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ABSTRACT

This systematic review provides a structured overview of the measurement instruments of functional outcome used in lower
extremity and pelvic bone sarcoma patients. We identified 42 unique instruments covering 18 distinct functional outcome
constructs with most studies measuring constructs within the activity domain of the International Classification of Functioning,
disability, and health. The MusculoSkeletal Tumor Society 1993 and 1987 score, Toronto Extremity Salvage Score, and range of
motion instruments were the measurement instruments most commonly used.

1 | Introduction to comprehensively evaluate their functional status using opti-

mal measurement instruments. By thoroughly assessing all

For patients with bone sarcoma, local therapy (i.e., surgery and/
or radiation therapy) is a crucial part of their treatment. How-
ever, it may also impose life-changing consequences, particu-
larly affecting the patient's functional abilities [1-3]. To
enhance the functional outcome of these patients, it is essential

relevant aspects of a patient's functional abilities, healthcare
professionals, together with patients, can make better informed
decisions about their personalized treatment. Moreover, con-
sistently measured inferior functional outcome associated
with a particular local therapy approach should prompt a
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reassessment and potential adjustment of guidelines when
alternative approaches are available.

The World Health Organization (WHO) offers a structured
approach to assess the various aspects of functional outcome
through its International Classification of Functioning, Dis-
ability and Health [4]. The framework encompasses three key
domains of functioning: (1) body structures and functions, fo-
cusing on the physical aspects of the body including anatomical
parts and physiological functions; (2) activity, referring to the
individual's ability to perform specific tasks or actions; and (3)
participation, considering an individual's involvement in life
situations such as participation in sports or social activities.
By utilizing this framework, healthcare professionals can com-
prehensively and systematically map a patient's functional
outcome.

In daily practice, the challenge lies in adequately measuring
these functional outcome domains. Not only are there many
instruments available, there is also disparity in preferences re-
garding the type of measurement instruments to use, whether it
is patient-reported outcome measures (PROMs), clinician re-
ported outcome measures (ClinROMs), or performance-based
outcome measures (PerBOMs). The diversity in measurement
instruments and approaches results in a lack of consensus on
the most appropriate instruments complicating the comparison
of findings in the literature [5-7]. This is especially troublesome
in the field of bone sarcoma, where reported patient cohorts
tend to be relatively small, and comparison of outcomes
between studies is essential for gaining a comprehensive un-
derstanding of functional outcome and associated risk factors.

Previous reviews have intended to provide an overview of
functional outcome measurement instruments used in the bone
sarcoma population. A review by Pakulis et al. focused on
PROMs and ClinROMs for pediatric patients and Furtado et al.
looked at PerBOMs of functional outcome [7, 8]. While both
reviews provide valuable information when looking for func-
tional outcome measurement instruments for this population, a
comprehensive overview of all instrument types for the various
ages is lacking. Moreover, both reviews did not use a framework
to structure their findings.

This study aims to identify the existing measurement instru-
ments used to assess functional outcome after treatment for
lower extremity or pelvic bone sarcoma. The objectives of this
review are to: (1) provide an overview of the measurement
instruments utilized structured by the ICF domains, (2) identify
the most commonly used measurement instruments, (3)
describe the basic characteristics per instrument such as
assessed construct, type of report, number of items and lan-
guage translations, and (4) describe characteristics of studies
assessing functional outcome in lower extremity and pelvic
bone sarcoma patients. The results will inform clinicians and
researchers in selecting instruments for standardized mea-
surement sets and upcoming European bone sarcoma trials.
Importantly, results are to be implemented in the upcoming
European trial within the FOSTER (Fight Osteosarcoma
Through European Research) consortium and could also be
considered for use in future EuroEwing Consortium (EEC)
trials.

2 | Methods

The study protocol was PROSPERO

(CRD42022353668).

registered in

2.1 | Search Strategy

The study was conducted by performing systematic searches
in the electronic databases MEDLINE (via PubMed) and
Embase. The search was performed on October 31, 2023. The
search was centered around three primary themes: bone
sarcoma, lower extremity or pelvic localization, and func-
tional outcome. The complete search strategy can be found in
Supporting Infomation S1: Table S1. Articles were considered
eligible for inclusion if they met the following criteria: (1) a
minimum of 20 bone sarcoma patients with a tumor located
in the lower extremity or pelvis to ensure sufficient repre-
sentation of the population of interest; (2) data collected after
local therapy (i.e., surgery or radiation therapy); (3) mea-
surement instrument assessed functional outcome as main
concept of interest; (4) original research study published in
peer-reviewed journal; and (5) article published in English.
In case of multiple articles covering the same cohort
including the same measurement instruments, the largest
study was included. Studies were excluded if they involved
animal studies, case reports, reviews or trial protocols, or if
the study evaluated measurement properties of a functional
outcome instrument. Additionally, studies were excluded if
the assessment of functional outcome was conducted through
items that were study-specific and did not contribute to the
formation of a broadly applicable instrument.

2.2 | Selection Process

The results of the database searches were merged and duplicate
entries were removed. To assess eligibility, two independent
reviewers (K.J.B. and L.G.T.) screened the articles. When the
title and abstract suggested that an article might meet the
inclusion criteria, full text was obtained. Any disagreements
regarding study eligibility were resolved through discussion
until a consensus was reached. In cases of persistent dis-
agreement, a third reviewer (L.M.H.) decided.

2.3 | Data Extraction

The data extraction process was conducted by two reviewers
(K.J.B. and L.G.T.). Extracted data were compared to ensure
accuracy and reliability. Data from studies meeting the inclu-
sion criteria were systematically tabulated using Microsoft
Excel. Information was collected on title, author, year of pub-
lication, country, number of study subjects, number of bone
sarcoma patients, age at evaluation (mean, median, range), time
since local therapy (mean, median, range), and used measure-
ment instrument(s). Additionally, age at evaluation was scored
as a categorical variable distinguishing between patients
<18 years and > 18 years old. If age range was not explicitly
reported, we made an effort to categorize patients by estimating
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their age at evaluation based on age at diagnosis or surgery and
the duration of the follow-up.

We adopted the World Health Organization's (WHO)
International Classification of Functioning, Disability, and
Health (ICF) as a foundational structure for organizing the
various measurement instruments under investigation.
Measurement instruments were classified according to the
ICF based on the construct for which the instrument was
originally developed. It is important to note that some
instruments are used to assess a broader range of constructs
beyond their initial development scope. For example, the
6-Minute Walk Test was developed to assess endurance (ICF
body functions domain), but is also regularly used to assess
walking capabilities (ICF activity domain). Subsequently, a
systematic categorization process was employed, resulting
in the creation of seven distinct categories that corre-
sponded to the ICF domains and the type of instrument: (1)
“Body functions and structures—PerBOMs,” (2) “Body
functions and structures—ClinROMs,” (3) “Body functions
and structures—PROMSs,” (4) “Activities—PerBOMs,” (5)
“Activities—ClinROMs,” (6) “Activities—PROMs,” and (7)
“Participation—PROMs.

Some of the measurement instruments were grouped because of
assessment of the same construct using similar techniques, al-
beith with different instrument brands. For example, gait
analyses were executed by devices of five different brands, but
they were all grouped as “gait analysis.” The same was per-
formed for range of motion devices, isokinetic dynamometers,
energy expenditure systems, and wearables (Supporting Infor-
mation S1: Table S2).

Data visualization was accomplished using the programming
tool R [9].

2.4 | Basic Measurement Instrument
Characteristics

Basic characteristics of the measurement instruments, such as
the assessed construct, number of items, unit of measurement,
age specifications, and language translations, were collected
from a variety of resources, including development articles,
translation articles, manuals, measurement instrument web-
sites, and measurement instrument databases. Translations
were documented if an article was identified describing the
translation process with or without validation of the translation.

3 | Results

Our search strategy initially yielded 4986 publications after
removal of duplicates (Figure 1). After exclusion based on title
and abstract, 840 articles were assessed for full text screening.
Ultimately, we extracted data from a total of 347 studies for this
review.

3.1 | Study Characteristics

Study cohorts were generally small, with 80% (277/347) of
studies including less than 100 subjects. Studies were charac-
terized by heterogeneity (Table 1). Most study cohorts (70%,
244/347) included either mixed type of tumors (i.e., both bone
sarcoma and non-bone sarcoma patients), mixed localization of
tumors, or both. Non-bone sarcoma patients most often con-
sisted of soft-tissue sarcoma and/or benign bone tumor patients.
The age range of patients at functional outcome evaluation was
available in only 12% (41/347) of the included studies. However,
we were able to categorically score age at evaluation for 71%
(248/347) of the studies, with 4 studies including only pediatric

[ Identification of studies via databases and registers ]
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FIGURE1 | PRISMA flow diagram.
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TABLE 1 | Descriptives of the included studies.

Median (Q1-Q3) Range Nitudies (%)
Subjects per study (N) 52 (33-90) 20-1667 347 (100)
Bone sarcoma patients per study (N) 41 (28-69) 20-618 333 (96)
Age at evaluation (years) 42 (19-60) 12-76 41 (12)
Follow-up (years) 12 (8-18) 1-62 263 (76)
Measurement instruments per study (N) 1(1-2) 1-8 347 (100)

Note: Ngugies = number of studies for which data were available; N = number.

patients, 52 including only adult patients, and 192 studies
combining pediatric and adult patients in their cohort. Addi-
tionally, for 64% (168/263) of studies patient follow-up ranged
10 years or more. Due to high inconsistency in presentation of
age at evaluation and follow-up, we did not pool this data.

3.2 | Measurement Instruments Used

Included studies measured functional outcome 517 times using
42 unique instruments (Figure 2). The MusculoSkeletal Tumor
Society Score 1993 (MSTS93) was the measurement instrument
most frequently used (52%, 268/517). Other instruments fre-
quently found were the Toronto Extremity Salvage Score (TESS)
(11%, 59/517), range of motion (ROM) instruments (9%, 46/517),
MusculoSkeletal Tumor Society Score 1987 (MSTS87) (5%,
28/517), and wearables (2%, 8/517). Studies measured functional
outcome mostly within the activity domain (81%, 421/517), fol-
lowed by body function and structures (18%, 94/517) and par-
ticipation (0.4%, 2/517) domains. With regard to the type of
instruments, ClinROMs (66%, 341/517) were used most often,
followed by PerBOMs (20%, 105/517) and PROMs (14%, 71/517).

3.3 | Measurement Instrument Characteristics

Twenty measurement instruments assessed functional outcome
within the body functions and structures domain, 21 within the
activity domain, and 1 within the participation domain. Across
all ICF domains, 18 distinct constructs of functional outcome
were identified.

Among the measurement instruments identified, only the
MSTS87, MSTS93, TESS, and Functional Mobility Assessment
(FMA) are bone sarcoma specific. The remaining instruments
were developed either for the general population or other dis-
ease groups. Regarding age applicability, PerBOMs often lack a
clearly defined age range. Their suitability for children and el-
derly will mostly depend on individual capabilities. In contrast,
PROMs and ClinROMs are typically tailored to specific age
groups, with most designed for adults.

PROMs consist of a median of 14 items, ranging from 1 to 30
items (Table 2). While predominantly developed in English,
some have undergone extensive translation, reaching up to 16
available languages for the TESS, 26 for the Western Ontario
McMaster Universities Osteoarthritis Index, and 31 for the
Oxford Knee Score. ClinROMs were typically shorter with a

median of six items (range 1-14) and generally translated in less
languages than PROMs with a maximum of eight languages for
the Harris Hip Score and MSTS93.

4 | Discussion

This systematic review provides a structured overview of mea-
surement instruments used in patients with lower extremity or
pelvic bone sarcoma aiming to facilitate clinicians and re-
searchers in the selection of appropriate instruments. By far the
most commonly used measurement instrument is the MSTS93.
This 6-item ClinROM is an easy to use instrument without
imposing a burden on the patient. There is, however, a growing
preference for using PROMs in assessing outcomes, as is illus-
trated by the incorporation of patient-reported outcome end-
points in drug approval processes [10, 11]. This preference
aligns with the evolving shift towards patient-centered care and
research, and the observed discrepancies between patient and
clinician reports [12, 13]. The most frequently used PROM we
found is the TESS: a 30-item questionnaire designed specifically
to assess physical disability in patients with bone and soft tissue
sarcomas.

Range of motion instruments were also commonly used which
can be explained by the notable impact of local therapy on joint
mobility. Although muscle strength is also frequently affected,
its measurement was less frequent. This discrepancy may stem
from the uncertainty regarding its overall impact on function-
ing, given patients' adaptive use of compensation mechanisms.
Among the other PerBOMs identified are wearables, gait anal-
ysis instruments, isokinetic dynamometers, and energy ex-
penditure systems. These are relatively complex instruments
compared to PerBOMs like the MRC scale, 6-Minute Walk Test,
Timed Up and Down Stairs and Timed Up and Go. Because of
their complexity, particularly in terms of interpretability,
availability, and costs, they may be less suitable for inclusion in
a standardized measurement set and often remain reserved for
in-depth analysis.

The ICF's activity domain of functional outcome was most fre-
quently measured, mainly by using PROMs and ClinROMs. This
is probably due to wide availability and familiarity of certain
PROMs and ClinROMs, such as the MSTS93 and TESS, their low
costs, and clear link of the individual items to everyday func-
tioning. Measurement of the ICF's participation domain of
functional outcome, however, was uncommon with only
one instrument found in two studies. Whiteneck et al. attribute
this shortage of participation measurement instruments to the
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FIGURE 2 | Measurement instruments assessing functional outcome in bone sarcoma literature, including frequency of use. 6-MWT = 6-Minute
Walk Test; BPI = Blackburne-Peel Index; ECOG performance score = Eastern Cooperative Oncology Group performance score; EMG = electro-
myography; FMA = Functional Mobility Assessment; HHS = Harris Hip Score; KPS =Karnofsky Performance Scale; Mankin = Mankin score;
MRC = Medical Research Council scale; MSTS? = MusculoSkeletal Tumor Society Score, version unknown; MSTS87 = MusculoSkeletal Tumor
Society Score 1987; MSTS93 = MusculoSkeletal Tumor Society Score 1993; OKS = Oxford Knee Score; PAQ = Physical Activity Questionnaire; PCI =
Physiological Cost Index; PMA scores = Postel-Merle d'Aubigné scores; PPT = Physical Performance Test; RNL = Reintegration to Normal Living
index; ROM = range of motion; SPPB = Short Physical Performance Battery; TESS = Toronto Extremity Salvage Score; TUDS = Timed Up and Down

Stairs; TUG = Timed Up and Go; UCLA sports activity score = University of California Los Angeles sports activity score; WOMAC = Western Ontario

and McMaster Universities Osteoarthritis Index.

indistinctness in defining and explaining the concept of partici-
pation by the ICF [14]. As a result, the content of a measurement
instrument for this domain remains unclear, leading to limited
acceptance of the few instruments available and little progress in
developing new ones. This is unfortunate since we believe that
the participation domain is probably the most crucial domain for
a patient's experience of functioning in daily living and therefore
plays a pivotal role in decision making processes in various
healthcare fields including orthopedic care, rehabilitation, and
physical therapy. Despite the scarcity of participation measure-
ment instruments we found in our review, there are some
options available, for example, assessment of life habits (LIFE-
H), Participation Measure for PostAcute Care (PM-PAC), or the
Utrecht Scale for Evaluation of Rehabilitation—Participation
(USER-P) [15, 16].

Functional outcome is a broad concept as is shown by
the many distinct constructs that are assessed by the mea-
surement instruments identified. When selecting a measure-
ment instrument for a standardized outcome set or trial, it is
crucial to consider which constructs are relevant to the
population and outcomes of interest to ensure collection of
meaningful data.

Exploring the basic population characteristics of the included
studies, cohorts were heterogeneous with mixed tumor types
and wide ranges of age at evaluation and duration of follow-up.
This is partially understandable since large bone sarcoma
cohorts are relatively difficult to assemble. However, it under-
lines the importance of adequate description of cohort char-
acteristics and standardized measurement of outcomes to be
able to compare outcomes across the cohorts.

One of the limitations of this review is the exclusive focus on
measurement instruments currently used within the lower ex-
tremity and pelvic bone sarcoma population. Therefore, the list
presented may not encompass all the instruments suitable for
this patient group. There may be other measurement instru-
ments, yet to be employed in this population, that could hold
value. Another limitation encompasses the exclusion of
instruments that contain a subscale measuring functional out-
come within a broader concept, for example, quality of life.
These instruments can also be of value depending on the
(research) question to be answered.

We want to emphasize that researchers and clinicians should
always consider measurement properties such as content
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validity, construct validity, and reliability in their selection
process, rather than solely relying on the frequency of use and
basic measurement instrument properties. This assessment is
essential to make an informed selection of the most suitable
measurement instruments. Therefore, as a next step, we will
evaluate the quality of the PROMs and ClinROMs identified in
this review following the COSMIN (COnsensus-based Stan-
dards for the selection of health Measurement Instruments)
guidelines [17, 18]. These guidelines offer a systematic approach
to evaluating measurement properties. The results of this eva-
luation will be reported separately.

5 | Conclusion

A variety of measurement instruments assessing functional
outcome in patients with a bone sarcoma of the lower extremity
or pelvis were identified, with the MSTS93 score and TESS most
commonly used. The provided structured overview of the
measurement instruments including their basic properties
shows the variety of constructs that can be assessed across the
ICF domains, all within the scope of functional outcome.
Together with the different types of report, distinct applicability
for specific populations (e.g., children), available language
translations and measurement properties, it is crucial to care-
fully weigh which measurement instrument to select for use in
clinical practice or trials.

This review serves as an initial step to guide the adequate
selection of functional outcome instruments for the lower ex-
tremity and pelvic bone sarcoma population. As a next step,
assessment of the quality of the individual instruments needs to
be conducted to complement the findings of this review and
provide definite guidance on instrument selection.
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