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Abstract

Background and Aims: The present standard of care in treating lower extremity soft tissue
sarcomas is function-sparing, limb-preserving resection and reconstruction with or without
oncological therapy. The aim of this pilot study was to test the suitability and adequacy
of the Finnish translations of two functional outcome questionnaires (Toronto Extremity
Salvage Score and Musculoskeletal Tumor Society score) and to perform a preliminary
investigation of functional outcomes of Finnish lower-limb soft tissue sarcoma patients
after operative treatment.
Materials and Methods: Between June 2015 and December 2015, consecutive surgically
treated outpatients were asked to participate in the study. Demographic, clinical, surgical,
and oncological outcome data were collected. Two functional outcome questionnaires
were used (Toronto Extremity Salvage Score and Musculoskeletal Tumor Society scores).
A comparative analysis is presented.
Results: A total of 19 lower-limb soft tissue sarcoma patients with a mean follow-up
time of 2 years and 10 months were included. All (n = 19) invited patients participated in
the study. Mean age was 62.3 years. In total, 13 had high-grade sarcomas. Eight wounds
were closed directly, four used skin grafts, and five required flap reconstructions.
One patient required a tumor prosthesis, and one required a rotationplasty. A total of
14 patients received oncological therapy. No problems or difficulties were reported in
using and completing the Finnish versions of the Toronto Extremity Salvage Score or
Musculoskeletal Tumor Society questionnaires. The overall Toronto Extremity Salvage
Score and Musculoskeletal Tumor Society scores were 88 and 76, respectively.
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Conclusion: This pilot study suggests that the Finnish versions of the Toronto Extremity
Salvage Score and Musculoskeletal Tumor Society questionnaires are suitable for
measuring functional outcome after lower extremity soft tissue sarcomas treatment.
Functional outcomes vary from moderate to excellent.
Key words: Sarcoma; tumor; extremity; function; outcome; surgery

Introduction
Soft tissue sarcomas (STS) are rare malignant tumors
that represent approximately 1% of all solid malignancies in adults (1, 2). These tumors are a group of heterogeneous mesenchymal neoplasms that can arise in
any anatomical site. Over half are situated in the
extremities and the most common location is the lower
extremity (3). The age-adjusted incidence of STSs in
Finland has been stable at approximately 4.1 cases per
100,000 person-years, with 220 new cases in 2015
(ICD-10 codes C48-49) (4).
Treatment of STS is based on surgical excision and
oncological therapy. Historically, the only reasonable
treatment option for tumors near the vascular bundle
was amputation (5). The present standard of care in
treating lower extremity STS is function-sparing, limbpreserving resection (6). Reconstruction is indicated
for tissue defects, filling of the resection cavity, or
wound closure. The methods of reconstruction include
skin grafts, local fasciocutaneous flaps, pedicled flaps,
or free flaps (7). Oncovascular reconstruction has also
been used more often recently and is required in cases
where major vascular structures are involved and
resected (8, 9).
Oncological treatments are radiotherapy or chemotherapy (or both) and can be administered preoperatively or postoperatively (or both). In some cases,
preoperative chemotherapy is used to facilitate surgical
treatment. When wide surgical margins are achieved,
oncological therapy can sometimes be omitted (10).
Health status or health-related quality-of-life measures evaluate treatment effectiveness and guide treatment decisions (11–13). To allow benchmarking and
accuracy of outcomes, it is important to use validated
questionnaires to investigate functional outcome. The
Toronto Extremity Salvage Score (TESS) and the
Musculoskeletal Tumor Society (MSTS) score are the
most frequently used patient-reported outcome measures (PROMs) for measuring functional outcome in
lower extremity sarcoma patients (14).
The aim of this pilot study was to test the suitability
and adequacy of the Finnish translations of the TESS
and MSTS scores and to investigate functional outcomes
of Finnish lower-limb STS patients after operative treatment. This study is a part of the translation and transcultural adaptation process for the Finnish versions of the
TESS (15) and MSTS score (16) measures.
Materials and Methods
The study was accepted by the ethics committee of
Helsinki University Hospital. All participants provided written informed consent. The inclusion criteria

were lower extremity STS, local disease at the time of
diagnosis, operative treatment, a minimum 6-month
follow-up time, and written informed consent.
Between June 2015 and December 2015, consecutive
patients were identified in the outpatient clinic of
Helsinki University Hospital Comprehensive Cancer
Center during routine follow-up visits. All patients
had the opportunity to comment or remark on the
questionnaires or the overall procedure for completing them.
PROMs

We used the TESS (15) and MSTS scores (16) to measure functional outcome. The translation and cultural
adaptation of the questionnaires were performed
adhering to internationally accepted guidelines (17,
18). The TESS questionnaire was mailed to patients
before the follow-up visit, and the MSTS questionnaire was completed during the follow-up visit. TESS
and MSTS results were recorded (15, 16).
Tess

The TESS is a reliable and valid PROM. It measures
activity limitations in patients who have undergone
surgery of the extremities. There are separate measures for upper and lower extremities, which consist
of 29 and 30 questions, respectively. The measure
observes everyday activities such as working, dressing, and driving a car. All questions are rated on a
scale from one to five, with five representing normal
activity. The result is a percentage of the maximum
score (15).
Msts Score

The MSTS score is an oncology-specific PROM. The
revised 1993 version of the MSTS places less importance on clinical parameters in favor of functional outcome (16). Six items are completed together by a
physician and patient. Six different parameters are
measured. Pain, function, and emotional acceptance
are measured for both upper and lower extremities.
For the lower extremity, use of walking aids, gait, and
walking are evaluated. Hand positioning, dexterity,
and lifting ability are evaluated for the upper extremity. All six categories are rated on a scale from zero to
five, with five representing normal function. Function
is expressed as percentage of the maximum score (16).
The MSTS is intended to measure limb tumor patients’
functional outcome and impairment (16). We used
MSTS version 1993 (16) for this study.
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resolved by contacting the author of the original version. Next, pre-final versions of the questionnaires
were produced. In step 5, a pilot study was performed
among 19 consecutive patients with surgically treated
lower extremity STS. A structured interview was conducted with all patients after completing the questionnaires, in accordance with the guidelines of the
European Organization for Research and Treatment of
Cancer (EORTC) (19). Subjects were asked about the
difficulties of words, phrases, or questions; possible
confusions; potentially shocking emotional reactions;
and alternative forms of presentations or questions. In
step 6, after discussion of the interview results, the
final versions of the Finnish TESS and the MSTS versions were adopted.
Statistical Analysis
Demographic, clinical, surgical, and oncological outcome results are reported as means, standard deviations, and ranges. The maximum and minimum values
were assessed as a part of a reliability assessment.
Correlations between the MSTS and the TESS were
analyzed using Spearman’s correlation coefficients.
MSTS scores were converted into percentages to conduct this analysis. Analyses were performed with
SPSS 21 (SPSS Inc., Chicago, IL, USA).
Results
Translation and Testing of
Questionnaires

Fig. 1. Translation and cultural adaptation process.

Translation and Cross-Cultural
Adaptation Protocol
The process is presented in Fig. 1. In step 1, two native
Finnish speakers well acquainted with Anglo-Saxon
culture independently translated questionnaires into
Finnish. One translator had a medical background. In
step 2, after thorough discussion with translators, a
first consensus version translated questionnaires were
produced. In step 3, two bilingual native English
speaker translators back-translated the first consensus
version into English. In step 4, a panel consisting of all
four translators and the authors discussed all previous
work, including the translation process, results, and
reports. An issue concerning the TESS instrument was

Some linguistic discrepancies were observed in the
translation process. A few translation differences and
cultural issues were observed between translations.
For example, the TESS question on “participating in
sexual activities” was changed in the second consensus version, as back translations produced results
focused too much on the act itself. The linguistic and
cultural aspects of selected changes at the various
stages of the translation and cultural adaptation process are presented in the supplementary material.
All 19 patients who were invited agreed to participate in the study. No problems or difficulties were
reported in using and completing the Finnish versions
of the TESS and MSTS questionnaires.
Questionnaire Assessment

In the TESS instrument, there was a slight ceiling effect
as 5/19 patients received the maximum score. In the
MSTS score, 1/19 patients scored the maximum, indicating minimal item redundancy. There were no minimum points in either of the instruments. The Spearman
correlation coefficient was 0.588 (p = 0.008), indicating
strong correlation between the two instruments.
Clinical Outcome

A total of 19 lower-limb STS patients surgically treated
between 2002 and 2015 met the inclusion criteria and
participated in the study. All patients had undergone
limb-sparing tumor resection, except in one case of
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Table 1.
Descriptive characteristics.
Patients
Sex (n)
Male
Female
Age, mean/range (years)
Histology (n)
 Leiomyosarcoma
Undifferentiated
 Liposarcoma
Myxoid liposarcoma
Synovial sarcoma
Pleomorphic liposarcoma
Solitary fibrous tumor
Grade (n)
 Low grade
High grade
Presenting status (n)
Primary
 Local recurrence
Depth (n)
Superficial
Deep
Tumor size, mean/median (cm)
Radiotherapy (n)
Preop
Postop
Chemotherapy (n)
Preop
Postop
Follow-up, mean/median (years)
Complications (n)
Wound infection
TESS score, mean (SD)/median (IQR)
MSTS score, mean (SD)/median (IQR)

19
12
7
62.3

25–90

5
5
3
3
1
1
1
6
13
17
2
5
14
6.2

7

3
10
2
6
2.9
1
88 (12.8)
76 (3.1)

1.9

89 (99.6–77.8)
80 (4.7–3.2)

TESS: Toronto Extremity Salvage Score; MSTS: Musculoskeletal Tumor Society; SD: standard deviation; IQR: interquartile range.

lower-leg rotationplasty. In rotationplasty, the lower
leg is rotated 180 degrees and reattached to the femur
following resection of the knee joint for a distal femoral STS.
The follow-up period ranged from 6 months to
12 years and 10 months (average 2 years and 11 months,
median 1 year and 11 months). Data on demographics,
tumor histology, surgical and oncological treatment,
complications, and oncological outcome were collected from patient records (Tables 1 and 2).
Eight wounds were closed directly and four
wounds were closed using split-thickness skin grafts
(STSG). In seven patients, tumor resection resulted in
defects requiring reconstruction. Two pedicled anterolateral thigh flaps were used and one each of pedicled
musculocutaneous tensor fascia latae flap and free
latissimus dorsi muscle flap with STSG. One patient
underwent vascular reconstruction of the inguinal
vessels, and the reconstructed vessels were covered
with a sartorius muscle transposition followed by
direct skin closure. One patient had above-knee amputation and rotationplasty, which entails reattaching
the lower leg to the thigh stump using microvascular

technique. One patient required a tumor prosthesis for
knee joint reconstruction (Table 2). In total, 14 of 19
patients received oncological therapy (Table 2).
In total, 14 of 19 patients were disease free at a mean
follow-up of 2 years and 11 months after surgery
(range, 6–51 months). Two patients experienced local
recurrence of sarcoma, and five patients had metastasis.
One revision and skin graft in the STSG group was
performed due to skin graft loss. One patient suffered
from a postoperative wound infection after tumor
excision, oncovascular reconstruction, and sartorius
muscle transposition. In this case, revision and reconstruction with a gracilis muscle flap was performed.
Functional Outcome

TESS and MSTS results are provided for each patient
in Table 2. The overall mean TESS was 88 (standard
deviation (SD), 12.8) and the overall mean MSTS score
was 76 (SD, 3.1). The overall median TESS was 89
(interquartile range (IQR), 99.6–77.8) and the overall
median MSTS score was 80 (IQR, 93–63). In the simple
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Leiomyosarcoma

Liposarcoma

Undifferentiated

Pleomorphic
liposarcoma
Leiomyosarcoma
5.5

0.5

7
3.4

8

5
8

9

3

Tumor
size (cm)

7

Primary
Primary

Primary

Primary

Primary

11
9

7

9

5

Recurrence 6

Primary

Recurrence 2

Primary

Primary

Leiomyosarcoma Primary
Synovial sarcoma Primary

Myxoid
liposarcoma
Myxoid
liposarcoma

Liposarcoma

Myxoid
liposarcoma
Liposarcoma
Undifferentiated

Leiomyosarcoma

Histology

High
High

High

High

High

High

High

High

High

High

High
High

Low

Low

Low

Low
High

Low

Low

Tumor
grade

Deep
Deep

Deep

Deep

Superficial

Deep

Deep

Deep

Deep

Superficial

Superficial
Superficial

Deep

Superficial

Deep

Deep
Deep

Deep

Deep

Depth

+

+

+

+

+

+

+

+

+

Rotationplasty
Skin graft
No

+
+
+

Tumor prosthesis for
knee joint
Tensor fascia lata
musculocutaneous
flap
No

No

+

+

No

Latissimus dorsi free
flap
Skin graft

Skin graft
No

Complications

No
Pedicled anterolateral
thigh flap
Pedicled anterolateral
thigh flap
Wound
Oncovascular
infection
reconstruction and
sartoriusplasty
Skin graft
Skin necrosis

+
+

+

No

+

+

No

Reconstructive
procedure

+

Post

Pre

Pre

Post

Chemotherapy

Radiotherapy
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Tumor
location

Age/
gender

Surgical and functional outcomes

Table 2.
Surgical and functional outcomes.

9 months
2 years
6 months
1 year
5 months
9 months

1 year
10 months
2 years
5 months
6 months
3 years
3 months
3 years
3 months
1 year
1 month
10 years
8 months

Disease free
Disease free

Disease free

Disease free

1 year
4 months
4 years
3 months
10 months
6 months

1 year
9 months
Died into breast 2 years
cancer
3 months
Metastasis in
3 years
vertebral area
Metastasis in
12 years
lungs
11 months

Disease free

Disease free

Disease free

Metastasis in
lumbosacral
area
Disease free
Disease free

Metastasis in
stomach area
Disease free

Disease free
Disease free

Disease free

Disease free

Current disease Follow-up
status

99
98

75

73

100

81

100

62

89

98

93
73

63

73

57

27

93

80

80

87

53
93

60

88

75
100

93

63

73
87

100

97

MSTS
score

96

67

81
82

100

100

TESS
score
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closure group (primary closure or STSG), the average
TESS was 88 (range, 62–100) and the average MSTS
score was 81 (range, 53–100). In the flap reconstruction
group, the corresponding scores were 89 (range, 67–
100) and 68 (range, 27–100), respectively.
Discussion
This study revealed that the Finnish versions of the
TESS and MSTS questionnaires are suitable and adequate tools for measuring functional outcome in the
Finnish population. As no problems or difficulties
were reported in this pilot study, the TESS and MSTS
questionnaires are recommended for functional outcome studies of lower extremity sarcoma patients in
Finland. Functional outcomes varied from moderate
to excellent after lower extremity sarcoma treatment
in a single academic referral center.
In other studies, functional outcome was good to
excellent after lower extremity sarcoma treatment
using TESS or MSTS questionnaires (6, 20, 21). In a
matched case–control study by Davis et al., 12
patients with amputation were matched with 24
patients treated with limb-preserving surgery for
lower extremity primary STS or bone sarcoma
patients. The mean TESS for the patients with amputations was 74.5 versus 85.1 for the limb-sparing
patients. Only the physical function subscale of the
SF-36 showed statistically significant differences,
with means of 45.0 (amputation group) and 71.1
(limb-sparing group). The Reintegration to Normal
Living for the amputation group was 84.4 versus 97
for the limb-sparing group (20). Another study in
Canada reported on the surgical and functional outcome of 154 patients treated for malignant lower
extremity STS. Treatment was by medical management in 3 patients (2%), limb-sparing surgery with
vascular reconstruction in 9 patients (6%), and limbsparing surgery without vascular reconstruction in
142 patients (92%). The functional status of patients
was assessed using the MSTS score before surgery
and at 6 and 12 months after surgery. There were no
significant differences in the mean MSTS scores preoperatively, at 6 months, and at 1 year after surgery
between the two groups. MSTS values were 27 (preoperatively), 25 (6 months), and 29 (1 year) for limbsparing surgery with vascular reconstruction; the
corresponding values were 28, 31, and 31 for limbsparing surgery without vascular reconstruction (6).
However, the limb-sparing surgery with vascular
reconstruction group MSTS was clearly inferior compared with the limb-sparing surgery without vascular reconstruction group (6). It was difficult to
interpret the study by Davis et al. (6), which presented the MSTS resultant total maximal score to be
30, but the MSTS values for limb-sparing surgery
with vascular reconstruction were 31 at 6 and
12 months postoperatively (16). Recent personal
communication has confirmed that an error was
made in this study. Conversely, Davidge et al. (22)
presented that flap reconstruction was associated
with more postoperative impairments in MSTS and
activity limitations in TESS, but did not significantly
predict postoperative function or health status out-
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comes compared to primary closure. Saebye et al.
(21) studied 128 patients who were treated with limbsparing surgery for STS. In this study, only primary
diseases for upper-limb and lower-limb sarcomas
were included. No information about limb-sparing
operation types and performed reconstructions was
presented. The overall median TESS and MSTS scores
were 94 (IQR, 81–99) and 97 (IQR, 77–100), respectively (21). In this study, the mean functional outcome was lower compared with these reports. In this
study, most of the STS cases were deep tumors (73.7%
of patients), which possibly decreased the overall
functional outcome score. In addition, in our opinion, small data sets may be the reason for the observed
lower functional outcome results observed in this
study.
Functional outcome after amputation for sarcoma
has been shown to be inferior compared to that of
patients treated with limb-sparing protocols (20, 23,
24). However, in a meta-analysis including six highquality studies, Mei et al. (25) reported that amputation and limb-sparing surgery provided similar
functional outcome and quality of life for patients
with osteosarcoma. Malek et al. (26) demonstrated
improved functional outcome results in above-knee
amputations compared to limb-salvage patients for
aggressive musculoskeletal tumors around the knee.
Reintegration to Normal Living Index scores was
higher in the limb-sparing surgery group compared to
amputation, but TESS values were similar in both
groups (26). Ladlow and colleagues examined 100
procedures in a retrospective study of rehabilitation
outcomes from a UK military complex trauma rehabilitation center (36 unilateral amputations, 43 bilateral amputations, and 21 single-limb salvages). The
unilateral amputation group walked significantly further in 6 min (564 ± 92 m) than the limb-salvage group
(483 ± 108 m) and the bilateral amputation group
(409 ± 106 m). In addition, the limb-salvage group was
less capable of running independently compared with
all amputee groups. One explanation for the functional advantage in the amputation groups over the
limb-salvage group is recent advances in prosthetic
design and technology (27, 28). It is noteworthy that
the study only presented data on functional results.
Only one amputation patient was included in our
study; this patient additionally underwent primary
rotationplasty. While functional outcome was lower
than overall TESS and MSTS results, comparison is
difficult.
To investigate functional outcome in Finnish STS
patients, we used (according to well accepted guidelines) translated, culturally adapted, and linguistically
validated Finnish versions of TESS and MSTS outcome measures. This is a strength of this study. The
results showed that the pre-final versions of the questions could change during the translation process.
There were some difficulties encountered in the translation process. These discrepancies were duly
addressed by the steering group. This reflects the
essence of the adaptation of the multi-step translation
process and the content of the form to the culture. The
results are presented together with preliminary psychometric analyses for floor and ceiling values and
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convergent validity. The main weakness of this pilot
study is that few patients were included in the analysis. Also, no data on preoperative functional outcome
was available due to study design. In addition, a wide
variety of reconstructive methods were used for the
patients that required reconstruction after limb-sparing resection. Prospective study settings with at least
two different time points would have provided data
on the change in outcomes. However, a prospective
design was not considered as an option in this pilot
study; this study was planned as a cross-sectional
study.
Future research directions include functional outcome and health-related quality-of-life assessment of
lower extremity sarcoma patients after limb salvage in
a larger cohort in Finland. Future studies should also
include data on preoperative functional outcomes and
a control group. In addition, future research should
determine if there is any change in the functional outcomes during a long-term follow-up period.
Conclusion
Treatment of lower extremity STS is challenging.
Depending on the extent of the defect, treatment
options may include need for reconstructive procedures. The present pilot study shows that the translated TESS and MSTS questionnaires are suitable and
adequate instruments for measuring functional outcome of lower extremity STS patients in the Finnish
population. Functional outcomes vary from moderate
to excellent after treatment. Previous studies have
found that functional outcome after amputation for
sarcoma is inferior or comparable to that of limb-salvage surgery. In lower-limb STS patients, decreased
functional outcome is expected after limb-salvage
surgery with microvascular reconstruction, possibly
because this reconstruction method is often used for
extensive defects.
Acknowledgements
We would like to thank Saara Haapasaari for her contribution in data collection. This study was performed in accordance with the Helsinki Declaration as revised in 2013.

Data Statement
All data are available from the corresponding author.

Declaration of Conflicting Interests
The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Funding
The authors disclosed receipt of the following financial support for the research, authorship, and/or publication of this
article: The authors are grateful for financial support from
the Competitive Research Funding of Helsinki University
Hospital and the Finnish Cancer Society. The funding

sources had no involvement in conducting the research or
preparation of the article.

References
1. Fletcher CDM, Bridge JA, Hogendoorn P et al: WHO Classification of Tumours of Soft Tissue and Bone, 4th ed. IARC Press,
Lyon, 2013.
2. Toro JR, Travis LB, Wu HJ et al: Incidence patterns of soft tissue
sarcomas, regardless of primary site, in the surveillance, epidemiology and end results program, 1978-2001: An analysis of
26,758 cases. Int J Cancer 2006;119:2922–2930.
3. Ogura K, Higashi T, Kawai A: Statistics of soft-tissue sarcoma in
Japan: Report from the Bone and Soft Tissue Tumor Registry in
Japan. J Orthop Sci 2017;22:755–764.
4. Finnish Cancer Registry. Cancer Society of Finland: Helsinki,
2017, https://cancerregistry.fi/statistics/cancer-statistics/
5. Karakousis CP, Emrich LJ, Rao U et al: Limb salvage in soft tissue sarcomas with selective combination of modalities. Eur J
Surg Oncol 1991;17:71–80.
6. Davis LA, Dandachli F, Turcotte R et al: Limb-sparing surgery
with vascular reconstruction for malignant lower extremity soft
tissue sarcoma. J Vasc Surg 2017;65:151–156.
7. Willcox TM, Smith AA: Upper limb free flap reconstruction
after tumor resection. Semin Surg Oncol 2000;19:246–254.
8. Fortner JG, Kim DK, Shiu MH: Limb-preserving vascular surgery for malignant tumors of the lower extremities. Arch Surg
1977;112:391–439.
9. Ghert MA, Davis AM, Griffin AM et al: The surgical and functional outcome of limb-salvage surgery with vascular reconstruction for soft tissue sarcoma of the extremity. Ann Surg
Oncol 2005;12:1102–1110.
10. Prendergast B, Fiveash JB, Gibbs CP et al: Radiotherapy for
soft tissue sarcoma of the proximal lower extremity. Sarcoma
2010;2010:829498.
11. Bergner M: Quality of life, health status, and clinical research.
Med Care 1989;27: S148–S156.
12. Feinstein AR: Clinimetric perspectives. J Chronic Dis
1987;40:635–640.
13. Ware JE Jr: Standards for validating health measures: Definition
and content. J Chronic Dis 1987;40:473–480.
14. Tang M, Pan DJW, Castle DJ et al: A systematic review of the
recent quality of life studies in adult extremity sarcoma survivors. Sarcoma 2012;2012:171342.
15. Davis AM, Wright JG, Williams JI et al: Development of a measure of physical function for patients with bone and soft tissue
sarcoma. Qual Life Res 1996;5:508–516.
16. Enneking WF, Dunham W, Gebhardt MC et al: A system for
the functional evaluation of reconstructive procedures after surgical treatment of tumors of the musculoskeletal system. Clin
Orthop Relat Res 1993;286:241–246.
17. Beaton DE, Bombardier C, Guillemin F et al: Guidelines for the
process of cross-cultural adaptation of self-report measures:
Spine 2000;25:3186–3191.
18. Wild D, Grove A, Martin M et al: Principles of good practice
for the translation and cultural adaptation process for patientreported outcomes (PRO) measures: Report of the ISPOR Task
Force for Translation and Cultural Adaptation. Value Health
2005;8:94–104.
19. Dewolf L, Koller M, Velikova G et al: EORTC Quality of Life
Group Translation Procedure, 3rd ed. EORTC, Brussels, 2009, p.
12.
20. Davis AM, Devlin M, Griffin AM et al: Functional outcome in
amputation versus limb sparing of patients with lower extremity sarcoma: A matched case-control study. Arch Phys Med
Rehabil 1999;80:615–618.
21. Saebye C, Fugloe HM, Nymark T et al: Factors associated with
reduced functional outcome and quality of life in patients having limb-sparing surgery for soft tissue sarcomas—A national
multicenter study of 128 patients. Acta Oncol 2017;56:239–244.

Functional outcome after lower extremity sarcoma
22. Davidge KM, Wunder J, Tomlinson G et al: Function and health
status outcomes following soft tissue reconstruction for limb
preservation in extremity soft tissue sarcoma. Ann Surg Oncol
2010;17:1052–1062.
23. Johansen R, Nielsen OS, Keller J: Functional outcome in sarcomas treated with limb-salvage surgery or amputation. Sarcoma
1998;2:19–23.
24. Mavrogenis AF, Abati CN, Romagnoli C et al: Similar survival but better function for patients after limb salvage versus
amputation for distal tibia osteosarcoma. Clin Orthop Relat Res
2012;470:1735–1748.
25. Mei J, Zhu XZ, Wang ZY et al: Functional outcomes and quality of life in patients with osteosarcoma treated with amputation versus limb-salvage surgery: A systematic review and
meta-analysis. Arch Orthop Trauma Surg 2014;134:1507–
1516.

171

26. Malek F, Somerson JS, Mitchel S et al: Does limb-salvage surgery offer patients better quality of life and functional capacity
than amputation? Clin Orthop Relat Res 2012;470:2000–2006.
27.	Ladlow P, Phillip R, Coppack R et al: Influence of immediate and
delayed lower-limb amputation compared with lower-limb salvage on functional and mental health outcomes post-rehabilitation in the U.K. military. J Bone Joint Surg Am 2016;98:1996–2005.
28. Kahle JT, Highsmith MJ, Hubbard SL: Comparison of nonmicroprocessor knee mechanism versus C-Leg on Prosthesis Evaluation Questionnaire, stumbles, falls, walking tests,
stair descent, and knee preference. J Rehabil Res Dev 2008;45:
1–14.

Received: May 17, 2018
Accepted: July 23, 2018

