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Abstract
Introduction: The Graded Wolf Motor Function Test (GWMFT) was developed as a modification of the Wolf
Motor Function Test (WMFT), designed to address moderate-to-severe upper-extremity motor impairment,
consequent to a stroke or brain injury, by combining time and quality of movement measures in both iso-
lated movements and functional tasks. Objectives: To translate and adapt the GWMFT form and instruc-
tions manual to Brazilian Portuguese and evaluate the inter-rater reliability. Materials and methods: Ten
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Resumo

individuals, mean age 53.2 + 11.39 (range: 28-72) years and a mean time since stroke onset of 82.5 + 85.83
(16-288) months participated in the study. After translation and cultural adaptation, two independent
evaluators, based on the instructions manual information, administered GWMFT. Video observations were
used to rate the time and the compensatory movements in the Functional Ability Scale (FAS). Intra-class
Correlation Coefficients (ICCs) and Bland-Altman plots were calculated to examine the inter-rater reliability
for performance time and FAS. Results: The translated and adapted version obtained a total ICC inter-rater
time 0.99 (0.95-1.00), showing less reliability in the task of lifting a pen, with ICC = 0.71 (- 0.15-0.93). The
ICC of the total FAS was 0.98 (0.92-0.99) and the task of elbow extension has shown the lowest ICC rate =
0.83 (0.31-0.96). Conclusion: The GWMFT scale reliability proved to be appropriate to evaluate the paretic
upper limb in individuals with chronic hemiparesis post severe stroke.

Keywords: Hemiplegia/hemiparesis. Reproducibility of results. Upper Extremity. Stroke.

Introdugdo: O Graded Wolf Motor Function Test (GWMFT) foi desenvolvido por meio de uma modificagdo do
Wolf Motor Function Test (WMFT) para avaliar o membro superior de adultos com hemiparesia grave combi-
nando medidas de tempo e qualidade de movimento em movimentos isolados e tarefas funcionais. Objetivos:
Traduzir e adaptar para a lingua portuguesa o formuldrio e o manual de aplicagdo do GWMFT e avaliar a
confiabilidade interavaliadores. Materiais e Métodos: Participaram do estudo 10 individuos com média de
idade 53,2 + 11,39 (28-72) anos que apresentavam hemiparesia grave (Fugl-Meyer < 30) com cronicidade de
82,5 + 85,83 (16-288) meses, fungdo cognitiva preservada e auséncia de dupla hemiparesia. Apds a tradugdo e
adaptagdo cultural da escala, o GWMFT foi aplicado por dois avaliadores utilizando as informagées do manual
de aplicagdo e a filmagem das tarefas foi utilizada para cotar o tempo e qualidade de movimento pela Escala
de Habilidade Funcional adaptada (EHF). A confiabilidade interavaliador do tempo e EHF do movimento fo-
ram avaliadas pelo Coeficiente de Correlagdo Intraclasse (CCI) e pelo método Bland-Altman. Resultados: Com
a aplicagdo da versdo traduzida e adaptada obteve-se CCI interavaliador total do tempo de 0,99 (0,95-1,00),
apresentando menor confiabilidade na tarefa de levantar caneta, com CCl de 0,71 (- 0,15-0,93). O CCI da EHF
total foi de 0,98 (0,92-0,99) sendo a tarefa extensdo do cotovelo com menor indice de CCI = 0,83 (0,31-0,96).
Conclusdo: A confiabilidade da escala GWMFT demonstrou-se adequada para avaliar o membro superior pa-
rético com acometimento grave em individuos com hemiparesia crénica pés AVC.

Palavras-chave: Hemiplegia/hemiparesia. Reprodutibilidade dos testes. Extremidade Superior.
Acidente Vascular Cerebral.

Introduction

for sensory motor function, functional ability and
quality of life evaluation, and to avoid self-report

About 70% of the patients with stroke, who pres-
ent upper limb paresis remain disabled (1-3), even
patients with mild physical dysfunction. The most
common difficulties presented by stroke patients are
slower reach and grasp movements, excessive com-
pensatory trunk movements and grasp and pinch
function reduction (4, 5).

Instruments that measure the efficacy of re-
habilitation are deeply needed. Systematic and
reliable assessments provide information that
influence clinical decisions. They are essential

subjectivity (6).

Many instruments have been developed to evalu-
ate different functional and sensory motor aspects of
the upper limb of patients with stroke. These tools
can be used in clinical practice, diagnosis, progno-
sis and treatment effects (7-11). One of them is the
Wolf Motor Function Test (WMFT) (12), developed
by Dr Steven Wolf from Emory University School of
Medicine in 1989. It was initially used to measured
Constraint Induced Movement Therapy (CIT) efficacy
(13) in hemiparetic patients.
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The WMFT was modified until its final version
that contains 17 tasks that demand many active
movements of the shoulder, elbow, wrist and fin-
gers and functional tasks with different levels of
complexity (fine and gross motor skills) (12-14).
This tool has been translated and adapted into the
Portuguese language and the Brazilian version pre-
sented good intra and inter-examiner reliability (9).
This scale has been appointed as an important tool
for the characterization of upper limb motor ability
in high functional patients in a chronic phase after
stroke and Traumatic Brain Injury (TBI). However,
the WMFT has a limited use in low functional chronic
patients with stroke or TBI. This occurs mainly be-
cause these patients are able to perform less than a
half of the tasks (12, 15-18).

Thus, only a small group of patients has the nec-
essary motor ability to perform all WMFT tasks.
Consequently, modified or graded versions of the
WMFT have been developed for patients with low
upper limb functionality. A version with 13 tasks,
8 from the original version, was developed. In this
version, all tasks can be performed in two different
ways, according to the levels of complexity, and this
justifies the name Graded Wolf Motor Function Test
(GWMFT) (19).

Despite the fact that there are other upper limb
paretic assessments translated and adapted for
Portuguese, the GWMFT is the only one that combines
measures of time and quality of movement of spe-
cific movements of as in functional tasks applied to
patients with moderate to severe motor impairment.
For each task, patient’s performance is evaluated by
the time of execution and the quality of movement,
according to the Functional Ability Scale (FAS). The
other validated and widely used tests in Brazil, such
as the Test d'Evaluation des Membres Supérieurs of
Personnes Agées (TEMPA) (7) and Fugl-Meyer (11),
only evaluate the function and movement compo-
nents, respectively.

In Brazil there is no instrument to evaluate the ac-
tivity of upper extremity in severely affected patients.
Internationally accepted instrument, translated and
validated into our language are essential to enable
objective assessment of the burden of stroke in our
population. Languages differ much from each other
and therefore traits described in one language may
not correspond to another (20). Thus the process
of a structured translation and cultural adaptation

is necessary. Along this process, the evaluation of
psychometric properties attests to the quality of the
translated instrument (21).

Thus, the aim of this study was to translate into
Brazilian Portuguese, perform the cross-cultural ad-
aptation and assessed the inter-rater reliability of the
Graded Wolf Motor Function Test (GWMFT), in order
to qualify and quantify the motor skills of individuals
with severe upper limb paresis.

Materials and Methods

The translation, adaptation and reliability study of
an instrument of motor skill assessment of patients
with severe paresis of the upper limb, the GWMFT,
was conducted as described below.

Participants

The study was conducted with 10 participants
of the Clinica Escola do Centro Universitario Nossa
Senhora do Patrocinio (CEUNSP). The mean age was
53.2 £ 11.39 (28-72) years, six males and four fe-
males, not randomly and intentional selected. The
included subjects had severe chronic hemiparesis
(more than six months post-stroke), with a mean le-
sion time of 6.9 £ 6.5 years and preserved cognitive
function (Table 1). They were excluded if they pre-
sented with bilateral hemiparesis or other diseases
affecting the musculoskeletal system. This project
was approved by our institutional Ethics Committee
(N° 231/2012) and all participants signed an in-
formed consent form.

Patients that presented a score below 30 on the
Fugl-Meyer test were considered severely impaired
and with preserved cognitive function, according
to the cutoff points suggested by Brucki et al (22),
were included.

Translation and cultural adaptation

The translation of the manual and the form was
carried out with consent of the original author. Two
bilingual translators, whose native language was
Portuguese, translated the form and manual of the
GWMFT into Portuguese.
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Table 1- Subjects’ characteristics

Time of Mini Mental
Subjects Age (years) Gender e (G2 Fugl-Meyer UL St_ate _ Affected Side

Examination

1 28 F 2.7 28 25 R

2 52 M 15 27 24 R

3 59 F 24 12 24 L

4 48 M 2.8 27 26 R

5 55 M 1.9 30 25 L

6 60 F 5.2 20 24 R

7 56 M 5 8 20 R

8 72 M 1.3 20 27 R

9 46 F 4.5 25 25 R

10 56 M 6.25 27 27 R

Average = SD 53.2 = 11.39 6M / 4F 6.9 6.5 242 =10.23 252 = 3.42 8R/2L

Note: UL = Upper Limb; M = male; F = female; R = Right; L = Left; SD==Standard Deviation.

One of the translators was aware of the goals and
concepts that were being evaluated by the instrument
and was trained by the group of authors from the last
version of the test at the University of Alabama (UAB),
Birmingham, Alabama, USA. The other translator had
no prior knowledge of the intention and concepts of
the instrument. Both translators worked indepen-
dently without interfering in the translation process.
The synthesis of the two translated versions was con-
ducted during a meeting of both translators and the
main researcher. A single final version translated into
Portuguese was obtained by comparing the original
version and both translations. From this single ver-
sion, two different qualified translators carried out a
back translation. Neither had prior knowledge of the
intent and concepts of the material and performed
the back translation independently. At this time, we
evaluated whether the translated version reflected
the same original content. The process of the transla-
tion and back translation of the final version of the
instrument was submitted to review by a panel of
expert judges, composed of two physical therapists
with experience in stroke rehabilitation and fluent
in both languages and an occupational therapist
trained in Alabama for CIT application. This commit-
tee discussed the clarity, relevance and equivalence

between the translated, back translated versions and
the original version of the GWMFT. The back trans-
lated version was sent to the approval of the UAB
group, which considered that the original version
concepts were maintained. The translated manual
can be obtained by request. The Functional Ability
Scale (FAS) used to quantify the quality of movement,
has been translated previously (9) during the WMFT
translation to Portuguese. Detailed information about
compensatory movement, incoordination and details
for a higher clarity of movement quality items were
added. These modifications were carried out with
the consent of the original authors and maintained
in the Brazilian GWMFT version.

GWMFT application

Two examiners, who read the manual with-
out prior training and discussed all doubts with a
trained professional, applied GWMFT. Application
was performed with approximately two weeks be-
tween evaluators.

The test consists of performing standardized and
adapted 13 tasks with patients with severe hemipa-
resis (Table 2). According to the manual, each task
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is described and shown twice by the examiner, the
first demonstration is performed slowly and second
quickly. Participants are told not to train the task
while it is being explained, and to execute them as
quickly as possible. The participant should only begin
the tasks when the examiner uses the verbal com-
mand: "Ready, set, go!”

During task execution, filming and timing of each
task was performed to improve scoring of the quality

of movement. Filming position was established in
accordance to the manual and varied for every task.
Tasks are divided into two levels, A and B. The first
one, level A, is more difficult and should be performed
by all participants. If the individual cannot finish the
task in 60 seconds, the examiner should apply the
level B. For this level, the tasks are subjected to minor
adaptations and the individual has over 60 seconds
to perform them.

Table 2 - Inter-rater Reliability for the Application of GWMFT

ICC consistence

Task Evaluator 1 Evaluator 2 (C1 95%)
Time Average 48.2 38.01 0.86 (0.43 - 0.96)
1. Forearm to Table
Average FAS 3.3 3.2 0.98 (0.92 - 0.99)
Time Average 68.4 44.5 0.84 (0.37 - 0.96)
2. Forearm to Box
Average FAS 2.3 3 0.86 (0.45 - 0.97)
Time Average 93.4 100.6 0.96 (0.82- 0.99)
3. Extend Elbow
Average FAS 1.6 1.7 0.83 (0.31 - 0.96)
. . Time Average 76 92.8 0.92 (0.70 - 0.98)
4. Extend Elbow (with weight)
Average FAS 2 1.6 0.94 (0.74 - 0.98)
Time Average 38.4 38.1 1.00 (1.00 - 1.00)
5. Hand to Table
Average FAS 3.4 3.1 0.98 (0.90 - 0.99)
Time Average 62.3 61.8 1.00 (1.00 - 1.00)
6. Hand to Box
Average FAS 2.5 2.2 0.98 (0.93 - 1.00)
Time Average 61.9 50.7 0.93 (0.74 - 0.98)
7. Reach and Retrieve
Average FAS 2.7 2.6 0.97 (0.87 - 0.99)
Time Average 77.9 63.2 0.72 (-0.12 - 0.93)
8. Moving Foam Stick
Average FAS 1.9 2 0.84 (0.36 - 0.96)
. Time Average 109.3 110.2 0.87 (0.49 - 0.97)
9. Lifting Washcloth
Average FAS 1.1 1.1 0.96 (0.84 - 0.99)
o . Time Average 102.9 97.9 0.87 (0.49 - 0.97)
10. Flip Light Switch
Average FAS 1.3 1.5 0.91 (0.65 - 0.98)
. Time Average 100.9 96.1 0.71 (-0.15- 0.93)
11. Lift Pen
Average FAS 1.4 1.3 0.98 (0.92 - 0.99)
. Time Average 112.3 102.2 0.84 (0.36 - 0.96)
12. Lift Cotton Balls
Average FAS 1.1 1 0.89 (0.57 - 0.97)
. Time Average 73.2 56 0.81 (0.25 - 0.95)
13. Lift Basket
Average FAS 2.3 1.9 0.95 (0.79 - 0.99)
i Time Average 78.7 73.2 0.99 (0.95 - 1.00)
ota
Average FAS 2.06 2.02 0.98 (0.92 - 0.99)

Note: ICC = Interclass Correlation Coeficient; Cl = Confidence Interval; FAS = Functional Ability Scale.
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Each task is scored according to the time re-
quired to complete the tasks. For level B, 60 seconds
of the level A task (that has not been completed),
is added to the final time of the Level B execution.
For level A, the score applied is exactly the time re-
quired to complete the task. If the subject is unable
to accomplish the task at both levels, he receives a
score of 121 seconds. Participants should continue
the task to reach level B during 60 seconds, but can
be interrupted at any time before 60 seconds if, in

the opinion of the examiner, there is no condition
of task execution.

Final scores of each participant are the average
time required to execute all tasks. Quality movement
measurement was carried out by evaluating the film
of each task, following the FAS. Movements were
scored from 0 to 3 for level B and 4 to 7 for level A
(Table 3). At the end of the film evaluation of all tasks,
the quality of movements of each patient is obtained

by averaging the scores of all tasks in the FAS.

Table 3 - Adapted Functional Ability Scale (9)

Adapted Ability Functional Scale (FAS)

0- No attempt with the involved arm.

4- Does attempt, but requires assistance of the evalu-
ator for minor readjustments or change of position,
or requires more than two attempts to complete, or
accomplishes very slowly. Can have influence of ab-
normal synergic movements or is accomplished with
excessive trunk, head or upper limb compensation or
lack of proximal control and fine motor skills. In bilat-
eral tasks, the upper limb being tested can be used like
a non-dominant hand only.

1- Involved arm does not participate functionally;
however, attempt is made to use the arm. In uni-
lateral tasks the uninvolved extremity may be used
to move the involved extremity and/or there is ab-
normal synergic movement or incoordination.

5- Does, but movement is performed slowly, and/
or with effort, and/or with excessive compensatory
movements. There is influence of abnormal syner-
gic or compensatory and primitive patterns of grasp,
moderate incoordination and lack of fine movements
and resistance activities are done with difficulty.

Level B

2- Does, but requires assistance of uninvolved
extremity for minor readjustments or change of
position, or requires more than two attempts to
complete, or accomplishes very slowly. Influence
of abnormal synergic movement or is accom-
plished with trunk, head or contralateral upper
limb compensation or lack of proximal trunk
control and fine motor skills. In bilateral tasks,
the tested upper limb can be used like a “second
hand”.

6- Does; movement is close to normal, but slightly;
may lack precision, fine coordination or fluidity.

3- Does, but movement is performed slowly, and/
or with effort, and/or with excessive compensa-
tory movements. There are synergic and com-
pensatory movements with primitive patterns of
grasp, lack of fine movements and resistance
activities are done with difficulty.

7- Does; movement appears to be normal®. Fluidity
and coordination, speed similar to normal.

Level A

Note: (") To be normal, the less affected upper limb can be used as a reference to be compared, and dominance before illness has to be

considered too.
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Statistical analysis

Intra-class Correlation Coefficients (ICCs) with
Confidence Intervals (CI) of 95% were calculated to
assess inter-rater reliability for performance mea-
sures of time and FAS.

Reliability in time performance was conducted
to see if the two examiners had the same criteria to
consider the beginning, the end, as well as the non-ex-
ecution of the task and the reliability of the quality of
movement to verify the perception of compensation
for each evaluator during the execution of tasks. The
following classification was adopted for ICC values:
weak agreement, ICC < 0.04; moderate agreement,
ICC > 0.04 and < 0.75; and excellent agreement, ICC >
0.75(23, 24).

The ceiling and floor effects were calculated for
GWMFT and each individual task: the percentages
of scores that are grouped in the higher scores and
lower, respectively. Values greater than 20% were
considered significant. The presence of a high ceiling
effectindicates a limited capacity of an instrument for
individual discrimination (24). For a more detailed
analysis of the possible differences in the scores of

the two observers, a plot of the Bland and Altman was
also carried out for total scores of time and EHF (10,
25). Significance level was set at < 0.05.

Results

The agreement between raters was considered
among moderate to excellent. The scores of the ICC
were among 0.7 to 1.0. The table 2 describes the time
average and FAS average of each evaluator and the
ICC inter-evaluator for each task and for total scores
of the test.

No ceiling or floor effects were found when we
considered the total scores of FAS. The score aver-
ages of GWMFT correspond to 41% of the maxi-
mum score. However, when the individual tasks
were analyzed, a floor effect of 30% was observed
for tasks 7 to 13.

Bland and Altman analyses plot was used. In FAS,
there is no significant difference between both eval-
uations, and the limits of agreement were 12 and
13.6% of variation of scales. Equally, the difference
between raters in the item “time” was almost zero.
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Figure 1- Scatter-plots of the differences between the two GWMFT measurements and mean of total individual scores. A =
Inter-rater Functional Ability Scale (FAS) scores; B = inter-rater time scores. The middle horizontal continuous
black lines indicate the mean differences and the confidence intervals are presented in gray dotted line. The black
dotted lines (more distant) indicate the upper and lower limits of agreement.
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Discussion

This study translated, adapted for the Portuguese
language spoken in Brazil and determined the inter-
rater reliability of GWMFT for individuals with severe
impairment hemiparesis.

Inter-rater accordance of the translated and
adapted version of GWMFT for performance in time
was considered excellent by the total scores. There
were 13 individual tasks analyzed, 11 had high inter-
reliability index in time (ICC > 0.75). The tasks hand
to box and hand to table had higher reliability, reach-
ing ICC time 1.00 (1.00 to 1.00) and ICC quality 0.98
(0.90-0.99). This occurred because the evaluators
considered the execution and completion of the tasks
satisfactory and the filming time enough to analyze
the movement altogether, allowing a small error rate
between evaluators. Also, participants had severe
impairment and a change in performance of the task
between both evaluations was not expected.

Seven of the 13 tasks were scored with 121 sec-
onds at the first evaluation, and were, consequently,
performed in the second evaluation and scored as
level B. Probably, this could be as a result of a first
contact of the patient with this test requiring the use
of the paretic upper limb to fulfill the tasks.

A floor effect was also observed in 7 of 13 tasks.
These tasks required increased fine motor distal
movements. In a previous study using WMFT (9),
27% of participants had severe motor impairment
(Fugl-Meyer < 30) and 27% moderate (Fugl-Meyer
< 49). In addition, in 12 of the 15 tasks applied par-
ticipants scored 121 seconds for time execution
(which characterizes an uncompleted task) and in
13 of the 15 tasks some participants scored 0 and 1,
which means no trials done and failed, respectively.
Although the study (9) did not evaluate floor effect,
it could have occurred in moderate and severe pa-
tients. This highlights the need for a more specific
evaluation instrument for this population with se-
vere hemiparesis.

Each WMFT task is applied with a running time
of 120 seconds, and the patient must try and / or
complete the task. Already GWMFT adapted tasks
to patients with severe hemiparesis. These tasks are
divided into two levels. If the individual does not com-
plete the task in the first level (Level A), there is a
brief period of time for which the evaluator to make
the necessary adjustments to the second level (level B).
This way, one advantage of GWMT would be the fact

that there is both physical wear for implementing
the tasks proposed.

All FAS scores, in individual tasks, had adequate
inter-rater accordance (ICC > 0.84). These high reli-
ability coefficients are probably due to the detailed
description of the manual scoring form, as well as
the test standardization features and the fact that
the Brazilian version of the FAS is more detailed.
Standardization and clarity of the information of
assessment tools of administration manuals tends
to reduce measurement errors (26). In the Brazilian
version of the FAS, details about compensatory
movements, abnormal synergy, proximal control
and grasp primitive patterns were added. This in-
formation was based on the Quality of Movement
Scale used for CIT that was created by the same
CIT research group that developed the WMFT aim-
ing to evaluate the results of this intervention (9).
The final adapted version into Portuguese had the
consent of the original authors to preserve the ini-
tial concept of the scale. Modifications aimed at
evaluating movement changes that are commonly
observed in individuals and that were not contem-
plated by the original scale. These modifications
allow for a better classification and identification
of these patients.

The most frequently found movement compen-
sations were: lack of shoulder flexion, elbow exten-
sion, forearm supination, extension of the fingers and
wrist, radial deviation and pinch. These compensa-
tions are the same as described by Wolfetal. (27) and
contributed to a FAS low score. The authors suggest
that GWMEFT should be applied before CIT and after
a certain period.

GWMFT includes a range of movements that can
be useful as a clinical evaluation of patients with
hemiparesis and also as a research tool. This scale
evaluates UL functionality through quantitative vari-
ables, performance in time, coordination and fluidity
of movement and other clinically relevant character-
istics in individuals with severe motor impairment
of the UL.

Compensatory trunk movements limit UL motor
recovery after stroke (28-30) and the modified ver-
sion of FAS explains and identify these items. It can
help the therapist to decide on the best therapeutic
approach. GWMFT presents a qualitative evalua-
tion of the movement and this is an advantage com-
pared with other scales that have the same goal (8).
Evaluators with prior knowledge of patients’ main
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compensations can score videos in order to obtain a
reliable quality score (9).

Limitations of this study included a relatively
small sample size and a small number of evaluators,
which may limit result generalization. However, inter-
evaluator reliability was considered excellent, even
though untrained therapists applied the instrument,
which suggested that the manual was clear enough to
guide examiners during test administration. Further
studies are necessary, with a larger number of evalu-
ators from different areas of rehabilitation, as well as
inclusion of subjects with moderate stroke.

Conclusion

The Brazilian version of GWMFT showed appro-
priate psychometric properties that suggest its ap-
plicability as a tool for motor performance measure
of stroke patients with upper limb paresis, following
the instructions manual carefully.
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