Stryker
Howmedica) reconstruction. Tripolar hip endoprothesis
reconstruction was attempted; however, the acetabulums
were reconstructed with cemented restraint cups due to intra-
operative instability. The final reconstruction was stable at 5
and 10 years.

One patient was satisfied with his outcome, even though he
had a 2cm shortening and a limited range of the knee motion

of 0-70° (Fig. 2). Another patient had a poor outcome due to
reduced hip function and a stiff knee with motion limited to
0-30° and needed a single stick for walking. An obese
patient with a BMI of 42 and diabetes mellitus was
complicated by chronic infection following revision of distal
femur endoprosthesis into a total femur replacement and
subsequently underwent limited hemipelvectomy after 14
years. He was ambulatory with a single crutch with total
femur replacement and used a wheelchair after amputation,
with a MSTS score of 26% (Table I, II).

DISCUSSION

Revision-free long-term survival was reported between 50-
70% at 10 years, with the overall survival of the total femoral
replacement (TFR) implant being around 80-90%**. In our
study, long-term TFR survival was four out of seven and
revision was mainly secondary to acetabulum erosion. The
amputation surgery had a negative impact on the patient's
ability to function. Total femur replacement, on the other
hand, gives good early lower limb function and so is an
option in limb salvage surgery in total oncological femur
resection. It is also performed in revision surgery when the
residual bone is insufficient to hold the prosthetic stem in
place. There are a few viable options, especially in the era of
precision medicine, whereby an oncological margin can be
accurately determined for bone stock preservation and better
functional outcomes. Wong et al established the safety
profile of joint preservation tumour resection using image-
guided navigation and custom prosthesis, with outstanding
long-term functional outcome’. Compression cementless
stem fixation [Compress® Zimmer Biomet] allows for stable
short remaining bone fixation and also promotes new bone
fixation and osteointegration’. To reduce the use of total
femur replacement with two artificial joint reconstructions,
allograft and other methods of bone recycling, such as
extracorporeal irradiation and cryotherapy, are options*’. A
combination of allograft and prosthesis composite allows
functional joint reconstruction and retains bone stock for
future revision in the young active patients. Total femur
resection and replacement can be managed with different
techniques for maintaining the patients” hip joints in all of
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Fig. 1:

Fig. 2:
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Case 6. A 8-year-old girl with diaphyseal osteosarcoma crossing the distal femur physis with bone marrow extension to the
trochanter was initially managed with resection of the entire femur with allograft reconstruction. Four years later, the entire
construct was converted to total femur endoprosthesis at her age of 12 due to severe acetabulum erosion and pain. The limb
length discrepancy was managed by contralateral all physeal epiphysiodesis. She was ambulating pain-free without support with
3cm shortening 12 years following TFR surgery. (a) MRI showed extensive marrow involvement of the entire femur, (b) total
femur allograft reconstruction, (c) acetabulum erosion on pelvic radiograph, (d) Operative photo showed acetabulum cartilage
erosion, € Total femur endoprosthesis with hip replacement, (f) lower limb scanogram showed total femur replacement with
limb shortening of 2cm.

Case 3. A 16-year-old boy, diagnosed with distal femur osteosarcoma and medullary extension to the trochanteric region. Wide
resection and total femur endoprosthesis were done at the age of 16-year-old. The bipolar femoral head had to be converted
to cemented liner due to early cartilage erosion. He came eight years later with limb shortening and an unstable hip due to
superolateral erosion of the acetabulum. The hip was reconstructed with cemented Gap Il anti protrusio cage and constraint cup
for the stability of the hip. After ten years of revision, he is now ambulating pain-free and has a stable hip. (a, b) Total femur
endoprosthesis with bipolar head showed acetabular erosion. (¢, d) Radiograph and CT scan showed polyethylene liner had
migrated superiorly with significant bone loss, (€) Cemented anti protrusio cage with constraint cup. (f) Intra-operative photo
showed cemented constrained cup with bipolar articulation.
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Fig. 3: Case 7. A 23-year-old gentleman presented with a traumatic spiral fracture involving the midshaft of the right femur.
Radiograph revealed the presence of an ill-defined osteolytic lesion in the distal metaphysis of the ipsilateral femur associated
with cortical destruction with minimal soft tissue opacity at the posterolateral aspect of the region. He was initially treated with
an interlocking nail, and the fracture united. However, there was a progression of distal femur lytic lesion, and biopsy confirmed
the conventional type of osteosarcoma. He underwent four courses of chemotherapy and responded well. Total femur with
distal quadriceps resection was performed to achieve a wide and adequate margin due to contamination from previous surgery.
The limb was reconstructed with total femur endoprosthesis and a motorised latissimus dorsi flap. He is now 10 years post-
surgery, disease-free, and ambulating without support with a 20° knee extension lag due to quadriceps weakness. (a) Traumatic
oblique fracture mid-shaft femur with early lytic and rarefaction of distal femur. (b) the distal femur lytic lesion progressed but
the fracture united well. (c) Bone scan showed active lesion occupied the distal femur and no evidence of distant metastases. (d,
e, f) resection of the entire femur with anticipated contamination to the soft tissue and endoprosthesis replacement with

latissimus dorsi flap.

our cases, based on current technology®. Cryotherapy and
delayed limited replacement may be beneficial in cases of
skip metastases to the femoral neck.

Overall, medium to long-term functional outcomes ranged
between fair and good, with MSTS ranging from 15-25*.
Poor gait patterns secondary to lack of abductor muscle
attachment to prosthesis contributed to the final functional
outcome. Massive tumours with substantial intramedullary
extension demand an extensive soft tissue resection to
achieve oncological clearance. Reconstruction using
composite tissue transfers in five patients with latissimus
dorsi provides soft tissue cover around the knee joint for the
stability of patella tracking and knee motion. Four out of five
patients with massive tissue resection that required flaps had
pulmonary metastases, and two of them had long-term
survival after thoracotomy and salvage chemotherapy. One
patient with a midshaft femur fracture with distal femur
osteosarcoma was initially managed with an interlocking nail
and responded well to chemotherapy. In wide resection of the

distal femur involving the entire vastus muscles with sparing
of the rectus tendon, total femur endoprosthesis together
with motorised latissimus dorsi muscle enhances the lower
limb function®. Resection of part of gluteus maximus and
medius for contaminated margin over the nail entry site
resulted in severe Trendelenburg gait and a fair MSTS score
function of 60% (Case 7, Fig. 3)

Structural and soft tissue failure have been reported for early
revision of total femur replacement. Bipolar hip
endoprosthesis provides early stability with purse string
capsular reinforcement, but in the long term, it redisposed to
protrusio acetabuli and lateral erosion leading to chronic
pain**'"2, Three patients needed acetabulum replacement
due to cartilage erosion and being symptomatic. In cases
when life expectancy exceeds 10 years, resurfacing the
acetabulum is advisable. Hip stability can be provided with
a newer generation dual mobility component or soft tissue
reconstruction with a trevira tube (polyethylene terephthalate
(PET) for better abductor attachment and stability. We
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noticed that early revision with ordinary acetabulum linear is
possible, but in cases of chronic fibrosis, the only option is a
constraint cup due to intra-operative instability and poor
abductor strength*'2, Knee component failure in total
femur replacement is uncommon, rotating components place
less stress on knee reconstructions, and long-term patellar
erosion is not a major issue. Complete dissociation of the
total femur due to poor soft tissue attachment has been
reported, and reattachment of soft tissue with trevira tube
attachment significantly reduces the incidence.

The main problem observed in our patient was early hip joint
erosion that led to chronic pain and delayed acetabular
erosion. Abductor weakness and Trendelenburg gait exert
high stresses on the hip joint and hence, led to this problem.
Furthermore, delayed revision surgery to the acetabulum in
poorly functional abductor and extensive fibrosis
significantly increases the risk of hip dislocation.
Reconstruction of acetabulum defect and reinforcement with
cages with constraint cup is a viable option to achieve hip
stability for medium-term function.
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CONCLUSION

The overall survivorship in patients with extensive primary
osteosarcoma had positive impact in the past few decades.
However, there are still debates and uncertainties about
whether or not to undergo an amputation or limb salvage
surgery. The amputation surgery had negative impact on the
patient's ability to function. Total femur replacement, on the
other hand, offers good early lower limb function and
therefore, it is a favourable option in limb salvage surgery in
total oncological femur resection. Having a long-term
prosthetic survival rate of 80% after 10 years with a modest
revision surgery, TFR had been shown to give a good
functional outcome based on MSTS scoring system and
reduced the incidence of lower limbs amputation in our
population.

CONFLICT OF INTEREST

The authors declare no potential conflict of interest.



Total Femur Replacement, Long-Term Outcome

REFERENCES

L.

10.

11.

12.

Faisham WI, Zulmi W, Halim AS. Modular endoprosthetic replacement after total femur resection for malignant bone tumor. Med
J Malaysia. 2005; 60 Suppl C: 45-8.

Muratori F, Mondanelli N, Prifti X, Scoccianti G, Roselli G, Frenos F, et al. Total femur prosthesis in oncological and not
oncological series. Survival and failures. J Orthop. 2019; 17: 215-20. doi: 10.1016/j.jor.2019.11.009

Kalra S, Abudu A, Murata H, Grimer RJ, Tillman RM, Carter SR. Total femur replacement: Primary procedure for the treatment
of malignant tumours of the femur. Eur J Surg Oncol. 2010; 36(4): 378-83. doi: 10.1016/j.€js0.2009.11.002

Putman S, Migaud H, Saragaglia D, Jenny JY, Dujardin F, Hue AG, et al. Total femur replacement in non-oncologic indications:
Functional and radiological outcomes from a French survey with a mean 6 years' follow-up. Orthop Traumatol Surg Res. 2019;
105(4): 591-8. doi: 10.1016/j.0tsr.2018.12.013

Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard DJ. A system for the functional evaluation of reconstructive
procedures after surgical treatment of tumors of the musculoskeletal system. Clin Orthop Relat Res. 1993; (286): 241-6.

Wong KC, Kumta SM. Joint-preserving tumor resection and reconstruction using image-guided computer navigation. Clin
Orthop Relat Res. 2013; 471(3): 762-73. doi: 10.1007/s11999-012-2536-8

Pedtke AC, Wustrack RL, Fang AS, Grimer RJ, O'Donnell RJ. Aseptic failure: how does the compress® implant compare to
cemented stems?. Clin Orthop Relat Res. 2012; 470(3): 735-42. doi: 10.1007/s11999-011-2159-5

Gautam D, Malhotra R. Megaprosthesis versus Allograft Prosthesis Composite for massive skeletal defects. J Clin Orthop
Trauma. 2018; 9(1): 63-80. doi: 10.1016/j.jcot.2017.09.010

Igarashi K, Yamamoto N, Shirai T, Hayashi K, Nishida H, Kimura H, et al. The long-term outcome following the use of frozen
autograft treated with liquid nitrogen in the management of bone and soft-tissue sarcomas. Bone Joint J. 2014; 96-B(4): 555-61.
doi: 10.1302/0301-620X.96B4.32629

Innocenti M, Abed Y'Y, Beltrami G, Delcroix L, Balatri A, Capanna R. Quadriceps muscle reconstruction with free functioning
latissimus dorsi muscle flap after oncological resection. Microsurgery. 2009; 29(30): 189-98. doi: 10.1002/micr.20607
Chandrasekar CR, Grimer RJ, Carter SR, Tillman RM, Abudu A, Jeys LM. Unipolar proximal femoral endoprosthetic
replacement for tumour: the risk of revision in young patients. J Bone Joint Surg Br. 2009; 91(3): 401-4. doi: 10.1302/0301-
620X.91B3.21666

Canettia R, Malatraya M, Pibarota V, Wegrzyn J. Dual mobility cups associated with proximal femoral replacement in
nontumoral indications: Results and complications. Orthop Traumatol Surg Res. 2022; 108(2): 176-81. doi:
10.1016/.0tsr.2021.103029

Cite this article:
Adzhar AL, Faisham WI, Zulmi W, Azman WS, Sahran Y, Syurahbil AH, et al. Long-term Outcome of Total Femur Replacement.
Malays Orthop J. 2023; 17(2): 21-7. doi: 10.5704/M0J.2307.004

27



