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Abstract

Background The Musculoskeletal Tumor Society
(MSTS) scoring system developed in 1993 is a widely used
disease-specific evaluation tool for assessment of physical
function in patients with musculoskeletal tumors; however,
only a few studies have confirmed its reliability and
validity.
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Questions/purposes The aim of this study was to validate
the MSTS scoring system for the upper extremity (MSTS-
UE) in Japanese patients with musculoskeletal tumors for
use by others in research. Does the MSTS-UE have: (1)
sufficient reliability and internal consistency; (2) adequate
construct validity; and (3) reasonable criterion validity in
comparison to the Toronto Extremity Salvage Score
(TESS) or SF-36?

Methods Reliability was performed using test-retest
analysis, and internal consistency was evaluated with
Cronbach’s alpha coefficient. Construct validity was eval-
uated using a scree plot to confirm the construct number
and the Akaike information criterion network. Criterion
validity was evaluated by comparing the MSTS-UE with
the TESS and SF-36.

Results The test-retest reliability with intraclass correla-
tion coefficient (0.95; 95% CI, 0.91-0.97) was excellent,
and internal consistency with Cronbach’s o (0.7; 95% CI,
0.53-0.81) was acceptable. There were no ceiling and floor
effects. The Akaike Information Criterion network showed
that lifting ability, pain, and dexterity played central roles
among the components. The MSTS-UE showed substantial
correlation with the TESS scoring scale (r = 0.75; p <
0.001) and fair correlation with the SF-36 physical com-
ponent summary (r = 0.37; p = 0.007). Although the
MSTS-UE showed slight correlation with the SF-36 mental
component summary, the emotional acceptance component
of the MSTS-UE showed fair correlation (r = 0.29; p =
0.039).

Conclusions We can conclude that the MSTS is not an
adequate measure of general health-related quality of life;
however, this system was designed mainly to be a simple
measure of function in a single extremity. To evaluate the
mental state of patients with musculoskeletal tumors in the
upper extremity, further study is needed.
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Introduction

The humerus is the third-most-common site for primary
bone tumors such as osteosarcoma or Ewing’s sarcoma
[25], and soft tissue sarcomas such as liposarcoma or
angiosarcoma also arise in the upper extremity, especially
the upper arm. Wide resection is the mainstay of local
treatment for primary malignant bone and soft tissue
tumors, but this often results in various degrees of func-
tional impairment. Surgical procedures for the upper
extremity should take into account different factors than do
procedures for the lower extremity; for example, in the
upper extremity, retention of precise movement may be
more important than massive muscle power, which is more
important for lower extremity tumor resections. To evalu-
ate functional outcome after surgery for musculoskeletal
tumors of the upper extremity, some means of assessing
manual dexterity and elbow and shoulder function for
reaching or lifting activity are required.

The Musculoskeletal Tumor Society (MSTS) scoring
system developed in 1993, which is completed by a
member of the treatment team (rather than the patient, and
so is not considered a patient-reported outcomes tool), was
designed to measure functional outcome and quality of
life after treatment for musculoskeletal tumors. It was
developed in 1985 [7] and revised in 1993 [8]. Since then,
this system has been used in many studies, and it has
become a commonly used functional assessment tool [13].
Although the MSTS scoring system for the lower
extremity has been translated, culturally adapted, and
validated for use in Japanese patients [12], to our
knowledge, the MSTS scoring system for the upper
extremity (MSTS-UE) has not been validated for Japanese
patients. The rationale for our study was to validate the
MSTS-UE for use by others in research. However, to our
knowledge, only one study has confirmed the reliability
and validity [26]. In addition, several questionnaire tools
such as the Toronto Extremity Salvage Score (TESS) [6]
and SF-36 allow patients to self-rate their physical func-
tion or health-related quality of life [4]. Unlike the MSTS,
the TESS is a patient-completed evaluation system
developed for individuals who have undergone limb-
preservation surgery for tumors of the extremities. The
SF-36 score has been validated in patients with muscu-
loskeletal disorders and is widely used for measuring
health outcomes. However, it is a generic questionnaire
and has the potential disadvantage of being less sensitive
to clinical change in patients with disorders specific to an
anatomic region or disease [17].

The aim of our study was to perform a validation
analysis of the MSTS-UE in Japanese patients with mus-
culoskeletal tumors of the upper extremity from the
viewpoint of psychometric characteristics; specifically, we
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sought to evaluate whether the MSTS-UE has (1) sufficient
reliability and internal consistency; (2) adequate construct

validity; and (3) reasonable criterion validity in comparison
to the TESS or SF-36.

Patients and Methods

This study was cross-sectional in design, and approval was
obtained from the institutional review boards of the par-
ticipating institutions. Patients who met the following
criteria were included: (1) those with a diagnosis of inter-
mediate or malignant bone or soft tissue tumors of the
upper extremity or shoulder girdle based on the 2013 WHO
classification [9]; (2) age between 12 and 85 years; (3)
having a minimum interval of 6 months after definitive
surgery; and (4) without local recurrence or distant
metastasis after surgery. Patients were recruited between
August and December 2014, and 53 agreed to participate.
The clinical and demographic characteristics of the par-
ticipants are detailed (Table 1). In this study, six patients
with atypical lipomatous tumors and four with giant cell
tumors of bone, for which relatively less-invasive surgery
usually is done, were included.

The MSTS-UE is based on analysis of factors pertinent
to the patient as a whole and those specific to the affected
upper limb [7]. It contains six categories: pain, function,
emotional acceptance, hand positioning, manual dexterity,
and lifting ability. Each of these categories is assigned a
value of 0 to 5 points, and the total summed score is
divided by the maximum possible score (30 points) and
then multiplied by 100 to obtain the final score.

The Japanese version of the MSTS scoring system was
approved by the Japanese Orthopaedic Association Mus-
culoskeletal Tumor Committee [26]. In brief, to develop
this version, a translation to Japanese was prepared along
with a crosscultural adaptation of the MSTS scoring system
using approaches devised by others [3, 11]. The English
version of the MSTS scoring system was translated sepa-
rately by five native Japanese musculoskeletal oncology
surgeons bilingual in Japanese and English. Because each
sentence was relatively simple, no professional medical
translator was used. Subsequently, all independent trans-
lations were compared and combined in one document.
Although backtranslation was not performed, the final
version was approved by all translators. All of the trans-
lators reached a consensus that no modification was
necessary from the viewpoint of crosscultural adaptation,
because each item description in the original version fit
well with the modern Japanese lifestyle and appeared
appropriate. Since its release, the Japanese version of the
MSTS has been used commonly in clinical settings for
Japanese studies [10, 14, 15].
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Table 1. Descriptive characteristics of the study population

Characteristic Number of patients

(%)
Overall 53 (100)
Age (years); mean [SD] 53 (range, 16-82)
[16.5]
Gender
Male 30 (57)
Female 23 (43)
Time from surgery (months); mean [SD] 56 (range, 6-288)
[55.5]
Tumor location
Soft tissue 37 (70)
Shoulder 15
Upper arm 8
Forearm 9
Hand 5
Bone 16 (30)
Scapula 4
Humerus 7
Radius 3
Other 2
Histologic diagnosis
Soft tissue
Myxoid liposarcoma 10
Well-differentiated liposarcoma 6
Undifferentiated pleomorphic sarcoma 4
Synovial sarcoma 4
Epithelioid sarcoma 3
Dermatofibrosarcoma protuberans 3
Other 7
Bone
Osteosarcoma 6
Chondrosarcoma 5
Giant cell tumor of bone 4
Undifferentiated high-grade pleomorphic 1
sarcoma of bone
Type of surgery
Amputation 6 (11)
Resection only 16 (30)

Resection + reconstruction without prosthesis 24 (45)
Resection + reconstruction with prosthesis 4 (8)
Curettage 3 (6)

Psychometric Characteristics of the MSTS-UE

To validate the MSTS-UE, psychometric analysis of 53
patients was conducted. Reliability was evaluated by test-
retest analysis. Second testing using the MSTS-UE was
done for the same patients at 2 to 5 weeks after the first test,

with confirmation from patients, based on their response on
the MSTS-UE questionnaire, that their condition did not
change. The reproducibility (test-retest reliability) of the
MSTS-UE was assessed by calculating the intraclass cor-
relation coefficient (ICC) using a two-way random effects
model, absolute agreement between the responses in the
first and second tests for each category, and the total score.
In addition, floor and ceiling effects were analyzed for each
category and the total score. Such effects were considered
to be present if greater than 15% of the respondents
achieved the lowest (floor effect) or highest (ceiling effect)
point scores [22]. The scale we used for the ICC was: 0.00—
0.20, slight; 0.21-0.40, fair; 0.41- 0.60, moderate; 0.61—
0.80, substantial; and 0.81- 1.00, nearly perfect.

Internal consistency was established by calculating
Cronbach’s o coefficient, which reflects the strength of
relationships among the six categories in the MSTS-UE.
The scale for Cronbach’s o was: excellent 0.9 < a; good
0.8 < o < 0.9; and acceptable 0.7 < o < 0.8. Construct
validity also was evaluated to examine whether the MSTS-
UE does indeed measure what it seeks to measure. A scree
plot was analyzed to determine the best number of con-
structs. The degrees of correlation among the items in the
MSTS-UE were evaluated using the Akaike Information
Criterion (AIC) network to examine the latent structure of
the MSTS-UE construct validity; this is a graphic modeling
method that assesses relationships among items
[1, 2, 5, 12, 18, 19]. The Categorical Data Analysis Pro-
gram (The Japanese Institute of Statistical Mathematics,
Tachikawa, Japan) was used to conduct crosstable analyses
involving all combinations of questionnaire items and
searched for the best subset and categorization of
explanatory items simultaneously and then matching
combinations were automatically indicated using the AIC
[20]. To validate the construct validity, the AIC network
can provide a robust result because it can be obtained not
only from a linear data set, but also a nonlinear one. This
model also can clarify the item relationship visually. The
MSTS-UE has just six items and also six domains; one
item seems almost to represent one domain. In such a sit-
uation, the questionnaire often has just a single latent
structure if each item is not similar. Thus, we assumed the
MSTS-UE had just a single latent structure when per-
forming the AIC network analysis.

Criterion validity, which evaluates how well one mea-
sure predicts an outcome for another measure, was
evaluated by comparing the MSTS-UE with the TESS and
SF-36, which were validated previously for sufficient
reliability and reasonable validity in the Japanese popula-
tion [2, 19]. Correlations among these measures were
assessed using Spearman’s correlation coefficients normal
distribution.
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Statistical Analysis

All statistical analyses were performed using SPSS Version
18.0 (SPSS Inc, Chicago, IL, USA). The scores were
reported as mean values = SD. The threshold for signifi-
cance was a probability less than 0.05. Power analysis was
performed in advance. There were six items for the MSTS-
UE, assuming a coefficient o of 0.90 and CI of 0.1,
therefore approximately 50 patients were enough for this
study [21].

The total MSTS-UE scores for the 53 patients ranged
from 50% to 100%, and the mean score was 85% (SD,
12.9). There were three missing data items for hand posi-
tioning, manual dexterity, and lifting ability for three
patients.

Results
Reliability and Floor and Ceiling Effects

The ICC between the test and retest total scores of the
MSTS-UE was 0.95 (95% CI, 0.91-0.97), confirming the
high reproducibility of the MSTS scoring system (Table 2).
Lifting ability showed the highest ICC (0.93; 95% ClI,
0.87-0.96) and dexterity the lowest ICC (0.74; 95% (I,
0.58-0.85). Patients with intermediate bone or soft tissue
tumors such as atypical lipomatous tumors or giant cell
tumors of bone usually need less-invasive surgery. In this
study, six patients with atypical lipomatous tumors were
included. However, only two of these patients had the
maximum score. None of the four patients with giant cell
tumors of bone had the maximum score.

No patients were assigned the lowest possible total score
of 0, indicating that there were no floor effects in this small
survey population, and similarly, five patients were
assigned the highest possible total score of 100 (9.6%),
indicating that there were no ceiling effects in this small
survey population.

Table 2. Reliability of the total MSTS-UE score and of each
component

Reference score Mean SD ICC 95% CI p Value
Total (%) 85 129 095" 0.88-0.96 < 0.001
Pain 5 0.6 088" 0.79-0.93 < 0.001
Function 4 12 089" 0.81-0.93 < 0.001
Emotional acceptance 4 14 083" 072-090 < 0.001
Hand positioning 4 1.0 087" 0.78-0.93 < 0.001
Manual dexterity 5 0.5 074" 0.58-0.85 <0.001
Lifting ability 4 1.2 093" 087-096 < 0.001

* p < 0.001; MSTS-UE = Musculoskeletal Tumor Society upper
extremity; ICC = intraclass correlation coefficient.
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Internal Consistency

The overall Cronbach’s a coefficient was 0.7, suggesting
an acceptable level of internal consistency.

Construct Validity

The scree plot showed the MSTS-UE had a single con-
struct. The AIC calculation of the MSTS scoring system
yielded 35 (= ¢C, + ¢C3) minimal distance assortments,
that is, degree of independence, for the two- or three-item
groupings. Based on the spatial association of the calcu-
lation for each item (AIC network), we were able to show
that “pain,” and “dexterity,” were related to three, and
“lifting ability” was related to four other items, indicating
these three items had a central role among the six factors of
the system (Fig. 1).

Criterion Validity

The criterion validity was evaluated by correlating the total
MSTS-UE score with the total TESS score and each
component of the SF-36 (Table 3). The total MSTS-UE
score significantly correlated with the total TESS score (r =
0.75; p < 0.001), but correlation was only fair with the SF-
36 physical component summary (r = 0.37; p = 0.007); it
showed slight correlation with the mental component
summary. The MSTS-UE emotional acceptance score
showed fair correlation with the SF-36 mental component
summary (r = 0.29; p = 0.039).

Discussion

The MSTS scoring system is a commonly used functional
evaluation system for patients who undergo surgery for
musculoskeletal tumors [13]. We attempted to clarify the
validity of the MSTS-UE using psychometric analysis. We
found that the MSTS-UE has sufficient reliability with a

S001: Pain

S002: Function

S003: Emotional Acceptance
S004 : Hand Positioning
S005: Dexterity

S006: Lifting Ability

Fig. 1 The AIC network of the MSTS scoring system showed that
“pain,” and “dexterity,” were related to three, and “lifting ability”
was related to four other items, indicating these three items had a
central role among the six factors of the system.
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Table 3. Criterion validity: correlation between total MSTS-UE score and TESS or SF-36 components

Reference score Mean SD Spearman’s correlation 95% CI p Value

coefficients

TESS 87 16.5 0.75% 0.60-0.85 < 0.001
SF-36 (physical component summary) 45 16.5 0.37° 0.11-0.58 0.007
SF-36 (mental component summary) 53 9.1 0.05 —0.22 to 0.32 0.719
SF-36 (physical functioning) 49 19.2 0.60* 0.39-0.75 < 0.001
SF-36 (role physical) 40 134 0.47* 0.23-0.66 < 0.001
SF-36 (bodily pain) 50 9.1 0.04 —0.24 to 0.30 0.796
SF-36 (general health) 51 9.4 0.32" 0.51-0.54 0.022
SF-36 (vitality) 51 8.9 < 0.01 —0.27 to 0.27 0.981
SF-36 (social functioning) 48 12.2 0.34" 0.71-0.56 0.016
SF-36 (role emotional) 47 12.4 0.13 —0.15 to 0.39 0.362
SF-36 (mental health) 52 9 0.24 —0.03 to 0.48 0.089

©0.05>p > 0.01; 70.01 > p > 0.001; *p < 0.001; MSTS-UE = Musculoskeletal Tumor Society — Upper Extremity; TESS = Toronto Extremity

Salvage Score.

high ICC by test-retest analysis, acceptable internal con-
sistency with a moderate Cronbach’s o coefficient,
adequate construct validity indicated by the AIC network,
and reasonable criterion validity in comparison to the
TESS or SF-36.

Our study was limited in that it was performed with
Japanese patients using a Japanese version of the MSTS-UE
developed by the Japanese Orthopaedic Association com-
mittee on tumors [24] on the basis of proposed guidelines
for crosscultural adaptation [3, 11]. Intercultural differences
therefore might have affected the outcomes, and it may not
apply to other patient populations. The Japanese versions of
MSTS scoring system and TESS are available for any
orthopaedic doctors who want to use them and are available
from the Japanese Orthopaedic Association website (https://
www.joa.or.jp/member/committee/diagnosis/pdf/tess_ue.pdf)
free of charge [23]. The second limitation was the hetero-
geneity of the tumors in the studied patients, who had
intermediate bone or soft tissue tumors, such as atypical
lipomatous tumor or giant cell tumor of bone, for which
relatively less-invasive surgery usually is performed. This
variance could have affected the internal consistency (that
indicates the correlations between different items on the
same test) of the results. The third limitation was the small
sample size; the results of the construct validity analysis in
particular may not replicate in a larger representative
sample nor for other language versions of the MSTS rating
system.

From our results, we conclude that the MSTS-UE has
sufficient reliability and reasonable validity for clinical use.
Although some studies have tried to confirm the validity of
the MSTS-UE, our study is the first of which we are aware
to verify the reliability of the MSTS-UE using

psychometric analysis. In 2016, Iwata et al. [12] reported
that the MSTS scoring system for the lower extremity had
sufficient reliability and internal consistency, adequate
construct validity, and reasonable criterion validity. Wada
et al. [26] reported reasonable criterion validity of the
MSTS-UE with the TESS and SF-36, but they did not
verify its reliability, internal consistency, or construct
validity. Lee et al. [16] validated the MSTS for the upper
and lower extremities, but their study included only eight
patients with upper extremity tumors. Obviously their
sample size was insufficient to declare reasonable relia-
bility and validity for the MSTS-UE independently [16].
Our results showed satisfactory reliability with superior
ICC and no ceiling or floor effect.

Psychometric analysis confirmed adequate validity of
the items included in the MSTS-UE. To evaluate the
validity of a measuring tool such as a questionnaire or
functional analysis, a psychometric approach usually is
used. In the current study, construct and criterion validity
analyses were performed to reveal the latent structure of
the MSTS scoring system using the AIC network and
comparison with the SF-36 and TESS. The AIC network is
one of the graph theory models and codes between nodes
mean not only those two items have a strong relationship,
but also the strength of the relationship (the shorter this
cord is, the stronger the relationship those items have). The
result of the AIC network showed that “pain,” and
“dexterity,” were related to three, and “lifting ability”
was related to four other items, indicating these three items
had a central role among the six factors of the system.
Criterion validity showed a substantial correlation between
the total MSTS-UE score and the TESS and a slight cor-
relation with the SF-36 physical component summary.

@ Springer
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However, there was slight correlation between the total
MSTS-UE score and the mental component summary of
the SF-36. The SF-36 was designed and is widely used as a
general health and health-related quality of life assessment
tool, therefore this finding is not surprising. However, the
correlation between the emotional acceptance component
of the MSTS and the mental component summary of the
SF-36 had a fair coefficient value. The correlation coeffi-
cients of 0.60, 0.47, and 0.34 for the MSTS-UE with the
physical functioning, role physical, and social functioning
scores of the SF-36 were consistent with those in a pre-
vious validation study of criterion validity (0.45, 0.60, and
0.43, respectively) [17]. The SF-36 score has been vali-
dated in patients with musculoskeletal disorders and is
widely used for measuring health outcomes. However, it is
a generic questionnaire and has the potential disadvantage
of being less sensitive to clinical change in patients with
disorders specific to an anatomic region or disease process
[26].

Our study showed that the MSTS-UE is a reliable and
valid instrument for assessment of physical function in
patients with upper extremity sarcoma, although the cor-
relation with mental outcome is not strong. We can
conclude that the MSTS-UE is not an adequate measure of
general health-related quality of life, however, this system
was designed mainly to be a simple measure of function in
a single extremity. To evaluate mental state of the patients
with musculoskeletal tumors in the upper extremity, further
study is needed.
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