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Abstract

Background: Duchenne muscular dystrophy (DMD) is one of the most common and disabling

childhood genetic diseases. The course of DMD involves progressive muscular degeneration and

weakness, leading to functional decline. The Performance of the Upper Limb scale (PUL) is a spe-

cific instrument designed to assess the upper limb function of patients with DMD.

Objective: To adapt the PUL cross-culturally to Brazilian Portuguese (PUL-Br) and assess the con-

vergent validity, structural validity, inter-rater reliability, and internal consistency for Brazilian

patients with DMD

Methods: The cross-cultural adaptation involved six steps: translation to Brazilian Portuguese,

Brazilian Portuguese translation synthesis, back-translation to English, back-translation synthe-

sis, an expert committee review, and a pre-final version test (n = 12). The convergent validity of

the PUL-Br was evaluated by examining its correlation to the Motor Function Measure scale

(MFM) using 30 patients with DMD. Confirmatory factor analysis was conducted to assess struc-

tural validity. Intraclass correlation coefficient (ICC) verified the PUL-Br interrater reliability.

Cronbach’s alpha was calculated to verify internal consistency.

Results: The PUL was cross-culturally adapted to Brazilian Portuguese. A strong and positive cor-

relation was found between the PUL-Br total score and the total score on the MFM (r = 0.83; 95%

CI: 0.67, 0.91). The PUL-Br showed a satisfactory fit of the data to the three-factor model, excel-

lent inter-rater reliability (ICC: 0.94), and good internal consistency (Cronbach’s: 0.91).

Conclusion: The PUL-Br is valid and reliable for assessing the upper limb function of Brazilian

patients with DMD.
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Introduction

Duchenne muscular dystrophy (DMD) is one of the most com-
mon and disabling childhood myopathies, and affects 1 in
every 5000 boys born alive.1 DMD has a clinical presentation
with progressive muscular weakness and proximal to distal
involvement.2 The lower limbs are less affected in the initial
phase of the disease, but gait deterioration begins to emerge
around 9�12 years of age.2-4 In the non-ambulatory stage,
the upper limbs become extremely necessary for transfers
and mobility.5 The decline of the upper limbs’ function com-
promises patients’ performance of daily life activities, affect-
ing their independence, socialisation, and quality of life.6,7

Specific instruments, such as the Performance of Upper
Limb scale (PUL)8,9 and the Brooke Upper Extremity
scale,10,11 which assess upper limb function, are needed to
follow disease progression and to select therapeutic strate-
gies to improve function. A recent systematic review identi-
fied the PUL as the most suitable instrument for assessing
upper limbs function of children and adolescents with
DMD.12 Studies indicated an association between upper
limbs function using the PUL and other clinical findings.13-15

Moreover, this scale detected the efficacy of physical thera-
peutic approaches.16,17

The PUL has not been cross-culturally adapted and vali-
dated in Brazilian Portuguese, but it has already been used to
assess Brazilian patients with DMD.18,19 Cross-cultural adapta-
tion is crucial to guarantee equivalence between the original
version (English language) and the translated version of the
instrument.20 The process of cross-cultural adaptation should
follow a standard method because mistakes may change the
original construct of the instrument, invalidating the results.

The measurement properties of the original PUL pre-
sented excellent methodological quality indices according
to the Risk of Bias checklist of the Consensus-based Stand-
ards for the selection of health Measurement Instruments.12

Nevertheless, it is fundamental to assess measurement prop-
erties after cross-cultural adaptation.21-23 Validity guaran-
tees that the new version of the instrument measures the
same construct as the original. Reliability ensures that the
new version is free from measurement errors.22,23

The cross-cultural adaptation of the PUL to Brazilian Por-
tuguese will provide a valid and reliable instrument to assess
the upper limb function of Brazilian patients with DMD.
Therefore, this study aimed to adapt the PUL cross-cultur-
ally to Brazilian Portuguese (PUL-Br) and assess the conver-
gent validity, structural validity, inter-rater reliability, and
internal consistency. We hypothesize that there will be a
strong positive correlation (0.70 � r � 0.89) between the
PUL-Br total score and the Motor Function Measure scale
(MFM); there will also be good internal consistency (Cron-
bach’s alpha 0.70 - 0.90) and excellent reproducibility
(intraclass correlation coefficient [ICC] > 0.90).

Methods

Study design

The present study was completed in two parts: first, the PUL
was cross-culturally adapted from its original English

version24 to Brazilian Portuguese. Second, the measurement
properties of the PUL-Br were tested for children and ado-
lescents with DMD.21-23 The Ethical Committee of the Clini-
cal Hospital of Ribeir~ao Preto Medical School, Universidade
de Sao Paulo, Ribeir~ao Preto, SP, Brazil (CAEE:
28600919.1.0000.5440) approved the methods for this study.
All legal guardians and patients signed the consent form.

PUL description

The PUL is a performance measure developed to assess
upper limb function of patients with DMD greater than five
years old.8 The current version of the PUL, version 2.0, con-
sists of 23 items.24 The first item is used to classify the
higher functional capacity of the patient. Therefore, a more
impaired patient with a lower score on this item will be
excluded from testing at the higher and more complex
level—namely, the proximal/shoulder level. The other 22
items are divided into the following three domains: proximal
(six items), medium (nine items), and distal (seven items).
The item scores vary from 0 to 1 or 0 to 2.24 The maximal
scores for the domains are 12 (proximal domain), 17
(medium domain), and 13 (distal domain), and the highest
total score on the PUL is 42. During the scale application,
the patient remains seated in a chair or wheelchair without
arm support, and the physical therapist instructs the patient
on how to perform each item task. The tester must enter
the score for each of the items on the scale. The average
time to complete the PUL is 15 min.24

Eligibility criteria

Patients were included if they had a confirmed diagnosis of
DMD, were aged 6�18 years and were able to understand
the evaluator’s instructions and signed, with their guardians,
an informed consent form. Patients were excluded if they
had a cognitive deficit, as well as if they had sustained a
fracture or undergone surgery on the upper limbs in the pre-
vious year.

Part 1. cross-cultural adaptation of PUL (2.0)

Participants

The pre-test of the pre-final version of the PUL-Br was com-
pleted for 12 patients with DMD. This sample size was based
on the study of Okama et al.,25 who performed a cross-
cultural adaptation of the North Star scale for the same
population.

Procedures

Permission to translate and use the PUL was requested by e-
mail from Anna Mayhew (A.M.), the first author of the origi-
nal scale.8 After permission, the original PUL version 2.0 was
translated to Brazilian Portuguese, following international
guidelines.20 Two independent translators (G.D. for transla-
tion 1 [T1] and B.B. for translation 2 [T2]), who were fluent
in both languages (English as the original language of the
scale and Brazilian Portuguese as the target language of the
scale), but native Brazilian Portuguese speakers, forward-
translated the scale. The first translator (G.D.) was also a
physical therapist specialising in neurological paediatrics;
the second translator (B.B.) was not experienced in

2

J. Cardoso, G.C. Silva, G.B. Davoli et al.



healthcare or health research. In sequence, both transla-
tions (T1 and T2) were synthesised into a single translation
(T1�2). The third step consisted of the back-translation of
T1�2 from Brazilian Portuguese to English by two native
English speakers (A.C. and P.S.) fluent in Brazilian Portu-
guese, blind to the original PUL scale and without back-
ground in healthcare or health research. Finally, the back-
translation of PUL was synthesised in a single back-transla-
tion and sent by email to A.M. to ensure the consistency of
the terms used. After approval of this version, an expert
committee composed of rehabilitation professionals met to
check the Brazilian Portuguese terms from the pre-final ver-
sion of the PUL-Br.

A well-trained researcher (G.C.) trialled the pre-final
version of the PUL-Br among Brazilian patients with DMD
(n = 12). First, the rater read the item for the patient, and
if the patient had comprehension problems, the rater dem-
onstrated how to perform the task. At the end of each
assessment, the rater asked the patients about a question
or misunderstanding to identify comprehension problems in
the pre-final version of the PUL-Br. A 20% threshold of
doubts in the same item was used to determine which sug-
gestions should be incorporated into the final version of the
scale.26

Part 2. measurement properties

Participants

Thirty patients with DMD were enrolled to determine the
convergent validity, structural validity, and internal consis-
tency of the PUL-Br (Supplementary material online). In the
pre-test, comprehension problems did not reach 20% for any
of the items; as described above, meaning that all items
could be included in the final version. Thus, the sample (30
patients) included the 12 patients from the pre-test. To ver-
ify the reliability of the PUL-Br, 10 patients with DMD were
enrolled. Because DMD is a rare condition, this study’s sam-
ple size was based on previous research.25,27

Assessments

The assessment was conducted at the Rehabilitation Centre
of the Clinical Hospital of Ribeir~ao Preto Medical School
(CER-HC-FMRP-USP). First, measurements were taken of the
patient’s weight and height, as well as the arm span of some
patients (wheelchair users only). A trained researcher
applied the PUL-Br and MFM to the patients.

Convergent validity

The MFM was used to assess overall function28 and to deter-
mine the convergent validity of the PUL-Br. The MFM consists
of 32 items divided into three dimensions. Dimension one
relates to aspects of standing position and transfers, with 13
items and a maximal score of 39. Dimension two relates to
axial and proximal motor function aspects, with 12 items
and a maximal score of 36. Dimension three assesses distal
motor function with seven items and a maximal score
of 21.28

Structural validity

Using the “lavaan” package in the computer program R, a
diagonally weighted least squares confirmatory factor

analysis (DWLS-CFA) was conducted to assess the fit between
the PUL-Br data and the original three-factor structure
(proximal, medium, and distal domains).29 The adequacy of
the model was assessed by the following fit indices: the chi-
square test, the root mean square error of approximation
(RMSEA) with 90% confidence intervals (CI), the adjusted
goodness of fit (AGFI), the comparative fit index (CFI), and
the Tucker-Lewis index (TLI).30 CFI and TLI values greater
than 0.95 and RMSEA values lower than 0.06 are indicators
of good model fit.31

Test-retest

The reliability of the PUL-Br was assessed by testing inter-
rater reliability. Two trained researchers (G.C. and V.A.)
applied the PUL-Br in the sample of patients with DMD. Mini-
mum and maximum intervals of 30 and 60 min between test-
ing were used.

Internal consistency

The internal consistency was assessed among the 23 items of
the PUL-Br.

Statistical analysis

A descriptive statistical analysis (median, standard devia-
tion) and an analytical analysis using the R Studio� soft-
ware version 4.1.3 were performed to determine the
results. Pearson correlation coefficient (r) determined
the association among the PUL-Br, the MFM total score,
and the score on dimension three of the MFM. Dimension
three of the MFM is the most specific dimension to assess
function of the upper limbs. For this analysis, r = 1.00
indicated a perfect, r = 0.80 strong, 0.50 moderate, 0.20
weak, and 0.00 inexistent correlation.32 A 95% CI that
does not include 0 suggests evidence of difference. Intra-
class correlation coefficient [ICC (3,1)] was calculated
using the irr package in R33 and indicated the inter-rater
reliability of the PUL-Br. ICC values < 0.40 represented
low, between 0.40 and 0.75 moderate, between 0.75 and
0.90 substantial, and > 0.90 excellent reliability.34 Cron-
bach’s alpha was calculated using the alpha function of
the psych package in R.35 Values between 0.7 and 0.9
represented good internal consistency.21,23

Results

Cross-cultural adaptation of PUL (2.0)

The expert committee’s assessment of the T1�2 instrument
suggested that there should be a modification in a few Bra-
zilian Portuguese terms in favour of specific synonyms. These
modifications were intended to facilitate patients’ and
future professionals’ understanding of the items. The modi-
fications included changes to the words elevar, estender,

levantar and pinça de dedos, which were changed to levan-

tar, esticar, levar, and pinça polpa-polpa, respectively. The
average time to complete the scale in the pre-final version
was 15 min; this varied among patients according to the
stage of the disease. The doubts presented by the patients
did not exceed 20%. Therefore, there was no need for
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modifications between the pre-final version to the final ver-
sion of the PUL-Br.

Convergent validity of the PUL-Br

Table 1 shows the patients’ characteristics. Table 2 presents
the mean values obtained from the functional assessments.

A strong positive correlation was obtained between the
PUL-Br total score and the MFM total score (r = 0.83; 95% CI:
0.67, 0.91; Fig. 1a). A moderate positive correlation was
obtained between the PUL-Br total score and the score on
dimension three of the MFM (r = 0.50; 95% CI: 0.17, 0.73;
Fig. 1b).

Structural validity of the PUL-Br

Because all participants answered that they were able to
hold six coins in one hand for item 20 of the PUL-Br, this
item was not included in the CFA because it had no variabil-
ity. Considering the other items and the three-factor struc-
ture, the CFA value of CFI was 0.99, TLI was 0.99, AGFI was
0.96, and RMSEA was 0.07 (90% CI: 0.00 to 0.11, p-value that
RMSEA � 0.05 = 0.23). The chi-squared test results were X2=
214.14 with 186 degrees of freedom (p = 0.07). The chi-
squared test results (p > 0.05) would indicate a good fit;
however, this may be due to the small sample size rather
than a true satisfactory fit. On the other hand, considering
the good performance described by the CFI, TLI, AGFI, and
RMSEA indices, we assume that the three-factor model ade-
quately describes our data.

Test-retest of the PUL-Br

For the inter-rater reliability of the PUL-Br, an ICC of 0.94
(95% CI: 0.70, 0.98; p < 0.01) was observed, indicating
excellent reliability.

Internal consistency of the PUL-Br

Cronbach’s alpha value of the total PUL-Br score was 0.91
(95% CI: 0.81, 0.94), which showed good internal
consistency.

Discussion

The findings of the present study confirmed our initial
hypotheses, showing a strong and positive correlation
between the PUL-Br and the MFM. The PUL-Br exhibited
good convergent validity, a satisfactory fit of the data to the
three-factor model, excellent inter-rater reliability, and
good internal consistency.

Beaton et al.20 indicated that an expert committee
should make decisions based on the areas of semantic equiv-
alence between the original and the cross-culturally
adapted version. In the present study, after discussing with
the expert committee, the translated term pinça de dedos

was changed to pinça polpa-polpa to adjust the idiomatic
equivalence. The words elevar, estender, and levantar were
also replaced by levantar, esticar, and levar, respectively,
for adequate semantic equivalence. These last modifications
ensured the patients’ understanding. No problems were
observed with experiential equivalence or conceptual equiv-
alence.

With the advance of therapeutic approaches for DMD
treatment, measuring upper limbs function is increasingly
relevant. In the present study, most patients were non-
ambulatory (63%) and the mean PUL-Br total score was
higher than the mean reported by Mayhew et al.23 (32.0
points vs 28.9). Mayhew et al.24 analysed 177 ambulatory
(49%) and non-ambulatory (51%) youths with DMD. Despite
this difference in the mean values of the PUL total score
between the studies, we may consider that in both studies,
the PUL score demonstrated a decline in patient’s upper
limb function. Moreover, in agreement with this statement,
the mean of the MFM total score (56.4) indicates their low
functional level.

Concerning the measurement properties, the conver-
gent validity of the present study showed a strong posi-
tive correlation of the PUL-Br total score with the MFM
total score (r = 0.83; 95% CI: 0.67, 0.91) and a moderate
positive correlation with dimension three of the MFM
(r = 0.50; 95% CI: 0.17, 0.73). Consistent with our find-
ings, Chiu et al.36 assessed the validity of the PUL version
1.2 in 33 Chinese patients with DMD. They found a strong
and positive correlation (r = 0.84) between the PUL and
the Hammersmith motor scale.36 About the moderate
positive correlation between the total PUL-Br score and
dimension three of the MFM, it is important to consider
item 4, which is specific to assessing the distal motor
function of the lower limbs.

Additionally, our study showed a satisfactory fit of the
data to the three-factor model. The three domains of PUL

Table 1 Sample characteristics.

DMD Mean (SD)

Age (years) 12.7 (3.0)

Body mass (kg) 48.5 (20.9)

Height (cm)* 139.2 (14.9)

Arm span (cm)** 144.0 (16.5)

Male sex (%) 100%

Ambulatory patients (n) 11

Wheelchair user patients (n) 19

Physical Therapy (n) 21

* n = 13.
** n = 18.

Table 2 Functional assessments of patient performance.

Scales Mean (SD)

PUL-Br total score 32.0 (9.0)

MFM total score 56.4 (15.9)

Score on dimension 3 of the MFM 17.3 (3.1)

MFM, Motor Function Measure scale; PUL, Performance of Upper
Limbs scale.
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were originally selected to reflect the progression of weak-
ness and the natural history of functional decline in DMD.8

Our findings are consistent with the division proposed by
Mayhew et al.8 It should be noted that item 20 of the PUL
(pick up coins) had the same score for all patients and was
therefore not included in the CFA. The clinical impairment
of DMD progresses from proximal to distal,2 which may
explain the good performance of all patients on item 20.
Excluding this item from the factor analysis would not affect
the findings because the distal domain comprises seven
items that measure the same construct.

Our study showed good internal consistency (Cronbach’s
alpha value of 0.91). This finding is consistent with the
literature.24,36 Chiu et al.,36 showed a Cronbach’s alpha
value of 0.97 in the PUL version 1.2. Mayhew et al.24 also
showed good reliability of the PUL version 2.0, with Pearson’s
separation index of 0.95. To our knowledge, this is the first
research that assesses the reliability of PUL version 2.0. The
inter-rater reliability analysis of the PUL-Br showed excellent
reliability (ICC: 0.94). This is consistent with results by Chiu
et al.36 (ICC: 0.95), Pane et al.37 (ICC: 0.95), and Gandolla et
al.38 (ICC: 0.99) who used the PUL version 1.2. It is worth not-
ing that both versions of the PUL (1.2 and 2.0) presented the
same construct and maintained reliability.24

Concerning some limitations, we analysed a limited sam-
ple size because of the rarity of the disease. However, our
study followed previous studies’ sample size and data char-
acteristics that validated and quantified the measurement
properties of other instruments for this population.25,27 It
was not possible to analyse the intra-rater reliability
because the patients had already spent a long time in the
outpatient assessment, which had to include other clinical
parameters. Thus, the intra-rater reliability of the PUL-Br
should be reported in future studies. The data from the pres-
ent study will provide an important instrument that is cross-
culturally adapted and reliable for assessing upper limb

function in Brazilian patients with DMD. The PUL has been
widely used in clinical practice,9,13,14,39,40 and it can now
assist in standardized upper limb function assessments by
health professionals in Brazil.

Conclusion

The PUL (2.0) was cross-culturally adapted to Brazilian Por-
tuguese in this study. The PUL-Br showed good convergent
validity, a satisfactory fit of the data to the original three-
factor model, good internal consistency, and excellent
inter-examiner reliability in assessing upper limb function
of Brazilian patients with DMD. Based on this, we recom-
mend the PUL-Br for use in clinical practice and future
research.
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