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Background. Neuromuscular diseases present a set of clinical and pathological disabilities that include muscle weakness and atrophy,
perception of fatigue, fatigability, and contracture. Motor fatigability compromises the ability of the individual to generate muscle
strength and perform their daily activities. Quantitative measures of strength and motor fatigability are important to determine the
clinical progression of the disease and the response to the proposed treatments. Thus, the aim of this study was to identify the
equipment and protocols frequently used to assess upper limb motor fatigability in patients with neuromuscular disease. Methods.
Information such as equipment used to induce motor fatigability, body segment or joint studied, movement analyzed, type of
contraction, and protocol utilized for the test was analyzed. Joanna Briggs Scale and Newcastle-Ottawa Scale assessed the
methodological quality of the studies. In addition, a checklist was prepared by the research group to assess the protocols presented
in the referred studies. Results. The isokinetic and handgrip dynamometers were the most utilized equipment to induce motor
fatigability. 83% of the studies had a design with low methodological rigor and half of them with high risk of bias. In the analysis
of the protocols utilized to induce motor fatigability, one study was classified as regular and the other ones as good. Conclusion.
The methodological topics to assess motor fatigability were incompletely described considering the electrophysiological and
biomechanical approach. Although the motor fatigability in the upper limb was evaluated using isokinetic and handgrip
equipment, the absence of a gold standard protocol still compromises the understanding of clinical progression and responses to
the treatments in the neuromuscular diseases. This trial is registered with CRD42021206934.

1. Introduction

Fatigue is a common symptom of many chronic diseases, but
the lack of standardized definitions and measurement has
made it difficult to assess this condition accurately. The term
fatigue has been the subject of discussions that seek unifica-
tion regarding the use of this terminology. Kluger et al. [1]
proposed a taxonomy that divides the term fatigue in two
domains: perception of fatigue and fatigability. In this
model, perception of fatigue refers to subjective sensations
of weariness, which can be measured using self-report scales

capable of assessing the individual’s perception of fatigue. In
turn, the term fatigability refers to objective changes in one
or more aspects of the individual’s performance when
performing a prolonged task or when comparing perfor-
mance before and after performing a fatigue-inducing task.
Furthermore, this taxonomy proposes that fatigability be
understood under the cognitive and motor domains. In the
motor domain, fatigability is quantified by the decline in
peak strength, power, and speed when performing the pro-
posed task, whether prolonged or fatigue-inducing. In this
study, we adopted the term fatigability in its motor domain.
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Neuromuscular diseases enclose a group of disorders
affecting the peripheral nervous system, including motor neu-
rons and sensory neurons, muscle, or neuromuscular junction
[2]. This heterogeneous genetic or acquired group of diseases
manifests with onset from birth to adulthood and with slow
or rapid progression [2]. A mix of clinical and pathological dis-
abilities often causes proximal or distal muscle weakness and
atrophy, perception of fatigue, fatigability, contractures, stiff-
ness, cramps, or sensorial signs and symptoms [2-4]. Muscle
atrophy is one of the hallmark signs of NMD, and it is associ-
ated with impairment of muscle strength and the ability to per-
form daily life activities [5]. Motor fatigability is another
challenge for patients with NMD because it involves the loss
of force generation during a task or the ability to generate max-
imal force during repeated or sustained muscle contraction [6].

Quantitative measures of strength and motor fatigability
are essential in determining clinical progression and asses-
sing responses to the treatment. The isokinetic dynamome-
ter is a method widely used in laboratory settings. It allows
for objective muscle testing using dynamic or static muscle
contraction, the force produced during the test uses constant
velocity and resistance accommodation, and it can both
quantify several characteristics of muscle conditions (such
as peak torque, work, fatigue index, and time to reach peak
torque) and monitor minor changes in muscle condition [7].

In addition, it is often difficult to extrapolate data from
one human motor fatigability study to another since a wide
range of concepts, protocols, and methods have been applied
by investigators over several decades. The studies must pro-
vide specific information about the tools and procedures to
investigate motor fatigability.

The natural progression of NMD leads to increasing
weakness and musculoskeletal deformities, ambulation loss
can happen, and the impairment of the upper limbs can lead
to a significant level of activity limitations and restriction in
participation [8]. Lower limb muscle groups, especially knee
extensors, have been selected to evaluate the motor fatigabil-
ity process [9] because of their greater muscle mass and vol-
ume and their mobility and locomotion functions. On the
opposite, upper limbs were rarely explored [10, 11].

In this context, three relevant facts must be recognized for
the assessment of motor fatigability in patients with NMD: (1)
methodological heterogeneity, (2) fewer studies applied isoki-
netic dynamometer in patients with NMD, and (3) upper
limbs are undersized in both NMD patient assessments and
motor fatigability protocols. Thus, this study is aimed at iden-
tifying the equipment and protocols frequently used to assess
upper limb motor fatigability in patients with neuromuscular
diseases. This article will analyze the methodological quality
of published articles, presenting evidence that the upper limb
of patients with NMD and motor fatigability protocols deserve
more consistent scientific investigations.

2. Methods

2.1. Registration Protocol. This systematic review was regis-
tered in the International Prospective Register of Systematic
Reviews-PROSPERO-ID CRD42021206934.
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2.2. Eligibility Criteria. This systematic review included stud-
ies that (a) used equipment or functional activities to evalu-
ate upper limb motor fatigability; (b) evaluated the upper
limbs and the upper limb joints, or compared the upper limb
with the lower limb; (c) used protocols with maximal and/or
submaximal voluntary contractions, and (d) were published
over the past ten years, as in this period publications related
to the subject studied appear more consistently in the litera-
ture, and e) in Portuguese and English.

Studies designed as case reports, meeting reports, reviews,
and systematic reviews, as well as studies exclusively assessing
perception of fatigue (mental, psychological) and motor fati-
gability resulting from electric stimulation, were all excluded.

2.3. Sources of Information. The research was conducted
based on the databases PubMed, Embase, Literatura Latino-
Americana e do Caribe em Ciéncias da Sadde (LILACS),
Biblioteca Virtual de Satde/Biblioteca Regional de Medicina
(BVS/BIREME), Cumulative Index to Nursing and Allied
Health (CINAHL), Scientific Electronic Library Online
(SciELO), and MEDLINE Complete, of EBSCO, between
August and October 2020.

2.4. Search Strategy. The research question and the search
string were defined using the PICO (patient, intervention,
comparison, and outcomes) as a reference [12]. Therefore,
the describers were grouped into four blocks: the first is
related to the population included in the study (neuromus-
cular disorder, neuromuscular disease, and neuromuscular);
the second is related to the body segment evaluated in the
study (upper limb, arm, upper extremity, shoulder, elbow,
wrist, and hand); the third block included describers refer-
ring to the intervention (isokinetic, evaluation, assessment,
torque, dynamometry, and dynamometer); and the fourth
block included the outcome (fatigue, muscle fatigue, motor
fatigability, and muscle endurance). The Boolean operators
“OR” and “AND” were used within and between the blocks,
respectively. Quotation marks (“ ”) were used in terms
formed by two words, such as “upper limb.”

In this way, we used the string (“neuromuscular
disorder” OR “neuromuscular disease” OR neuromuscular)
AND (“upper limb” OR arm OR “upper extremity” OR
shoulder OR elbow OR wrist OR hand) AND (isokinetic
OR evaluation OR assessment OR torque OR dynamometry
OR dynamometer) AND (fatigue OR “muscle fatigue” OR
“motor fatigability” OR “muscle endurance”).

Two independent researchers conducted the entire pro-
cess. The articles from the research databases were imported
to the EndNote reference manager (EndNote Clarivate
Analytics®, online version).

2.5. Study Selection. The studies resulting from the search
process were submitted to a filter, available in the EndNote
reference manager, which excluded duplicate articles. The
articles were selected by two independent researchers, and
the outcome was discussed until a common understanding
was reached by them. We selected the studies by reading
the titles and abstracts, and those that did not agree with
the review objective were excluded. The remaining article
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studies were fully read. If a common understanding could
not be reached, a third researcher would be consulted.

2.6. Data Extraction. A protocol was developed for data
extraction from each study included in this review. Initially,
the general data from each study were extracted, such as
author, year of publication, title, objectives, study design, pop-
ulation studied, age, and type of locomotion. Data regarding
the protocol to generate motor fatigability was subsequently
collected, with a focus on the functional task or equipment,
body segment or joint, movements evaluated, type of contrac-
tion or exercise, number of repetitions or contractions, time of
contraction, preparation for the test, and test details. Variables
analyzed included strength, peak torque, work, power, root
mean square (RMS), electromyographic signal amplitude,
median frequency, mean frequency, and linear envelope. Data
on data processing and statistical analysis of the selected stud-
ies were also collected.

When the authors reported a decrease in strength/torque
or a decline in physical performance, we confirmed it as
motor fatigability, regardless of its magnitude.

2.7. Risk of Bias. Studies selected in this systematic review
were designed as nonrandomized (cohort, cross-sectional,
and case-control designs). Therefore, we used the Newcastle-
Ottawa Scale (NOS) to assess the methodological quality of
the cohort and case-control studies and the Joanna Briggs
Scale (JBS) for evaluating the cross-sectional studies.

The NOS was developed to assess the methodological
quality of nonrandomized studies [13]. It is an easy-to-
understand and easy-to-apply scale that uses the star system
to assess the selected studies [14]. It is divided into three
domains that indicate a maximal number of possible stars
in each one of them, adding up to a maximal total of nine
stars for each study assessed: (1) study group selection (four
stars), (2) comparability between study groups (two stars),
and (3) exposition assessment (three stars), or (3) outcome
of interest (three stars) for case-control or cohort studies,
respectively [13-15]. If the study obtains >7 stars, it means
a low risk of bias, and if it is <7 stars, it means a high risk
of bias.

JBS assesses the methodological quality of selected arti-
cles in a systematic review. The method used to assess
cross-sectional studies includes nine questions that can be
answered with yes, no, not clear, and not applicable [16]. If
the study has less than five items, it means a high risk of bias.

2.8. Assessment of the Motor Fatigability Protocol. In order to
check if the studies included in this review used feasible and
effective protocols to induce motor fatigability, we prepared
a checklist containing eight questions based on its concept,
ie., the decline of muscle performance during or after a
motor task.

The answers were presented in the form of a Likert-type
scale with four levels (no, partially, yes, and not applicable).
A score was attributed to each answer (no, zero points;
partially, one point; yes, two points; and not applicable, no
score). A total was calculated based on the sum of points,

and then, the quality of the article was classified as good
(10-16 points), regular (9-5 points), and bad (0-4 points).

3. Results

3.1. Study Selection. The initial research resulted in 653 arti-
cles. Among them, 125 were duplicated and excluded. Of the
528 remaining studies, 522 were excluded considering the
eligibility criteria. Thus, after reading the title, abstract, and
full text, 6 studies were included in this review (see Figure 1).

3.2. Characteristics of the Studies. In total, one hundred and
twelve patients with neuromuscular diseases participated in
the studies included in this review, of which seventy-three
had a clinical diagnosis of myasthenia gravis [17-19],
twenty-six patients had a clinical diagnosis of myotonic dys-
trophy [20], eight had Charcot-Marie-Tooth disease [21],
and five had dystrophinopathy [22]. They were aged
between 9 and 80 years, and 52.6% were male (see Table 1).

Two studies used an isokinetic dynamometer (Biodex
Multi-Joint System®) [17, 18], one study used a force trans-
ducer (Kistler, model 9203) associated with electromyogra-
phy (BTS pocket) [21], one study used a hydraulic hand
dynamometer (Rehaforum Medical) [19], and one study
used a handgrip dynamometer (Multi-Myometer) [20].
These studies induced motor fatigability through maximal
[17, 18] and submaximal [19-21] isometric contractions.
Two other studies used upper limb functional tasks [19, 22]
to induce and evaluate motor fatigability with dynamic con-
tractions (see Table 2).

3.3. Quality of the Studies Included. Two scales were used to
assess the methodological quality of the studies included in
this review: NOS and JBS. Of the six studies included, one
study [18] was assessed using NOS by its form for cohort
studies and scored nine stars and was classified as low risk
of bias. Four studies [17, 19, 21, 22] were assessed using
NOS by a form for case-control studies, with two studies
[17, 19] receiving seven stars, classified as low risk of bias,
and two studies [21, 22] receiving a score lower than seven
stars, classified as high risk of bias. One study with a cross-
sectional design [20] was assessed by JBS, had three compli-
ant items of the eight available, and was classified as high
risk of bias (see Table 1). This analysis showed a high risk
of bias for 50% of the studies [20-22], indicating as main
problems the absence of (a) the origin of the control group
[22], (b) information about the patient loss throughout the
study [21, 22], and (c) details in the description of the statis-
tical analysis and inclusion criteria [20].

Considering the analysis of the test protocol by the
checklist, these studies presented partial descriptions or
absence of description of items considered important for
the protocol, such as (a) warming-up [17-19, 21, 22], (b)
familiarization [19-22], (c) positioning [19, 22], (d) ROM
evaluated [18, 19, 22], (e) rest interval [19, 22], (f) descrip-
tion of data processing and analysis [18, 20], and (g) absence
of the number of volunteers who did not complete the pro-
tocol [21, 22]. However, only one study [22] was classified as
regular for not presenting information on muscle warm-up,
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653 studies were identified in the search databases, as follows:
o Bireme: 19 articles
-% Cinahl: 54 articles
2 Embase: 356 articles
b= Medline EBSCO: 85 articles
< PUBMeD: 138 articles
SCieLo: 0 article
Lilacs: 1 article
E 125 studies were excluded due to duplicity
3
5
@ |
528 studies were screened for title and abstract reading
484 studies were excluded by the criteria:
(i) Study design
(ii) Subjective fatigue or due to electrical
Z stimulation
3 (iii) Exclusively healthy individuals and
20 athletes
= (iv) Other diseases (e.g., cancer, obesity,
sarcopenia, respiratory diseases, diabetes)
! (v) Drug evaluation
44 studies were screened for full text reading
38 studies were excluded by the criteria:
(i) Subjective fatigue or due to electrical
stimulation
(ii) Exclusively healthy individuals
) (iii) Evaluation of other joints without the
é y upper limb
E 6 studies were included in the systematic review
FiGURre 1: Flowchart of the literature search.
TaBLE 1: Study characteristics.
. . . Included patients Included healthy
Authors Study design ~ RB  Diagnosis N Mean age (y) (SD) N Mean age (y) (SD)
ND-MG: 8 (6 men) ND-MG: 54.3 (16.8)
Symonette et al. [17] Case-control  Low MG 21 53.8 (20.3)
D-MG: 12 (6 men) D-MG: 52.8 (17.2)
Menotti et al. [21] Case-control High CMTIA 8 (3 men) 35.9 (9.9) 8 (3 men) 35.1 (11.2)
Lowes et al. [22] Case-control  High D 5 men Range 9-36" 5 men -
Vinge and Andersen [18] Cohort Low MG 21 (13 men) Range 19-80~
Jordan et al. [19] Case-control  Low MG 32 (9 men) 55.7 (3.1) 17 (5 men) 46.5 (17.9)
Baldanzi et al. [20] Cross- High MD 26 (17 men) 41.6 (12.7)
sectional

Legend: a hyphen (-) indicates not specified. * indicates that the authors did not present mean age. Abbreviations: N: number of participants; RB: risk of bias;
MG: myasthenia gravis; CMT1A: Charcot-Marie-Tooth type 1A; D: dystrophinopathy; MD: myotonic dystrophy; D-MG: decrement on repetitive nerve
stimulation MG; ND-MG: not decrement on repetitive nerve stimulation MG.

the familiarization of the patient with the equipment, posi- ity in patients with neuromuscular diseases. Furthermore, it
tioning, range of motion (ROM) evaluated, rest interval, = analyzed the effectiveness of each protocol in inducing
and the number of volunteers who did not complete the pro-  motor fatigability.

tocol. All other studies were classified as good (see Table 3). The terms fatigue and fatigability deserve caution to be

4. Discussion

an assumption in scientific studies. Fatigue is a clear term
knowledge to all, but several synonyms, or related terms,
can be found in the literature such as peripheral and central,

This systematic review summarizes the equipment and mea- ~ muscular and mental, motor and cognitive, and physiologi-
surement protocols that assessed upper limb motor fatigabil-  cal and pathological. Kluger et al. [1] proposed a taxonomy
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TaBLE 2: Motor fatigability protocol description.
Authors Instrument . Segment/ Movement Type (?f C.ontrac.t 'O Series Repetitions Contra.ctlon/
joint/muscle contraction intensity rest time
Symonette et al. [17] o 12 4 sec./1 sec.
) Isokinetic . . .

Vinge and N Shoulder  Abduction Isometric Maximal 1

dynamometer 13 5 sec/5 sec.
Andersen [18]

. Elbow* D )
. orce . . . . ecrease in
Menotti et al. [21] transducer’+ EMGE Blcep“sb Flexion Isometric ~ Submaximal 1 1 target MVC
brachii

Baldanzi et al. [20] Handgrip d Hand Handgrip  Isometric ~Submaximal 1 3 60 sec./60 sec.

dynamometer

Hydraulic hand . . . Decrease in
ordan et al. [19] dynamometer® Hand Handgrip  Isometric ~Submaximal 1 1 target MVC

AMT Upper limb - Dynamic NA 6 All possible 15 sec.

Motlsor;tzrrﬁllyms Upper limb Reach Dynamic NA 1 3 of game 2 -

Lowes et al. [22] 4 3 of 3
Software ACTIVE  Upper limb Reach Dynamic NA 1 o' game -

of game 2

Legend: Manufacturer: “Biodex Multi-Joint System 3; YKistler, model 9203; “BTS pocket; dMulti—Myometer; “Rehaforum medical. Note. A hyphen (-) indicates
not specified. Abbreviations: NA: not applicable; EMG: electromyography; MVC: maximal voluntary contraction.

TaBLE 3: Motor fatigability protocol assessment checklist.

Author/year 1 2 3 4 5 6
Was the segment warmed? N NN N N Y
Was the familiarization with the equipment done? Y NN Y N N
The position of thevolunteer Y Y N Y N Y
The muscles/movements Y Y Y Y Y Y
tested
The preparation and the
placement of electrodes NA Y NA NA NA NA
+ described in th " when EMG was used
Motor fatigability Was it described in the protocol? The ROM assessed Y Y N N N Y
test protocol The type of contracion Y Y Y Y S Y
The parameter to be reached
in the motor fatigability Y Y Y Y S Y
protocol
The rest break Y Y N Y N Y
Was verbal or/and visual encouragement used? Y Y Y Y PA Y
Was the description of outcome variables shown? Y Y Y Y Y Y
Was the processing description and data analysis Y Y Y PA Y PA
presented?
Was the decline in force/torque or functional task
performance or modifications in EMG variables Y Y Y Y Y Y
Motor fatigability ~ (increase in RMS signal amplitude and/or decrease in
test results median/mean frequency) declared?
Was the number of Voh}pteers who d}d not complete the Y NN Y Y Y
motor fatigability protocol indicated?
Total score* 14 10 9 13 10 13

Legend: 1: Symonette et al.'’; 2: Menotti et al.>': 3: Lowes et al.*%; 4: Vinge and Andersen'®: 5: Jordan et al.'®: 6: Baldanzi et al.*®. Abbreviation. Y: yes; N: no;
NA: not applicable; PA: partial. *10-16 points: good; 5-9 points: regular; 4-0 points: bad.



for fatigue distinguishing perception of fatigue and objective
decrement of motor and or cognitive performance (fatigability).
Adopting the terminology proposed by previous authors
enables the standardization of scientific studies and favors
the rationality required to develop therapeutic strategies for
specific diseases.

4.1. Methodological Quality. The design of the selected stud-
ies is quite heterogeneous, which targeted the methodologi-
cal quality assessment to two instruments: JBS in its form
to assess cross-sectional studies [20] and NOS in its forms
for cohort [18] and case-control [17, 19, 21, 22] studies.
The low methodological rigor found in these studies
increases the risk of bias, undermining the reproducibility
and compromising the results presented by the studies.

4.2. Equipment. The isokinetic dynamometer is described as
a gold standard instrument for motor fatigability analysis.
This equipment allows for accurate assessment of motor
fatigability using isometric or dynamic voluntary contrac-
tions. El Mhandi and Bethoux [23] identified that the isoki-
netic test is appropriate and safe for assessing patients with
neuromuscular diseases. The above authors described their
difficulty in stabilizing the patient during the test and identi-
fied a lack of standardized protocols for the assessment of
isokinetic strength [23].

The analysis of the electromyographic signal through
surface EMG is useful in studying motor fatigability [24].
In an isometric contraction, there is a reduction in the
conduction signal in the sarcolemma and, therefore, a reduc-
tion in the median frequency [25]. Furthermore, there is a
simultaneous increase in the recruitment of muscle fibers
and the amplitude of the electromyographic signal [25].
Therefore, motor fatigability can be marked with increased
amplitude and (or) decreased frequency of the electromyo-
graphic signal.

In this way, it is possible to detect the level of motor fati-
gability by analyzing the frequencies and components of the
power spectrum [26]. However, it is important to emphasize
that electrical activity in the muscle is evaluated, but it is not
possible to directly verify the recruitment of motor units
[27]. In this review, only one study used EMG to evaluate
motor fatigability [21].

The dynamometer isokinetic and surface electromyogra-
phy are valuable tools to assess patients with neuromuscular
diseases and analyze the progression of the rehabilitation
process. However, some limitations in using both equipment
are their higher cost, the operator being a trained profes-
sional, and the higher time expended to perform a full test.

The handgrip dynamometer is a portable and low-cost
device with high reliability and allows for obtaining strength
values quickly and safely [28]. It has been widely used to
assess motor fatigability in neuromuscular [19, 20, 29, 30]
and neurological [31-35] diseases. Therefore, the handgrip
dynamometer could be an alternative tool to evaluate upper
limb motor fatigability since it has reproducibility and reli-
ability properties.

Functional dynamic activities are also described as
instruments for assessing motor fatigability [36]. In this
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modality, the ability of the individual to perform a motor
task or movement is assessed using specific parameters, such
as intensity, time, and/or number of repetitions until
exhaustion [23]. In this review, two studies used functional
tasks to induce motor fatigability: the Arm Movement Test
(AMT) [19] and the ACTIVE Software [22].

In the AMT, the patient was instructed to hold a 500 g
weight with the arm extended horizontally and move it
repeatedly between two points, drawing 1/4 of a circle hori-
zontally for 90 seconds [19]. The authors quantified motor
fatigability as a decline in proximal muscle performance
during repeated movements. Therefore, they believe that this
tool can be useful for patients in advanced stages of myas-
thenia gravis who do not respond satisfactorily to routine
clinical tests.

The ACTIVE Software is a tool developed to measure the
volume, velocity, and rate of motor fatigability in the func-
tional range of the upper limb in dystrophinopathy [22]. It
uses Microsoft Kinect for Windows as an interface that cap-
tures the movement while the person performs two ACTIVE
games. In this pilot study, the authors aimed to assess the
feasibility of the software [22].

Few studies use functional tasks to assess motor fatiga-
bility due to the difficulty in quantifying it. This review iden-
tified two studies that used functional tasks to assess motor
fatigability [21, 22].

4.3. Protocols. Through the checklist application, we searched
the protocols for information on the following factors: warm-
up of the segment, familiarization with the equipment, posi-
tioning and stabilization of the patient, rest between sets, and
encouragement (verbal and visual) [37].

Muscle warm-up prior to the motor fatigability test has
been described in the literature to prevent injuries [38]. In
isokinetic tests, it is recommended that warm-up is done
through submaximal efforts with three to eight repetitions,
followed by one to three maximal efforts [39]. Among the
studies that used the isokinetic equipment [17-19], none
used warm-up as a previous step to perform the motor fati-
gability test. Baldanzi et al. [20] used the Multi-Myometer®
equipment and described performing 4 or 5 series of inter-
mittent hand contractions to warm up the segment to be
tested. The other studies did not present a description of
warm-up before the test [19-22].

Familiarization with the equipment is essential for
understanding the movement and direction [38] and was
mentioned in two studies used here [17, 18]. The longer or
shorter time expended in familiarization is dependent on
the size of the muscle groups involved in the movement that
induces motor fatigability [40].

Two studies [19, 22] did not present information on the
positioning of the patient to perform the test, and three
studies [18, 19, 22] did not inform the joint position and
ROM. According to De Ste Croix et al. [38], the patient
positioning and stabilization adopted in the protocol can
influence torque production.

Rest time between repetitions (or contraction series)
should be determined according to (a) the population stud-
ied, (b) articulation evaluated, and (c) speed performed. For
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knee flexion and extension, the rest time can vary from 30
seconds to 5 minutes [41, 42]. Perrin [43] believes that, for
the adult population, 30-60 seconds is considered satisfac-
tory rest time for recovery after four repetitions of maximal
voluntary contraction. Two of the studies included did not
present information about the rest time between repetitions
and sets in the motor fatigability test [19, 22].

Motivational factors positively impact the ability of a
patient to reach their performance during a physical test.
Baltzopoulos and Kellis [44] suggested that verbal and visual
feedback improve the children performance to produce
force. Belkhiria et al. [45] studied the influence of verbal
encouragement on the production of maximal voluntary
strength and the rate of maximal strength development
using a grip dynamometer and EMG. According to the
authors, verbal encouragement significantly increased force
production, and the surface electromyography was sensitive
to that modification [45]. All studies in this review presented
verbal and (or) visual encouragement as a resource for the
patient to achieve maximal performance.

The evaluation of data processing and analysis is impor-
tant because motor fatigability can be calculated: (a) based
on the change, in percentage, in peak force, torque, or work
after a set time, for example, 10 seconds; (b) after a certain
number of repeated submaximal contractions, such as 40
consecutive knee flexion-extension movements; and (c)
through a time parameter, determining the ability to per-
form muscle activity at a defined intensity, until exhaustion
[23]. In addition, presentation of the analysis and data pro-
cessing favors the reproducibility of the study. Only two
studies included in this review did not present information
related to data processing obtained in dynamometric tests
using both the isokinetic [18] and the handgrip [20] devices.

Another important aspect is the declaration of the sam-
ple size that could not complete the protocol, also called
the nonresponse rate. Patients with neuromuscular diseases
have different degrees of muscle weakness, evidencing
impairment of the various subsystems involved in muscle
contraction, compromising participation of some patients
in the test. Thus, we believe that this information can help
understand the influence of factors such as age, sex, time
of diagnosis or stage of the disease, level of physical activity
on motor fatigability, and the disease itself. In addition, it
may indicate whether these protocols can be applied at any
stage of neuromuscular diseases. In the analysis performed
by the checklist and the NOS, two studies [21, 22] did not
present information on the nonresponse rate.

We noted that only one study was classified as regular
[22] after applying the checklist. The authors of the men-
tioned article did not present in the test protocol informa-
tion about warming-up, familiarization, positioning, ROM
evaluated, rest interval, and the volunteers who dropped
out throughout the study. The methodological quality of
the same study was classified as high risk of bias using the
NOS. The other studies had both, their test protocol, and
the capability to produce motor fatigability, which was
classified as good using the checklist.

There is no description in the literature of a gold stan-
dard protocol for assessing upper limb motor fatigability in

patients with neuromuscular diseases. The selected studies
are heterogeneous in design, test conditions, muscles or move-
ments tested, positioning and stabilization of the patient in the
equipment, type of muscle contraction evaluated, rest period
between attempts, analysis and data processing, and verbal
and/or visual encouragement. Therefore, we found studies
with low methodological quality, a high risk of bias, and lack
of relevant details in the motor fatigability test protocols.

4.4. Study Limitations. This systematic review evidenced the
absence of studies available in the literature on the topic
addressed. Furthermore, the comprehensive scope of this
review showed heterogeneity in the populations approached,
motor fatigability assessment methods, and outcome mea-
sures that precluded a quantitative analysis (meta-analysis)
of the data. In addition, we did not critically assess each
study for their internal and external validity. This analysis
may be explored in future research. In addition, studies that
evaluated changes in fatigue after drug therapy or motor
fatigability after an exercise program, and studies that used
electrical stimulation, were not included in this review.

5. Conclusion

This systematic review identified that isokinetic and handgrip
dynamometers are the most used equipment for assessing
upper limb motor fatigability in patients with neuromuscular
diseases. Although there is no description of a gold standard
protocol, most studies presented in this review have the rele-
vant topics for the motor fatigability assessment described
incompletely. Since neuromuscular diseases present a decline
in muscle strength as stages of the disease progression, it is
important to carry out studies that seek the standardization
of protocols that assess motor fatigability. However, this
review showed that motor fatigability in these individuals
needs to be investigated based on the proposition of studies
that establish greater methodological rigor, with the inclusion
of evidenced variables and analysis, as well as standardized test
protocols to guarantee the reproducibility of the studies.
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