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Background: Telematic assistance has become indispensable in recent years. The
increased prevalence of Acquired brain injury and the sequels it causes, requires
long—-lasting multidisciplinary treatments. Validated tools to assess the evolution
of the disabilities and limitations of this pathology are essential to individualize and
prescribe adapted treatments. The aim has been to create the telematic version of
the Fugl Meyer Assessment-Upper Extremity Motor Function (TFMA-UE) Spanish
scale and its adaptation to the remote assessment of neurologic patients.

Methods: An adapted scale was designed based on the Fugl Meyer Assessment
scale-telematic version (FMA-TV): TFMA-UE. This scale is composed by 21 items
which evaluate the upper extremity motor function. Physiotherapists trained in
this tool, evaluate the results obtained from applying the two versions (on-site
and telematic) to compare the results.

Results: TFMA-UE was administered to 30 patients with acquired brain injury. It
was applied on site and through the web platform selected by the patients in
two different days. Patients completed all the scale in an easily way without help.
The exploratory and confirmatory factor analysis confirmed a factorial structure
with a factor (76.08% of the variance). The Cronbach's internal consistency index
obtained was 0.98 and the weight kappa index used to measure agreement
between the two versions was 0.78 which represents substantial agreement.

Conclusion: The Telematic Fugl Meyer Assessment-Upper Extremity Motor
Function (TFMA-UE) scale is a viable, useful and easy to apply tool that allows
the upper extremity motor function assessment of Acquired Brain Injury patients.

Fugl Meyer assessment scale, physiotherapy, telematic, assessment, acquire brain injury
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1. Introduction

Telerehabilitation requires validated assessment tools to determine
the patient’s functionality in order to establish objectives and choose
treatment tools.

Acquired brain injury (ABI) is the third leading cause of death
and the most common cause of disability and dependency even
among young adults (1). The main ABI etiologies are traumatic brain
injury (TBI) and stroke, although it includes other causes unrelated to
congenital or degenerative disorders (2). The incidence of ABI due to
stroke is twice that those caused by TBI. In Spain, the population of
people with ABI is increasing and currently there are an estimated
500,000 people with ABI, of which 78% are caused by stroke (3, 4), and
between 50,000 and 75,000 people have suffered a TBI (5), it is also
being the first cause of hospitalization due to neurological pathology
(6). The disability it generates is very high, as well as the healthcare
expenses it entails. In 2020, The United States, Sweden, and Spain were
the 3 countries with the highest average expenditure (US dollars:
59,900, 52,725, and 41,950 respectively) (7).

The consequences or sequelae present in ABI are very
heterogeneous, which requires multidisciplinary teams to apply
individualized treatments (8, 9). The most prevalent are paralysis
(unilateral), language and speech impairment, orientation and
coordination limitations and sensory disability, resulting in functional
limitation, decreased independence and a need for constant care (10).
These motor, sensory, cognitive and language deficits affect patients’
daily activities, impacting their quality of life and participation in the
community (11, 12). They may also suffer from anxiety, fatigue and/
or depression (13), sometimes being unable to return to their jobs (14).

The management of these patients has improved considerably in
recent years reducing mortality and morbidity thanks to the approach
in the acute phase and the prevention of risk factors. The increased
survival of these patients and the presence of sequelae require long-
term rehabilitation interventions (11, 15). Neurorehabilitation
techniques have proven to be effective in improving balance and
functionality, obtaining results in as little as 7 days (16). Since 2019,
society and therapies have had to adapt, largely as a consequence of
the pandemic generated by COVID-19 that forced the incorporation
of the use of communication technologies in healthcare practice, both
for prevalent and incident cases (17).

Telematic treatments are proving useful in reducing the time from
the onset of symptoms to the start of on-site treatments, with
satisfactory audiovisual quality and high inter-rater reliability, which,
in short, reduces the need for hospital transfers (18). This system is
particularly relevant when, despite an increase in the incidence of
stroke, after COVID-19 there has been less stroke admission patients
to the emergency department, which could be due to fear of contagion
on the part of patients and/or family members (19). Therefore, in their
study, Dafer et al. (19) established guidelines with recommendations
for the management of these stroke patients from prehospital
consultations to more advanced phases such as rehabilitation
treatment. These authors advocate the use of telemedicine after a
previous in-hospital assessment, since the functional prognosis of the
patients will depend on the rehabilitation treatment (19).

This current and innovative care system requires the adaptation
and validation of assessment, diagnostic and treatment tools. The
availability of standardized assessment scales facilitates the recording
and documentation of symptoms, makes it possible to specify specific
and feasible treatment objectives and to select the most appropriate
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tools. For neurological patients one of the most widely used scales is
the Fugl Meyer scale (11, 20) and its original version has already been
adapted to Spanish (21). It has a short version (22), and others for the
upper and lower extremity (23). Its telematic feasibility has recently
been demonstrated with satisfactory results (24).

The aim of the present study was the validation of the Fugl Meyer
Assessment - Upper Extremity Motor Function - telematic version
(TEMA-UE) scale in patients with ABI, taking into account the
clinical needs detected and the high prevalence of sequelae in the
upper limb in these patients.

2. Methods
2.1. Design

Cross-sectional study for the adaptation and validation of the Fugl
Meyer Assessment - Upper Extremity Motor Function scale - telematic
version (TFMA - UE).

2.2. Sample

The sample was composed by neurological patients from the
“Asociacion de Dafio Cerebral Adquirido” from Salamanca (ASDACE)
who voluntarily decided to participate after being informed of the
objectives and procedures of the study. Recruitment of the sample was
carried out between December 2021 and April 2022. All patients with
ABI were included if they had the facilities for telematic connection and
it was feasible to use them. Patients with cognitive alterations, difficulties
in following orders or interacting during a video call were excluded.

2.3. Instruments

The Fugl Meyer — Upper Extremity Motor Function scale -
telematic version (TFMA - UE) has been established from the
telematic version Fugl Meyer assessment scale (FMT-TV) (24) which
in turn was concretized from the Fugl Meyer scale validated to
Spanish (21).

The original Fugl Meyer scale (25) was created to assess the
functional status of patients who had suffered a stroke composed by 5
domains: upper extremity motor function, lower extremity motor
function, balance, sensitivity, range and joint pain and contains 113
items and 226 points. This scale has been validated into Spanish (21),
adapted to telematic version, and its viability has been demonstrated
(24). The FMA -TV scale presents a total score of 92 points and differs
from the original in those items that require the presence of the
therapist and its remote assessment is compromised. Thus, the FMA
-TV scale presents 4 domains: upper extremity motor function, lower
extremity motor function, balance and pain. It does not include items
related to the assessment of reflexes, resisted movements, or
movements requiring objects or assistance.

The TFMA-UE scale is constructed from the upper extremity
motor function domain of the FMA-TV. This scale in comparison to
the original Fugl Meyer (25) does not contain: the 3 items related to
reflexes (biceps, triceps and finger flexors); the 2 items of resisted wrist
movements; 5 items of the grasp section related to grasp (hook grasp.,
thumb adduction, pincer grasp/opposition, cylinder grasp and
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spherical grasp) and 2 coordination items (tremor and dysmetria).
The TFMA-UE scale consists of 21 items and 42 points: 15 items
related to the upper extremity/shoulder, 3 wrist items, 2 hand items
and 1 coordination item. Each item is valued in the same way as in the
original scale: from 0 to 2, being 0 the impossibility of performing the
movement, 1 the beginning of the movement or incomplete
performance but not performed correctly and 2 the correct
performance of the movement (Annex 1).

2.4. Procedure

All subjects were evaluated on-site using the Fugl Meyer
scale - Spanish version (24) (upper extremity motor function
dimension) by different physiotherapists trained in the use of the
tool, in the facilities of the Faculty of Nursing and Physiotherapy
of the University of Salamanca. Between 2 and 5 days later, the
telematic evaluation was carried out using the TFMA-UE scale for
which the platform chosen by each participant according to their
preferences was used: Google Meet, Facetime, Whatsapp or
Microsoft Teams.

The patients remained seated in a chair, with their backs against
the backrest and the soles of their feet flat on the floor. The camera was
placed at a distance that allowed a full view of both upper extremities.
A caregiver was always present to assist in the placement of the camera
and to reassure the patient in case of any unforeseen event.

Five physiotherapists undertook joint training to ensure the
comprehension of all the items and a similar evaluation in all cases.
The same physiotherapists were in charge of performing the on-site
and the telematic evaluations.

2.5. Statistical analysis

The psychometric properties of the TEMA-UE were evaluated.
Cronbach alpha coefficient was used to assess reliability and
exploratory factor analysis (EFA) and confirmatory factor analysis
(CFA) were performed to assess the validity. SPSS Statistics version
28.0 and SPSS Amos version 26.0 were employed.

Sample adequacy indices were obtained, indicating a good fit of the
data. Therefore, to discover the underlying structure of the items EFA was
employed, and given the ordinal nature of the data, the method employed
was the unweight least squares based on the polychoric correlation
matrix (26). The screen test was evaluated, so that the components
located above the curve of the sedimentation graph are taken into
account. Those items whose factor loads were greater than 0.40 and
which did not significantly load more than one factor were selected.

The CFA model suggested by EFA was tested. The maximum
likelihood estimation was chosen because of the ordinal scales of the
data (27). To evaluate the goodness of fit of the model, it was verified
that the correction of § — B, : on the degree of freedom was less than
3; the Tucker-Lewis Index (TLI) and the Comparative Fit Index (CFI)
(28) had values greater than or equal to 0.9. Furthermore, the Akaike
Information Criterion (AIC) was evaluated, knowing that the lower
its value, the more parsimonious the model is (29).

The weight kappa index was used to evaluate the concordance or
reproducibility of the two instruments (original and telematic). The
kappa results are interpreted as follows: values between 0.01 and 0.20
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as none to slight, 0.21 and 0.40 as fair, 0.41 and 0.60 as moderate, 0.61
and 0.80 as substantial and between 0.81 and 1.00 as almost perfect
agreement (30).

2.6. Ethical considerations

The study had the approval of the ethics committee of the
University of Salamanca with registration number: 630, registration
in Clinical. Trial.org with ID: NCT04670315 and the Declaration of
Helsinki has been taken into account. All participants were previously
informed of the objectives of the study and signed an informed consent.

3. Results

The sample consisted of 30 patients with a mean age of 67.01, CI
95% [63.36-70.66] and 4.22 CI 95% [3.29-5.16] years of evolution
since the diagnosis of ABI. 66.7% were male (Table 1).

TABLE 1 Descriptive data of the sample.

Patients n =30

Age* (years) 67.01 [63.36-70.66]
Time since diagnosis* 4.22 [3.29-5.16]
(years)
Civil status** Single 0(0.0)
Married 26 (86.7)
Divorced 1(3.3)
Widowed 3(10.0)
Sex** Male 20 (66.7)
Female 10 (33.3)
Dominant side** Right 28(93.3)
Left 2(6.7)
Affected side** Right 14 (46.7)
Left 16 (53.3)
Occupation™* Primary sector 4(13.3)
Secondary sector 4(13.3)
Service sector 19 (63.3)
Others 3(10.0)
Educational level** Primary 8(26.7)
Secondary 5(13.7)
High School 6 (20.0)
University 10 (33.3)
No studies 1(3.3)
Brumstrom stage** 2 3(10.0)
3 4(13.3)
4 4(13.3)
5 6 (20.0)
6 10 (33.3)
No evaluable 3(10.0)

*Mean [95% confidence interval] **number (percentage).

frontiersin.org


https://doi.org/10.3389/fneur.2023.1226192
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://Clinical.Trial.org

Llamas-Ramos et al.

TABLE 2 Scores obtained by sections and total score of telematic version.

10.3389/fneur.2023.1226192

TABLE 3 Exploratory factor analysis: loadings, means standard deviations
of the TFMA — UE.

Section Iltem Mean SD
ITEM Loading M SD
Flexor synergy Shoulder retraction 1.03 0.77
Shoulder external 0.80 1 0.74
Shoulder elevation 1.40 0.62
rotation
Shoulder abduction 1.33 0.71
Elbow flexion 0.88 1.63 0.72
Shoulder external 1 0.74
. Forearm supination 0.87 1.33 0.88
rotation
Shoulder adduction/ 0.81 1.67 0.61
Elbow flexion 1.63 0.72
internal rotation
Forearm supination 1.33 0.88
Elbow extension 0.93 1.57 0.77
Extensor synergy Shoulder adduction/ 1.67 0.61
Forearm pronation 0.86 1.60 0.68
internal rotation
Hand to lumbar spine 0.91 1.53 0.82
Elbow extension 1.57 0.77
Shoulder flexion 0°- 90° 0.90 1.30 0.79
Forearm pronation 1.60 0.68
Pronation-supination 0.91 1.30 0.84
Volitional Hand to lumbar spine 1.53 0.82
o Shoulder abduction 0.92 1.27 0.83
movement mixing Shoulder flexion 1.30 0.79
o
synergies 0°-90° 0-90
Shoulder flexion 90° - 0.78 0.93 0.79
Pronation-supination 1.30 0.84
180°
Volitional Shoulder abduction 1.27 0.83
o Pronation/supination 0.86 1 0.83
movement with little | 0-90°
Repeated dorsiflexion / 0.85 1.17 0.87
Or nO Synergy Shoulder flexion 0.93 0.79 P
volar flexion (elbow
90°-180°
90°)
Pronation/supination 1 0.83
Repeated dorsiflexion / 0.81 0.97 0.81
Wrist Repeated dorsiflexion/ 1.17 0.87 volar flexion (elbow 0°)
volar flexion (elbow
90°) Circumduction 0.87 1.10 0.85
Mass flexion 0.91 1.60 0.72
Repeated dorsiflexion/ 0.97 0.81
volar flexion (elbow Mass extension 0.90 1.33 0.88
0°) Time 0.92 1.27 0.87
Circumduction 1.10 0.85
Hand Mass flexion 1.60 0.72 TABLE 4 Confirmatory factor analysis of the TFMA — UE.
Mass extension 1.33 0.88 S B Goodness-of- TLI CFl
_B.: /gl "
Coordination Time 1.27 0.87 e fit test
1.70 0.878 0.902 305.093
Total score 27.33 1391 2% =207.093
gl=122, p=0.00

Table 2 shows the mean scores obtained by the patients for each
of the sections of the telematic version together with the mean
total score.

The sample presented a good fit, with Bartlett’s sphericity test
being significant (p <0.001) and the Kaiser-Meyer-Olkin test (KMO)
of 0.884. The exploratory factor analysis suggested a three-factor
solution. The model was redefined by performing a second EFA after
eliminating the items that did not meet the retention criteria: items 1
(shoulder retraction), 2 (shoulder elevation) and 3 (shoulder
abduction). This resulted in an unifactorial solution that explained
76.08% of the variance, in accordance with the factorial structure of
the original scale (Table 3).

A CFA was performed using the maximum likelihood method.
The one-factor model obtained through EFA and composed of 18
items has a good fit (Table 4). The factor loadings range from 0.71 to
0.91 (Figure 1). The reliability of the scale was found to be high, with
Cronbach’s Alpha Coeflicient equal to 0.98.

The analysis of concordance was established using the weighted
kappa coefficient whose values range from 0.54 to 0.924 with an
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TLI, Tucker-Lewis Index; GFI, Goodness-of-Fit Index; CFI, Comparative Fit Index; RMSEA,
root mean square error of approximation; AIC, Akaike information criterion.

average value of 0.78 which could be considered substantial
agreement. The two items (shoulder elevation and shoulder abduction)
with a coefficient lower than 0.60 were the ones excluded in the
exploratory and confirmatory factor analysis (Table 5).

Figure 2 presents a scatterplot of the total scores obtained in the
on-site and telematic version of the Fugl-Meyer upper extremity
motor function scale. A high correlation was obtained between the
overall scores obtained with the two instruments, the Pearson
correlation coefficient being  =0.987 (p <0.01).

4. Discussion

This study carried out the validation of the telematic version of the
Fugl Meyer Assessment Scale - upper extremity motor function
(TFMA - UE) obtaining good results in the psychometric properties
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FIGURE 1

Path diagram with standardized weights and measurement errors for each item of the scale.

of reliability and validity. It is essential to have validated tools to assess
the functionality of patients with ABI telematically, to establish
individualized treatment goals adapted to the stages of evolution, and
to select the most appropriate treatment tools.

In 2016, there were 13.7 million strokes and more than 80 million
stroke survivors worldwide (31). Rehabilitation treatments can reduce
disability and dependency, improve the quality of life of people
suffering ABI, their caregivers, and the national economy (32-34).

The addition of telematic care for people with ABI will reduce
waiting times for access to rehabilitation treatment, as well as increase
the possibility of access for people with geographical or personal
difficulties who cannot travel to on-site centers. The sequelae or
impairments that occur in the upper extremity in a person with ABI
generate functional limitations among which are weakness or

Frontiers in Neurology

paralysis, loss of sensitivity and pain (35-39), which usually become
chronic. The average rehabilitation time reflected in the literature
varies according to the studies, establishing durations between 2 and
6weeks, from 3 to 7day-weeks and from 90 to 1,288 min-weeks
without a clear consensus on which is the best therapeutic option.
However, a positive effect has been found between rehabilitation time
and upper extremity motor impairment (39). The impairment
presented by these patients is not always unique and several
impairments are often present at the same time, which makes it
difficult to adapt treatments. Incorporating telematic assessment and
treatment strategies will allow optimizing the prescription in these
patients (38).

The Fugl Meyer scale (25), based on the sequential recovery of
motor function by Twitchell and Brunnstrom (38), represents one of
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TABLE 5 Weight Kappa statistic values.

Section Item Weight CI [95%]
Kappa
Flexor synergy Shoulder external 0.75 [0.57;0.94]
rotation
Elbow flexion 0.88 [0.72; 1,04]
Forearm supination 0.72 [0.52;0.91]
Extensor synergy Shoulder adduction/ 0.80 [0.57;1.03]
internal rotation
Elbow extension 0.86 [0.70; 1.02]
Forearm pronation 0.66 [0.41-0.91]
Volitional Hand to lumbar spine 0.90 [0.77-1.03]
movement mixing | gp,qylder flexion 0°-90° 0.71 0.50-0.92]
synergies Pronation-supination 0.92 [0.81-1.03]
Volitional Shoulder abduction 0.92 [0.81-1.03]
movement with 0-90°
little or no synergy | ghoulder flexion 90°- 0.75 0.57-0.93]
180°
Pronation/supination 0.92 [0.82-1.08]
Wrist Repeated dorsiflexion/ 0.71 [0.52-0.90]
volar flexion (elbow 90°)
Repeated dorsiflexion/ 0.76 [0.56-0.97]
volar flexion (elbow 0°)
Circumduction 0.78 [0.63-0.94]
Hand Mass flexion 0.77 [0.59-0.95]
Mass extension 0.74 [0.55-0.93]
Coordination Time 0.85 [0.71-0.99]
p<0.01.

Telematic version

On site version

FIGURE 2

Scatterplot showing the concordance between on-site and telematic
version of Fugl-Meyer assessment of upper extremity motor function
total score.

the most widely used scales in motor recovery after stroke (40) and
its clinical utility is well supported (41). Our research team has long
experience evaluating patients with ABI with the Spanish version of
this scale. The interruption of treatment during the Covid-19
pandemic made it necessary to implement telematic care strategies,
perceiving the need for instruments to evaluate the functionality of
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these patients (24). For months the team members checked which
items were feasible to be applied by video call and after a long process
of debate the FMA-TV scale was established and its feasibility was
proven (24). The FMA-TV scale does not contain items related to
reflexes, sensitivity, range and pain and neither have they been
included in the validation of our TFMA - UE version. The removal
of these items does not interfere with functional outcomes since
according to Reener et al. (42) wrist extensors and flexors and fingers
are good predictors of upper extremity motor function (42).
Woodbury et al. (23) had already proposed the elimination of the 3
reflex-related items. The TEMA - UE scale contains movement speed,
a direct, objective and reliable kinematic measure of movement
abilities as demonstrated by several authors (43, 44). The TEMA - UE
has a total score of 42 points compared to 66 points for the upper
extremity motor function dimension of the FMA scale
original version.

For the validation of our scale we used the original version of
the Fugl Meyer - Upper extremity scale (23). After eliminating items
1, 2, 3, the EFA analysis found a single dimension, the same as the
original version (25), with 76.08% of the variability explained. This
solution was validated by CFA, obtaining a good fit. In addition, the
reliability of the scale was checked by means of the Cronbach Alpha
Coeflicient and its concordance with the original scale by means of
the weighted kappa coefficient, obtaining good results in both cases.
The lack of concordance in the shoulder elevation and shoulder
abduction items can be explained by the alteration in the
anticipatory postural adjustments (APA). After suffering a stroke,
there is an impairment in the cortico-spontine networks and an
alteration in the information coming from the supplementary
motor area, related to the temporal component of the APAs. This
may be the reason why patients present a delay in the APAs (45) and
alteration in normal movement patterns. In the scapula-humeral
stabilizers this alteration results in worse stability and orientation
of the shoulder and/or trunk during movement (46), generating
excessive trunk displacement and decreased shoulder flexion and
adduction along with reduced elbow extension (50). These
movement alterations make it difficult to assess selective
movements, as many times compensatory or substitute movements
occur together (47), and this fact is more difficult to discern through
a screen.

Recent studies have investigated the telematics application of this
scale. On the one hand, Liz et al. (48) have implemented a study to
verify possible errors in the telematic application of the Fugl Meyer
scale, concluding that it presents excellent intra- and inter-rater
reliability, which makes it valid for the evaluation of these patients. On
the other hand, Carmona et al. (49) designed a modified version of the
Upper extremity Fugl Meyer Scale with good results, unfortunately
these authors did not analyze the psychometric properties of the scale
like in our study. Both studies are in line of our investigation and
supports our finding that the TFMA-UE could be used as an
alternative tool evaluation for this population and also could
be implemented in patients with arm disabilities.

Although this study has allowed the validation of the proposed
scale, it is not without some limitations, the sample size being the
main one. It is important to point out that this sample size is
conditioned by the prevalence of ABI. For all these reasons, it would
be interesting to carry out future studies that include a larger
sample size.
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5. Conclusion

The telematic version of the Fugl Meyer Assessment - upper
extremity motor function (TFMA - UE) scale has demonstrated a high
degree of validity and reliability being a suitable instrument for
functional assessment of the upper extremity telematically in patients
who have suffered an ABI.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethics committee of the University of Salamanca,
obtained with registration number: 630. The patients/participants
provided their written informed consent to participate in this
study.

Author contributions

RL-R, IL-R, and FP-R researched literature and conceived the
study. RL-R, IL-R, FP-R, JS-G, BB-G, EF-B, and AM-N were involved
in protocol development, gaining ethical approval, patient recruitment
and data analysis. RL-R and IL-R wrote the first draft of the
manuscript. All authors contributed to the article and approved the
submitted version.

References

1. Nichol AD, Higgins AM, Gabbe BJ, Murray L], Cooper DJ, Cameron PA. Measuring
functional and quality of life outcomes following major head injury: common scales and
checKklists. Injury. (2011) 42:281-7. doi: 10.1097/HTR.0000000000000765

2. Hauger SL, Borgen IMH, Lovstad M, Lu ], Forslund MV, Kleffelgard I, et al.
Community-based interventions after acquired brain injury-a systematic review of
intervention types and their effectiveness. ] Head Trauma Rehabil. (2022) 37:E355-69.
doi: 10.1097/HTR.0000000000000765

3. Quezada MY, Huete A, Bascones LM. Las personas con Da~no Cerebral Adquirido
en Esparia [People with Acquired Brain Injury in Spain]. Madrid: FEDACE y Ministerio
de Salud, Seguridad Social e Igualdad (2015).

4. Espana INE. Instituto Nacional de Estadistica. Madrid: Ministerio de Economia,
Industria y Competitividad (2017).

5. CEADAC. Dafio Cerebral Adquirido. Datos Espafia; (2022). Available at: https://ceadac.
imserso.es/ceadac_01/da_ce/dano_cerebral/index.htm (Accessed December 20, 2022).

6. Feske SK. Ischemic stroke. Am J Med. (2021) 134:1457-64. doi: 10.1016/j.
amjmed.2021.07.027

7. Bettger JP, Cadilhac DA. Stroke care costs and cost-effectiveness to inform health
policy. Stroke. (2022) 53:2078-81. doi: 10.1161/STROKEAHA.122.037451

8. Stiekema APM, Winkens I, Ponds R, De Vugt ME, Van Heugten CM. Finding a new
balance in life: a qualitative study on perceived long-term needs of people with acquired
brain injury and partners. Brain Inj. (2020) 34:421-9. doi: 10.1080/02699052.2020.1725125

9. Cullen N. Acquired brain injury: an integrative neuro-rehabilitation approach. N
Engl JMed. (2019) 357:2415-6. doi: 10.1056/NEJMbkrev58754

10. Langhorne P, Coupar F, Pollock A. Motor recovery after stroke: a systematic
review. Lancet Neurol. (2009) 8:741-54. doi: 10.1016/S1474-4422(09)70150-4

11.Rimmele DL, Thomalla G. Long-term consequences of stroke.
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. (2022) 65:498-502. doi:
10.1007/s00103-022-03505-2

Frontiers in Neurology

10.3389/fneur.2023.1226192

Funding

This research has been funded by the CPFCYL. Number code:
INV2023-39.

Acknowledgments

We gratefully acknowledge our colleagues and the patients who
made this manuscript possible.

Conflict of interest

The 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.2023.1226192/
full#supplementary-material

12. Turner-Stokes L, Pick A, Nair A, Disler PB, Wade DTCochrane Injuries Group.
Multi-disciplinary rehabilitation for acquired brain injury in adults of working age.
Cochrane Database Syst Rev. (2015) 2015:CD004170. doi: 10.1002/14651858.
CD004170.pub3

13. Hackett ML, Pickles K. Part I: frequency of depression after stroke: an updated
systematic review and meta-analysis of observational studies. Int ] Stroke. (2014)
9:1017-25. doi: 10.1111/ijs.12357

14. Luna Lario P, Blanco Beregafia M, Tirapu Ustarroz J, Ojeda del Pozo N, Mata
Pastor I. Trayectoria laboral, discapacidad y dependencia tras dafio cerebral adquirido:
estudio prospectivo en los dos afios siguientes a la lesion cerebral. Rev Neurol. (2013)
57:241-50. (Spanish). doi: 10.33588/rn.5706.2013227

15. Lazar RM, Boehme AK. Aphasia as a predictor of stroke outcome. Curr Neurol
Neurosci Rep. (2017) 17:83. doi: 10.1007/s11910-017-0797-z

16. Rahayu UB, Wibowo S, Setyopranoto I, Hibatullah RM. Effectiveness of
physiotherapy interventions in brain plasticity, balance and functional ability in stroke
survivors: a randomized controlled trial. NeuroRehabilitation. (2020) 47:463-70. doi:
10.3233/NRE-203210

17. Marin-Medina DS, Mufoz-Rosero AM, Bernal-Bastidas BL, Gaspar-Toro JM.
SARS-CoV-2 infection and ischemic stroke. SEMERGEN. (2021) 47:482-7. doi:
10.1016/j.semerg.2020.09.007

18. Kandimalla J, Vellipuram AR, Rodriguez G, Maud A, Cruz-Flores S, Khatri R. Role
of telemedicine in prehospital stroke care. Curr Cardiol Rep. (2021) 23:71. doi: 10.1007/
511886-021-01473-8

19. Dafer RM, Osteraas ND, Biller ]. Acute stroke Care in the Coronavirus Disease
2019 pandemic. J Stroke Cerebrovasc Dis. (2020) 29:104881. doi: 10.1016/j.
jstrokecerebrovasdis.2020.104881

20. Wang YL, Lin GH, Huang YJ, Chen MH, Hsieh CL. Refining 3 measures to
construct an efficient functional assessment of stroke. Stroke. (2017) 48:1630-5. doi:
10.1161/STROKEAHA.116.015516

frontiersin.org


https://doi.org/10.3389/fneur.2023.1226192
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2023.1226192/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2023.1226192/full#supplementary-material
https://doi.org/10.1097/HTR.0000000000000765
https://doi.org/10.1097/HTR.0000000000000765
https://ceadac.imserso.es/ceadac_01/da_ce/dano_cerebral/index.htm
https://ceadac.imserso.es/ceadac_01/da_ce/dano_cerebral/index.htm
https://doi.org/10.1016/j.amjmed.2021.07.027
https://doi.org/10.1016/j.amjmed.2021.07.027
https://doi.org/10.1161/STROKEAHA.122.037451
https://doi.org/10.1080/02699052.2020.1725125
https://doi.org/10.1056/NEJMbkrev58754
https://doi.org/10.1016/S1474-4422(09)70150-4
https://doi.org/10.1007/s00103-022-03505-2
https://doi.org/10.1002/14651858.CD004170.pub3
https://doi.org/10.1002/14651858.CD004170.pub3
https://doi.org/10.1111/ijs.12357
https://doi.org/10.33588/rn.5706.2013227
https://doi.org/10.1007/s11910-017-0797-z
https://doi.org/10.3233/NRE-203210
https://doi.org/10.1016/j.semerg.2020.09.007
https://doi.org/10.1007/s11886-021-01473-8
https://doi.org/10.1007/s11886-021-01473-8
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104881
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104881
https://doi.org/10.1161/STROKEAHA.116.015516

Llamas-Ramos et al.

21. Ferrer-Gonzalez B. Adaptacion y Validacion al Espariol de la Escala Fugl-Meyer en el
Manejo de la Rehabilitacién de Pacientes con Ictus. Sevilla: Universidad de Sevilla (2015).

22. Hsieh YW, Hsueh IP, Chou YT, Sheu CF, Hsieh CL, Kwakkel G. Development and
validation of a short form of the Fugl-Meyer motor scale in patients with stroke. Stroke.
(2007) 38:3052-4. doi: 10.1161/STROKEAHA.107.490730

23. Woodbury ML, Velozo CA, Richards LG, Duncan PW, Studenski S, Lai SM.
Dimensionality and construct validity of the Fugl-Meyer assessment of the upper
extremity. Arch Phys Med Rehabil. (2007) 88:715-23. doi: 10.1016/j.apmr.
2007.02.036

24. Pérez-Robledo F, Llamas-Ramos R, Llamas-Ramos I, Bermejo-Gil BM, Sanchez-
Gonzélez JL, Martin-Nogueras AM. Adaptation and feasibility of the online version of
the Fugl Meyer scale for the assessment of patients following cerebrovascular accidents.
Rev Neurol. (2022) 74:156-62. doi: 10.33588/rn.7405.2021385

25. Fugl-Meyer AR, Jadsko L, Leyman I, Olsson S, Steglind S. The post-stroke
hemiplegic patient. 1. A method for evaluation of physical performance. Scand ] Rehabil
Med. (1975) 7:13-31. doi: 10.2340/1650197771331

26. Freiberg-Hoffman A, Stover JB, de la Iglesia G, Liporace M. Correlaciones
policéricas y tetracéricas en estudios factoriales exploratorios y confirmatorios
[Polychoric and tetrachoric correlations in exploratory and confirmatory factorial
studies]. Ciencias Psicoldgicas. (2013) 7:151-64. doi: 10.22235/cp.v7il.1057

27.Bentler PM. EQS 6, Structural Equations Program Manual. Encino, CA:
Multivariate Software Inc. (2006).

28. Bentler PM. Comparative fit indexes in structural models. Psychol Bull. (1990)
107:238-46. doi: 10.1037/0033-2909.107.2.238

29. Hair JE, Black WC, Babin BJ, Anderson RE. Multivariate Data Analysis. 8th ed.
Boston: Cengage (2019).

30. Sim J, Wright CC. The kappa statistic in reliability studies: use, interpretation, and
sample size requirements. Phys Ther. (2005) 85:257-68. doi: 10.1093/ptj/85.3.257

31. GBD 2016 Stroke Collaborators. Global, regional, and national burden of stroke,
1990-2016: a systematic analysis for the global burden of disease study 2016. Lancet
Neurol. (2019) 18:439-58. doi: 10.1016/S1474-4422(19)30034-1

32. Lewthwaite R, Winstein CJ, Lane CJ, Blanton S, Wagenheim BR, Nelsen MA, et al.
Accelerating stroke recovery: body structures and functions, activities, participation,
and quality of life outcomes from a large rehabilitation trial. Neurorehabilitation Neural
Repair. (2018) 32:150-65. doi: 10.1177/1545968318760726

33. Oyewole OO, Ogunlana MO, Gbiri CA, Oritogun KS, Osalusi BS. Impact of post-
stroke disability and disability-perception on health-related quality of life of stroke
survivors: the moderating effect of disability-severity. Neurol Res. (2020) 42:835-43. doi:
10.1080/01616412.2020.1785744

34. Patel A, Berdunov V, Quayyum Z, King D, Knapp M, Wittenberg R. Estimated
societal costs of stroke in the UK based on a discrete event simulation. Age Ageing.
(2020) 49:270-6. doi: 10.1093/ageing/afz162

35. Wagner JM, Lang CE, Sahrmann SA, Edwards DF, Dromerick AW. Sensorimotor
impairments and reaching performance in subjects with poststroke hemiparesis

Frontiers in Neurology

08

10.3389/fneur.2023.1226192

during the first few months of recovery. Phys Ther. (2007) 87:751-65. doi: 10.2522/
Ptj.20060135

36. Tyson SE, Hanley M, Chillala ], Selley AB, Tallis RC. Sensory loss in hospital-
admitted people with stroke: characteristics, associated factors, and relationship with
function. Neurorehabil Neural Repair. (2008) 22:166-72. doi: 10.1177/1545968307305523

37. Lundstrém E, Terént A, Borg J. Prevalence of disabling spasticity 1 year after first-
ever stroke. Eur ] Neurol. (2008) 15:533-9. doi: 10.1111/j.1468-1331.2008.02114.x

38. Raghavan P. Upper limb motor impairment after stroke. Phys Med Rehabil Clin N
Am. (2015) 26:599-610. doi: 10.1016/j.pmr.2015.06.008

39. Clark B, Whitall J, Kwakkel G, Mehrholz ], Ewings S, Burridge J. The effect of time
spent in rehabilitation on activity limitation and impairment after stroke. Cochrane
Database Syst Rev. (2021) 10:CD012612. doi: 10.1002/14651858.CD012612

40. 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

41.Lin JH, Hsu M]J, Sheu CF, Wu TS, Lin RT, Chen CH, et al. Psychometric
comparisons of 4 measures for assessing upper-extremity function in people with stroke.
Phys Ther. (2009) 89:840-50. doi: 10.2522/ptj.20080285

42. Renner CI, Bungert-Kahl P, Hummelsheim H. Change of strength and rate of rise
of tension relate to functional arm recovery after stroke. Arch Phys Med Rehabil. (2009)
90:1548-56. doi: 10.1016/j.apmr.2009.02.024

43. Raghavan P, Santello M, Gordon AM, Krakauer JW. Compensatory motor control
after stroke: an alternative joint strategy for object-dependent shaping of hand posture.
J Neurophysiol. (2010) 103:3034-43. doi: 10.1152/jn.00936.2009

44. Aluru V, Lu Y, Leung A, Verghese J, Raghavan P. Effect of auditory constraints on
motor performance depends on stage of recovery post-stroke. Front Neurol. (2014)
5:106. doi: 10.1177/1545968315613863

45. Silva CF, Pereira S, Silva CC, Ferreira S, Oliveira N, Santos R. Anticipatory postural
adjustments in the shoulder girdle in the reach movement performed in standing by
post-stroke subjects. Somatosens Mot Res. (2018) 35:124-30. doi: 10.1080/08990220.
2018.1484354

46. Pereira S, Silva CC, Ferreira S, Silva C, Oliveira N, Santos R, et al. Anticipatory
postural adjustments during sitting reach movement in post-stroke subjects. |
Electromyogr Kinesiol. (2014) 24:165-71. doi: 10.1016/j.jelekin.2013.10.001

47.Levin MEF, Liebermann DG, Parmet Y, Berman S. Compensatory versus
noncompensatory shoulder movements used for reaching in stroke. Neurorehabil Neural
Repair. (2016) 30:635-46. doi: 10.1177/1545968315613863

48.Liz L, da Silva TG, Michaelsen SM. Validity, reliability, and measurement error of
the remote Fugl-Meyer assessment by videoconferencing: tele-FMA. Phys Ther.
(2023):pzad054. doi: 10.1093/ptj/pzad054

49.Carmona C, Sullivan JE, Arceo R, Drogos ], Besser S, Gutierrez S, et al.
Development and preliminary validity study of a modified version of the upper
extremity Fugl-Meyer assessment for use in telerehabilitation. ] Neurol Phys Ther. (2023).
doi: 10.1097/NPT.0000000000000447

frontiersin.org


https://doi.org/10.3389/fneur.2023.1226192
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1161/STROKEAHA.107.490730
https://doi.org/10.1016/j.apmr.2007.02.036
https://doi.org/10.1016/j.apmr.2007.02.036
https://doi.org/10.33588/rn.7405.2021385
https://doi.org/10.2340/1650197771331
https://doi.org/10.22235/cp.v7i1.1057
https://doi.org/10.1037/0033-2909.107.2.238
https://doi.org/10.1093/ptj/85.3.257
https://doi.org/10.1016/S1474-4422(19)30034-1
https://doi.org/10.1177/1545968318760726
https://doi.org/10.1080/01616412.2020.1785744
https://doi.org/10.1093/ageing/afz162
https://doi.org/10.2522/ptj.20060135
https://doi.org/10.2522/ptj.20060135
https://doi.org/10.1177/1545968307305523
https://doi.org/10.1111/j.1468-1331.2008.02114.x
https://doi.org/10.1016/j.pmr.2015.06.008
https://doi.org/10.1002/14651858.CD012612
https://doi.org/10.1177/154596802401105171
https://doi.org/10.2522/ptj.20080285
https://doi.org/10.1016/j.apmr.2009.02.024
https://doi.org/10.1152/jn.00936.2009
https://doi.org/10.1177/1545968315613863
https://doi.org/10.1080/08990220.2018.1484354
https://doi.org/10.1080/08990220.2018.1484354
https://doi.org/10.1016/j.jelekin.2013.10.001
https://doi.org/10.1177/1545968315613863
https://doi.org/10.1093/ptj/pzad054
https://doi.org/10.1097/NPT.0000000000000447

	Validity of the telematic Fugl Meyer assessment scale – upper extremity (TFMA-UE) Spanish version
	1. Introduction
	2. Methods
	2.1. Design
	2.2. Sample
	2.3. Instruments
	2.4. Procedure
	2.5. Statistical analysis
	2.6. Ethical considerations

	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

