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Objectives: To translate and culturally adapt the CMS and assess the validity of the Brazilian
version (CMS-BR).
Methods: The translation was carried out according to the back-translation method by four
independent translators. The produced versions were synthesized through extensive anal-
ysis and by consensus of an expert committee, reaching a final version used for the cultural
adaptation. A field test was conducted with 30 subjects in order to obtain semantic con-
siderations. For the psychometric analyzes, the sample was increased to 110 participants
who answered two instruments: CMS-BR and the Disabilities of the Arm, shoulder and
Hand (DASH). The CMS-BR and DASH score range from 0 to 100 points. For the first, higher
points reflect better function and for the latter, the inverse is true. The validity was verified
by Pearson’s correlation test, the unidimensionality by factorial analysis, and the internal
consistency by Cronbach’s alpha.
Results: The explained variance was 60.28% with factor loadings ranging from 0.60 to 0.91.
The CMS-BR exhibited strong negative correlation with the DASH score (—0.82, p<0.05),
Cronbach’s alpha 0.85, and its total score was strongly correlated with the patient’s range of
motion (0.93, p<0.001).
Conclusion: The CMS was satisfactorily adapted for Brazilian Portuguese and demonstrated
evidence of validity that allows its use in this population.
© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Versao brasileira do Constant-Murley Score (CMS-BR): validade
convergente e de constructo, consisténcia interna e unidimensionalidade

RESUMO

Palavras-chave:
Clinimetria
Avaliacao
Anilise fatorial

Objetivos: Traduzir e adaptar culturalmente o Constant-Murley Score (CMS) e verificar a
validade da versdo brasileira (CMS-BR).

Meétodos: A traducdo foi feita de acordo com o método de retrotradugdo por quatro tradutores
independentes. As versdes produzidas foram sintetizadas por anélise extensiva e consenso
de um comité de especialistas e geraram uma versao final usada para a adaptacao cultural.
Fez-se um teste em campo com 30 sujeitos para observagao de possiveis consideracoes
em relacdo a seméntica. Para a posterior andlise psicométrica, ampliou-se a amostra para
110 participantes que responderam a dois instrumentos: CMS-BR e Disabilities of the Arm,
Shoulder and Hand (DASH). O CMS-BR e o DASH variam de 0 a 100 pontos. Para o primeiro,
altas pontuacoes refletem melhor funcao, para o segundo, o contrario. A validade foi verifi-
cada com o teste de correlacdo de Pearson, a unidimensionalidade com a andlise fatorial e

Resultados: A varidncia explicada foi de 60,28% com cargas fatoriais entre 0,60 e 0,91.
O CMS-BR demonstrou correlacao forte e negativa com o DASH (-0,82, p<0,05), com o alfa

de Cronbach de 0,85 e seu escore total teve correlacao forte com a amplitude de movimento

Conclusdo: O CMS-BR foi adaptado de forma satisfatéria e demonstrou evidéncias de validade

© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Este é um artigo Open Access sob uma licenca CC BY-NC-ND (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

assessment. This process ensures an adequate representation

Validade
Ombro
a consisténcia interna com o Alfa de Cronbach.
dos pacientes (0,93, p <0,001).
que permitem seu uso nessa populacao.
Introduction

Shoulder pain accounts for an expressive prevalence in
consultations with a general practitioner or orthopedic
surgeons.? These patients often present various complaints,
like mobility deficits and pain,® which directly affect upper
limb function. In order to perform an as comprehensive clin-
ical assessment as possible is recommended that patient be
assessed with instruments that allow inferences about func-
tion. The function is a construct, a latent variable that cannot
be directly observed. Therefore, the utilization of functional
scores is the adequate option to measure it.*>

There are about 34 scores for shoulder function assessment
but the Constant-Murley score (CMS), originally published
in the English language, is one of the most used.*®’ The
CMS is a non-specific score that covers different domains
of shoulder function (pain, activities of daily living, range of
motion and power) being higher scores indicative of better
function.®® This instrument is a compound score containing
four subscales: three self-reported subscales and one shoul-
der elevation strength subscale which is performed by an
external assessor.® The nomenclature of the “power” subscale
contained in the original version of the CMS was posteriorly
changed to “strength”, as well as the test position was changed
to elevation in scapular plane.’

The appropriate use of an instrument of evaluation implies
the correct verification of its validity.!%'? The evidence of
validity characterize the relationship among items of the
score and between items and total score. It also indicates the
extent in which the instrument explains the construct under

of the construct measured by the functional score.'?!?

Psychometric properties of the original version of the
CMS such as reliability, floor and ceiling effects, conver-
gent and criterion validity have been verified. Despite the
comprehensive investigation of the validity of the score, its
dimensional structure was investigated before the adaptation
of the strength subscale and the factor analysis evinced that
the score was not unidimensional.'* These aforementioned
features could affect the interpretation of measurement of the
construct.>%1°

The use of an instrument of evaluation in another culture
or language must be preceded by an appropriate process of
translation and cultural adaptation. Furthermore, evidence of
validity must be properly verified in the adapted version. Cur-
rently, a translated and adapted version of CMS is available
only for the Danish’®" language. There is no version of CMS
in the Brazilian Portuguese language. Therefore, the aim of this
study was translate, culturally adapt and verify the convergent
and construct validity, internal consistency and dimensional
structure of the adapted version.

Methods

The process of translation was performed according the back-
translation method'®'! and following the COSMIN checklist
for ensure the methodological quality of the psychometric
analysis.’®

The recommendations published by Constant et al.’ were
followed, excepting for the branding and model of the
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dynamometer. In this study an isometric dynamometer model
MicroFET2™ (Hoggan Health Industries, USA) with a sensi-
tivity of 0.05kg (0.11b), measuring up to 136.05 kg (3001b) was
utilized in the strength subscale.

Translation and cultural adaption

The process of translation occurred in four steps: transla-
tion, back translation, analysis of preliminary version and
field test. Initially, two expert and independent Brazilian Por-
tuguese native language translators provided two translated
versions of the original CMS. These versions were unified for
a consensus between authors and translators.

Afterward, the unified translated version was back-
translated by two expert and independent English native
language translators. Both translators had no access to the
original CMS. These versions were unified by consensus of the
authors group. The next step involved the establishment of
a fully culturally adapted version taking account all existent
versions obtained from the previous steps through a multi-
disciplinary experts committee meeting. Finally, in order to
collect semantic considerations, the Brazilian Language ver-
sion of CMS (CMS-BR) was applied in a sample of 30 subjects
with similar characteristics of the main study.

Participants

The participants were selected from private practice clinics of
Porto Alegre and Novo Hamburgo, Brazil. This study received
approval from the Research Ethics Committee of the propo-
nent institution (study number 992-12) and all participants
signed written informed consent prior to the enrollment.

A hundred and ten patients (55 male) older than 18 years
old, with any diagnoses of clinical shoulder dysfunction
(except instability) and able to read and answer to the ques-
tionnaire were included. Patients with cognitive impairments,
peripheral or central nerve damage or diagnose of nerve dys-
function were excluded of the study. The mean age of the
included individuals was 48.50 (15.13) and ranged between 18
and 83 years.

Statistical analysis

A descriptive analysis of all variables was performed. Categor-
ical data were expressed as absolute or relative frequencies
and quantitative variables as means and standard deviations.

Clinimetric analysis

Evidence of validity was analyzed through the following
statements>121819;

For internal consistency, Cronbach’s alpha test considered
the value >0.80 as ideal.?®?! The convergent validity was ver-
ified through Pearson’s correlation between the total scores
of the CMS-BR and the Brazilian version of the Disabilities of
the arm, shoulder and hand score (DASH)?? adopting ar > 0.70
and ap <0.05 to satisfy this condition.'?*® The construct valid-
ity was verified by the Pearson correlation test between the
range of motion of all subjects and the CMS-BR final score.
The hypothesis was that the poor functional status would be

associated with a less active range of motion in the assessed
shoulder.”

Since the CMS-BR presupposes the assessment of only
one construct (shoulder function) and one factor extraction
was indicated as the better solution through scree plot and
the total explained variance (eigenvalue), a factor analysis
with an exploratory principal component analysis with a
one-factor solution was performed to verify the dimensional
structure. Finally, this analysis considered some assumptions
and related tests previous to its realization'>'°:

e The Kaiser-Meyer-Olkin (KMO) coefficient must be >0.70;

e The determinant of the correlation matrix must not be zero,
but a value closest to zero;

e Barlett’s sphericity test must have a p <0.05;

e The communality value must be >0.4.2324

Results

The list of conditions of all included individuals can be
observed in Table 1. The CMS-BR was obtained through ade-
quate translation process following recommendations of the
literature. Only one modification was made in the activities of
daily living subscale to improve the understanding of the CMS-
BR. Specifically, in the last question about which is the arm
elevation level without pain, the expression “up to xiphoid”
was replaced by “up to heart level” (“ao nivel do coragdo” in
Brazilian Portuguese) as can be observed in Appendix 1.

Regarding internal consistency, a moderate to strong cor-
relation was observed in each item-total correlation. The
mean CMS-BR score was 49.69 (28.12) and the Cronbach’s
alpha was 0.85. The alpha did not significantly increase with
the hypothetical exclusion of any item, confirming the score
arrangement of items. Moreover, there was no floor and ceil-
ing effects, when more than 15% of the respondents achieves
the highest or lowest possible scores (Table 2).

The CMS-BR and Brazilian DASH presented a significantly
strong negative correlation (r=—-0.82, p <0.001). The direction

Table 1 - List of conditions.

Conditions Absolute Relative
frequency frequency
OA AC 3.64%
OA GH 1 0.91%
Adhesive capsulitis 15 13.64%
SIS 26 23.64%
Proximal fracture of humerus 9 8.18%
ACD 2 1.82%
RCT 22 20.00%
Bursectomy plus Acromioplasty 2 1.82%
Rotator cuff repair 16 14.55%
Calcific tendinitis 3 2.73%
Suprascapular nerve release 1 0.91%
Healthy 9 8.18%
Total 110 100%

AC, acromioclavicular joint; OA, osteoarthritis; GH, glenohumeral
joint; SIS, subacromial impingement syndrome; ACD, acromioclav-
icular joint dislocation; RCT, rotator cuff tear.
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Table 2 - Item-total statistics.

Item Min Max Mean (SD) Item-total Alpha if item
correlation deleted
Pain 0 15 8.46 (4.37) 0.49 0.84
Sleep 0 2 0.88 (0.73) 0.63 0.85
Work 0 4 2.56 (1.42) 0.57 0.85
Leisure 0 4 2.26 (1.45) 0.61 0.84
Level of elevation 2 10 5.98 (2.84) 0.80 0.82
Flexion 0 10 5.24 (3.50) 0.83 0.81
Abduction 0 10 4.91 (3.36) 0.86 0.81
External rotation 0 10 5.53 (3.81) 0.74 0.82
Internal rotation 0 10 5.55 (3.61) 0.69 0.82
Strength 0 35 8.32 (10.04) 0.75 0.88

SD, standard deviation. Recommended Cronbach’s Alpha: >0.80.

of this association is due DASH scoring system which higher
score is indicative of poor shoulder function conversely to
CMS-BR. Moreover, the CMS-BR and the range of motion of
the participants were strongly related (r=0.93, p <0.001), con-
firming the a priori hypothesis that poor functional status is
related to less active range of motion.

The dimensional structure of the CMS-BR was tested by fac-
tor analysis with an exploratory principal component analysis
with one-factor solution. All assumptions for the test real-
ization were fulfilled. The explained variance by one-factor
extraction was 60.28%. The communalities ranged from 0.36
(pain) to 0.83 (Table 3).

Discussion

This was the first study to translate and culturally adapt
the CMS to Brazilian Portuguese. The preliminary ver-
sion of CMS-BR was extensively analyzed by physicians,
orthopedic-trauma residents, physical therapists, a nurse and
a statistician, comprising nine professionals with different
backgrounds and was applied in 30 patients. Moreover, impor-
tant evidences of validity were tested in the CMS-BR such
as internal consistency, convergent validity and dimensional
structure.

The analysis showed that the CMS-BR presented a high
internal consistency (Cronbach’s alpha=0.85). The alpha did

Table 3 - Communalities and factorial loads of items.

Item Communalities Factorial
load
Abduction 0.83 0.91
Flexion 0.80 0.89
Level of elevation 0.74 0.86
Strength 0.65 0.80
External rotation 0.65 0.80
Internal rotation 0.57 0.75
Leisure 0.49 0.70
Sleep 0.47 0.68
Work 0.44 0.66
Pain 0.36 0.60

Recommended value for communality: >0.40.

not increase with the hypothetical exclusion of any item con-
firming the layout of the adapted score. Interestingly, the
internal consistency of the original CMS ranged from 0.60 to
0.75.2>?% A systematic review suggested that the low alpha
values may indicate that the CMS items measure different
aspects of shoulder function.”” To date, there is no objective
data to explain the marked observed differences in the alpha
values between the CMS and CMS-BR. However, the modifica-
tions proposed in 2008° might play a role on it. Furthermore,
a moderate to strong correlation was observed in each item-
total correlation (Table 2).

Regarding convergent validity, the CMS-BR demonstrated a
strong negative correlation (r= —0.82, p < 0.001) with the Brazil-
ian version of the DASH score, although the CMS presented a
low to moderate association with DASH.?” The construct valid-
ity was confirmed through the significantly strong correlation
(r=0.93, p <0.001) between CMS-BR score and range of motion.
The hypothesis raised by the authors seems totally appropri-
ated since the range of motion is an important characteristic
for the shoulder joint and frequently impaired in the major-
ity of shoulder dysfunctions. The Danish version of the CMS
also demonstrated a strong correlation with the Oxford Shoul-
der Score (r=0.76). In spite of the similar values found in both
adapted versions, our reference standard score was the Brazil-
ian DASH - a widely used in myriad of shoulder conditions
— while the Oxford Shoulder Score is more suited to assess
surgical populations and proximal humerus fractures.>?®

The factor analysis of the CMS-BR evinced that the
amount of variance explained by one-factor solution was
60.28%, ensuring that the CMS-BR met the one-dimensionality
criterion. In the original CMS, the factor analysis with a two-
factor solution was performed by only one study.'* However,
the authors did not report neither the factor loads nor the
adopted criterion to analysis. According to our impression,
possibly the lack of standardization, mainly in the pain or
strength subscales, could justify these discrepancies in the
dimensional structure. A standardized process of implemen-
tation was adopted for the realization of our study further the
recommendations aforementioned.

Other psychometric properties were published about the
original CMS. Floor and ceiling effects were analyzed and
the strength subscale reported a considerable floor effect.’
Many patients were unable to hold the proper position for
strength assessment receiving zero points.?’ The same report
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was observed in another study that assessed patients with
adhesive capsulitis.>® Although the strength subscale account
for 25% of total score, this not seemed to interfere in the
reliability for pain and strength subscales.”>>! Recently, the
minimally important change was verified to patients with sub-
acromial pain.*?

Even that in the present study some properties have not
been analyzed, the CMS-BR have satisfactory tested four
important attributes of validity and figure among the Brazilian
adapted scores with more psychometrics verifications. Puga
etal.?® performed a systematic review which analyzed psycho-
metric properties of all published scores adapted to Brazilian
Portuguese until 2011. Of concern is the fact that all included
studies in this review did not analyze more than one attribute
of validity, which hampers clinical and research usefulness of
these instruments.

Conversely, the psychometric properties of the Brazilian
version of the Penn Shoulder Score were recently verified.**
The authors reported a comprehensive analysis of the psy-
chometric properties of this instrument, such as internal
consistency, measurement error, construct validity and floor
and ceiling effects. Furthermore, Moser et al.>®> analyzed
internal consistency, convergent validity and reliability of
the Brazilian version of the American Shoulder and Elbow
Surgeons (ASES) score. Adequate results that support the uti-
lization of both scores were observed.

Neto et al.>® performed the translation and cultural adap-
tation of the Simple Shoulder Test for Brazilian Portuguese
(SST-BR). However, some methodological issues must be
considered. In the preliminary version analysis, the expert
committee was composed for one physician and six trans-
lators. Actually, current recommendations suggest that the
expert committee must be composed by different profession-
als, in order to provide an as complete as possible adapted
version to the target population.'®'’ The authors also per-
formed the dimensional structure verification of the SST-BR.
However, an exploratory and a subsequent confirmatory fac-
tor analysis were performed with a three-factor solution in
opposition to the original measurement concept of the score.

Our study exhibits some limitations. The verification of
reproducibility (agreement and reliability), responsiveness,
minimum detectable change and minimally important change
were not performed. Nonetheless, firstly is important ensure
that the score really measures the target construct (function),
and after to analyze more validity properties.

Conclusion

From the results aforementioned it was evinced that the CMS-
BR was satisfactory adapted to Brazilian Portuguese culture.
Moreover, the CMS-BR has adequate convergent and construct
validity, internal consistency and adequate dimensional struc-
ture that support its utilization in clinical practice for the
evaluation of patients with shoulder dysfunctions.
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