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Abstract

Background The Musculoskeletal Tumor Society

(MSTS) scoring system is a widely used functional eval-

uation tool for patients treated for musculoskeletal tumors.

Although the MSTS scoring system has been validated in

English and Brazilian Portuguese, a Japanese version of the

MSTS scoring system has not yet been validated.

Questions/purpose We sought to determine whether a

Japanese-language translation of the MSTS scoring system

for the lower extremity had (1) sufficient reliability and

internal consistency, (2) adequate construct validity, and

(3) reasonable criterion validity compared with the Toronto

Extremity Salvage Score (TESS) and SF-36 using psy-

chometric analysis.

Methods The Japanese version of the MSTS scoring

system was developed using accepted guidelines, which

included translation of the English version of the MSTS

into Japanese by five native Japanese bilingual muscu-

loskeletal oncology surgeons and integrated into one

document. One hundred patients with a diagnosis of

intermediate or malignant bone or soft tissue tumors

located in the lower extremity and who had undergone

tumor resection with or without reconstruction or ampu-

tation participated in this study. Reliability was evaluated

by test-retest analysis, and internal consistency was

established by Cronbach’s alpha coefficient. Construct

validity was evaluated using the principal factor analysis

and Akaike information criterion network. Criterion

validity was evaluated by comparing the MSTS scoring

system with the TESS and SF-36.

Results Test-retest analysis showed a high intraclass

correlation coefficient (0.92; 95% CI, 0.88–0.95), indicat-

ing high reliability of the Japanese version of the MSTS
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scoring system, although a considerable ceiling effect was

observed, with 23 patients (23%) given the maximum

score. Cronbach’s alpha coefficient was 0.87 (95% CI,

0.82–0.90), suggesting a high level of internal consistency.

Factor analysis revealed that all items had high loading

values and communalities; we identified a central role for

the items ‘‘walking’’ and ‘‘gait’’ according to the Akaike

information criterion network. The total MSTS score was

correlated with that of the TESS (r = 0.81; 95% CI, 0.73–

0.87; p\0.001) and the physical component summary and

physical functioning of the SF-36.

Conclusions The Japanese-language translation of the

MSTS scoring system for the lower extremity has sufficient

reliability and reasonable validity. Nevertheless, the

observation of a ceiling effect suggests poor ability of this

system to discriminate from among patients who have a

high level of function.

Introduction

Advances in the treatment of musculoskeletal tumors,

including accurate radiographic diagnostic tools, more

effective and precise chemotherapeutic regimens, and

various alternative reconstruction techniques, have led to a

change in paradigm among musculoskeletal oncology

surgeons; now, the goal of a treatment is not only to save

lives but also to improve the quality of life. Extirpation of

tumor tissue is expected to cause some degree of functional

impairment; therefore, efforts should be made to decrease

such impairment. Studies have reported on the functional

outcomes of impairments on musculoskeletal tumor treat-

ment [9, 10, 14, 16, 17, 19, 21].

The Musculoskeletal Tumor Society (MSTS) scoring

system was developed in 1985 and revised in 1993 as a

physician-derived tool to measure a patient’s functional

outcome and quality of life after musculoskeletal tumor

treatment [5]. Since then, this system has been used in

numerous studies to evaluate functional outcomes [9, 10, 14,

16, 17, 19, 22], making it one of the most widely used func-

tional evaluation tools. The original scoring system was

written in English and subsequently has been translated into

Brazilian Portuguese and Japanese. Although the original and

Brazilian Portuguese versions have been validated [8, 13, 22],

the Japanese-language and cross-culturally adapted version

of theMSTS scoring systemhas not yet been validated,which

is a considerable shortcoming in light of the substantial vol-

ume ofmusculoskeletal oncology research nowbeing done in

Japan. Moreover, several tools are available for analyzing

physical function or health-related quality of life, such as the

Toronto Extremity Salvage Score (TESS) [4] or SF-36 [3],

which are patient-derived assessments. Few studies have

shown a correlation between the MSTS scores and those of

the two other methods [7, 8, 12].

Therefore, we performed a validation analysis of the

Japanese-language translation of the MSTS scoring system

for the lower extremity, focusing on psychometric char-

acteristics; specifically, we sought to determine whether the

MSTS scoring system had (1) sufficient reliability and

internal consistency, (2) adequate construct validity, and

(3) adequate criterion validity compared with the TESS and

SF-36.

Materials and Methods

This study was designed as a cross-sectional study, and

study approval was obtained from the institutional review

boards of the participating institutes. The patients meeting

the following eligibility criteria were included in the study:

(1) a diagnosis of intermediate or malignant bone or soft

tissue tumors located in the lower extremity or pelvic gir-

dle, according to the 2013 WHO classification [6]; (2) age

between 12 and 85 years; (3) a minimum interval of 6

months after the most recent definitive surgery; and (4)

confirmed absence of local recurrence or distant metastasis

after definitive surgery. Patient recruitment was conducted

from August 2014 to December 2014, and 100 patients

agreed to participate (Table 1).

The MSTS scoring system is the most widely used

physician-completed scoring system [5] and is based on an

analysis of factors pertinent to the patient as a whole and of

those specific to the affected limb. It contains six items:

pain, function, emotional acceptance, use of any external

support, walking ability, and gait. These items were

included in 1983 based on recommendations of a com-

mittee of the International Symposium in Limb Salvage

and after modifications by the MSTS in 1993 [5]. Each of

these items is assigned a value of 0 to 5 points, and the total

scores are divided by the maximum possible number of

points (30 points). The score is subsequently obtained by

multiplying the calculated point value by 100.

Translation and Cross-cultural Adaptation

The Japanese version of the MSTS scoring system

approved by the Japanese Orthopaedic Association Mus-

culoskeletal Tumor Committee was made available to

members in 2010. To develop the version, a translation to

Japanese was prepared along with a cross-cultural adapta-

tion of the MSTS scoring system.

The English version of the MSTS scoring system was

translated separately by five native Japanese bilingual
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musculoskeletal oncology surgeons with proficiency in Japa-

nese and English. Because each sentence was relatively

simple, no professional medical interpreter was used.

Subsequently, all independent translations were compared and

combined into one document. Back-translation was not per-

formed; meanwhile, the final version was approved by all

translators. During the translation, all translators consented to

require nomodification from the point of viewof cross-cultural

adaptation since each description of the item in the original

version fits well to the Japanese lifestyle and appeared appro-

priate. After release of the Japanese version, we have been

using it in the clinical setting, and so far, we have had no

difficulties with interpretation of the questionnaire.

Psychometric Characteristics

To validate the Japanese version of the MSTS scoring

system, psychometric analysis of 100 patients was per-

formed. Investigators who were not surgeons but were

research nurses or therapists evaluated each patient’s score

during an interview in our clinic.

Reliability, referring to the consistency or repro-

ducibility of measurement, was evaluated by test-retest

analysis, which consists of two administrations of the same

test to the same patient on two different occasions. A

second survey was performed for the same patient 2 to 5

weeks after the first survey by ether the same investigator

or a different investigator. The test-retest reliability of the

MSTS scoring system was assessed by calculating the

intraclass correlation coefficient (ICC). The ICC was cal-

culated on the basis of the responses of the first (test) and

second surveys (retest) for each item and the total score. In

general, an ICC greater that 0.9 is regarded as an index of

high reproducibility. In addition to test-retest analysis, floor

and ceiling effects were calculated for each item and total

score. These effects were considered present if greater than

15% of the respondents achieved the lowest (floor effect)

or highest (ceiling effect) number of points [18].

Validity refers to a measure of how well a test measures

what it claims to measure. In this study, we used three

types of analysis for validity. First, internal consistency,

which reflects the strength of the relationship among the six

items in the system, was identified by calculating Cron-

bach’s alpha coefficient. A coefficient of 0.80 was used as

the cutoff, indicating sufficient internal consistency [11],

namely, the system includes inconsistent items if the

coefficient is less than 0.80. Second, construct validity,

which refers to the degree to which the system assesses the

underlying theoretical construct it is supposed to measure,

generally is evaluated by principal component analysis,

which is a statistical method examining the latent structure

of the six items in the system. The number of factors to

take into account was determined by Kaiser’s criteria

(eigenvalue [ 1 rule) and a scree plot. Next, principal

Table 1. Descriptive characteristics of the study population

Characteristic Number of patients (%)

Overall 100 (100)

Age, years; mean [SD] 48.6 (range, 14–82) [17.9]

Sex

Male 47 (47)

Female 53 (53)

Time from surgery, months;

mean [SD]

47.3 (range, 7–229) [50.1]

Tumor location

Soft tissue 63 (63)

Thigh 37 (37)

Knee 6 (6)

Inguinal region 5 (5)

Pelvis 4 (4)

Buttock 4 (4)

Lower leg 4 (4)

Foot 3 (3)

Bone 37 (37)

Femur 19 (19)

Pelvic bone 13 (13)

Tibia 5 (5)

Histologic diagnosis

Soft tissue

Myxoid/round liposarcoma 13 (13)

Well-differentiated liposarcoma 10 (10)

Undifferentiated pleomorphic sarcoma 8 (8)

Synovial sarcoma 8 (8)

Myxofibrosarcoma 6 (6)

Leiomyosarcoma 3 (3)

Others 15 (15)

Bone

Osteosarcoma 16 (16)

Chondrosarcoma 8 (8)

Giant cell tumor of bone 6 (6)

Malignant fibrous histiocytoma of bone 4 (4)

Others 3 (3)

Type of surgery

Ablative surgery 3 (3)

Amputation 2 (2)

Rotationplasty 1 (1)

Limb salvage surgery 97 (97)

Resection only 67 (67)

Resection + prosthesis 11 (11)

Resection + biological reconstruction 14 (14)

Curettage 5 (5)
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component analysis followed by repeated varimax rota-

tions was done to calculate each item’s factor loading,

which represents how much the item explains a variable.

Factor loadings can range from �1 to 1 and values close to

�1 or 1 indicate that the item strongly affects the variable.

In addition to this conventional method, the degree of

correlation among the items in the system was evaluated

using the Akaike information criterion (AIC) network to

examine the latent structure of the system’s construct

validity; this is a graphic modeling method used to assess

the relationship among the items [1]. The Categorical Data

Analysis Program (Institute of Statistical Mathematics,

Tachikawa, Japan) was used to perform crosstable analyses

involving all combinations of the two items in the MSTS

system. The program simultaneously searched for the best

subset and categorization of explanatory items and auto-

matically indicated matching combinations using the AIC

[15]. Third, criterion validity, which measures how well

one measure predicts an outcome for another measure, was

evaluated by comparing the Japanese version of the MSTS

scoring system with evaluation systems already adequately

validated, including the TESS and SF-36. The TESS is a

disease-specific, self-assessment questionnaire developed

for patients with musculoskeletal tumors in the extremities

[4]; similarly, the SF-36 is also a self-assessment ques-

tionnaire for comprehensive evaluation of health-related

quality of life [3]. All patients participating in this study

completed the TESS and SF-36 questionnaires at the same

time as the first analysis of the MSTS score. The correla-

tion of these measures was assessed using Spearman’s

correlation coefficient.

The investigators were not surgeons but were research

nurses or therapists. The investigators evaluated each

patient’s score and interviewed each patient in our clinic

throughout the study. Total scores generated by the Japanese

version of the MSTS scoring system for all 100 patients

ranged from13 to 100, and themean scorewas 82 (SD, 20.4).

There were no missing data in any of the surveys.

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 set at a probability less than 0.05.

Results

Reliability and Floor and Ceiling Effects

The ICC between the test and retest of the total score

obtained by the Japanese version of the MSTS scoring sys-

temwas 0.92 (95%CI, 0.88–0.95), indicating high reliability

of the system. ‘‘Support’’ showed the highest ICC (ICC, 0.93;

95% CI, 0.90–0.95), whereas ‘‘emotional acceptance’’ had

the lowest ICC (ICC, 0.69; 95%CI, 0.57–0.78) (Table 2).No

patients obtained the lowest possible total score of 0, indi-

cating the absence of floor effects. In contrast, the highest

possible total score of 100was observed in 23 patients (23%).

This suggests a considerable ceiling effect for the total score

of the Japanese version of the MSTS scoring system. The

same trend was observed for each item; therefore, all items

revealed ceiling effects with an absence of floor effects.

We also performed a sensitivity analysis to clarify

whether the patients with intermediate tumors (underwent a

less-invasive surgery) may contribute to the ceiling effect

observed (Fig. 1). The results showed that the average

MSTS scores of all the patients with intermediate tumors

was 95, whereas that of all the patients without interme-

diate tumors was 80.

Table 2. Summary of test-retest data

Variable Test Retest ICC 95% CI Cronbach’s;

alpha
Minimum

(%)

Maximum

(%)

Mean SD Minimum

(%)

Maximum

(%)

Mean SD

Total (%) 13 (1) 100 (23) 82 20.4 10 (1) 100 (18) 83 19.4 0.92 0.88–0.95 0.87

Pain 0 (1) 5 (69) 4.6 0.8 0 (1) 5 (67) 4.6 0.8 0.85 0.78–0.90

Function 0 (2) 5 (53) 4 1.3 0 (2) 5 (51) 4.1 1.3 0.88 0.83–0.92

Emotional acceptance 1 (13) 5 (42) 3.7 1.4 0 (1) 5 (41) 3.8 1.3 0.69 0.57–0.78

Support 0 (8) 5 (75) 4.1 1.7 0 (7) 5 (74) 4.2 1.7 0.93 0.90–0.95

Walking 1 (4) 5 (55) 4.2 1.1 1 (3) 5 (48) 4.2 1.1 0.76 0.66–0.83

Gait 1 (4) 5 (52) 4.1 1.2 1 (4) 5 (47) 4.1 1.2 0.87 0.83–0.91

ICC = intraclass correlation coefficient; * total score =100 points, best score; 0 = worst score.
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Internal Consistency

The overall Cronbach’s alpha coefficient was 0.87 (95%

CI, 0.82–0.90), suggesting a high level of internal consis-

tency (Table 2).

Construct Validity

On the basis of the results of principal component analysis,

the construct validity of the Japanese version of the MSTS

scoring system is high, based on the result of principal

component analysis. First, we used a scree plot to deter-

mine how many factors to extract in the factor analysis

(Fig. 2). The scree plot displays the eigenvalues (amount of

variation in the total sample accounted for by that factor) in

descending order of their magnitude against the number of

the factor. A sharp break in the plot suggests the optimal

number of the factor. According to the result, the appro-

priate number of the factor was considered to be one. On

the basis of the factor-loading pattern, all items had high

loading values and communalities of the first factor

(Table 3).

The AIC network, which is another index of construct

validity, identified ‘‘walking’’ and ‘‘gait’’ as having a

central role among the six factors of the system. Minimal

distance assortments, that is, degrees of independence, for

the two-item groupings was observed, and the AIC network

of these six items was observed graphically with the spatial

association of the calculation of each item (Fig. 3). This

AIC network showed that ‘‘walking’’ and ‘‘gait’’ were

related to all the other items; however, the other four items

were unrelated to each other. These results were consistent

with the highest loading values for ‘‘walking’’ and ‘‘gait’’

in the factor analysis.

Criterion Validity

Criterion validity analysis confirmed that the total score of

the Japanese version of the MSTS scoring system was

highly correlated with that of the TESS and the physical

component summary and physical functioning of the SF-

36. The criterion validity was evaluated by correlating the

total score of the system with the total score of the TESS

and each of the components of the SF-36 (Table 4). The

total score of the MSTS system correlated well with that of

the TESS (r = 0.81; 95% CI, 0.73–0.87; p \ 0.001). In

addition, the physical component summary and physical

functioning of the SF-36 correlated with the total MSTS

Fig. 1 The sensitivity analysis shows the high performance of the

Japanese version of the MSTS scoring system especially in patients

with lower function. The average MSTS scores for the patients who

underwent less invasive surgery is shown to the right of the bars, and

those of the patients who underwent invasive surgery is shown to the

left.

Fig. 2 The scree plot with eigenvalue and factor number of the

Japanese version of the MSTS scoring system is shown.

Table 3. Factor loading of MSTS scoring system

Item* Loading

Pain 0.68

Function 0.91

Emotional acceptance 0.57

Support 0.80

Walking 0.92

Gait 0.92

* Each item refers to the individual five items of the MSTS rating

scale; a single item score of 5 points = the best score, and 0 = the

worst score.
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score and physical items of the MSTS system (function,

support, walking, and gait). However, the mental compo-

nent summary of the SF-36 did not correlate with the total

MSTS score (r = 0.04; 95% CI, �0.15 to 0.24) or any of the

items of the MSTS scoring system.

Discussion

The MSTS scoring system is a widely used functional

evaluation tool for patients undergoing musculoskeletal

tumor resection. The Japanese-language version of the

MSTS scoring system was made available to members in

2010. The MSTS scoring system has been validated twice

[8, 20]; however, the Japanese version has not yet been

validated. We aimed to clarify the validity of the Japanese-

language version of the MSTS scoring system using psy-

chometric analysis. Our study showed that the Japanese

version has sufficient reliability with high ICC by test-

retest analysis but also with a high ceiling effect, a favor-

able internal consistency with a high Cronbach’s alpha

coefficient, adequate construct validity indicated by factor

analysis and the AIC network, and reasonable criterion

validity compared with the TESS and SF-36.

Our study has several limitations. First, the study was

performed with Japanese patients using a Japanese version

of the MSTS scoring system. The original MSTS scoring

system was officially introduced in Japan in 2000 by the

Japanese Orthopaedic Association [20], and the Japanese

version was developed by the Japanese Orthopaedic

Association Tumor Committee in 2010. Intercultural dif-

ferences might affect the outcomes; however, the items

included in the MSTS scoring system appear to be basic

factors. Therefore, there might be little or no difference

between the patients from Japan and those from others part

of the world regarding these items. Moreover, several

indices of psychometric analyses, such as Cronbach’s alpha

coefficient and ICC, were similar to those reported in

studies of patients with other ethnicities [4, 8, 13]. Second,

we included patients who achieved relatively high MSTS

scores compared with patients in other studies [2, 7, 8, 13].

This may have been the case because only a few patients

with intermediate tumors (based on the WHO classification

of bone and soft tissue tumors [6], in terms of biological

potential) were included. Seventeen (17%) patients in our

cohort had a diagnosis of an intermediate tumor, such as a

well-differentiated liposarcoma (atypical lipomatous

tumor) or giant cell tumor of bone, and these patients

undergo smaller surgical procedures, such as marginal

resection or tumor curettage, respectively, than do patients

with malignant tumors who undergo wide resection, lead-

ing to superior function. In addition, we performed a

sensitivity analysis to analyze the performance of the

MSTS scoring system with and without patients who were

high-functioning. The result indicated the inferior dis-

crimination capability of the MSTS scoring system for

patients with higher function. From these perspectives, this

system may not be appropriate for patients undergoing less

invasive surgery.

Sufficient reliability of the Japanese version of the

MSTS scoring system was confirmed by psychometric

analysis; however, we observed a considerable ceiling

effect. In this study, 23% of the patients surveyed (23 of

100) achieved the highest possible score, indicating that the

Japanese version of the MSTS scoring system has a ceiling

effect. This is important because it may reflect low sensi-

tivity in terms of discriminating the patients who have

superior function. The ceiling effect was noted even among

patients with a malignant tumor; however, the proportion

of patients achieving the highest score of this group was

lower than the proportion from the intermediate tumor

group (20% and 35%, respectively). Nevertheless, the

MSTS scoring system contains only six items, which rep-

resent basic functions or symptoms, and the Japanese

version also achieved a high ICC and a high Cronbach’s

alpha coefficient. The effort required by patients for com-

pleting the MSTS questionnaire would be much less

compared with the TESS (32 items) or SF-36 (36 items). In

general, increasing the number of items makes the scale

more reliable; the tradeoffs are lower convenience, high

time consumed, and more effort required for patients and

investigators. The six items in the MSTS system appear

Fig. 3 The Akaike information criterion network of the Japanese

version of the MSTS scoring system shows a central role for the items

‘‘walking’’ and ‘‘gait’’.
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adequately reliable despite being concise. These advan-

tages of the MSTS scoring system have been described,

adding support to the validation of the system [8, 13].

Psychometric analysis also provides adequate validity of

the items included in the Japanese version of the MSTS

scoring system. In the current study, construct validity

analyses were performed to reveal the latent structure of

the MSTS scoring system using principal component

analysis and the AIC network. In other words, we per-

formed those analyses to assess whether the Japanese

version of the MSTS scoring system measures the func-

tional outcome of the patients with musculoskeletal tumors.

According to the results of the factor analysis, the system

exhibits high unidimensionality, that is, the Japanese ver-

sion of the MSTS scoring system can be used as a reliable

scale. There was no item showing low factor loading,

specifically so regarding items associated with physical

activities, such as function, support, walking, and gait. In

addition, the central roles of walking and gait identified in

the AIC network supported the highest factor loading

values for these parameters. Criterion validity showed that

a high correlation with total scores of the MSTS scoring

system was observed with the TESS and SF-36 physical

component summary. Furthermore, these two components

significantly correlated with the items associated with the

MSTS components regarding the physical activities men-

tioned above.

Interpretation of the two nonphysical items, pain and

emotional acceptance, is a bit less clear in the context of

the Japanese version of the MSTS score that we studied.

These two items showed adequate, although relatively

lower, factor loading according to the factor analysis (0.68

and 0.57, respectively). In addition, criterion validity

analysis resulted in no correlation being observed between

each of these two items and any component of the SF-36 or

the total score of the TESS (Table 4). This indicates that

these two can be relatively inappropriate compared with

the physical items. The MSTS scoring system is a physi-

cian-reported questionnaire, and this type of assessment

would not be suitable for evaluating the adequacy of

treatment without the bias of the physician, especially

regarding the psychological factors. Another reason for less

validity of emotional acceptance is a defect in the ques-

tionnaire. This item comprises the expressions ‘‘enthused’’,

‘‘satisfied’’, ’’accepted’’, and ‘‘dislike’’, and these expres-

sions appear not to be definitive. The TESS system, one of

the most frequently used patient-oriented evaluation sys-

tems, was translated into Japanese in 2015 [12]. Data

accumulation regarding the outcome evaluation from var-

ious aspects would be required in the future.

With better outcomes for patients with cancer achieved

through improved cancer therapy, there will be greater

demand for a comprehensive outcome assessment of

treatment, including psychometric assessment and health-

related quality of life

Through this study, we confirmed that the Japanese

version of the MSTS scoring system is a reliable and

adequate evaluation system for assessing the functional

outcome in patients with musculoskeletal tumors. In

addition, the MSTS scoring system is widely used, and

continued accumulation of results is valuable. Therefore, it

should be used as a standard tool in the future. However,

we also found that the system is not sufficient for evalua-

tion of nonphysical factors such as emotional support.

Therefore, a new or adjunct evaluation system should be

developed and introduced that more completely and com-

prehensively assesses patient-derived outcomes and that is

applicable to patients with higher function.
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