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Functional Outcome in Endoprosthetic Replacement around the
Knee: A Narrative Review
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In general, most comparative studies have reported that successful limb salvage surgeries have better functional outcomes than amputations. This
is largely due to the advances in surgical techniques and adjuvant therapy which allows reconstruction such as endoprosthetic replacements (EPR).
Clinician-reported outcome measures and patient-reported outcome measures have been utilised to evaluate the benefits of orthopaedic surgical
procedures. The most widely used measures in the field of orthopaedic oncology are the Musculoskeletal Tumour Society Score and the
Toronto Extremity Salvage Score. The Jury is still out on the evidence basis for the functional outcome of EPR, especially around the knee
joint. There is a need for more randomised control trials, systematic reviews or meta-analyses to critically appraise and formally synthesise
the best available evidence to provide a statement of conclusion on the functional outcome of EPRs.
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INTRODUCTION

Historically, the surgical treatment of bone and soft-tissue
tumours around the knee joint involved the resection of the
affected part to cure the disease. This may require the sacrifice
of the soft tissues, nerve supply and vascular supply in many
cases resulting in an amputation of the limb. However, in
the past few decades, limb salvage surgery has supplanted
amputation as the preferred surgical treatment for patients
with extremity musculoskeletal neoplasms.t?!

In general, most comparative studies have reported that successful
limb salvage surgeries have better functional outcomes than
amputations.’¥ This is largely due to the advances in surgical
techniques and adjuvant therapies which allow the preservation
of the patients’ limbs without compromising the oncological
outcome. The limb salvage surgeries have been further
enhanced by the advances in endoprosthetic or megaprosthetic
reconstruction (endoprosthetic replacement [EPR]) which
involves segmental replacements to restore function, correct the
deformities caused by these tumours and allow early access to
chemotherapy or radiotherapy when required by these patients.>*!

Conventionally, various surgical techniques have been used to
salvage the limb from amputation after resection of extremity
musculoskeletal tumours.

Access this article online

Quick Response Code:
Website:
www.njotonline.org

DOI:
10.4103/njot.njot_19 20

These include the use of autografts, allografts, prosthetic
implants and modified amputations.[”? The use of EPR started
in most tertiary bone tumour centres in the late 1970s, initially
with the custom-built endoprostheses. The on-table challenges
encountered with the use of the custom-built prosthesis have
led to the development of the modular endoprostheses which
allow for implant trials on the table, providing wider options
for the surgeon.®

The initial method of intramedullary fixation of the EPR was
cementation with polymethylmethacrylate cement. However,
uncemented hydroxyapatite-coated varieties have been
developed in recent years. There has also been an improvement
in the hinge mechanism from a fixed hinge to the rotating
platform variety to reduce early loosening.!”*’

The knee joint is a common anatomical site for the occurrence of
bone tumours requiring major resection and reconstruction.!'”
In previous studies, researchers identified a predilection for
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the region of the knee for large and aggressive bone tumours.
Osteosarcoma, particularly, commonly occurs in the long bones
of the extremities near the metaphyseal growth plates.!'1?

Previous report in a small cohort of patients (24 patients) who
had endoprosthetic reconstruction around the knee suggested
that although knee function was reduced in patients with
proximal tibia replacements compared with distal femoral
replacements, both the groups had an efficient gait and were
active in the community at a mean follow-up period of
13 years.["*]

Regardless of the enormity of the soft-tissue dissection and
bony resection from these surgeries, many patients who had
EPRs were as active as patients who have had standard total
hip and knee replacement surgeries.!'¥

FuncTionaL Qutcome MEASURES

Clinician-reported outcome measures and patient-reported
outcome measures (PROMs) have been utilised to evaluate
the benefits of orthopaedic surgical procedures. The most
widely used clinician-reported outcome measure for EPR
around the knee is the Musculoskeletal Tumour Society
(MSTS) Score.!'!

The MSTS scoring system was developed in 1993 as a
disease-specific evaluation measure in evaluating the physical
function in patients with musculoskeletal tumours; its
reliability has been tested and validated in many studies and
in different health-care settings.['6-2%

The MSTS system assigns numerical values (0-5) for each of
six domains including intensity of pain, degree of function,
emotional acceptance, the need for walking aids, walking
distance and residual gait pattern of the patients.

The demographic information and a patient’s satisfaction
component are also included. A numerical score and percentage
rating is calculated to allow for comparison of results. Initial
field testing of this scoring system in 220 patients reported a low
interobserver variability. MSTS score has been adopted by the
International Society for Limb Salvage to facilitate end result
comparison of musculoskeletal tumour reconstructions."

However, recent reports have suggested that the MSTS score
may have a serious limitation as a measure of the general
health-related quality of life because it is a physician-reported
outcome measure. In general, clinician-reported outcome
measures may overestimate function as compared to the
patient-perceived scores. These studies suggested that the
MSTS score may be better utilised in combination with
PROMs. 2223

PROMs are standardised, validated questionnaires completed
by patients. This allows the evaluation of patients’ perceptions
of their own functional status and well-being. Initially designed
for evaluation in clinical trials of a new treatment, PROMs are
now used more widely to evaluate patient perspectives of the
care outcomes. PROMs are designed to measure either patients’

perceptions of their general health or their perceptions of their
health in relation to specific disease conditions.*¥

The methodological qualities of PROMs have been evaluated
rigorously by the Consensus-based Standards for the Selection
of Health Measurement Instruments (COSMIN) initiative. The
results of this consensus study reached in the Delphi rounds
were utilised in the construction of the COSMIN checklist. This
checklist contains 12 domains for the evaluation of PROMs
methodological quality. The standards assessed include
internal consistency, reliability, measurement error, content
validity, structural validity, hypotheses testing, cross-cultural
validity, criterion validity, responsiveness, interpretability and
generalisability.[?>26]

The Toronto Extremity Salvage Score (TESS) is the most
widely utilised PROM for assessment after resection and
reconstruction of extremity tumours.l'*?”! The TESS score
was developed in 1996 as a PROM for patients with extremity
tumours. The TESS is a detailed questionnaire which
utilised the framework of the International Classification of
Functioning, Disability and Health Criteria in developing an
assessment tool for patients with extremity tumours.

The construct validity of TESS score has been moderately
correlated with the MSTS score in previous studies and its
use has been reported as a reliable measure that is able to
detect changes in patients’ performance serially over a period
of time.?” Furthermore, the TESS has been widely validated
in different groups of patients after surgery for extremity
musculoskeletal tumours. Previous reports have supported
its reliability enabling international comparisons of treatment
reSultS.[18_20’30’31]

NARRATIVE REVIEW

There are few large centre studies evaluating the functional
outcome of EPR after tumour resection in the upper and lower
extremities. Hillmann ez al. (1999) compared patients with
EPR and patients who had rotationplasty around the knee; the
mean MSTS score was 83% in patients who had EPR around
the knee. There was no statistically significant difference in
the functional outcome of the two groups of patients.*"] Park
et al. (2007) reviewed all patients who had EPR for bone
destruction after long bone metastases in a large orthopaedic
oncology unit; these authors reported that the mean MSTS
score and TESS score were 73% and 71%, respectively.*

In another anatomic region, Kumar ef al. in a large series in
2003 reported that the mean TESS and MSTS scores were
72% and 79%, respectively, for patients who had proximal
humeral replacement and EPR. Furthermore in the lower limbs,
Chandrasekar et al. (2009) reported the mean TESS score of
61% for patients with proximal femoral resection and EPR.13334

In a case series of segmental EPR in a resource-constrained
setting by Idowu et al., the resection lengths, complications and
functional outcome measures were noted. Functional outcome
measures were graded using the MSTS scoring system, and the
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scores were good to excellent in ten patients, moderate in one
and poor in one patient. However, the limitation in this study
was the small number of cases and the duration of follow-up.

Korim et al. performed a systematic review of a single database
(MEDLINE) to identify failure rates, mortality and knee
scores in patients after EPR for non-neoplastic conditions.
The functional outcomes of the patients were not evaluated in
this study; the study excluded patients with musculoskeletal
tumours. These results may not generally apply to patients
treated with EPR after resection of tumours because of the
difference in the pathophysiology and prognosis of neoplastic
diseases.[3

Haijie et al. systematically reviewed the literature for the
implant survival rates and complications after EPR around
the knee. This study revealed that the survival of an EPR
is good on a short-term to mid-term basis (5-10 years), but
complications such as aseptic loosening and fractures are
more common for 15 years or more after implantation. This
study also reported no differences in the survival rates between
cemented and uncemented EPR. However, the implants with
a rotating hinge mechanism had better survival rates than the
fixed-hinge implants.l!

The limitation of this study includes its failure to evaluate
the activity of daily living for these patients using functional
outcome measures. Therefore, the systematic review provided
no information about the relationship between the type of EPR
(distal femur or proximal tibia), mode of fixation (cemented
or uncemented), type of hinge mechanism and the functional
outcome of patients.

Evipence Basis For ENDOPROSTHETIC REPLACEMENT

The role of evidence-based medicine in orthopaedic surgery
is rapidly growing, so it is the rapid evolution of new surgical
techniques and technologies in this specialty. There is therefore
the need for more randomised control trials (RCTs), systematic
reviews or meta-analyses to critically appraise and formally
synthesise the best available evidence to provide a statement
of conclusion on the outcome of EPRs. These studies should
be rigorous in the approaches to the search strategy, study
selection, data collation and data synthesis to minimise errors
and arrive at reliable conclusions.

There is no doubt that surgical interventions such as resection
of tumours and reconstruction usually involve physical
interference with body tissues through manual operations
and the use of implanted materials, hence the challenges in
performing surgical RCTs. The only true placebo in a surgical
trial may be a sham operation which usually raises ethical
controversies.*”

Blinding is also not easily achievable as the surgeon is usually
fully aware of the procedure, especially in implant surgery.
The variation in skill sets of the surgeons and anaesthetists
is a strong mitigating factor in the conduct of a multi-centre
surgical randomised control trial. This is because there is

usually a learning curve for most clinicians undertaking newer
procedures. Moreover, patients undergoing surgical procedures
may be unwilling to give consent for randomisation because
of the perception that the newer procedure is better than the
older ones.B¥

In general, there are few widely used innovative medical
devices with the existing evidence from randomised control
trials (RCTs). Recent reports by Schnell-Inderst et al.,
Martelli et al. and Boudard et al. have suggested that RCTs
being the ‘gold standard’ for drugs may not always be feasible
for medical devices before its approval for use in patients. This
is because the present standard may deny patients of potential
benefits from lifesaving innovative devices in the absence of
a surgical randomised control trial.

Patients suffering from life threatening illnesses may be
deceased before the approval of newer devices is granted while
waiting for the result of RCTs.

Therefore, Boudard et al. have suggested changes to the
European Policy regulating medical devices such that the key
requirement would be a demonstration of clinical efficacy and
safety before release onto the European market.*-#!

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Aksnes LH, Bauer HC, Jebsen NL, Folleras G, Allert C, Haugen GS,
et al. Limb-sparing surgery preserves more function than amputation:
A Scandinavian sarcoma group study of 118 patients. J Bone Joint Surg
Br 2008;90:786-94.

2. Rougraff BT, Simon MA, Kneisl JS, Greenberg DB, Mankin HJ. Limb
salvage compared with amputation for osteosarcoma of the distal end of
the femur. A long-term oncological, functional, and quality-of-life study.
J Bone Joint Surg Am 1994;76:649-56.

3. Grimer RJ, Aydin BK, Wafa H, Carter SR, Jeys L, Abudu A, ef al. Very
long-term outcomes after endoprosthetic replacement for malignant
tumours of bone. Bone Joint J 2016;98-B:857-64.

4. Malek F, Somerson JS, Mitchel S, Williams RP. Does limb-salvage
surgery offer patients better quality of life and functional capacity than
amputation? Clin Orthop Relat Res 2012;470:2000-6.

5. Kotz RI. Progress in musculoskeletal oncology from 1922 - 2012. Int
Orthop 2014;38:1113-22.

6. Bickels J, Wittig JC, Kollender Y, Kollender Y, Henshaw RM,
Kellar-Graney KL, et al. Distal femur resection with endoprosthetic
reconstruction: A long-term followup study. Clin Orthop Relat Res
2002;(400):225-35. doi: 10.1097/00003086-200207000-00028.

7. Cannon SR. Massive prostheses for malignant bone tumours of the
limbs. J Bone Joint Surg Br 1997;79:497-506.

8. Henderson ER, Groundland JS, Pala E, Dennis JA, Wooten R,
Cheong D, et al. Failure mode classification for tumor endoprostheses:
Retrospective review of five institutions and a literature review. J Bone
Joint Surg Am 2011;93:418-29.

9. Sim FH, Bowman WE Jr., Wilkins RM, Chao EY. Limb salvage in
primary malignant bone tumors. Orthopedics 1985;8:574-81.

10. Niimi R, Matsumine A, Hamaguchi T, Nakamura T, Uchida A, Sudo A,
et al. Prosthetic limb salvage surgery for bone and soft tissue tumors
around the knee. Oncol Rep 2012;28:1984-90.

11. Ottaviani G, Jaffe N. The epidemiology of osteosarcoma. Cancer Treat

.Nigerian Journal of Orthopaedics and Trauma | Volume 19 | Issue | | January-June 2020




[Downloaded free from http://www.njotonline.org on Thursday, August 24, 2023, IP: 102.89.34.18]

20.

21.

22.

23.

24.

25.

26.

Eyesan and Idowu: Functional outcome in endoprosthetic replacement

Res 2009;152:3-13.

. Dahlin DC, Cupps RE, Johnson EW. Giant-cell tumor: A study of

195 cases. Cancer 1970;25:1061-70.

. Bernthal NM, Greenberg M, Heberer K, Eckardt JJ, Fowler EG. What

are the functional outcomes of endoprosthestic reconstructions after
tumor resection? Clin Orthop Relat Res 2015;473:812-9.

. Myers GJ, Abudu AT, Carter SR, Tillman RM, Grimer RJ. The long-term

results of endoprosthetic replacement of the proximal tibia for bone
tumours. J Bone Joint Surg Br 2007;89:1632-7.

. Hwang JS, Mehta AD, Yoon RS, Beebe KS. From amputation to limb

salvage reconstruction: Evolution and role of the endoprosthesis in
musculoskeletal oncology. J Orthop Traumatol 2014;15:81-6.

. Iwata S, Uehara K, Ogura K, Akiyama T, Shinoda Y, Yonemoto T, ef al.

Reliability and validity of a Japanese-language and culturally adapted
version of the musculoskeletal tumor society scoring system for the
lower extremity. Clin Orthop Relat Res 2016;474:2044-52.

. Rebolledo DC, Vissoci JR, Pietrobon R, de Camargo OP, Baptista AM.

Validation of the Brazilian version of the musculoskeletal tumor society
rating scale for lower extremity bone sarcoma. Clin Orthop Relat Res
2013;471:4020-6.

. Kim HS, Yun J, Kang S, Han I. Cross-cultural adaptation and validation

of the Korean Toronto extremity salvage score for extremity sarcoma.
J Surg Oncol 2015;112:93-7.

. Ogura K, Uehara K, Akiyama T, Iwata S, Shinoda Y, Kobayashi E,

et al. Cross-cultural adaptation and validation of the Japanese version
of the Toronto extremity salvage score (TESS) for patients with
malignant musculoskeletal tumors in the lower extremities. J Orthop Sci
2015;20:1098-105.

Xu L, Li X, Wang Z, Xiong J, Wang S. Functional evaluation for
patients with lower extremity sarcoma: Application of the Chinese
version of musculoskeletal tumor society scoring system. Health Qual
Life Outcomes 2017;15:107.

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. Clinical
Orthopaedics and Related Research 1993;(286):241-6.

Uehara K, Ogura K, Akiyama T, Shinoda Y, Iwata S, Kobayashi E, et al.
Reliability and validity of the musculoskeletal tumor society scoring
system for the upper extremity in Japanese patients. Clin Orthop Relat
Res 2017;475:2253-9.

Janssen SJ, Paulino-Pereira NR, Raskin KA, Ferrone ML, Hornicek FJ,
van Dijk CN, et al. A comparison of questionnaires for assessing
physical function in patients with lower extremity bone metastases.
J Surg Oncol 2016;114:691-6.

Dawson J, Doll H, Fitzpatrick R, Jenkinson C, Carr AJ. The routine
use of patient reported outcome measures in healthcare settings. BMJ
2010;340:c186.

Mokkink LB, Terwee CB, Knol DL, Stratford PW, Alonso J, Patrick DL,
et al. The COSMIN checklist for evaluating the methodological quality
of studies on measurement properties: A clarification of its content.
BMC Med Res Methodol 2010;10:22.

Terwee CB, Mokkink LB, Knol DL, Ostelo RW, Bouter LM, de Vet HC,

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

et al. Rating the methodological quality in systematic reviews of
studies on measurement properties: A scoring system for the COSMIN
checklist. Qual Life Res 2012;21:651-7.

Tunn PU, Pomraenke D, Goerling U, Hohenberger P. Functional
outcome after endoprosthetic limb-salvage therapy of primary bone
tumours — A comparative analysis using the MSTS score, the TESS and
the R NL index. Int Orthop 2008;32:619-25.

Stucki G, Cieza A, Ewert T, Kostanjsek N, Chatterji S, Ustiin TB.
Application of the international classification of functioning, disability
and health (ICF) in clinical practice. Disabil Rehabil 2002;24:281-2.
Davis AM, Wright JG, Williams JI, Bombardier C, Griffin A, Bell RS.
Development of a measure of physical function for patients with bone
and soft tissue sarcoma. Qual Life Res 1996;5:508-16.

Sabye C, Safwat A, Kaa AK, Pedersen NA, Keller J. Validation of a
Danish version of the toronto extremity salvage score questionnaire for
patients with sarcoma in the extremities. Dan Med J 2014;61:A4734.
Hillmann A, Hoffmann C, Gosheger G, Krakau H, Winkelmann W.
Malignant tumor of the distal part of the femur or the proximal part
of the tibia: Endoprosthetic replacement or rotationplasty. Functional
outcome and quality-of-life measurements. J Bone Joint Surg Am
1999;81:462-8.

Park DH, Jaiswal PK, Al-Hakim W, Aston WJ, Pollock RC, Skinner JA,
et al. The use of massive endoprostheses for the treatment of bone
metastases. Sarcoma 2007;2007:62151.

Kumar D, Grimer RJ, Abudu A, Carter SR, Tillman RM. Endoprosthetic
replacement of the proximal humerus. Long-term results. J Bone Joint
Surg Br 2003;85:717-22.

Chandrasekar CR, Grimer RJ, Carter SR, Tillman RM, Abudu A,
Buckley L. Modular endoprosthetic replacement for tumours of the
proximal femur. J Bone Joint Surg Br 2009;91:108-12.

Idowu OK, Eyesan SU, Badmus HD, Giwa SO, Badmos KB,
Abdulkareem FB. Endoprosthetic replacement of distal femoral tumors
in Nigeria: A case series. Niger J Clin Pract 2016;19:567-72.

Idowu OK, Akinmade A, Giwa SO, Eyesan SU. Segmental endoprosthesis
replacement in a resource-constrained setting. Musculoskeletal Surgery
2020. DOI: 10.1007/s12306-020-00656-w.

Cook JA. The challenges faced in the design, conduct and analysis of
surgical randomised controlled trials. Trials 2009;10:9.

Stirrat GM, Farrow SC, Farndon J, Dwyer N. The challenge of
evaluating surgical procedures. Ann R Coll Surg Engl 1992;74:80-4.
Schnell-Inderst P, Hunger T, Conrads-Frank A, Arvandi M, Siebert U.
Ten recommendations for assessing the comparative effectiveness of
therapeutic medical devices: A targeted review and adaptation. J Clin
Epidemiol 2018;94:97-113.

Martelli N, Devaux C, van den Brink H, Pineau J, Prognon P, Borget I.
A systematic review of the level of evidence in economic evaluations of
medical devices: The example of vertebroplasty and kyphoplasty. PLoS
One 2015;10:¢0144892.

Boudard A, Martelli N, Prognon P, Pineau J. Clinical studies of
innovative medical devices: What level of evidence for hospital-based
health technology assessment? J Eval Clin Pract 2013;19:697-702.

Nigerian Journal of Orthopaedics and Trauma | Volume 19 | Issue 1 | January-June 2020 -




