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Purpose: The Fugl-Meyer Assessment (FMA) scale, which is widely used

and highly recommended, is an appropriate tool for evaluating poststroke

sensorimotor and other possible somatic deficits. It is also well-suited for

capturing a dynamic rehabilitation process. The aim of this study was

to first translate the entire sensorimotor FMA scale into Romanian using

the transcultural and semantic-linguistic adaptations of its o�cial a�erent

protocols and to then validate it using the preliminary clinical evaluation of

inter- and intra-rater reliability and relevant concurrent validity.

Methods: Through three main steps, we completed a standardized procedure

for translating FMA’s o�cial a�erent evaluation protocols into Romanian

and their transcultural and semantic-linguistic adaptation for both the upper

and lower extremities. For relevant clinical validation, we evaluated 10

patients after a stroke two times: on days 1 and 2. All patients were

evaluated simultaneously by two kinesi-physiotherapists (generically referred

to as KFT1 and KFT2) over the course of 2 consecutive days, taking turns

in the roles of an examiner and observer, and vice versa (inter-rater).

Two scores were therefore obtained and compared for the same patient,

i.e., being a�erent to an inter-rater assay by comparing the assessment

outcomes obtained by the two kinesi-physiotherapists, in between, and

respectively, to the intra-rater assay: based on the evaluations of the same

kinesi-physiotherapist, in two consecutive days, using a rank-based method

(Svensson) for statistical analysis. We also compared our final Romanian

version of FMA’s o�cial protocols for concurrent validity (Spearman’s rank

correlation statistical method) to both of the widely available assessment

instruments: the Barthel Index (BI) and the modified Rankin scale (mRS).
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Results: Svensson’s method confirmed overall good inter- and intra-rater

results for the main parts of the final Romanian version of FMA’s evaluation

protocols, regarding the percentage of agreement (≥80% on average) and

for disagreement: relative position [RP; values outside the interval of (−0.1,

0.1) in only two measurements out of the 56 comparisons we did], relative

concentration [RC; values outside the interval of (−0.1, 0.1) in only nine

measurements out of the same 56 comparisons done], and relative rank

variation [RV; all values within an interval of (0, 0.1) in only five measurements

out of the 56 comparisons done]. High correlation values were obtained

between the final Romanian version of FMA’s evaluation protocols and the BI

(ρ = 0.9167; p = 0.0002) for FMA–upper extremity (FMA-UE) total A-D (motor

function) with ρ = 0.6319 and for FMA-lower extremity (FMA-LE) total E-F

(motor function) with p = 0.0499, and close to the limit, with the mRS (ρ =

−0.5937; p= 0.0704) for FMA-UE total A-D (motor function) and (ρ =−0.6615;

p = 0.0372) for FMA-LE total E-F (motor function).

Conclusions: The final Romanian version of FMA’s o�cial evaluation

protocols showed good preliminary reliability and validity, which could be

thus recommended for use and expected to help improve the standardization

of this assessment scale for patients after a stroke in Romania. Furthermore,

this endeavor could be added to similar international translation and cross-

cultural adaptations, thereby facilitating a more appropriate comparison of the

evaluation and outcomes in the management of stroke worldwide.

KEYWORDS

Fugl-Meyer assessment scale, upper extremity, lower extremity, translation,

semantics, validation study, observer variation

Background and purpose

Stroke is classically defined as “rapidly developed clinical

signs of focal (or global) disturbance of cerebral function,

lasting more than 24 h or resulting in death, with no

apparent cause other than vascular origin” (1), which includes

cerebral infarction, intracerebral hemorrhage, and subarachnoid

hemorrhage (2). Stroke is a frequently occurring condition that

increases especially with age (3) and often becomes severe,

even life-threatening, with marked disabling potential (4) and,

therefore, with great impact on the individuals and their families,

as well as in society. It is estimated that such conditions

cause “nearly” 800,000 cases (new and recurrent) per year

in the USA (5) and more than 610,000 new cases/year in

Europe (6), accounting them the second most common cause

of death worldwide (7), and—globally—the third cause of (lost)

disability-adjusted life years (DALYs) (8). More than a quarter of

stroke survivors (26%) develop permanent neurological deficits

that negatively affect their autonomy in daily living activities

and their overall mobility “due to hemiparesis” (7). Mobility

impairments are considered to be key aspects: therefore, also

among the top 10 research priorities related to life after stroke,

for patients and their caregivers, as well as for clinicians and

health professionals (9). Rehabilitation is considered an essential

intervention in stroke care and—especially as “community-

based rehabilitation”—in reducing stroke-related costs (10).

Although poststroke natural motor recovery has been classically

considered to follow a well-grounded and stepwise sequence

from flaccidity to spasticity and ultimately to motor recovery

(11, 12), there is a need to approach a “heterogeneous group”

of stroke conditions (13), based on precise/standardized, and

dedicated clinometric instruments (12). Despite a consensus

among published guidelines recommending the use of valid

and reliable assessment tools, “it is not clear which outcome

measure (OM) should be selected for a particular need” (14).

Therefore, it is important to support the implementation of an

overall, clinically efficientmanagement as we continue to explore

and use appropriate and related measurement instruments in

this domain. Clinicians and researchers must have access to

“reliable measures of the concepts of interest in their own

cultures and languages to provide high-quality patient care” (15).

Such an appropriate tool to evaluate post-stroke sensorimotor

and other possible somatic deficits is the widely used and

highly recommended Fugl-Meyer Assessment (FMA) scale (12,
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16, 17). The FMA scale measures post-stroke impairments

and is therefore well-suited for capturing a dynamic process

of rehabilitation. The motor domain of the FMA scale has

consistent validity, very good intra- and inter-rater reliability,

and may be used in both clinical trials and community hospital

settings (12).

This study aimed to translate the entire (sensorimotor)

FMA scale into Romanian with relevant transcultural and

semantic-linguistic adaptations and clinical validation. This

process has so far been completed in Italian, Spanish, Greek,

Ukrainian, Swedish, Norwegian, Danish, Latvian, Urdu, and

Korean 1. For our endeavor of translation, transcultural, and

semantic-linguistic adaptations from English to Romanian of

FMA’s official afferent evaluation protocols, we have been

granted approval and support from the official administrators

of this scale, at the University of Gothenburg1. We therefore

herein present the first Romanian version of the entire

FMA scale (i.e., the official afferent evaluation protocols),

for the upper extremity (UE), and also for the lower

extremity (LE), which we clinically validated in a group of

patients with subacute, subchronic, or chronic post-stroke

hemiparesis, without significant somatosensory, cognitive, or

speech impairments.

Materials and methods

In the first part of the work (see Annex 1: the official

evaluation protocols in English provided by their official

administrator: Gothenburg University, and Annex 2: the final

translated version of FMA’s official evaluation protocols into

Romanian, with relevant transcultural and semantic-linguistic

adaptations), we fulfilled the abovementioned process for both

UE and LE and went through the following steps [including in

the adaptive consideration of the World Health Organization—

Guidelines on Translation—The process of translation and

adaptation of instruments (18)] (Figure 1):

1. Forward translation of FMA’s official evaluation protocols

from English to Romanian by a member of our expert

group. The first revision of this forward translated version

was independently carried out by a different member of our

expert group (a native Romanian speaker who is clinically

qualified, academically fluent in English, and has worked

at an international level in the UK for the last 25 years).

The first addition/supplementary revision using the Delphi

method was achieved from the two expert group members

mentioned earlier;

1 https://www.gu.se/en/neuroscience-physiology/fugl-meyer-

assessment

2. backward translation of the first Romanian version

(version 1) of FMA’s official afferent evaluation protocols—

from Romanian to English—by an independent official

translator (i.e., from a prestigious company specialized

in translations);

3. the second revision of the first Romanian version of the

FMA scale with relevant linguistic-semantic checks and

adaptations: through cross-analysis by an expert group,

including additional checks by another quasi-equivalent

Romanian and English speaker (a Romanian physician who

has lived and worked in the UK for the last 15 years)—the

second Romanian version (version 2) of the translation of

FMA’s official evaluation protocols; and

4. the third revision—that is, the second version of the

translation of FMA’s official afferent evaluation protocols

into Romanian by an ensemble of the expert group through

the Delphi method—“forward and backward translation,

stepwise reviewing by bilingual and professional experts

to ensure conceptual and semantic equivalence” (19)—the

final (operational) translated version of FMA’s official

evaluation protocols into Romanian, with relevant

transcultural and semantic-linguistic adaptations [“The

cross-cultural adaptation process is important when an

instrument is used in a different language, setting, and time

to reduce the risk of introducing bias into a study” (20)],

noted shortly: Final Romanian version of the FMA.

Further, this was used in a validation pilot trial in patients

after a stroke (in accordance with and including the

counseling of the official administrators of the FMA scale

at Gothenburg University).

A�erent validation pilot study

Study design

We enrolled 10 patients with post-stroke—who were

admitted to the Neuromuscular Clinic Division of the Teaching

Emergency Hospital “Bagdasar-Arseni,” in Bucharest, Romania

and to the National Institute of Neurology and Neuro-Vascular

Diseases, between April 2021 and July 2021.

We fulfilled the preliminary procedures related to Bio-

Ethics, including an individual written informed consent, signed

by each patient. We evaluated the abovementioned 10 patients

after a stroke at two time points: days 1 and 2.

Inclusion criteria

Patients with subacute, subchronic (minimum 3 weeks,

maximum 6 weeks from acute cerebrovascular accident—

CVA/stroke/brain attack) hemiparetic post-stroke, with patients

age being ≥18 years.
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FIGURE 1

The flowchart of our endeavor: a step-by-step translation of FMA’s o�cial evaluation protocols into Romanian, with relevant transcultural and

semantic-linguistic adaptation.
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Exclusion criteria

Patients with poor general health (including neurological

conditions), severe sensory impairments (tactile, proprioceptive,

balance, coordination, visual, and auditory), marked

communication (aphasia, especially including receptive

elements), and/or cognitive problems [Montreal Cognitive

Assessment (MoCA) < 17 points, see below], the complete or

segmentary absence of (a) limbs/(s), and any other aspect that

could negatively affect the patient’s engagement in this type

of assessment.

The characteristics of the sample included in the clinical

validation study are presented in Table 1.

We validated the final Romanian version of the FMA

protocols, as well as any possible disturbances in their practical

and clinical use due to the translation and relevant necessary

transcultural and semantic-linguistic adaptations. Thus, on the

one hand, we applied the Svensson statistical2 rank-based

“approach of observations” method (21) that “focuses on the

differences in the ranking approaches between the measures of

association and of disagreement in paired ordinal data,” (22)

assessing the inter-rater and, respectively, intra-rater reliability

of our primary data, and, on the other hand, we compared our

final version of FMA with widely used assessment tools, such as,

the Barthel index (BI) (23) and the modified Rankin scale (mRS)
3, using Spearman’s rank correlation statistical method (24).

Inter- and intra-rater assays

Each patient has been evaluated by two knowledgeable

licensed kinesi(physio)therapists trained for the FMA scale:

simultaneously (i.e., directly by one and indirectly by the

other) but independently, for two consecutive days, under

the guidance of a Physical and Rehabilitation Medicine

(PRM) physician within our multiprofessional staff. This was

conceptually consistent with the requirement that “standardized

measurement methods and training of therapist assessors for a

multi-site, rehabilitation, randomized, clinical trial resulted in

high inter-rater reliability for the Fugl-Meyer motor and sensory

assessments” (25). Kinesi(physio)therapists are referred to as

“KT 1” and “KT 2.”

One of them effectively examined and scored the patient

through the final Romanian version of FMA’s evaluation

protocols (examiner KT 1), while the other (examiner KT 2)

observed this evaluation (performed by the examiner KT 1)

and, based on the respective observation (noted: day 1), scored

the FMA scale for the same patient, without communication

between the two examiners, neither at the moment of the

assessment nor afterward. In fact, the results of FMA’s evaluation

protocols obtained for each patient assessed will remain

2 https://avdic.se/svenssonsmethodenglish

3 https://epos.myesr.org/posterimage/esr/ecr2019/147892/

mediagallery/800774?deliveroriginal=1

unknown to each of the two assessors. On the next day, another

session of the evaluation (noted as day 2), the same examiners

(KT 1 and KT 2) proceeded in the same way but reversed their

roles. Consequently, in the evaluation on day 2, KT 1 was an

observer and KT 2 was an examiner.

Each team consisting of two examiners (generically referred

to as KT 1 and KT 2) evaluated the patients according to the final

Romanian version of FMA’s protocols, rating in accordance with

the specific values/points afferent to its parts/steps, as follows:

For the UE, we evaluated (see Annex 1 and respectively,

Annex 2—with relevant specifications added regarding

the latter):

- A = Upper Extremity, sitting position/“Extremitatea

Superioară, din pozi̧tie şezând”

- [-] B=Wrist/“încheietura mâinii”

- C=Hand/“Mâna”

- D= Coordination/Speed/“(Dis)Coordonare/Viteză”

- Total points A–D/“Total puncte A–D”

- H = Sensation upper extremity/“Sensibilitate

extremitatea superioară”

- I= Passive joint motion/“Mobilitate articulară pasivă”

- J= Joint pain/“Durere articulară”

Total points FMA-UE/“Total puncte scala Fugl-Mayer

Extremitatea Superioară.”

For the LE we noted (see Annex 1 and respectively,

Annex 2—with related specifications added regarding the latter):

- E= Lower Extremity/“Extremitatea Inferioară”

- F= Coordination/Speed/“Coordonare/Viteză”

- Total points E–F/“Total puncte E–F”

- H = Sensation lower extremity/“Sensibilitate

extremitatea inferioară”

- I= Passive joint motion/“Mobilitate articulară pasivă”

- J= Joint pain/“Durere articulară”

- Total points FMA-LE/“Total puncte scala Fugl-Mayer

Extremitatea Inferioară.”

Thus, for the same patient, two scores were

obtained. The inter-rater assay was obtained by

comparing the assessment’s results of KT 1 and KT 2

on days 1 and 2. The intra-rater assay resulted in the

comparison of the evaluation outcomes of the same

kinesi(physio)therapist, in 2 consecutive days (days 1

and 2).

To compare the concurrent validity of our final Romanian

version of FMA’s evaluation protocols with clinically and

functionally quantified assessment instruments, we used

- the BI (23), as a reference —“gold standard;”

- the mRS3, as a source of the overall disability status of each

recruited patient.
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TABLE 1 The characteristics of the sample included in the clinical validation study—ID, identification.

Crt.
No.
ID

Age
(years)

Gender Stroke type and
location

Lesion
side

mRS
(0–6)

BI
(0–100)

MoCA
(0–30)

FMA UE
(0–66)∗

FMA LE
(0–34)∗

Date of
acute
stroke

1 80 M Ischaemic basal ganglia R 3 40 20 47 28 22/04/2021

2 46 M Haemorrhagic, thalamus,

mesencephalon

L 3 40 21 44 26 14/04/2021

3 78 M Ischaemic ACA R 4 30 18 29 13 22/06/2021

4 72 M Ischaemic basal ganglia L 4 35 18 22 27 17/05/2021

5 58 F Ischaemic MCA L 3 48 21 44 26 02/05/2021

6 69 F Ischaemic ACA L 3 49 20 62 30 04/06/2021

7 63 M Hemorrhagic, frontal L 4 40 19 63 12 10/07/2021

8 66 F Ischaemic MCA R 4 20 17 0 17 01/05/2021

9 39 M Ischaemic paramedian

pontine

R 3 39 18 40 26 12/04/2021

10 67 M Ischaemic MCA R 4 38 19 12 23 03/07/2021

ID, identification number; F, female; M, male; mRS, modified ranking scale; BI, Barthel index; MoCA, Montreal cognitive assessment; FMA-UE, Fugl-Meyer assessment-upper extremity;

FMA-LE, Fugl-Meyer assessment-lower extremity; MCA, middle cerebral artery; PCA, posterior cerebral artery; ACA, anterior cerebral artery.
∗The data present the scores obtained during the first assessment (day 1).

For evaluating the cognitive state of our enrolled patients to

underpin the exclusion criteria, we availed the MoCA 4.

The assay of all enrolled patients for

stratification/verification for the exclusion criteria, the last

mentioned three scales (BI, mRS, and MoCA) were performed

by a PRM physician within our staff.

Statistical analysis a�erent to the
validation processing
endeavors/procedures

Svensson’smethod2 was applied for objective assessment and

quantification of the inter- and intra-rater reliability and was

recommended to determine the consensus level or percentage

of agreement (PA) between the “two different raters (during the

same session)” and between the first and second observation

(for each rater) (26). We considered a 70–80% agreement

satisfactory (27). The systematic disagreement between the

evaluators is referred to as “the RP (o.n.), the RC (o.n.), and the

RV (o.n.);” more specifically, for the first two abovementioned

statistical parameters, values “from −1 to 1, where 0 means

no difference between evaluators,” and “within −0.1 and 0.1”

were deemed as inessential clinical relevance (19), whereas

the values outside the range −0.1 and 0.1 may be considered

as disagreements that are clinically relevant and concerning

the last statistical parameter; this may vary from 0 to 1

[“<0.1 means that the difference is negligible” (19)—all with

4 https://www.parkinsons.va.gov/resources/MOCA-Test-English.pdf

the consequent statistical significance considered where “the

95% confidence interval (CI) that did not include the value

0” (26)].

We used Spearman’s rank correlation method for the

afferent statistical approach to compare the concurrent validity

of our final Romanian version of FMA’s evaluation protocols

with the widely recognized abovementioned evaluation

instruments (24).

Results

Inter- and intra-rater assessment through
the Svensson statistical method

In Table 2, we synthetically present the related

assay outcomes.

Concurrent validity with other clinical
and functional evaluation instruments

To perform the correlation test afferent to objectifying

concurrent validity FMA score values, these were computed

by averaging the score values four times (two times for

each KT—see Materials and Methods) regarding the total

UE A-D (motor function) and, similarly, the total LE E-

F (motor function). The correlation values obtained were

very good for BI and close to the limit for the mRS

(Table 3).
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TABLE 2 Inter- and intra-rater assessment outcomes obtained through Svensson’s statistical method.

Comparison
Type

Extremity FMA scale part Approach PA RP RC RV Svensson’s
template used

INTER-rater

(KT1 vs KT2)

Upper extremity A Day1 60% 0.08 0.016536 0.012 VAS scatterplot

Day2 70% −0.01 0.016162 0.012

B Day1 80% 0.04 −0.13369 0 11 categories

Day2 80% 0.04 0.035165 0

C Day1 90% 0.05 0.065934 0.036 VAS scatterplot

Day2 100% 0 0 0

D Day1 90% −0.03 0.09009 0 11 categories

Day2 100% 0 0 0

Total A-D (motor function) Day1 40% 0.04 0.004026 0.024 VAS scatterplot

Day2 50% 0.03 0.008081 0

H Day1 100% 0 0 VAS scatterplot

Day2 100% 0 0

I Day1 100% 0 0 0 VAS scatterplot

Day2 90% −0.01 −0.06378 0

J Day1 100% 0 0 0 VAS scatterplot

Day2 90% −0.01 −0.03838 0

Lower extremity E Day1 60% 0 0.064646 0.06 VAS scatterplot

Day2 70% −0.01 0.012121 0.036

F Day1 90% 0.07 −0.03166 0 11 categories

Day2 100% 0 0 0

Total E-F (motor function) Day1 60% −0.01 0.048701 0.168 VAS scatterplot

Day2 70% 0 −0.06039 0.012

H Day1 100% 0 0 0 VAS scatterplot

Day2 100% 0 0 0

I Day1 100% 0 0 0 VAS scatterplot

Day2 100% 0 0 0

J Day1 90% 0.03 0.178571 0.012 VAS scatterplot

Day2 100% 0 0 0

INTRA-rater

(Day1 vs Day2)

Upper extremity A KT1 50% 0.14 −0.07083 0.192 VAS scatterplot

KT2 40% 0.04 −0.23133 0.012

B KT1 80% −0.04 −0.03516 0 11 categories

KT2 80% −0.04 0.13369 0

C KT1 80% 0 0.168138 0.036 VAS scatterplot

KT2 90% −0.05 0.108507 0

D KT1 70% 0.09 0.101099 0.048 11 categories

KT2 80% 0.12 0.008913 0.036

Total A-D (motor function) KT1 30% −0.02 −0.00803 0.108 VAS scatterplot

Comparison
Type

Extremity FMA scale part Approach PA RP RC RV Svensson’s
template used

INTER-rater

(KT1 vs KT2)

Upper extremity A Day1 60% 0.08 0.016536 0.012 VAS scatterplot

Day2 70% −0.01 0.016162 0.012

B Day1 80% 0.04 −0.13369 0 11 categories

Day2 80% 0.04 0.035165 0

C Day1 90% 0.05 0.065934 0.036 VAS scatterplot

Day2 100% 0 0 0

D Day1 90% −0.03 0.09009 0 11 categories

Day2 100% 0 0 0

Total A-D (motor function) Day1 40% 0.04 0.004026 0.024 VAS scatterplot

Day2 50% 0.03 0.008081 0

H Day1 100% 0 0 VAS scatterplot

Day2 100% 0 0

I Day1 100% 0 0 0 VAS scatterplot

Day2 90% −0.01 −0.06378 0

J Day1 100% 0 0 0 VAS scatterplot

Day2 90% −0.01 −0.03838 0

Lower extremity E Day1 60% 0 0.064646 0.06 VAS scatterplot

Day2 70% −0.01 0.012121 0.036

F Day1 90% 0.07 −0.03166 0 11 categories

Day2 100% 0 0 0

Total E-F (motor function) Day1 60% −0.01 0.048701 0.168 VAS scatterplot

Day2 70% 0 −0.06039 0.012

H Day1 100% 0 0 0 VAS scatterplot

Day2 100% 0 0 0

I Day1 100% 0 0 0 VAS scatterplot

Day2 100% 0 0 0

J Day1 90% 0.03 0.178571 0.012 VAS scatterplot

Day2 100% 0 0 0

INTRA-rater

(Day1 vs Day2)

Upper extremity A KT1 50% 0.14 −0.07083 0.192 VAS scatterplot

KT2 40% 0.04 −0.23133 0.012

B KT1 80% −0.04 −0.03516 0 11 categories

KT2 80% −0.04 0.13369 0

C KT1 80% 0 0.168138 0.036 VAS scatterplot

KT2 90% −0.05 0.108507 0

D KT1 70% 0.09 0.101099 0.048 11 categories

KT2 80% 0.12 0.008913 0.036

Total A-D (motor function) KT1 30% −0.02 −0.00803 0.108 VAS scatterplot

(Continued)
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TABLE 2 (Continued)

Comparison
Type

Extremity FMA scale part Approach PA RP RC RV Svensson’s
template used

KT2 30% 0.05 −0.07246 0.048

H KT1 100% 0 0 VAS scatterplot

KT2 100% 0 0

I KT1 90% 0.01 0.063785 0 VAS scatterplot

KT2 100% 0 0 0

J KT1 80% 0.08 −0.07675 0 VAS scatterplot

KT2 90% 0.07 −0.11513 0

Lower extremity E KT1 50% 0.1 −0.08681 0.204 VAS scatterplot

KT2 50% 0.1 −0.18333 0.096

F KT1 80% 0.08 −0.07237 0 11 categories

KT2 90% 0.01 −0.03906 0

Total E-F (motor function) KT1 50% 0.09 −0.11084 0.084 VAS scatterplot

KT2 50% 0.1 −0.2439 0.144

H KT1 100% 0 0 0 VAS scatterplot

KT2 100% 0 0 0

I KT1 90% 0.02 0.119048 0 VAS scatterplot

KT2 90% 0.02 0.119048 0

J KT1 90% 0.03 0.178571 0.012 VAS scatterplot

KT2 100% 0 0 0

Comparison
Type

Extremity FMA scale part Approach PA RP RC RV Svensson’s
template used

KT2 30% 0.05 −0.07246 0.048

H KT1 100% 0 0 VAS scatterplot

KT2 100% 0 0

I KT1 90% 0.01 0.063785 0 VAS scatterplot

KT2 100% 0 0 0

J KT1 80% 0.08 −0.07675 0 VAS scatterplot

KT2 90% 0.07 −0.11513 0

Lower extremity E KT1 50% 0.1 −0.08681 0.204 VAS scatterplot

KT2 50% 0.1 −0.18333 0.096

F KT1 80% 0.08 −0.07237 0 11 categories

KT2 90% 0.01 −0.03906 0

Total E-F (motor function) KT1 50% 0.09 −0.11084 0.084 VAS scatterplot

KT2 50% 0.1 −0.2439 0.144

H KT1 100% 0 0 0 VAS scatterplot

KT2 100% 0 0 0

I KT1 90% 0.02 0.119048 0 VAS scatterplot

KT2 90% 0.02 0.119048 0

J KT1 90% 0.03 0.178571 0.012 VAS scatterplot

KT2 100% 0 0 0

Synthesis Table. Svensson’s method results: inter- and intra-rater comparisons.

Discussion

In this study, we followed a rigorous, standardized

procedure of translation, including transcultural and semantic-

linguistic adaptations, of the original FMA official evaluation

protocols from English into Romanian. The final translated

version of the FMA scale in Romanian was a gradual process

based on the relevant experience of other countries and the

following three classical steps: first, forward translation with two

revisions; second, backward with transcultural and semantic-

linguistic adaptations; and third, integrative-conceptual revision

(by a consensus method), thus providing the verified final

Romanian version of the FMA scale.

Details/specifications regarding the translation process were:

- Afferent to the FMA-UE:

1. (“A. Upper Extremity, sitting position... II. Volitional

movement.... Flexor synergy.... external rotation”):

“abducţie şi rotatie externă–articulaţia scapulo-humerală.”

2. (“A. Upper Extremity, sitting position... II.

Volitional movement.... Extensor synergy.... Shoulder

adduction/internal rotation”): “Umăr/adducţie/rotaţie

interna—poate fi susţinut braţul pentru a lua/menţine

pozi̧tia de start.

- “prezenţa doar a mişcărilor compensatorii în locul

celor active se cuantifică/punctează cu 0 (exemple: 3. flexie

antebrat şi pronatie, la flexia braţului/umăr 90–180◦; 4.

abductie si flexie cot la supinaţie).”

3. (“A. Upper Extremity, sitting position... IV. Volitional

movement with little or no synergy.... no shoulder

abduction or elbow flection”): “abducţie şi flexie cot

la supinaţie—i.e., the presence of just compensatory

movements instead of active ones is quantified/scored

with 0 (examples: 3 forearm flexion and pronation at

arm/shoulder 90–180◦ flexion; 4. Elbow abduction and

flection at supination (abducţie şi flexie cot la supinaţie).”

4. (“A. Upper Extremity, sitting position... IV.

Volitional movement with little or no synergy.... no

pronation/supination, starting position impossible”):

“abducţie şi flexie cot la supinaţie”.

5. (“Upper extremity V. Normal reflex activity ... Biceps,

triceps, finger flexors”): “hand in pronation patients’fingers

in semiflection MCF and IF, relaxed laid on the index and
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TABLE 3 Spearman correlation test results.

FMA UE A-D FMA LE E-F

ρ p-value ρ p-value

BI 0.916962 0.000188 0.631949 0.04998

mRS −0.59367 0.07039 −0.6615 0.03724

medius of the examiner’s finger, when this one percusses

overhand with the reflexes hammer his own fingers, it

may be obtained a patient’s fingers flexion, possibly a

normal aspect,” i.e.: “mâna în pronaţie, degetele pacientului

in semiflexie MCF şi IF, sprijinite relaxat pe indexul şi

mediusul examinatorului, când acesta îşi percută de jos în

sus cu ciocanul de reflexe propriile degete, se poate obţine

o flexie a degetelor pacientului, aspect posibil normal.”

- Afferent to the FMA-LE:

1. (“L.E. II. ... Flexor synergy: .... Hip Flexion”):

abduction/external rotation reckoned to be partial – the

presence just of the respective compensatory movements

instead of the active ones is quantified/ scored with 0,

i.e., “abducţie/rotaţie externă considerate a fi parţiale –

prezenţa doar a respectivelor mişcări compensatorii în

locul celor active se cuantifică cu 0”

2. (“LE. III. ... Volitional movement mixing synergy ...Knee

flexion from actively or passively extended knee”): it is

applied light resistence disal posterior at the knee level to

make sure of active motion, i.e., se aplică uşoară rezistenţă

distal posterior, la nivelul călcâiului, pentru a ne asigura de

mişcare activă.”

The pilot evaluation study of the reliability and concurrent

validity of the Romanian FMA comprised 10 patients with

stroke. As previously described, each of them had seven

evaluations: four from two kinesi(physio)therapists (on days

1 and 2) and the remaining three from a PRM physician.

We thereby contributed to the “usefulness of this method for

clinical assessment and as a tool for the comparative analysis

of the effectiveness of various therapeutic interventions” (28).

Svensson’s method overall confirmed the final Romanian version

of FMA’s reliability.

In addition to the output of the final Romanian version

of FMA’s evaluation protocols, the assessments of the enrolled

patients emphasized very good statistical results for the BI and

borderline for the mRS, mainly due to the small number of

items of this latter scale, suggesting that the evaluators applied

all the related scales well, with the outcomes being the clinical

and functional status of each patient.

A few unexpected outcomes were obtained for total A–D

(motor function) and total E–F (motor function) for UE and

LE, respectively. They can be explained by the fact that, even

though individual percentage agreement results were high, when

summed up in some cases (and particularly penalized by the

small number of pairs of data), such gaps increased.

The least PA results were obtained for the following scales:

◦ A, UE, inter-rater;

◦ Total A–D, UE, inter-rater;

◦ Total A–D, UE, intra-rater;

◦ E, LE, inter-rater; and

◦ Total E–F, LE, inter-rater.

However, disagreement measures were met in most cases, of

56 such comparisons, with 40 in the compliance interval.

Limitations of this study

Due to the objective situation caused by the COVID-19

pandemic, the sample size was small, 10 post-stroke patients,

but this was considered satisfactory for this kind of pilot study,

aimed at validating the translation of the FMA scale into

Romanian. Therefore, all statistical analyses and data processing

were further adapted to the sample size. To perform the

correlation test being afferent to objectifying the concurrent

validity FMA score values, these were computed by averaging

the score values obtained four times (two times for each

KFT, see Materials and Methods) with respect to the total

UE A–D (motor function), and similarly, the total LE E–F

(motor function). Of course, during the COVID-19 pandemic,

associated epidemiological cautions and consequent restrictions

were eliminated, so we intend to increase the sample size to

further validate our translation of the FMA scale.

Conclusions

Our stated aim was to contribute to the growing extension

of the global availability of useful FMA scales by disseminating

appropriate translations into different languages, including

Romanian. The final Romanian version of the FMA scale

(Annex 2) was developed using a standardized translation

methodology, which included transcultural and semantic-

linguistic adaptations. The preliminary evaluation of reliability

and validity was demonstrated in a sample of patients after

a stroke. This work contributes to the standardization and

wider use of the FMA scale in Romania. Additionally, this

achievement, along with the translation of this scale into

more languages, tends to enhance efficient professional

communication internationally regarding the diagnosis,

treatment, and rehabilitation approaches of stroke.
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Lumini̧ta Iliuţă, MD., Ph.D., and Asst. Prof. Dr. Marius Rac-

Albu, MD., Ph.D. We warmly thank Prof. Dr. Margit Alt

Murphy for her constant outstanding support andmost valuable

advice throughout our initiative and endeavors to achieve

this work.

Conflict of interest

RP (included in CWG) is employed by GFT IT Consulting,

S.L.U., Barcelona area (Sant Cugat del Vallès), Spain.

The remaining authors declare that the research was

conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those

of their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fneur.2022.1022546/full#supplementary-material

References

1. Coupland AP, Thapar A, Qureshi MI, Jenkins H, Davies AH. The definition of
stroke. J R Soc Med. (2017) 110:9–12. doi: 10.1177/0141076816680121

2. Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors J, Culebras A, et al.
An updated definition of stroke for the 21st century. Stroke. (2013) 44:2064–
89. doi: 10.1161/STR.0b013e318296aeca

3. Hollander M, Koudstaal PJ, Bots ML, Grobbee DE, Hofman A, Breteler
MM. Incidence, risk, and case fatality of first-ever stroke in the elderly
population. The rotterdam study. J Neurol Neurosurg Psychiatry. (2003) 74:317–
21. doi: 10.1136/jnnp.74.3.317

4. Veerbeek JM, Verheyden G. Stroke. In: Lennon S, Randharry G, Verheyden G,
eds. Physical Management for Neurological Conditions. 4th edition. Elsevier (2018).
p. 131.

5. Winstein CJ, Stein J, Arena R, Bates B, Cherney LR, Cramer SC, et al.
Guidelines for adult stroke rehabilitation and recovery: a guideline for healthcare
professionals from the American heart association/American stroke association.
Stroke. (2016) 47:e98–169. doi: 10.1161/STR.0000000000000098

6. Stevens E, Emmett E, Wang Y, McKevitt WC, Wolfe C. The Burden of
Stroke in Europe. Report—King’s College London for the Stroke Alliance for

Frontiers inNeurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2022.1022546
https://www.frontiersin.org/articles/10.3389/fneur.2022.1022546/full#supplementary-material
https://doi.org/10.1177/0141076816680121
https://doi.org/10.1161/STR.0b013e318296aeca
https://doi.org/10.1136/jnnp.74.3.317
https://doi.org/10.1161/STR.0000000000000098
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Onose et al. 10.3389/fneur.2022.1022546

Europe (SAFE). (2017). Available online at: https://kclpure.kcl.ac.uk/portal/files/
103120905/TheBurdenOfStrokeInEuropeReport.pdf (accessed October 22, 2021).

7. Katan M, Luft A. Global burden of stroke. Semin Neurol. (2018) 38:208–
11. doi: 10.1055/s-0038-1649503

8. GBD 2017 DALYs and HALE Collaborators. Global, regional, and national
disability-adjusted life-years (DALYs) for 359 diseases and injuries and healthy
life expectancy (HALE) for 195 countries and territories, 1990–2017: a systematic
analysis for the global burden of disease study 2017. Lancet. (2018) 392:1859–
922. doi: 10.1016/S0140-6736(18)32335-3

9. Pollock A, St George B, Fenton M, Firkins L. Top ten
research priorities relating to life after stroke. Lancet Neurol. (2012)
11:209. doi: 10.1016/S1474-4422(12)70029-7

10. Luengo-Fernandez R, Violato M, Candio P, Leal J. At What Cost—The
Economic Impact of Stroke in Europe—A Summary. Health Economics Research
Centre; Nuffield Department of Population Health; University of Oxford for
the Stroke Alliance for Europe (SAFE) (2017). Available online at: https://www.
safestroke.eu/wp-content/uploads/2020/10/02.-At_What_Cost_EIOS_Summary_
Report.pdf (accessed October 22, 2021).

11. Li S. Spasticity, motor recovery, and neural plasticity after stroke. Front
Neurol. (2017) 8:120. doi: 10.3389/fneur.2017.00120

12. Gladstone DJ, Danells CJ, Black SE. The Fugl-Meyer assessment of motor
recovery after stroke: a critical review of its measurement properties. Neurorehabil
Neural Repair. (2002) 16:232–40. doi: 10.1177/154596802401105171

13. Boyd LA, Hayward KS, Ward NS, Stinear CM, Rosso C, Fisher RJ, et al.
Biomarkers of stroke recovery: consensus-based core recommendations from the
stroke recovery and rehabilitation roundtable. Neurorehabil Neural Repair. (2017)
31:864–76. doi: 10.1177/1545968317732680

14. Alt Murphy M, Resteghini C, Feys P, Lamers I. An overview of systematic
reviews on upper extremity outcome measures after stroke. BMC Neurol. (2015)
15:29. doi: 10.1186/s12883-015-0292-6

15. Sousa VD, Rojjanasrirat W. Translation, adaptation and validation
of instruments or scales for use in cross-cultural health care research:
a clear and user-friendly guideline. J Eval Clin Pract. (2011) 17:268–
74. doi: 10.1111/j.1365-2753.2010.01434.x

16. Kwakkel G, Lannin NA, Borschmann K, English C, Ali M, Churilov L, et al.
Standardized measurement of sensorimotor recovery in stroke trials: consensus-
based core recommendations from the stroke recovery and rehabilitation
roundtable. Int J Stroke. (2017) 12:451–61. doi: 10.1177/1747493017711813

17. Fugl-Meyer AR, Jääskö L, Leyman I, Olsson S, Steglind S. The post-stroke
hemiplegic patient. 1. a method for evaluation of physical performance. Scand J
Rehabil Med. (1975) 7:13–31.

18. World Health Organization. Process of Translation and Adaptation of
Instruments. World Health Organization. Available online at: https://www.
google.com/search?q=World$+$Health$+$Organization.$+$Process$+$of$+
$translation$+$and$+$adaptation$+$of$+$instruments&oq=World$+$Health$+
$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+
$instruments&aqs=chrome.69i57j0i19i22i30l2.3536j0j7&sourceid=chrome&ie=
UTF-8

19. Barbosa NE, Forero SM, Galeano CP, Hernández ED, Landinez
NS, Sunnerhagen KS, et al. Translation and cultural validation of
clinical observational scales - the Fugl-Meyer assessment for post-stroke
sensorimotor function in Colombian Spanish. Disabil Rehabil. (2019)
41:2317–23. doi: 10.1080/09638288.2018.1464604

20. Gjersing L, Caplehorn JR, Clausen T. Cross-cultural adaptation of research
instruments: language, setting, time and statistical considerations. BMC Med Res
Methodol. (2010) 10:13. doi: 10.1186/1471-2288-10-13

21. Svensson E, Holm S. Separation of systematic and random differences
in ordinal rating scales. Stat Med. (1994) 13:2437–53. doi: 10.1002/sim.47801
32308

22. Svensson E. Different ranking approaches defining association and
agreement measures of paired ordinal data. Stat Med. (2012) 31:3104–
17. doi: 10.1002/sim.5382

23. Mahoney FI, Barthel D. “Functional evaluation: the Barthel index.”Maryland
State Med J. (1965) 14:56–61. Available online at: https://web.archive.org/web/
20150226072457/http://www.strokecenter.org/wp-content/uploads/2011/08/
barthel.pdf

24. Machin D, Campbell MJ, Walters SJ. Medical statistics. In: A Textbook for
the Health Sciences. 4th edition. John Wiley & Sons Ltd (2007). Available online
at: http://sdh.sbmu.ac.ir/uploads/384_1447_1419344705470_medical_statistics_
4th.pdf

25. Sullivan KJ, Tilson JK, Cen SY, Rose DK, Hershberg J, Correa A, et al.
Fugl-Meyer assessment of sensorimotor function after stroke: standardized
training procedure for clinical practice and clinical trials. Stroke. (2011) 42:427–
32. doi: 10.1161/STROKEAHA.110.592766

26. Cecchi F, Carrabba C, Bertolucci F, Castagnoli C, Falsini C, Gnetti B, et al.
Transcultural translation and validation of Fugl Meyer assesment to Italian.Disabil
Rehabil. (2021) 43:3717–22. doi: 10.1080/09638288.2020.1746844

27. Kazdin AE. Artifact, bias, and complexity of assessment: the ABCs of
reliability. J Appl Behav Anal. (1977) 10:141–50. doi: 10.1901/jaba.1977.10-141

28. Duncan PW, Propst M, Nelson SG. Reliability of the Fugl-Meyer assessment
of sensorimotor recovery following cerebrovascular accident. Phys Ther. (1983)
63:1606–10. doi: 10.1093/ptj/63.10.1606

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2022.1022546
https://kclpure.kcl.ac.uk/portal/files/103120905/TheBurdenOfStrokeInEuropeReport.pdf
https://kclpure.kcl.ac.uk/portal/files/103120905/TheBurdenOfStrokeInEuropeReport.pdf
https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.1016/S0140-6736(18)32335-3
https://doi.org/10.1016/S1474-4422(12)70029-7
https://www.safestroke.eu/wp-content/uploads/2020/10/02.-At_What_Cost_EIOS_Summary_Report.pdf
https://www.safestroke.eu/wp-content/uploads/2020/10/02.-At_What_Cost_EIOS_Summary_Report.pdf
https://www.safestroke.eu/wp-content/uploads/2020/10/02.-At_What_Cost_EIOS_Summary_Report.pdf
https://doi.org/10.3389/fneur.2017.00120
https://doi.org/10.1177/154596802401105171
https://doi.org/10.1177/1545968317732680
https://doi.org/10.1186/s12883-015-0292-6
https://doi.org/10.1111/j.1365-2753.2010.01434.x
https://doi.org/10.1177/1747493017711813
https://www.google.com/search?q=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&oq=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&aqs=chrome.69i57j0i19i22i30l2.3536j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&oq=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&aqs=chrome.69i57j0i19i22i30l2.3536j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&oq=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&aqs=chrome.69i57j0i19i22i30l2.3536j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&oq=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&aqs=chrome.69i57j0i19i22i30l2.3536j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&oq=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&aqs=chrome.69i57j0i19i22i30l2.3536j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&oq=World$+$Health$+$Organization.$+$Process$+$of$+$translation$+$and$+$adaptation$+$of$+$instruments&aqs=chrome.69i57j0i19i22i30l2.3536j0j7&sourceid=chrome&ie=UTF-8
https://doi.org/10.1080/09638288.2018.1464604
https://doi.org/10.1186/1471-2288-10-13
https://doi.org/10.1002/sim.4780132308
https://doi.org/10.1002/sim.5382
https://web.archive.org/web/20150226072457/http://www.strokecenter.org/wp-content/uploads/2011/08/barthel.pdf
https://web.archive.org/web/20150226072457/http://www.strokecenter.org/wp-content/uploads/2011/08/barthel.pdf
https://web.archive.org/web/20150226072457/http://www.strokecenter.org/wp-content/uploads/2011/08/barthel.pdf
http://sdh.sbmu.ac.ir/uploads/384_1447_1419344705470_medical_statistics_4th.pdf
http://sdh.sbmu.ac.ir/uploads/384_1447_1419344705470_medical_statistics_4th.pdf
https://doi.org/10.1161/STROKEAHA.110.592766
https://doi.org/10.1080/09638288.2020.1746844
https://doi.org/10.1901/jaba.1977.10-141
https://doi.org/10.1093/ptj/63.10.1606
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Translation of the Fugl-Meyer assessment into Romanian: Transcultural and semantic-linguistic adaptations and clinical validation
	Background and purpose
	Materials and methods
	Afferent validation pilot study
	Study design
	Inclusion criteria
	Exclusion criteria
	Inter- and intra-rater assays

	Statistical analysis afferent to the validation processing endeavors/procedures

	Results
	Inter- and intra-rater assessment through the Svensson statistical method
	Concurrent validity with other clinical and functional evaluation instruments

	Discussion
	Limitations of this study
	Conclusions
	Data availability statement
	Ethics statement
	Collaborative working group
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


