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a b s t r a c t

Purpose: To systematically reviewpublished studies comparing Quality of Life (QoL), functional ability and/
or physical activity between different surgical interventions due to a malignant bone tumour of the leg.
Methods: A systematic literature search, covering the years 2000e2010 was performed using the
PubMed, Embase, Web of science and Cochrane databases. Studies were included if they described and
statistically compared QoL, functional ability and/or physical activity of at least two surgical interventions
for lower extremity bone cancer. In addition, the methodological quality of the selected studies was
evaluated by using a 24-point scale. Where appropriate, a qualitative analysis or meta-analysis was
performed.
Results: The search strategy resulted in a list of 246 citations. Based on titles and abstracts 50 full-text
articles were selected, of which 13 articles describing 12 studies, were finally included. Overall, the
methodological quality of the studies was moderate. Studies were heterogeneous with respect to their
categorisation of surgical interventions, average age of patients and average duration of follow-up.
Overall, results regarding differences between ablative and limb-sparing surgery varied largely. Meta-
analysis was considered to be not appropriate due to clinical heterogeneity, methodological differ-
ences and flaws.
Conclusion: Twelve studies comparing the outcomes of QoL, functional ability and physical activity
between limb-sparing and ablative surgery groups were identified, with an overall moderate method-
ological quality. Their largely varying outcomes suggest that no general conclusions on the advantage of
either limb-sparing or ablative surgery in patients with malignant bone tumours of the lower extremity
can be drawn.

� 2011 Elsevier Ltd. All rights reserved.
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Introduction

Malignant bone tumours like osteosarcoma and Ewing sarcoma
represent a small percentage of cancers diagnosed and are typically
occurring during the adolescent growth spurt, with a second
smaller peak in the elderly. Almost 50% of the Ewing sarcoma and
almost 40% of the osteosarcoma cases were reported in patients
aged 10e19 years, thereby accounting for approximately 6% of all
cancer diagnosed under the age of 20 years in western populations
[1e3]. Both bone malignancies have a preference for origination in
the metaphysical region of long bones; particularly the knee region
and upper arm [3].

Survival rates for patients with bone cancer have steadily
improved over the last decades of the past century to an overall 5-
year survival of approximately 60% for those younger than 30 years,
50% for those aged 30e49 years, and 30% for those aged 50 years or
older [2,3]. Additionally, novel extremity-salving surgical proce-
dures became available as alternatives to an amputation. In parallel
with these improving life expectancy and surgical innovations,
there has been a growing need to examine post-surgical Quality of
Life (QoL), functional ability and physical activity [4e6].

In the past two decades, four reviews aimed to summarize the
results of studies on QoL and/or functional ability within patient
populations after lower extremity bone tumour surgery [5e8].
Three of these reviews were published within the last decade [6e8]
and two of them were systematic reviews [5,7].

In general, it was concluded that the long-term outcomes of
those undergoing amputation and limb-salvage were not
substantially different in regard to quality of life and functional
ability [5e8]. However, based on some studies included in these
reviews [9e11], patients with tumour localizations above the knee
were found to have better functional ability after limb-salvage
surgery than similar patients with an amputation.

These reviews have several limitations: one of the systematic
reviews was published more than 10 years ago [5] and two reviews
were narrative reviews and did not include a systematic search of
the literature [6,8]. Furthermore, none of the reviews performed so
far included the degree of physical activity as an outcome measure
or conducted an assessment of the methodological quality of the
included studies.

Therefore we conducted a systematic search of recent literature
with the aim of assessing the methodological quality and summa-
rize findings with respect to comparisons of QoL, functional ability
and/or physical activity between different limb-salvage and abla-
tive surgical interventions in patients with bone tumours of the
lower extremity.
Material and methods

Study design

This systematic reviewconsistedof 5 steps, including a systematic
searchof the literature (Step1), selectionof studies (Step2), recording
of study characteristics (Step 3), assessment of methodological
quality (Step 4) and extraction of data on clinical outcomes and their
comparisons between different surgical groups (Step 5). All activities
were carried out by the principal investigator (WPB), whereas the
scoringof themethodological qualitywas done by two authors (WPB
and TVV). All extracted data and the methodological assessments
were recorded on a pre-developed form (Microsoft Excel).

Step 1: data sources and search strategy
The literature search was done using the following electronic

databases: PubMed, EMBASE, Web of Science and The Cochrane
Library, from January 1, 2000 until January 2011.

The search strategies were developed and edited by a trained
medical librarian (JS). The search strategy included several different
terms and synonyms for bone cancer in combination with lower
extremity and quality of life, functional ability or physical activity
[Appendix 1].

Step 2: selection of studies
Screening of titles and abstracts. First, all titles and abstracts were
screened for the following criteria: Article concerned (1) a clinical
study and (2) included patients who underwent a surgical inter-
vention for malignant bone cancer. Moreover, (3) only articles in
the English language were considered for inclusion in this review.
For all selected titles and abstracts, the full-text articles were
gathered for further screening.

Screening of full-text papers. Screening of full-text papers included
the first three criteria supplementedwith the following criteria: the
study was (4) confined to surgery of the leg or the data from
patients undergoing surgery of the leg were reported separately
from those of patients having surgery of the upper extremity; (5)
evaluations of QoL, functional ability and/or physical activity were
made; and (6) statistical comparisons between at least one limb-
salvage technique (allograft or endoprosthesis) and one ablative
technique (amputation or rotationplasty) were made. Finally, (7)
we selected only studies that included standardized outcome
measures for the evaluation of Qol and functional ability. No
measures for the evaluation of physical activity were selected in
advance. The QoL and functional ability measures include:
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QoL: Short Form Health Survey Questionnaire (SF-36) [12],
EuroQoL [13], Quality of Life-Cancer Survivors (Qol-CS) [14], Euro-
pean Organization for Research and Treatment of Cancer Quality of
life Questionnaire (EORTC QLQ-C30) [15], Paediatric Quality of Life
Inventory (PedsQL) [16], TNO-AZL Children’s Quality of Life Ques-
tionnaire (TACQOL) [17] or the TNO-AZL Questionnaire for Adult’s
Quality of Life (TAAQOL) [18].

Functional ability: Measures of functional ability included both
questionnaire type measures like the patient reported Toronto
Extremity Salvage Score (TESS) [19] or the physician reported
Musculoskeletal Oncology Society score (MSTS) [20] and measures
that included both self-report and measured function like the
Functional Mobility Assessment (FMA) [21].

Screening of reference lists. Additionally, the reference lists in the
selected papers were scanned for relevant studies.

Step 3: study characteristics
The following study characteristics were systematically extrac-

ted from the selected full-text papers: author, year of publication,
country where study was conducted, surgical intervention types
(limb-salvage; allograft or endoprosthetic replacement and abla-
tive surgery; amputation or rotationplasty), study design (cross-
sectional or prospective), the number of patients in each surgical
Figure 1. Study
intervention group, age and duration of the follow-up (mean and
SD or median and range).

Step 4: assessment of methodological quality
The articles were independently assessed for methodological

quality by twoof the authors (WPandTVV) independently bymeans
of a self-developed scale derived from the STrengthening the
Reporting of OBservational Studies in Epidemiology (STROBE)
checklist [22]. We selected 24 items of the STROBE checklist for the
methodological assessment according to their relevance for the
studies to be included in this review [seeAppendix 2]. Each itemwas
assigned a score 0 or 1, with 0 being “insufficient / not meeting the
criterion” and 1 being “meeting the criterion”. In accordance with
the STROBE checklist, the items were categorized in seven domains
1) title (n¼1); 2) abstract (n¼1); 3) introduction (n¼2); 4)methods
(n ¼ 9); 5) results (n ¼ 6); 6) discussion (n ¼ 4) and 7) other infor-
mation (n ¼ 1). The total score ranged from 0 to 24. The initial
agreement between the two authors at item level was evaluated by
computing Cohen’s Kappa [23]. Then, in case of disagreement
between the two assessors, a final score was given by consensus.

Step 5: outcomes of the included studies
The following outcome characteristics and scores were

systematically extracted from the selected full-text papers;
selection.



Table 1
Characteristics of 12 studies included in a systematic review on Quality of Life, functional ability and physical activity after different surgical interventions for a malignant bone
tumour of the leg.

Study Year Country Design N Surgery Age Follow-up
(Yrs)

Domain Measures Resultsa

Akahane
[31]

‘07 Japan Cross-
sectional

21 8 Endoprosthesis
7 Amputation
6 Rotationplasty

At diagnosis
Mean 21.9
Range 7e79

Mean 59.3
Range 10e172
Month

Quality of
life

SF-36 No significant differences regarding
SF-36 scores between subgroups
amputation, endoprosthesis and
rotationplasty.

Functional
ability

MSTS Significantly better MSTS score
after rotationplasty in comparison
with subgroups amputation and
endoprosthesis.

Askness
[10]

‘08 Norway Cross-
sectional

97 18 Allograft
19 Endoprosthesis
50 Amputation

Mean 31
Range 15e57

Mean 13
Range 6e22

Quality of
life

SF-36 No significant differences regarding
SF-36 scores between combined
limb-salvage techniques and
amputation.

Functional
ability

TESS,
MSTS

Significantly better MSTS scores
after combined limb-salvage
techniques in comparison with
amputation.
No significant differences regarding
TESS scores.

Bekkering
[33,35]

‘10 The Netherlands Cross-
sectional

81 24 Allograft
14 Endoprosthesis
27 Amputation
16 Rotationplasty

Mean 16.9
SD 4.2

Mean 2.8
SD 1.6

Quality of
life

SF-36,
TAAQOL,
TACQOL

Significantly higher TACQOL
score (positive emotions) after
ablative techniques in comparison
with limb-salvage
No significant differences
regarding SF-36 and
TAAQOL scores.

Functional
ability

TESS No significant differences regarding
TESS scores between limb-salvage
and ablative techniques.

Physical
activity

Baecke
ActiLog�

No significant differences regarding
Baecke and ActiLog� scores
between limb-salvage and ablative
techniques.

Dam
[25]

‘01 The Netherlands Cross-
sectional

20 1 Allograft
11 Endoprosthesis
6 Amputation
2 Rotationplasty

Median 49
Range 18-69

Median 2
Range 1e13

Quality of
life

SF-36,
EuroQol

No significant differences regarding
SF-36 and EuroQol scores between
limb-salvage and ablative
techniques.

Functional
ability

TESS,
MSTS

No significant differences regarding
TESS and MSTS scores between
limb-salvage and ablative
techniques.

Physical
activity

Dynaport�

Baecke
No significant differences regarding
Baecke and Dynaport� scores
between limb-salvage and
ablative techniques.

Eiser
[27]

‘01 United Kingdom Cross-
sectional

37 14 Limb-Salvage
23 Amputation

Mean 31
Range 12e47

Mean 10
Range 2e33

Quality
of life

SF-36 No significant differences regarding
SF-36 scores between limb-salvage
techniques and amputation.

Ginsberg
[32]

‘07 United States
of America

Cross-
sectional

89 65 Limb-Salvage
22 Amputation
2 Rotationplasty

Mean 20.1
SD 5.7

Mean 5.6 Quality
of life

SF-36 No significant differences regarding
SF-36 scores between limb-salvage
techniques and subgroups
amputation and rotationplasty.

Functional
ability

TESS,
FMA,
MSTS

Significantly better FMA scores
after limb-salvage in comparison
with amputation
Significantly better TESS and MSTS
scores after rotationplasty in
comparison with limb-salvage
of the femur.

Hopyan
[30]

‘06 Australia Cross-
sectional

45 20 Limb-Salvage
20 Amputation
5 Rotationplasty

Mean 26
SD 7
Range 10e39

Mean 13.9
SD 5.7
Range 5e26

Quality
of life

SF-36 No significant difference regarding
SF-36 scores between limb-salvage
and subgroup above knee
amputation.

Functional
ability

TESS,
MSTS

Significantly better MSTS scores
after limb-salvage in comparison
with above knee amputation.

Physical
activity

Uptime
device�

No significant differences regarding
Uptime device scores between
limb-salvage and subgroup above
knee amputation.
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Table 1 (continued )

Study Year Country Design N Surgery Age Follow-up
(Yrs)

Domain Measures Resultsa

Nagarajan
[28]

‘04 United States of
America

Cross-
sectional

528 192 Limb-Salvage
336 Amputation

Median 35
Range 19e49

Median 21
Range 13e31

Quality
of life

QoL-CS No significant differences regarding
QoL-CS scores between limb-salvage
and amputation within subgroups of
patients diagnosed �12 and >12
years of age.

Functional
ability

TESS No significant differences regarding
TESS scores between limb-salvage
and amputation within subgroups
of patients diagnosed �12 and >12
years of age.

Renard [11] ‘00 The Netherlands Cross-
sectional

77 52 Limb-Salvage
25 Amputation

At diagnosis
Median 30
Range 2e70

Median 61e80
Range 2e271
months

Functional
ability

MSTS Significantly better MSTS scores
after limb-salvage in comparison
with amputation.

Robert
[34]

‘10 United States of
America

Cross-
sectional

57 6 Allograft
22 Endoprosthesis
25 Amputation
1 Rotationplasty

Median 33.8
Range 16e52

Median 18.6
Range 12e24

Quality
of life

QOL-CS No significant differences regarding
QOL-CS scores between combined
limb-salvage techniques and
amputation.

Functional
ability

TESS No significant differences regarding
TESS scores between combined
limb-salvage techniques and
amputation.

Saraiva
[26]

‘08 Portugal Cross-
sectional

48 29 Endoprosthesis
2 Arthrodesis
17 Amputation

Mean 24
Range 12-

Median 10
Range 1e23

Functional
ability

TESS Significantly better TESS scores
after amputation in comparison
with endoprosthesis reconstruction.

Zahlten
[29]

‘04 Germany Cross-
sectional

124 34 Allo/autograft
38 Endoprosthesis
23 no surgery
7 Rotationplasty
22 Amputation

Median 35
Range 14e76

Median 45
Range 14e76
Months

Quality
of life

EORTC
QLQ-C30

No significant differences regarding
EORTC QLQ-C30 scores between
limb-salvage surgery (including
rotationplasty) and amputation.

MSTS: Musculoskeletal Oncology Society score; TESS: Toronto Extremity Salvage Score; SF-36: Short form-36; FMA: Functional Mobility Assessment; TAAQOL: TNO-AZL
Children’s Quality of Life Questionnaire; TACQOL: TNO-AZL Questionnaire for Adult’s Quality of Life Questionnaire;QoL-CS: Quality of Life-Cancer Survivors; EORTC QLQ-C30:
Organization for Research and Treatment of Cancer Core Cancer Quality Life Questionnaire.

a Conclusions pertain to descriptions of outcomes of statistical comparisons of all limb-sparing techniques combined versus all ablative techniques combined; if this
comparison was not available, results of comparisons of limb-sparing techniques combined versus all ablative techniques within subgroups are presented.
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outcome domain (QoL, functional ability or physical activity),
specific outcome measures applied and a summary of the results
of the comparison between limb-salvage and ablative surgery per
domain.

For the most commonly used outcome measures in this
patient population (SF-36 and TESS) the scores of the selected
outcome measure and the corresponding measurement of vari-
ability, the mean difference (MD) between the two surgical
groups as well as the 95% confidence interval (95% CI), were
extracted from the selected papers or when they were not
reported in the publication computed by a statistician (MF). In
case data were presented by subgroups, a pooled mean difference
of comparisons of ablative and limb-sparing techniques was
computed.
Table 2
Methodological assessment of 12 studies comparing the outcomes after different surgica

Study Title
0/1

Abstract
0/1

Introduction
0/2

Me
0/9

Akahane [31] 0 1 1 2
Askness [10] 0 1 1 6
Bekkering [33] 0 1 2 8
Dam [25] 0 1 1 5
Eiser [27] 0 1 2 6
Ginsberg [32] 1 0 2 7
Hopyan [30] 0 0 2 7
Nagarajan [28] 0 0 2 9
Renard [11] 0 1 1 3
Robert [34] 0 0 2 8
Saraiva [26] 0 1 1 7
Zahlten [29] 0 0 0 6
Then potential associations between-study characteristics
(proportion of patients in limb-salvage group, average age and dura-
tion of follow-up) and the reported or computed mean differences
were examined, bycomputing Spearman rank correlation coefficients.

A meta-analysis was considered appropriate if the included
studies were not clinically diverse and/or statistical heterogeneous.
Clinical diversity among studies was assessed by two authors (WPB
and TVV), taking into account the classification of patients (surgery
types), age, duration of follow-up and outcome measures (domain
scores of the SF-36). Disagreement was resolved by consensus.
Statistical heterogeneity of the studies was investigated by means
of I-squared (I2) index [24]. If the I2 index showed a value greater
than 50% this was considered to indicate high heterogeneity. In this
case a random effects meta-analysis model was appropriate.
l techniques for malignant bone tumours of the leg.

thods Results
0/6

Discussion
0/4

Other
0/1

Summary
0/24

3 2 0 9
5 1 1 15
5 4 1 21
4 2 1 14
4 0 1 14
5 3 1 19
6 1 0 16
4 1 1 17
2 1 0 8
6 3 1 20
5 1 1 16
5 2 1 13
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Results

Selection of the included studies

The database search resulted in a list of 246 potentially relevant
citations, from which 50 citations were selected according to the
initial selection criteria (See Fig. 1). The full-text articles of these 50
citations were screened for the full set of inclusion criteria. Thirteen
articles fulfilled the inclusion criteria. The other 37 articles were
excluded, mainly because the study evaluated only one type of
surgery, no distinction could be made between scores of bone
tumour localizations of the leg and other localizations, or the usage
of outcomemeasures that were not validated. No further references
were added after searching the reference lists of the selected
papers.

In total, twelve studies described in 13 articles were included for
the analysis. In ten studies QoL was evaluated, in ten studies
functional ability was measured, and in three studies physical
activity levels were evaluated.
Study and patient characteristics

The study and patient characteristics are summarized in Table 1.
Study characteristics. All selected studies had a cross-sectional

design. Ten aimed to evaluate outcome between two or more
surgical interventions, two were primarily aimed to validate an
outcome measure [25,26].

The minimum and maximum age of the patients included in the
research populations ranged from 7 to 79 years with the average
age varying from 16 to 49 years. The average duration of follow-up
varied widely among studies (from 2 to 21 years).

Twelve studies compared the results of patients after limb-
salvage with the results of patients after ablative surgery. In three
of these studies [25,33e35] the ablative surgery group consisted of
both amputation and rotationplasty patients and in five studies
[10,11,26e28] of amputation patients. In three studies [30e32]
patients with a rotationplasty were presented as a separate group
and in one study [29] rotationplasty have been classified as a limb-
salvage.

Three studies presented their data for different subgroups
separately, with subgroups defined by age at diagnosis below or
above the age of 12 years [28] or by tumour localisation above or
below the knee [30,32].
Methodological assessment

Overall the methodological quality was moderate, with
a median total score of 15 (range 9e21) (Table 2). Inter-rater
agreement between the initial item scores of the assessors (WPB
and TVV) was seen in 94% of the scores; the agreement as
computed by Cohen’s Kappa was 0.88 (95% CI from 0.83 to 0.93),
which is considered to be very good [23]. Consensus on a final score
was reached in all cases.

Items for which 75% or more of the studies (9 or more) had
a score of 1 included: describing the settings, locations and
relevant dates; selection of the participants; explaining how the
data were handled; method of assessment; and reporting
outcome scores. Twenty-five % or less (3 or less) studies had
a score of 1 with regard to the items clearly reporting the design
of the study in title/abstract section or methods section,
describing any effort to address potential sources of bias or
confounders, discussing limitations in relation to potential bias
and generalizability.
Outcomes after different types of surgery: descriptive analysis

The authors’ conclusions on the differences between the
outcomes within the limb-salvage and ablative surgery groups are
summarized in Table 1.

Quality of life
Ten studies compared QoL between patients treated by limb-

salvage and ablative surgery [10,25,27e34]. In seven studies, QoL
was evaluated with the SF-36 [10,25,27,30e33]. The other three
studies evaluated QoL with the EuroQoL [25], Qol-CS [28,34],
EORTC QLQ-C30 [29], TACQOL and the TAAQOL [33].

Besides a significantly higher QoL score in patients after ablative
surgery in one study [33] (in one of the eight subscales of the TAA-
QOL) no significant differences were reported within these studies.

Functional ability
Ten studies compared functional ability between limb-salvage

and ablative surgery [10,11,25,26,28,30e32,34,35]. In these
studies, functional ability was evaluated according to the patient
reported TESS; the physician reported MSTS score [10,25,30e32] or
the FMA [30].

In one study [26], significantly better TESS scores were reported
after ablative surgery in comparison with limb-salvage surgery.
Significantly better TESS and MSTS scores were reported after
rotationplasty in comparisonwith limb-salvage of the femur in one
study [32]. In another study [31], significantly better MSTS scores
were reported after rotationplasty in comparison with endopros-
thetic replacement and amputation. However, in four studies
significantly better functional ability according to the MSTS
[10,11,30] or FMA [32] was reported in patients after limb-salvage
surgery in comparison with amputation. Moreover, in four other
studies [25,28,31,34], the differences between limb-salvage and
ablative surgery did not reach statistical significance.

Physical activity levels
In three studies a comparison of physical activity after different

surgical techniques was made [25,30,35]. In these studies, physical
activity was evaluated with the Baecke questionnaire [25,35] and/
or a kind of activity monitor [25,30,35]. No statistically significant
differences in physical activity levels between the various surgical
intervention groups were reported in these studies.

Outcomes after different types of surgery: quantitative analysis

Data of the SF-36 could not be pooled since several different
domain and summary scores were applied in the selected studies,
scores such as; the physical and/or the mental component
summary score, the physical functioning or a total SF-36 score.

The clinical characteristics and quantitative data of eight studies
which used the TESS as measure for functional ability were ranked
according to the mean differences and are presented in Table 3.
Data in three studies [28,30,32] were given for different subgroups
separately. For each of these studies pooled mean differences (MD)
and 95% confidence intervals (CI) between TESS scores within
ablative and limb-sparing groups were computed. The study-
specific mean difference estimates (MD) are also presented in
Fig. 2. The horizontal bars represent the range of the corresponding
95% confidence interval (CI). The sizes of the square boxes are
proportional to the total number of patients in the selected studies.

The clinical heterogeneity of these eight studies was significant,
with the average age of the patients varying between 16.9 and 49.0
years and an average follow-up duration between 2 and 21 years.
Furthermore, the categorization of the surgical interventions
among the included studies differed. In most studies the numbers



Table 3
Characteristics and quantitative data of eight studies presenting comparisons of Toronto Extremity Salvage scale (TESS) scores between limb-salvage and ablative surgery
groups, ranked according to the mean difference.

Study N No. of patients per
surgical technique

No. of patients with
Limb-salvage or
ablative surgery

TESS score
Limb-salvage

TESS score
Ablative surgery

Mean Difference
(MD)

95% Confidence
interval (CI)

Advantageous for

Hopyan [30],a 35 17 Allograft
2 Endoprosthesis
17 Amputation
5 rotationplasty

Limb-salvage 19
Ablative surgery 22

Mean 91.3
SD 10.3

Mean 85.1
SD 11.0

MD ¼ 6.2
P ¼ ns

�0.38; 14.98 Limb-salvage

Dam [25] 20 1 Allograft
11 Endoprosthesis
6 Amputation
2 Rotationplasty

Limb-salvage 12
Ablative surgery 8

Median 87.3
Range 48e98

Median 81.4
Range 56e100

MD ¼ 5.9
P ¼ ns

�4.50; 16.30 Limb-salvage

Askness [10] 103 18 Allograft
19 Endoprosthesis
8 Resection
53 Amputation

Limb-salvage 50
Ablative surgery 53

Median 90
Range 59e100

Median 88
Range 43e100

MD ¼ 2.0
P ¼ ns

�2.92; 6.92 Limb-salvage

Nagarajan [28],a 528 192 Limb-salvage
336 Amputation

Limb-salvage 192
Ablative surgery 336

Mean 85.8
SD 17.0

Mean 85.2
SD12.8

MD ¼ 0.6
P ¼ ns

�2.17; 3.37 Limb-salvage

Robert [34] 57 6 Allograft
22 Endoprosthesis
22 Amputation
1 Rotationplasty

Limb-salvage 28
Ablative surgery 23

Mean 78.2
SD 17.5

Mean 78.7
SD 14.0

MD ¼ �0.5
P ¼ ns

�8.92; 7.92 Ablative surgery

Bekkering [35] 81 24 Allograft
14 Endoprosthesis
27 Amputation
16 Rotationplasty

Limb-salvage 38
Ablative surgery 43

Mean 84.4
SD13.0

Mean 86.1
SD 11.1

MD ¼ �1.7
P ¼ ns

�7.00; 3.60 Ablative surgery

Ginsberg [32],a 87 65 Limb-salvage
22 Amputation
4 Rotationplasty

Limb-salvage 65
Ablative surgery 26

Mean 87.0
SD 9.7

Mean 91.6
SD 8.7

MD ¼ �4.6
P < 0.05

�8.69; �0.51 Ablative surgery

Saraiva [26] 46 29 Endoprosthesis
17 Amputation

Limb-salvage 29
Ablative surgery 17

Mean 87.9
SD 8.4

Mean 94.4
SD 8.4

MD ¼ �6.5
P ¼ 0.003

�11.53; �1.47 Ablative surgery

a For this study, pooled mean difference (MD) and 95% confidence intervals (CI) were calculated.
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of patients who underwent limb-salvage and ablative surgery were
comparable, however in one study the limb-salvage surgery group
[32] and in another study the ablative surgery group [28] was
relatively large. In addition, in some studies no patients with
a rotationplasty or allograft reconstruction [26] were included. An
overall test on heterogeneity was performed, leading to a signifi-
cant result (Q ¼ 16.13, p ¼ 0.024) and an I2 index equal to 56.6%,
which indicates a high heterogeneity.

Associations between the percentage of patients in the limb-
salvage group, average age or duration of follow-up on the one side
and the mean difference in TESS scores between limb-salvage and
ablative surgery on the other side showedno significant correlations
(all p-values > 0.05 Spearman’s correlation coefficients).
Figure 2. Forest plot of mean differences and 95% confidence intervals of Toronto
Extremity Salvage Score (TESS) scores, between ablative and limb-salvage surgery. # A
negative mean difference indicates better TESS scores for patients after ablative
surgery and a positive mean difference after limb-salvage surgery. * Pooled mean
difference of various subgroup comparisons.
Discussion

The purpose of this study was to systematically describe the
outcomes ofmajor surgical approaches to lower-limb bone tumours
and their impact on patients by reviewing papers comparing limb-
salvage and ablative surgery. Twelve studies, described in 13
papers were identified, all with a cross-sectional design.

Overall, themethodological quality of the studies wasmoderate.
Studies were heterogeneous with respect to their categorization of
surgical interventions, average age and duration of follow-up and
showed various results regarding differences between ablative and
limb-sparing surgery groups. Meta-analysis was considered to be
not appropriate due to statistical and clinical heterogeneity and
methodological differences and flaws.

Considering the oncological, cosmetic and functional outcome of
the various surgical options, a complicateddecision in the treatment
of patients with lower extremity bone cancer is the choice of the
surgical intervention. One of the elements in the decision making
process is information on the outcome. This review demonstrates
that overall, differences between limb-salvage and ablative surgery
with respect to QoL, functional ability or physical activity were in
general small and inconsistent. The results of our review are
comparable with earlier reviews concluding that clear and consis-
tent differences between quality of life and functional ability among
different surgical groups were absent as well [5e8].

There are substantial difficulties related to conducting
comparative studies in this area. The choice for a specific surgical
technique depends largely on the localization and size of the
tumour, the relationship of the tumour with neurovascular struc-
tures, the possibility to reconstruct a functional and cosmetically
acceptable limb. In addition, the presence of metastases and the
response to the adjuvant chemotherapy will be considered. More-
over, preferences and skills of the treating surgeon, the age of the
patient and the preferences of the patient and/or his or her parents
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are likely to have an impact on the decision. Therefore in all of the
cross-sectional, uncontrolled studies we identified confounding by
indication plays an important role [36]. In order to gain insight into
the factors determining the indication for one type of surgery or the
other, future studies should preferably include a clear and stan-
dardized description of the considerations underlying the surgical
treatment choice.

In contrast to previous reviews, this review included an appraisal
of the methodological quality of the included studies. From a wide
variation of tools and scales available to evaluate themethodological
qualityof studies [37]weselected theSTROBEguidelines. This choice
was motivated by the fact that it is specifically designed for obser-
vational studies and all items are clearly described [22]. However,
the STROBE guideline was not developed as grading instrument.
Nevertheless, the agreement between two assessors proved to be
sufficient, and the assessment highlighted several points to enhance
the methodological quality of future observational studies on the
outcome of surgery for bonemalignancies. Besides the lack of a clear
definition of the design of the study in title or abstract, our meth-
odological assessment indicated the frequent absence of complete
and clear descriptions of potential bias and confounders, and
statistical analyses to adjust the data for confounders.

Regarding the analysis of the outcomes of the individual studies
included in this review, we employed both a qualitative and
a quantitative approach. Assessment of heterogeneity is a prereq-
uisite for meta-analyses. Meta-analyses might miss true effects in
the presence of even modest between-study heterogeneity,
because they are based on the assumption of etiologic homogeneity
across studies. Because of the presence of clinical and statistical
heterogeneity among the studies included in our review and the
considerable number or methodological flaws identified in the
majority of them, a random effect calculation of summary effects
would reflect only a crude analysis. Another limitation for the
generalizability of the results of the individual studies and the
results of this review is the presence of ecological bias. The distri-
bution of the surgical interventions differed strongly between the
studies, with the proportions of limb-salvage surgery varying
between 38 and 82%. Moreover, some studies did not include
patients after rotationplasty. This observation could probably
reflect variation regarding the preference of specific centres,
cultural differences between countries or a time effect, since long
follow-up (up to 21 years) could imply that patients were treated
when limb-salving surgery was less common. Furthermore, due to
the long follow-up period and incomplete description of the
disease course, initial limb-salvage surgeries could probably have
led to amputations due to surgical site complications or tumour
recurrences. For these reasons, a meta-analysis was considered to
be not appropriate for data clear and concise conclusion.

In the large majority of studies included in this review, analyses
were done on the group level, not taking into account large differ-
ences in the ages of individual patients as well as variation in
duration of follow-up after surgery. With this approach specific
issues that may affect children and young people following ampu-
tation or limb-salvage surgery, in particular related to issues of body
image, mobility and social functioning, may have been overlooked.
Moreover, it implies that still little is known about the initial impact
of the surgery and other forms of treatment as well as their
complications on the course of QoL and functional ability over time.

With respect to the outcome measures used, this review
demonstrates that a relatively large variety of QoL measures were
employed. This could probably reflect the lack of suitable instru-
ments and a failure to specify the disease specific domains inwhich
QoL is most likely to be affected. Generic QoL measures focus on
global issues and fail to provide detailed information regarding how
specific aspects of disease and treatment compromise QOL. In
contrast, disease specific measures include specific disease and
treatment-related issues and are therefore likely to be more sensi-
tive to clinical change and differenceswithin the patient population.

Although bone cancer surgery in general and amputation in
particular has a mutilating effect and could result in serious limita-
tions indaily functioningand sports, effects onbody image, cosmetic
contentment and sportive ability have rarely been systematically
assessed. Several cancer specificQoLmeasures have beendeveloped
during the last decade, but to date there is only one bone tumour
surgery specific measure module [38]. However, this Bt-DUX is to
date not available for other than Dutch speaking countries.

For the evaluation of functional ability both questionnaire type
measures (TESS, MSTS) andmeasures that included both self-report
and measured function (FMA) were applied. The bone cancer
surgery specific TESS questionnaire was used in nearly all studies.
However, it was designed essentially for adults, comprises five
items that are potentially inappropriate or not applicable to chil-
dren and adolescents, and lacks tasks that are particularly relevant
for children, adolescents and young adults, like education and
leisure or sport abilities [39]. The MSTS has the fundamental
problem of reflecting the clinician’s perception of function rather
than the patient’s view and has never been tested for reliability and
validity in children and adolescents [39]. Furthermore, it consists of
only six items, lacking important tasks like daily living activities,
kneeling, stair climbing, running or sports. The FMA combines self-
report and measured functional ability and has proven to be
a reliable and valid outcome measure for patients with lower
extremity sarcoma [21]. The FMA was found to discriminate
between patients and healthy controls [21] and between patients
with different surgical interventions [32]. However, the experience
with the FMA in paediatric bone tumour research is limited [32]
and the ability of this tool to identify changes over time and its
independency of age still has to be determined.

Alternative options for the assessment of functional ability are
for example the Activities Scale for Kids (ASK) [40], and the
Paediatric Outcomes Data Collection Instrument (PODCI) [41].
However, both instruments were developed to assess paediatric
physical function whereas their applicability and validity in
adolescent and adult patients has to be determined.

Moreover, our study did not include an instrument that was
specifically aimed at social participation, such as the Reintegration
into Normal Living (RNL) index [42]. As these aspects are very
important in this patient group, the inclusion of the RNL or a similar
instrument needs to be considered in future research.

The small sample size and methodological flaws in the available
outcome studies indicate that larger scale, prospective, long-term
follow-up studies in patients with lower-limb bone tumours,
using a standardized set of outcome measures including not only
activities and QoL but participation as well, are needed. In addition,
a clear description of all confounders and potential sources of bias,
and the application of statistical analyses adjusting for confounders
are to be recommended.
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