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the most widely used, but there are many versions of this scale to assess this construct.
Purpose: To identify, critically appraise, and summarize the different Fugl-Meyer Assessment (FMA) versions
to recognize which is better to measure upper-extremity sensorimotor function in stroke patients.

Keywords: Study Design: A psychometric systematic review was carried out in this research.

Fugl-Meyer Assessment Methods: An exhaustive search was conducted during June and July 2023 in the following databases:
Stroke Pubmed, Web of Science (WoS), Open Grey, Scielo, Cochrane, Dialnet, and LILACS. By the most updated
Sensorimotor function consensus-based standards fot the selection of health status Measurement INstruments methodology
Upper limb (COSMIN) and preferred reporting items for systematic reviews and meta-analyses (PRISMA) statements for

a systematic review of the measurement properties of existing patient-reported outcome measures to select
the most appropriate outcome measurement instrument. The protocol of this systematic review was re-
gistered in Open Science Framework (https://osf.io/dy54p/).
Results: About 22 versions of the FMA were identified in 36 studies. The Upper Extremity subscale of the
Fugl-Meyer Assessment (FMA-UE) was the version most frequently analyzed (n = 13) among the included
articles.
Conclusions: Fugl-Meyer Assessment (Full version, 50 items, FMA) was the questionnaire version with the
most evaluated psychometric characteristics and most translations, with the better score regarding the
quality of evidence, which indicates that is the recommended FMA version to assess upper-extremity sen-
sorimotor function in stroke patients.

© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Introduction

Stroke is the second leading cause of death' and the first leading
cause of disability worldwide.” Fifteen million people suffer a stroke
each year around the world.? The burden of disability after a stroke is
significant and is increasing very fast.' In the acute phase after
stroke, approximately 60-80% of survivors present upper or lower
limb motor impairments.*

Physical limitations are common sequels after stroke, manifested in
many physiological domains and motor aspects such as spasticity,
muscle synergies, coordination, strength, range of motion, dexterity,
skin sensation, position sense, and arm stability.”~” All of them cause an
inability to use the upper extremity to reach, grasp, and manipulate
objects, affecting the performance of daily living tasks such as dressing,
feeding, or bathing”® and detrimental impact on the quality of life.®

With these data, it is necessary to have tools available to assess
the different physical deficits caused by stroke. There are many tools
to evaluate stroke patients’ sensorimotor and functional construct.
Some of them are the Fugl-Meyer Assessment (FMA), Action
Research Arm Test (ARAT), Wolf Motor Function Test (WMFT), Box
and Block Test (BBT), etc.**1°

Choosing the most appropriate instrument to assess upper-ex-
tremity sensorimotor function in stroke patients is challenging, and
the choice should depend on the measurement properties and fea-
sibility of the instrument.'’ Some systematic reviews demonstrate
that the FMA is the most commonly used for clinical practice and
research and has seen an increase in its use in recent years.”'*"

FMA is internationally known, with different versions and
translations. It has been translated into different languages and
Cultures-4,9,10,13715

FMA is the “gold standard” for assessing upper-extremity sen-
sorimotor function, due to its ability to assess aspects such as
movement within synergies, mixing synergies, reflexes, wrist, hand,
grip, coordination, and speed movements, thus providing a large
amount of information that is very useful for understanding the
sensorimotor capacity of the affected upper limb after a stroke.”'%!?
Despite being widely used in both clinical practice and rehabilita-
tion, a review using the consensus-based standards for the selection
of health status Measurement INstruments methodology (COSMIN)
that evaluated all the versions of this scale that exist to date had
never been done before, which allows us to reach a clear consensus
on which of the multiple existing versions of the FMA is the most
recommended for its psychometric properties, to be the version with
the greatest validity, and therefore, most advisable for use in both
research and clinical practice.'”'®

For all these reasons, it has been considered pertinent and ne-
cessary to carry out a systematic review to clarify which of the dif-
ferent versions should be chosen as the most appropriate for the
sensorimotor assessment of people with stroke. For this reason, this
systematic review aimed to identify, critically evaluate, and sum-
marize the different FMA versions to recognize which measures
upper-extremity sensorimotor function in stroke patients better.

Methods
Design

A systematic review of the measurement properties of the dif-
ferent FMA versions that assess the upper-extremity sensorimotor
function in stroke patients was carried out.

The COSMIN checklist with a four-point scale was used to eval-
uate the measurement properties of existing patient-reported out-
come measures to select the most appropriate outcome
measurement instrument.'”'®

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statements'®"'® were consulted in Equator
website and were used to improve the reporting of systematic re-
views and meta-analyses.

The protocol of this process, with the information and the
methodology used, was registered in the Open Science Framework
(OSF) (https://osf.io/dy54p/).

Search method

An exhaustive search was carried out during June and July 2023
in different databases, Medline (Pubmed), Web of Science (WoS),
Open Grey, Scielo, Cochrane, Dialnet, and LILACS, by four in-
dependent reviewers. The search strategy included a combination of
the following five aspects: (1) construct search, (2) AND population
search, (3) AND instrument search, (4) filter for AND measurement
properties, and (5) “NOT” exclusion filter.'” To locate the higher
number of tools and their different versions, the dates were not
limited. To perform this search, the following key terms were used:
“Fugl-Meyer”, “Fugl-Meyer Assessment”, “FMA”, “Stroke”, “Cerebral
Stroke”, “Cerebrovascular Accident”, “assessment”, “tool”, “instru-
ment”, “test”, “measure”, and “scale” adapting this strategy to each
of the search systems of the different databases. The search was
limited to articles published in English and Spanish. In addition, the
reference list of the included articles was checked to identify other
relevant documents (Table 1).

Eligibility criteria

The inclusion criteria for this study were: (1) people who had
suffered a stroke, (2) the outcome had to be the upper-extremity
sensorimotor function evaluated with any FMA version, and (3) the
studies had to include a FMA version and evaluate at least one
psychometric property from the COSMIN checklist.

The exclusion criteria were: (1) instrument or article not avail-
able in English or Spanish languages, (2) editorials, speeches, con-
ferences abstracts, biographies, comments, case reports, doctoral
theses, practice guides, opinion articles, or articles in which selective
methodology was not used.

Four reviewers independently screened titles and abstracts to
check if they met the inclusion criteria. When it was impossible to
make decisions based only on the abstract and title, the full-text
analysis was carried out by the four reviewers. Conflicts were re-
solved by sharing the different problematic aspects and discussing
them between the four reviewers until an agreement was reached.

Quality appraisal

The studies included in this review were evaluated by four re-
searchers, according to the most up-to-date COSMIN Risk of Bias
checklist with a four-point scale'® (available in https://www.cosmin.
nl/). It contains nine boxes with 5-18 items, and each box provides a
methodological quality score for content validity, structural validity,
internal consistency, cross-cultural validity, measurement error, re-
liability, criterion validity, hypothesis testing, and responsiveness.
The content evaluated in each box can be rated as “very good”,
“adequate”, “doubtful”, and “inadequate”. The score for each psy-
chometric property is acquired by taking the lowest score of any
item for each property.'® Since the volume of articles was not been
excessive, no cutoff points were established to discard any article
based on methodological quality.


https://osf.io/dy54p/
https://www.cosmin.nl/
https://www.cosmin.nl/

Table 1
Search strategy
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Search strings for Pubmed
1
2

3

w

6

7

8

Search strings for Web of
Science (WoS)

1

2

v

6

7
8
Search strings for Open Grey
1
2

3

("Fugl" OR "Fugl Meyer" OR "Fugl Meyer Assessment" OR "FMA")

("Stroke" OR "Cerebral Stroke" OR "Cerebrovascular Accident” OR "Cerebral Strokes" OR "Strokes" OR "Cerebrovascular Stroke" OR
"CVA" OR "Cerebrovascular" OR "Cerebrovascular Accidents" OR "Brain Accident” OR "Brain Accidents")

("Instrument” OR "instruments” OR "measure” OR "measures” OR "questionnaire” OR "questionnaires” OR "scale" OR "scales" OR
"tool" OR "tools" OR "survey" OR "test")

("Instrumentation” OR "methods" OR "Validation Studies" OR "Comparative Study" OR "psychometrics” OR "psychometr*" OR
"clinimetr*" OR "clinometr*" OR "outcome assessment” OR "outcome assessment” OR "outcome measure*" OR "observer
variation" OR "observer variation" OR "Health Status Indicators" OR "reproducibility of results" OR "reproducib*" OR
"discriminant analysis" OR "reliab*" OR "unreliab*" OR "valid*" OR "coefficient" OR "homogeneity” OR "homogeneous" OR
"internal consistency” OR "cronbach*" OR "correlation*" OR "selection*" OR "reduction*" OR "agreement" OR "precision” OR
"imprecision" OR "precise values" OR "test-retest” OR "reliab*" OR "stability” OR "interrater" OR "inter-rater" OR "intrarater” OR
"intra-rater” OR "intertester" OR "inter-tester" OR "intratester" OR "intra-tester" OR "interobserver" OR "inter-observer" OR
"intraobserver" OR "intraobserver" OR "intertechnician” OR "inter-technician" OR "intratechnician" OR "intra-technician” OR
"interexaminer” OR "inter-examiner" OR "intraexaminer" OR "intra-examiner” OR "interassay" OR "inter-assay" OR "intraassay"
OR "intra-assay" OR "interindividual" OR "inter-individual” OR "intraindividual” OR "intra-individual” OR "interparticipant” OR
"inter-participant” OR "intraparticipant” OR "intra-participant” OR "kappa” OR "kappa’s" OR "kappas" OR "repeatab*" OR
"generaliza®" OR "generalisa*" OR "concordance” OR "intraclass correlation*" OR "discriminative" OR "known group" OR "factor
analysis” OR "factor analyses” OR "dimension*" OR "subscale*" OR "item discriminant” OR "interscale correlation*" OR "error"
OR "errors" OR "individual variability" OR "variability” OR "uncertainty" OR "standard error of measurement” OR "sensitiv*" OR
"responsive™ OR "meaningful change" OR "ceiling effect" OR "floor effect” OR "Item response model” OR "IRT" OR "Rasch" OR
"Differential item functioning" OR "DIF" OR "computer adaptive testing" OR "item bank" OR "cross-cultural equivalence")

#1 AND #2 AND #3 AND #4

("Protocol” OR "addresses" OR "biography" OR "case reports” OR "comment" OR "editorial” OR "congresses" OR "consensus
development conference” OR "consensus development conference” OR "practice guideline")

#5 NOT #6

FILTER: Language (English and Spanish)

TI=(“Fugl” OR “Fugl Meyer” OR “Fugl Meyer Assessment” OR "FMA")

TS=("Stroke" OR "Cerebral Stroke" OR "Cerebrovascular Accident" OR "Cerebral Strokes" OR "Strokes" OR "Cerebrovascular Stroke"
OR "CVA" OR "Cerebrovascular" OR "Cerebrovascular Accidents” OR "Brain Accident” OR "Brain Accidents")

TS=("Instrument” OR "instruments" OR "measure” OR "measures” OR "questionnaire” OR "questionnaires” OR "scale" OR "scales"
OR "tool" OR "tools" OR "survey" OR "test")

TS=(“Instrumentation” OR "methods” OR “Validation Studies” OR “Comparative Study” OR “psychometrics” OR "psychometr*" OR
"clinimetr*" OR "clinometr*" OR “outcome assessment (health care)” OR “outcome assessment” OR “outcome measure*" OR
“observer variation” OR “observer variation” OR “Health Status Indicators” OR “reproducibility of results” OR "reproducib*" OR
“discriminant analysis” OR "reliab*" OR "unreliab*" OR "valid*" OR "coefficient” OR "homogeneity" OR "homogeneous" OR
“internal consistency” OR ("cronbach*" AND ("alpha" OR "alphas")) OR ("item" AND ("correlation*" OR "selection*" OR
"reduction*")) OR "agreement" OR "precision” OR "imprecision” OR “precise values” OR "test-retest" OR ("test" AND "retest") OR
("reliab*" AND ("test" OR "retest")) OR "stability” OR "interrater" OR "inter-rater" OR "intrarater" OR "intra-rater" OR
"intertester” OR "inter-tester” OR "intratester” OR "intra-tester" OR "interobserver” OR "inter-observer" OR "intraobserver” OR
"intraobserver" OR "intertechnician" OR "inter-technician” OR "intratechnician" OR "intra-technician" OR "interexaminer" OR
"inter-examiner” OR "intraexaminer" OR "intra-examiner" OR "interassay" OR "inter-assay" OR "intraassay" OR "intra-assay" OR
"interindividual” OR "inter-individual" OR "intraindividual” OR "intra-individual" OR "interparticipant” OR "inter-participant”
OR "intraparticipant” OR "intra-participant” OR "kappa" OR "kappa’s" OR "kappas" OR "repeatab™ OR (("replicab*" OR
"repeated") AND ("measure” OR "measures” OR "findings" OR "result” OR "results” OR "test" OR "tests")) OR "generaliza*" OR
"generalisa*" OR "concordance" OR ("intraclass" AND "correlation*") OR "discriminative” OR “known group” OR “factor
analysis” OR “factor analyses” OR "dimension™" OR "subscale*" OR ("multitrait" AND "scaling” AND ("analysis" OR "analyses"))
OR “item discriminant” OR “interscale correlation” OR "error" OR "errors" OR “individual variability” OR ("variability" AND
("analysis" OR "values")) OR ("uncertainty” AND ("measurement” OR "measuring")) OR “standard error of measurement” OR
"sensitiv*" OR "responsive™ OR (("minimal" OR "minimally" OR "clinical" OR "clinically") AND ("important” OR "significant” OR
"detectable") AND ("change" OR "difference")) OR ("small*" AND ("real” OR "detectable") AND ("change" OR "difference")) OR
“meaningful change” OR “ceiling effect” OR “floor effect” OR “Item response model” OR "IRT" OR "Rasch" OR “Differential item
functioning” OR "DIF" OR “computer adaptive testing” OR “item bank” OR “cross-cultural equivalence”)

#1 AND #2 AND #3 AND #4

(“Protocol” OR “addresses” OR “biography” OR “case reports” OR “comment” OR “editorial” OR “congresses” OR “consensus
development conference” OR “consensus development conference” OR “practice guideline”)

#5 NOT #6

FILTER: Language (English and Spanish)

(“Fugl” OR “Fugl Meyer” OR “Fugl Meyer Assessment” OR "FMA")

("Stroke" OR "Cerebral Stroke" OR "Cerebrovascular Accident" OR "Cerebral Strokes" OR "Strokes" OR "Cerebrovascular Stroke" OR
"CVA" OR "Cerebrovascular" OR "Cerebrovascular Accidents" OR "Brain Accident"” OR "Brain Accidents")

("Instrument” OR "instruments" OR "measure” OR "measures” OR "questionnaire” OR "questionnaires” OR "scale" OR "scales" OR
"tool" OR "tools" OR "survey" OR "test")

(continued on next page)



4 P. de Blas-Zamorano, P. Montagut-Martinez, D. Pérez-Cruzado et al./Journal of Hand Therapy xxx (XXxx) XXX—-XXX

Table 1 (continued)

4 (“Instrumentation” OR "methods” OR “Validation Studies” OR “Comparative Study” OR “psychometrics” OR "psychometr*" OR
"clinimetr*" OR "clinometr*" OR “outcome assessment (health care)” OR “outcome assessment” OR “outcome measure*" OR
“observer variation” OR “observer variation” OR “Health Status Indicators” OR “reproducibility of results” OR "reproducib*" OR
“discriminant analysis” OR "reliab*" OR "unreliab*" OR "valid*" OR "coefficient” OR "homogeneity" OR "homogeneous"” OR
“internal consistency” OR ("cronbach*" AND ("alpha" OR "alphas")) OR ("item" AND ("correlation™" OR "selection*" OR
"reduction™")) OR "agreement" OR "precision" OR "imprecision" OR “precise values” OR "test-retest" OR ("test” AND "retest") OR
("reliab*" AND ("test" OR "retest")) OR "stability" OR "interrater" OR "inter-rater" OR "intrarater" OR "intra-rater" OR
"intertester” OR "inter-tester” OR "intratester" OR "intra-tester” OR "interobserver” OR "inter-observer” OR "intraobserver" OR
"intraobserver" OR "intertechnician" OR "inter-technician” OR "intratechnician" OR "intra-technician" OR "interexaminer" OR
"inter-examiner” OR "intraexaminer" OR "intra-examiner" OR "interassay" OR "inter-assay" OR "intraassay" OR "intra-assay" OR
"interindividual" OR "inter-individual" OR "intraindividual” OR "intra-individual" OR "interparticipant” OR "inter-participant”
OR "intraparticipant” OR "intra-participant” OR "kappa" OR "kappa’s" OR "kappas" OR "repeatab*" OR (("replicab*" OR
"repeated”) AND ("measure” OR "measures” OR "findings" OR "result" OR "results" OR "test” OR "tests")) OR "generaliza*" OR
"generalisa*" OR "concordance" OR ("intraclass" AND "correlation*") OR "discriminative” OR “known group” OR “factor
analysis” OR “factor analyses” OR "dimension*" OR "subscale*" OR ("multitrait" AND "scaling” AND ("analysis" OR "analyses"))
OR “item discriminant” OR “interscale correlation” OR "error” OR "errors" OR “individual variability” OR ("variability” AND
("analysis" OR "values")) OR ("uncertainty” AND ("measurement” OR "measuring")) OR “standard error of measurement” OR
"sensitiv*" OR "responsive*" OR (("minimal” OR "minimally" OR "clinical” OR "clinically") AND ("important" OR "significant” OR
"detectable") AND ("change" OR "difference")) OR ("small*" AND ("real" OR "detectable") AND ("change" OR "difference")) OR
“meaningful change” OR “ceiling effect” OR “floor effect” OR “Item response model” OR "IRT" OR "Rasch” OR “Differential item
functioning” OR "DIF" OR “computer adaptive testing” OR “item bank” OR “cross-cultural equivalence”)

5 #1 AND #2 AND #3 AND #4

6 (“Protocol” OR “addresses” OR “biography” OR “case reports” OR “comment” OR “editorial” OR “congresses” OR “consensus
development conference” OR “consensus development conference” OR “practice guideline”)

7 #5 NOT #6

8 FILTER: Language (English and Spanish)

Search strings for Scielo

1 (Fugl Meyer)

2 (Stroke)

3 #1 AND #2

4 FILTER: Language (English and Spanish)

Search strings for Cochrane

1 ("Fugl*":ti,ab OR "Fugl Meyer*:ti,ab OR "Fugl Meyer Assessment*":ti,ab OR "FMA*":ti,ab)

2 ("Stroke*":ti,ab OR "Cerebral Stroke*":ti,ab OR "Cerebrovascular Accident*":ti,ab OR "CVA*":ti,ab OR "Cerebrovascular*":ti,ab OR
"Brain Accident™":ti,ab OR "Cerebrovascular Stroke*":ti,ab)

3 ("Instrument”:ti,ab OR "instruments":ti,ab OR "measure":ti,ab OR "measures":ti,ab OR "questionnaire":ti,ab OR
"questionnaires”:ti,ab OR "scale":ti,ab OR "scales":ti,ab OR "tool":ti,ab OR "tools":ti,ab OR "survey":ti,ab OR "test":ti,ab)

4 AB (“Instrumentation” OR methods” OR “Validation Studies” OR “Comparative Study” OR “psychometrics” OR "psychometr*" OR
"clinimetr*" OR "clinometr*" OR “outcome assessment (health care)” OR “outcome assessment” OR “outcome measure*" OR

“observer variation” OR “observer variation” OR “Health Status Indicators” OR “reproducibility of results” OR "reproducib*" OR
“discriminant analysis” OR "reliab*" OR "unreliab*" OR "valid*" OR "coefficient” OR "homogeneity" OR "homogeneous" OR
“internal consistency” OR ("cronbach*" AND ("alpha" OR "alphas")) OR ("item" AND ("correlation™" OR "selection*" OR
"reduction*")) OR "agreement" OR "precision” OR "imprecision” OR “precise values” OR "test-retest" OR ("test" AND "retest") OR
("reliab™ AND ("test” OR "retest")) OR "stability” OR "interrater" OR "inter-rater" OR "intrarater” OR "intra-rater” OR
"intertester” OR "inter-tester” OR "intratester" OR "intra-tester” OR "interobserver” OR "inter-observer” OR "intraobserver" OR
"intraobserver" OR "intertechnician" OR "inter-technician” OR "intratechnician" OR "intra-technician" OR "interexaminer" OR
"inter-examiner” OR "intraexaminer" OR "intra-examiner" OR "interassay" OR "inter-assay" OR "intraassay" OR "intra-assay" OR
"interindividual” OR "inter-individual" OR "intraindividual” OR "intra-individual" OR "interparticipant” OR "inter-participant”
OR "intraparticipant” OR "intra-participant” OR "kappa" OR "kappa’s" OR "kappas" OR "repeatab™ OR (("replicab*" OR
"repeated"”) AND ("measure” OR "measures” OR "findings" OR "result” OR "results" OR "test” OR "tests")) OR "generaliza*" OR
"generalisa*" OR concordance OR (intraclass AND correlation*) OR discriminative OR “known group” OR “factor analysis” OR
“factor analyses” OR dimension* OR subscale* OR (multitrait AND scaling AND (analysis OR analyses)) OR “item discriminant”
OR “interscale correlation” OR error OR errors OR “individual variability” OR (variability AND (analysis OR values)) OR
(uncertainty AND (measurement OR measuring)) OR “standard error of measurement” OR sensitiv* OR responsive* OR
((minimal OR minimally OR clinical OR clinically) AND (important OR significant OR detectable) AND (change OR difference))
OR (small*AND (real OR detectable) AND (change OR difference)) OR “meaningful change” OR “ceiling effect” OR “floor effect”
OR “Item response model” OR IRT OR Rasch OR “Differential item functioning” OR DIF OR “computer adaptive testing” OR “item
bank” OR “cross-cultural equivalence”)

5 #1 AND #2 AND #3 AND #4

6 (“Protocol” OR “addresses” OR “biography” OR “case reports” OR “comment” OR “editorial” OR “congresses” OR “consensus
development conference” OR “consensus development conference” OR “practice guideline”)

7 #5 NOT #6

8 FILTER: Language (English and Spanish)

Search strings for Dialnet

1 (Fugl Meyer Assessment)

2 (Stroke)

3 #1 AND #2

4 (Tesis)

5 #3 NOT #4

6 FILTER: Language (English and Spanish)

(continued on next page)
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Table 1 (continued)

Search strings for LILACS

(Stroke)

((Psychometr*) OR (clinimetr*))

#1 AND #2 AND #3

FILTER: Language (English and Spanish)

O R N S

((Fugl) OR (Fugl Meyer) OR (Fugl Meyer Assessment) OR (FMA))

Source: self-made.
Data extraction

Titles and abstracts of all articles identified in this review were
reviewed. Four experts independently reviewed full-text articles,
and conflicts were resolved by consensus. The information from each
article was extracted based on the following aspects: name of the
tool and version used, study population, tool characteristics, analysis
of psychometric properties, COSMIN score, and statistical results of
the research.

Synthesis

Data on the psychometric properties of the articles that met the
inclusion criteria were scored according to the COSMIN checklist.'®
Four independent reviewers established the scores of each article’s
psychometric properties, and differences were resolved through
discussion and consensus. Subsequently, the result of each of the
measurement properties of each study was qualified according to
the Terwee criteria,'’ classifying each of the results as “positive” (+),
“negative” (-), or “indeterminate” (?). Finally, after determining the
methodological quality for each of the individual studies and eval-
uating the measurement properties, the results were qualitatively
summarized to determine both the quality of the evidence and the
strength of the recommendations by rating them as “high”, “mod-
erate”, “low”, or “very low” according to the risk of bias, incon-
sistency, imprecision, and indirectness, using the system GRADE.?’
Four independent reviewers assigned scores for each article’s psy-
chometric properties and the differences were resolved through
discussion and consensus.

Results
Search outcomes

In total, 8.178 articles were identified, of which, 36 were finally
included in this systematic review, up to date on July 2023. The
selection process is reflected in the flowchart, shown in Figure 1.

Characteristics of the included Fugl-Meyer Assessment versions

Twenty-two versions of FMA were identified that were designed
to assess upper extremity sensorimotor function in stroke patients.
The characteristics of the included FMA versions for measuring
upper-extremity sensorimotor function and studies are presented in
Table 2. In all cases, the original language used was English. How-
ever, several of these questionnaires were found to have undergone
cross-cultural validation: Colombian,”” Danish,?®*° Italian,”*°° Ja-
panese,’” Korean,”' Urdu,*” Romanian,*® and Brazilian Portuguese.>’

Most of the studies were conducted in hospitals and neurological
rehabilitation centers around some places in Asia (n = 16, 40%),
America (n = 13, 32.5%), Europe (n = 10, 25%), and Middle East (n =1,
2.5%). The most common locations from where the studies were
developed were the United States (n = 7),2°%0414453-55 Tajwan
(n= 7)'14,23,26,34,35,42,43 and Japan (n = 4)'15,30,36,52

Regarding the sample size of the studies, these ranged from 10
patients included in some translations and cross-cultural

adaptations of the FMA?7-293233 to 512 patients in the Upper-Ex-
tremity subscale of the Fugl-Meyer Assessment (FMA-UE),*! with
wide heterogeneity in terms of sample size.

Regarding the number of items, the versions ranged from 6 items
in the FMA-6°° to 50 items in the full version FMA.'*?!-2¢

For the type of item used in each version, all of them kept the
original scoring format on a three-point ordinal scale (0-2).

Fugl-Meyer Assessment (full version, 50 items, FMA)

The initial full version FMA version was present in seven stu-
dies,'*?'~?% and all psychometric properties were evaluated. Cross-
cultural validity/measurement invariance were evaluated in the
seven translated versions (FMA-Col,>” FMA-Dan,’® FMA-Ita,”° FMA-
Jap,”° FMA-Kor,”! FMA-Urd,*” and FM-Rom??), being the FMA (full
version, 50 items, FMA) the most translated version in this study.

Short versions of FMA

In this review, three short versions of the FMA scale have been
detected, with the exception of the subscale versions, such as FMA-
UE, FMA-UE-SE, FMA-UE-w/h, or FMA-S. These versions are:

FMA-37. The Short Form of the FMA with 37 items was evaluated in
three studies'?®>* for all psychometric properties, except content
validity, internal consistency, and cross-cultural validity. Structural
validity revealed unidimensional structure.'*?® The test-retest
reliability values were >0.92. The criterion validity were between
r=0.01(26) and r = 0.093.'* Hypothesis testing ranged from r = 0.73
tor=075."

FMA-12. This instrument was included in five studies'#?*263%3°
evaluating the same psychometric properties as the FMA-37
version (all psychometric properties, except content validity,
internal consistency, and cross-cultural validity). Structural validity
shows unidimensional construct.'*?® Correlation coefficient ranged
from r = 0.01°° to r = 0.99.> The hypothesis testing showed a
correlation between r = 0.39°° and r = 0.75."

FMA-UE-6. The Shortened FMA Upper Extremity of six items was
included in a single study,’® evaluating five psychometric properties:
the internal consistency (Cronbach’s alpha = 0.924), reliability
(ICC = 0.994), criterion validity (r = 0.97), and hypothesis testing
(r = 0.91-0.94).

Technological versions

FMA-ML-10. The Machine-Learning Fugl-Meyer of 10 items was
evaluated in one study,'* evaluating the following psychometric
properties: structural validity (one-dimensional structure),
measurement error, reliability (ICC = 0.92), criterion validity
(r=0.99), and hypothesis testing (r = 0.67-0.68).

FMA-13-Kinect. The FMA Upper Extremity (13 items) evaluating
using Depth-Sensing Camera (Kinect) was included in a single
study,”’ with a criterion validity correlation coefficient of r = 0.873
and a hypothesis testing r value of 0.387.
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[ Identification of studies via databases and registers J

Studies included in review
(n=37)

Reports of included studies
(n=0)

Records identified from:
Databases: n=8.178 ~ Records removed before
s Medline (P_ubmed)_(n—2.196) screening:
= Web of Science (n=2.947) Duplicate records removed
:.‘—_’ Open Grey (n=17) (n=4.249)
= Scielo (n=2)_ » Records marked as ineligible
2 C_ochrane_(n-2_998) by automation tools (n=0)
= Dialnet (n—_17) Records removed for other
L_ILACS (n=1) reasons (n=0)
Registers (n=0)
—
) ¢
Records screened »| Records excluded
(n=3.929) (n=3.744)
A 4
Reports sought for retrieval Reports not retrieved
= (n=185) (n=0)
'c
(]
5
& \4
Reports assessed for eligibility Reports excluded:
(n=42) > No include stroke population
or mixed population (n=4)
No assessing at least one
measurement property (n=1)
v

Figure 1. PRISMA 2020 flow diagram for new systematic reviews that included searches of databases and registers only. PRISMA = Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.

FMA-Remote. The Remote evaluation of the Upper Extremities with
FMA was only included in one study,””> measuring only one
psychometric property, the test-retest reliability, with ICC = 0.998.

Upper extremity subscale of the Fugl-Meyer Assessment (FMA-UE)
FMA-UE is the most evaluated version in this systematic review,
being evaluated in 13 studies,'”>%>-*® and practically all psycho-
metric properties except content validity were evaluated. This ver-
sion has been translated into three languages: Danish (FMA-UE-
Dan)*’, Italian (FMA-UE-Ita),”° and Romanian (FMA-UE-Rom).”"

Psychometric properties

The main properties assessed were responsiveness (n
39 14,2272(7,3075(7,35740.42,4ﬁ,45747,49,51,55.54, hypothesis teSting (n
34)‘14,22725,5()7)‘5,55,5(7,1874().42,45,45747,4‘),5].5j,S4 l‘ellablllty (n - 33)‘14,

21,23-25,30-34,36,37,39,43,44,46,48-54

and criterion validity (n =

20) 14,23,24,26,34,36,45-47

Methodological quality of the studies and quality of results

The results for the four-point COSMIN checklist of versions of
the FMA for measuring upper extremity sensorimotor function in
stroke patients are shown in Table 3, where it is seen that the two
versions with the greatest number of psychometric properties
evaluated and the greatest number of studies are FMA Full version
and FMA-UE. Among the results of methodological quality, it can be
seen that the version with the highest number of ratings as “very
good” is FMA-UE (n = 26), followed by FMA Full version (n = 15);
while FMA-UE is also the version with the highest number of “in-
adequate” scores (n = 6).

The methodological quality of the studies for each of the psy-
chometric properties assessed was not as expected, resulting in
“inadequate” or “doubtful” in practically all the versions due to the
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lack of content evaluation, and in the case of content validity, the
relevance of the item in the study population.

Methodological quality of structural validity. In the case of structural
validity because it was not calculated for each dimension separately
or due to the lack of description of the percentage of management of
missing values.

Methodological quality of cross-cultural validity. In cross-cultural
validity psychometric property, the low methodological quality
was due to the small sample of patients and the lack of
comparison between the different groups after carrying out the
cross-cultural analysis.

Methodological quality of reliability. In the case of reliability and the
validity of criteria, this low methodological quality was due to the
lack of description of the percentages and management of the
missing values and to the poststroke phase, most of the studies
were carried out in acute patients who were not neurologically
stable at the time of assessment.

Methodological quality of hypothesis testing. Finally, the low
methodological quality in the hypothesis testing is due to the fact
that the hypotheses were not formulated a priori in the studies, so it
was not possible to know what was expected to be found in those
studies.

Translation versions

Fifteen versions (FMA-Col,”” FMA-Dan,”® the FMA-Ita,>® FMA-
Jap,’° FMA-Kor,”" FMA-Urd,*> FMA-Rom,** FMA-6,*° the FMA-ML-
10,'* the Translation and adaptation of the FMA administration
manual into Brazilian Portuguese,”” FMA-UE-Dan,"® FMA-UE-Ita,”’
FMA-UE-Rom,”’ FMA-13-Kinect,”” and the FMA-Remote)’” were
only evaluated in one study. Therefore, additional studies are re-
quired to evaluate the psychometric properties of these already-
translated versions and to be able to understand these FMA variants
in greater depth, so that they can be used more rigorously in clinical
and research setting and to be able to take advantage of the benefits
they present compared with other versions.

There were only two studies of the same FMA version, the FMA-
UE-w/h, in which the methodological quality was rated as “ade-
quate”, for structural validity,”® due to a factor analysis developed, a
Rasch analysis, and a good sample size. The other study®® was rated
as “adequate” for reliability due to the stability of the patients, the
appropriate time interval, and the similar test conditions.

Quality of evidence

Table 4 shows the quality of the evidence analyzed in the 36
articles, on the 22 versions of FMA, analyzed using the COSMIN
methodology. The versions with the highest level of evidence were
FMA-UE and FMA-S, with four “High” scores each; while the versions
with the lowest level of evidence were FMA-Rom, with five “Very
Low”, and the FMA-Urd and FMA-UE-Dan versions with four “Very
Low” scores each.

Quality of evidence of content validity. Content validity was present
only in five studies of five different versions: Full version, 50 items,
FMA,*” FMA-Col,”” FMA-Ita,”® FMA-Rom,** and FMA-Urd.*? For the
five versions, Full version, 50 items, FMA,?> FMA-Col,”” FMA-Ita,*’
FMA-Rom,** and FMA-Urd,*? the quality of the evidence was rated as
“doubtful” due to the probability that the actual measurement
property is far from the estimate of the measurement property,
even though there is the possibility to make it substantially
different. Furthermore, for four versions that evaluate content
validity, the quality of results was rated as, “-"*??7?%32 and the

other as “?”,*° indicating that relevance of the items,

understandable, and comprehensiveness of the items of the
different versions has not been evaluated.

Quality of evidence of structural validity. Structural validity was
assessed in nine studies: Full version, 50 items, FMA,'*%*® FMA-
Urd,>”> FMA-37,'4?° FMA-12,'4?° FMA-ML-10,'* FMA-UE,">*! FMA-
UE-Rom,”! FMA-UE-w/h,>®> and FMA-S.”* Only a single version FMA-
UE'>*! obtained a quality of evidence rated as “very good”. For one
study was scored as “adequate” (FMA-UE-w/h).’° The rest of the
versions and studies were scored as “doubtful” (most of them) and
“inadequate” (FMA-Urd** and FMA-UE-Rom).”"

Quality of evidence of internal consistency. Finally, for internal
consistency, eight studies evaluated this psychometric property: Full
version 50-item, FMA,”®> FMA-Jap,>° FMA-Urd,*” FMA-6,>° FMA-
UE,*%4! FMA-UE-Rom,”’ FMA-UE-w/h,>*** and FMA-S.** All the
versions and the studies evaluating this psychometric property have
obtained a “very good” rating; Full version, 50-item, FMA,>> FMA-
Jap,*° FMA-Urd,*”* FMA-6,%° FMA-UE,***! FMA-UE-Rom,”’ FMA-UE-w/
h,>*** and FMA-S.>> And all of them showed a “+” criteria rating,
indicating that Cronbach’s alpha is > 0.70, except for FMA-Urd.*”

Discussion

This is the first systematic review to identify the versions of the
FMA to measure upper-extremity sensorimotor function in stroke
patients and to evaluate the psychometric properties and metho-
dological quality of the versions, based on the most up-to-date
COSMIN methodology.'”'® Twenty-two FMA versions designed to
assess upper-extremity sensorimotor function in stroke patients
were identified by including 36 studies.

Clinicians and researchers must consider different factors, such
as the setting and the population, where the instrument will be
used, its dimensions, the number of items, and the evidence shown
in the evaluation of each psychometric property, to decide which
instrument is the most appropriate to measure this construct.
Additionally, the language and culture of the different versions must
be considered when selecting which version to use and with which
population and in which country, setting, and language.

A total of 11 translations have been included in this systematic
review, showing heterogeneity among them, both in the population
included and in the number of psychometric properties evaluated.
However, they showed similar results between them, in terms of
different psychometric properties, which indicate that the different
translations have been carried out with good methods and that their
final version can be used in the destination country, without chan-
ging the reliability or sensitivity of the test. The most complete
translation is that of FMA-Urd,>” evaluating seven psychometric
properties, and with positive psychometric scores. There was no
FMA version to measure upper-extremity sensorimotor function for
which all psychometric properties were assessed.

FMA-UE the version with the best methodological quality be-
cause it was studied in multiple articles, but also analyzed in studies
of fewer rigors. The studies with the best methodological quality
scores, that is, those with the greatest number of “very good” scores,
were Lin et al.>®> and Amano et al.,>® with four each. Regarding the
quality of the results, the versions with the most “+” were FMA-UE
(n = 10) and FMA Full version (n = 9); while the versions with the
highest number of negative ratings (“-”) were FMA Full version and
FMA-12, with 15 “-” each. However, FMA-UE, despite presenting
more “+” and fewer “-”, has been the version with the highest
number of indeterminate rating (“?”) (n = 23). The studies with the
best quality of results were Amano et al.,*° Lin et al.,’* Roman et al.,”’
Page et al.,>* and Page et al.”>*
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Regarding the quality of evidence, it was “low” or “very low” for
most of the measurement properties analyzed in all versions in-
cluded in this systematic review. Taking into account that content
validity, structural validity, and internal consistency are considered
the most important measurement properties.'"'®

Full version, 50-item FMA and FMA-UE have been the two ver-
sions with the greatest volume of studies, with the most psycho-
metric properties analyzed, and the most translated; in addition to
being the two oldest versions of FMA. This makes them the most
widespread versions of FMA used by clinicians and researchers to
evaluate the sensorimotor function of the upper limb in poststroke
people. This makes these two FMA [Fugl-Meyer Assessment (Full
version, 50 items, FMA) and Upper-Extremity subscale of the Fugl-
Meyer Assessment (FMA-UE)] the most widely validated and the
most suggested for use in evaluating upper-extremity sensorimotor
function in stroke patients both in clinical practice and in research.
Highlighting the initial full version of the Fugl-Meyer Assessment
(Full version, 50 items, FMA) as the most valid and recommended
because, based on the results of the present research, it is the most
used version with more psychometric properties analyzed and has
demonstrated better scores. This makes this FMA version the most
widely validated and recommended to be the best version and the
“gold standard” to assess upper-extremity sensorimotor function in
people with stroke.

This does not mean that the other 20 versions should not be used,
as they are very useful for certain contexts and specific environ-
ments. It can be very useful to refer to Table 2 to select the version
that best suits the construct to be assessed, depending on the time
available, or when there is doubt between two versions, to facilitate
the choice of one of them.

Another possibility offered by the versions found in this review is
to be able to use a reduced version of FMA, which allows a quick and
reliable assessment, and depending on whether the evaluator wishes
to carry out a general assessment of FMA; or by categories of the
scale; since all of them are supported by multiple studies and
evaluated psychometric properties. In the event that a therapist has
very limited time, it is recommended to use the FMA-12 version,
because it provides a complete assessment, and it has been eval-
uated in five studies that, in total, included 948 people in which they
evaluated the psychometric properties of this version and compared
it with other versions and with other evaluation scales, with which it
presents positive correlations. In addition, this version shows good
reliability and sensitivity scores.

Throughout the different studies included in this review, a large
sample size has been evaluated, with very diverse aspects, such as
acute/chronic stage, mild and severe sequelae, evaluation of progress
with initial evaluation, and follow-ups with periodic evaluations;
and FMA has proven useful for the evaluation of the construct in the
different situations that can occur with the variability of these
aspects. Therefore, it is a valid and reliable scale to apply in the
different situations that may occur in the poststroke population;
although with greater preference for the use of Full version, 50-
item FMA; and FMA-EU.

The main implication that this review may have is to offer a kind
of list of the different versions of FMA, with information on its dif-
ferent characteristics such as the number of items, the parts it
evaluates, the material needed, the language in which it is, the
psychometric properties that have been evaluated for each of them,
and their corresponding scores. This allows clinicians to select the
scale that best suits their healthcare resource and needs, and to be
able to quickly refer to the original article to resolve any type of
doubt. It also allows a clinical therapist who hesitates between using
two versions to quickly compare them by consulting the present
study. At the same time, it allows researchers to have the gold
standard version of FMA, and to be able to rely on this research to

justify its use in future research; as well as consult the psychometric
properties of any version of FMA, which will save a lot of time, and
will allow a much more valid and justified use of said tool.

After carrying out this research, it is recommended that the gold
standard version of FMA be compared in a similar way to that carried
out in this research, if possible using the COSMIN methodology, with
other evaluation scales that evaluate the same construct, to find the
tool more valid and adjusted to assess the sensorimotor function of
the upper limb in the stroke population. It is also recommended that
the different versions of FMA be analyzed and compared in other
populations such as Parkinson’s, multiple sclerosis, spinal cord in-
jury, etc. Or extend this research to the general neurological popu-
lation. It is also recommended to conduct new studies on existing
versions of FMA, in order to analyze psychometric properties that
have not yet been studied in many of these versions, with special
emphasis on content validity, structural validity, and internal con-
sistency, since they are considered the most important measurement
properties. It would also be advisable to adhere to the COSMIN
methodology regulations, in order to achieve more “very good” and
“positive rating” scores in the methodological quality, and a higher
quality of evidence in future studies on psychometric properties of
FMA. Finally, it is recommended that translations and validations be
carried out in other languages, such as Spanish or Chinese, to be able
to safely use this scale in these populations; also continue studying
the psychometric properties of versions that have already been
translated.

Strengths and limitations

This study is the most current systematic review identifying,
evaluating, and summarizing the evidence on the FMA versions to
measure upper-extremity sensorimotor function in stroke patients.
The review was carried out by the most up-to-date COSMIN and
PRISMA standards; therefore, an adequate method was used, fol-
lowing expert recommendations.'"'%!”

Although an exhaustive search was carried out, not all available
FMA versions may have been identified, because only articles in
English and Spanish were selected, so it is possible that articles
developed and used in other languages may not have been iden-
tified.

Despite FMA being shown to be a highly valid and reliable scale,
and being a “gold standard”, it has limitations such as a three-point
scoring range, which can limit the detection of small changes in
patients who recover little; as well as functional aspects of the
sensorimotor function of the upper limb, such as its use in activities
of daily living.

Conclusions

Different FMA versions and transcultural translations have been
developed to evaluate upper-extremity sensorimotor function in
stroke patients. Assessing this construct in stroke patients will allow
us to improve the physical rehabilitation in this population. FMA
versions for assessing upper-extremity sensorimotor function may
help to facilitate screening, goal-setting, monitoring progress, and
guiding decisions. This aspect evaluation is very useful in clinical
practice and research, requiring new knowledge in this area. The
evaluation of this variable is crucial since it allows for identifying
and evaluating the intervention focused on improving the sensor-
imotor function of the upper extremity in patients with stroke.
Based on current evidence for all the measurement properties of the
versions assessing the level of upper-extremity sensorimotor func-
tion in stroke patients, the Fugl-Meyer Assessment (Full version, 50
items, FMA) seems to be the most recommended version based on
the obtained results and the COSMIN guidelines, but this requires
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further evaluation. More studies of high methodological quality that
evaluate the measurement properties of the FMA versions to measure
upper-extremity sensorimotor function in stroke patients are needed.
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