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Objective: To evaluate the effects of exercise train-
ing on upper extremity physical function and phy-
siological fitness outcomes in persons with multi-
ple sclerosis (PwMS).

Methods: A search of 3 electronicdatabases (EMBASE,
CINAHL, and ovidMEDLINE) was conducted fol-
lowing Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines.
The included studies were randomized control trials
that reported at least one outcome measure related
to upper extremity function, contained a component
of exercise training, and included PwMS.

Results: Of the 1381 articles retrieved from the
electronic databases, 8 articles met the specific
inclusion criteria. All the included articles incorpo-
rated strength training exercises into the rehabi-
litation intervention. Reported outcomes included
the 9 Hole Peg Test (9HPT), Action Research Arm
Test (ARAT), and Fugl-Meyer Assessment, with 3, 3,
and 0 reporting significant improvements, respec-
tively. Only grip strength was included as a phy-
siological fitness outcome, with 2 articles reporting
significant improvements.

Conclusion: The results of this review suggest that
strength training may elicit improvements in fun-
ctional and physiological upper extremity outco-
mes for PWMS. Several limitations of the current
review must be noted, including a limited number
of studies and the combination of strength training
with other rehabilitative modalities.
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/LAY ABSTRACT )

Persons with multiple sclerosis experience reduced
strength and function in their arms. The purpose of
this review was to examine the evidence available on
the effects of using exercise to improve strength and
function in the arms of persons with multiple sclerosis.
Our research team searched through 1381 studies and
found 8 that were relevant to what we were looking
for. The 8 studies suggest that exercise, specifically
strength training (e.g., weight lifting or resistance
exercise), can improve strength and function of the
arms in persons with multiple sclerosis. However, the
strength training was part of a larger rehabilitation
program, and we cannot definitively conclude that all
of the improvements were solely because of strength
training. Regardless, strength training appears to be
an important part of rehabilitation programs aiming to
improve strength and function in the arms of persons
Qvith multiple sclerosis. J

Multiple sclerosis (MS) is a chronic inflammatory
autoimmune disease of the central nervous sys-
tem that is often diagnosed in young adulthood (1).
Demyelination of axons and the resulting impaired nerve
signal conduction are common consequences of MS
that result in alterations to the peripheral tissue and the
accumulation of disability (1). Persons with MS (PwMS)
experience a variety of symptoms, such as fatigue, cogni-
tive impairment, muscle weakness, muscle spasticity, and
increased sensitivity to pain (2). Decreases in muscular
fitness parameters (e.g., muscular strength and endurance)
have been reported in both the upper and lower extremi-
ties for PwWMS (3). However, rehabilitation interventions
have primarily focused on improving muscular fitness
of the lower extremities to maintain or enhance mobility
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outcomes, as mobility is one of the primary determinants
of disability status when using the Expanded Disability
Status Scale (EDSS).

The rehabilitation paradigm for PwMS has begun to
shift to include an emphasis on reducing upper extremity
impairment, with significant inverse associations bet-
ween upper extremity impairment and the ability to per-
form activities of daily living, independence, and quality
of life being observed in PwMS (4, 5). Upper extremity
impairment is defined as a combination of motor and
sensory symptoms in the proximal or distal aspects of
the upper limb that inhibits the ability to perform acti-
vities of daily life, resulting in a decrease in quality of
life (5). Additionally, a high prevalence of upper extre-
mity impairment in PwMS has been observed, with a
previous investigation reporting that of 205 PwMS, 50%
reported upper extremity impairment (6). The highest
prevalence of impairment was in those with primary or
secondary progressive MS (6). The high prevalence and
negative consequences of upper extremity impairment
in PwMS signifies the importance of identifying effica-
cious rehabilitative strategies to reduce upper extremity
impairment to either maintain or improve upper extre-
mity function.

A plethora of data supports the benefits of exercise
training in PwMS, with exercise training guidelines
having been established for PwMS with mild-to-moderate
disability (7-10). Participation in exercise training for
PwMS has been observed to improve muscular strength
and endurance, both of which have been significantly
associated with improvements in functional outcomes,
such as the functional reach test, 4-step square test,
and 6-min walk test (3). Exercise training represents a
potentially cost-effective and efficacious rehabilitative
modality for PWMS for maintaining or improving upper
extremity function. However, it should be noted that the
majority of MS research for limb impairment has pre-
dominantly been done on the lower extremities or does
not focus on full upper extremity function (e.g., manual
dexterity).

Reducing upper extremity impairment in PwMS
through exercise training may positively affect the ability
to perform activities of daily living (ADLs) and enhance
quality of life. Thus, the purpose of the current review
was to evaluate the effects of exercise training on upper
extremity physical function and fitness outcomes in
PwMS. Current research for exercise training for PwMS
has focused on the lower extremity with scarce research
on the effects of exercise training on upper extremity fun-
ction. Because of a lack of research on upper extremity
aerobic exercise, this review will contribute to literature
by providing guidance for clinicians and researchers on
appropriate upper extremity strength training interven-
tions and functional outcome assessments for PwMS. The
results of this systematic review will provide a summary
of current evidence for upper extremity exercise training
as a rehabilitative approach to increase upper extremity

functional outcomes for PwMS and will provide recom-
mendations for future investigations and interventions.

METHODS AND MATERIALS

Article inclusion criteria and search strategy

The purpose of the current review was to summarize the
available studies that examined the efficacy of interven-
tions incorporating exercise training modalities on upper
extremity function for persons diagnosed with MS.
Exercise training was defined as “planned structured
and repetitive bodily movement performed to improve
or maintain one or more components of physical fitness”
(11). Engaging in exercise has the potential to improve
and maintain functional ability, strength, and quality
of life for PwMS (12). Physical function was defined
as “the ability to perform both basic and instrumen-
tal activities of daily living” (13). Physical function is
important to maintain in PwMS because it impacts qua-
lity of life, independence, and activities of daily living
(14). MS disease status can determine both functional
and physiological outcomes. As MS progresses the abi-
lity to perform ADLs or participate in exercise is redu-
ced, leading to dependence (15).

This review was conducted in accordance with
Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines. The search
was conducted using electronic databases (EMBASE,
CINAHL, and ovidMEDLINE) using the search terms
“Upper extremit*” OR “upper limb*” AND rehab* OR
therap® OR treatment™ OR intervention*or exercise or
physical activity AND “multiple sclerosis or ms”. The
search strategy was developed with the assistance of a
university librarian and was conducted in February 2021
by VN. Articles were screened by VN and TN with con-
flicts resolved through discussion.

Inclusion criteria involved full text articles in the
English language that included (1) participants diagnosed
with either primary progressive, secondary progressive,
or relapse-remitting MS; (2) participants over the age of
18 years; (3) interventions that contained a component of
exercise training; (4) at least one outcome measure related
to upper extremity function; and (5) a randomized con-
trolled trial (RCT) study design was utilized.

Article quality assessment

The quality of each article that met all inclusion crite-
ria following full-text screening was assessed using the
Tool for the Assessment of Study Quality and Reporting
in Exercise (TESTEX). TESTEX is a tool designed for
assessing the quality of articles reporting all exercise train-
ing parameters (e.g., intensity, duration, frequency, and
mode). This tool uses a 15-point rating scale with 10 points
for reporting exercise parameters and 5 points for overall
study quality. Greater study quality is indicated by higher
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scores. Articles were evaluated independently by VN and
JWEF, with discrepancies resolved through discussion.

Descriptive approach

Data were extracted relative to participant characteristics
(e.g., disability status or disease duration), exercise train-
ing characteristics (e.g., modality), and physical function
and/or physiological outcomes. Data were first extracted
by VN and then checked by JWF. Data were categori-
zed by the exercise training intervention. The number of
studies that reported statistically significant changes in
upper extremity function or physiological outcomes were
summarized using descriptive statistics. A meta-analytic
approach was not attempted, given the limited number of
studies retrieved.

RESULTS

Fig. 1 illustrates the literature search, article screening
process, and specifies reasons for article exclusion. The
electronic database search retrieved 1381 articles. A total
of 336 duplicates were removed, leaving 1045 articles
for title, abstract, and full text screening. A total of 1038

articles did not meet specific inclusion criteria, leaving 8
studies included in the systematic quantitative review.
All the included studies utilized upper extremity
strength training (i.e., exercises targeting improvements
in muscular strength) as part of the intervention (n=38).
Table I summarizes the study, participants, and exercise
training characteristics. The age of participants in each
study ranged from 42.2 to 63.0 years (16-23). Two of
the eight articles reported participants with primary and
secondary progressive MS (16, 21). Five of the articles
in the current review had participants with primary pro-
gressive, secondary progressive, and relapse remitting
MS (18-20, 22). The included studies consisted of parti-
cipants with EDSS scores ranging from 3.5 to <9.0. The
following studies reported EDSS scores without stan-
dard deviations (16, 19, 20, 23) as summarized in Table L.
Disease duration ranged from 11.74+9.2 to 27.0£10.0
years for all the included studies (16-23). Overall, exer-
cise training prescriptions included 30-60 min per ses-
sion, 23 sessions/week for 5-18 weeks. Carpinella et al.
reported only total amount of sessions without duration,
frequency, or session length (23). In addition to exercise
training, other intervention components included task-
oriented rehabilitation (16, 17), and robotic and virtual

Fig. 1. PRISMA (the preferred reporting items for systematic review and
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Table I. Study, participant, and exercise training characteristics of the 8 articles reviewed

Study characteristics

Participant characteristics

Exercise training characteristics

Reference n (Ex 1; Age (years) Type of MS EDSS Disease Duration Frequency Session length
(Quality) Ex 2; Con) Mean + SD duration (weeks) (x/week) (min)
(years)

Mean+SD
Boffa et al. 13; 13; X 52.0+13.0; PP, SP <7.5 19.0+10.0 18 2 60
2020 (11) 57.0£7.0
Bonzano et al. 15; 15; X 49.7+10.5 RR, SP 4.3+1.4 11.7+£9.2 8 3 NR
2019 (11)
Carpinella et al. 11; 11; X 50.8+9.6 PP, SP, RR <9.0 20.5+£0.0 8 sessions NR NR
2012 (13)
Cuesta-Gomez 16; X; 14 49.8+2.5 PP, SP, RR 5.4+0.3 15.2+2.4 10 2 60
et al. 2020 (14)
Feys et al. 2015 9;X;8 Median 58.0 PP, SP, RR 3.5-8.5 Median 25.0 8 3 30
(10)
Gandolfi et al. 23; X; 21 51.9+10.9 PP, SP, RR 4.0-7.5 13.48+7.82 5 2 50
2018 (11)
Gijbels et al. 9; X; X 63.0+10.0 PP, SP 7.9+0.5 27.0£10.0 8 3 30
2011 (12)
Ortiz-Rubio 19; X; 18 42.2+7.5 PP, SP, RR 5.7+0.8 NR 8 2 60

et al. 2016 (14)

Ex 1: experimental group 1; Ex 2: experimental group 2; Con: control group; X: group not present; NR: not reported; MS: multiple sclerosis; EDSS: Expanded
Disability Status Scale; PP: Primary Progressive; SP: Secondary Progressive; RR: Relapse Remitting.

reality training (18—-21, 23). Overall, the studies inclu-
ded in this review lacked a description of the specifics of
strength training (i.e., movements, number of repetitions,
number of sets and progression).

Physical function and fitness outcomes are summa-
rized in Table II. The following studies reported sco-
res for both the 9 Hole Peg Test (9HPT) and the Action
Research Arm Test (ARAT) for assessing function (16,
17, 20, 22, 23). Feys et al. is the only study included in
this review to use the Fugl-Meyer assessment along with
ARAT for physical function (19). Five studies reported
scores for grip strength as a physiological fitness outcome
(17-19, 22). Four of the previously listed studies apart

from Cuesta-Gomez et al. also reported physical function
outcomes with the ARAT.

Bonzano et al. saw significant within-group differences
for both right and left arms for ARAT, 9HPT, and grip
strength (17). Carpinella et al. had statistically significant
within-group differences for both ARAT and 9HPT (23).
Cuesta-Gomez et al. reported both statistically signifi-
cant within- and between-group differences for only grip
strength on the less affected side (18). Gandolfi et al.’s
study indicated that both the ARAT and 9HPT assessments
had statistically significant within-group differences (20).
Boffa et al. reported only physical function outcome mea-
surements and did not observe statistically significant

Table II. Summary of the effects of exercise training on physical function and physical fitness outcomes and results of the 8 articles

reviewed
Outcomes
Reference Physical function % A Physical function Physical fitness % A Physical fitness
(Ex 1, Ex 2, Con) (Ex 1, Ex 2, Con)
Boffa et al. 2020 ARAT (pts) 0.0, 0.0, NA NA NA
9HPT (s) -5.2,1.3,NA
Bonzano et al. 2019 ARAT R (pts)* 6.7, 1.1, NA Grip strength R (kg)* 9.5, 5.4, NA
ARAT L (pts)* 7.0, 6.1, NA Grip strength L (kg)* 9.2, 7.1, NA
9HPT R (s)* —-7.9, —11.6, NA
9HPT L (s)* -19.1, —11.8, NA
Carpinella et al. 2012 ARAT (pts)* 7.8, 10.2, NA NA NA
9HPT (s)* -19.3, —-11.8, NA
Cuesta-Gomez et al. 2020 9HPT MA (s) —9.4, NA, 16.5 Grip strength MA 23.5, NA, 0.0
9HPT LA (s) -5.1,NA, —15.2 Grip strength LA*2 -6.2,NA, —3.9
Feys et al. 2015 Fugl Meyer (pts) 0.0, NA, 1.8 Grip strength (kg) —-1.4,NA, 4.3
ARAT (pts) -5.0,NA, -2.8
Gandolfi et al. 2018 ARAT (pts) * 11.9, NA, 8.6 NA NA
9HPT (s) * 10.5, NA, 15.8
Gijbels et al. 2011 ARAT (pts) 8.9, NA, NA Grip strength (kg) 1.4, NA, NA
9HPT (s) —30.4, NA, NA
Ortiz-Rubio et al. 2016 ARAT MA (pts) 4.0, NA, —=0.3 Grip strength MA (kg) 23.6, NA, 1.2
ARAT LA (pts) 1.5, NA, -0.3 Grip strength LA (kg) 11.5, NA, -4.7

A: change in outcome from pre to post. Ex 1: experimental group 1; Ex 2: experimental group 2; Con: control group; NA: not applicable; MA: more affected
side; LA: less affected side; R: right; L: left; pts: points; kg: kilogram; s: seconds; ARAT: Action Research Arm Test; 9HPT: 9 Hole Peg Test.

*Statistically significant within-group difference, p<0.05.
**Statistically significant between-group difference, p<0.05.
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differences between and within groups (16). The follo-
wing studies reported both physical function and fitness
outcomes but did not show any statistically significant
differences for physical function or physical fitness (19,
21, 22).

Study quality

The median (interquartile range [IQR]) overall TESTEX
score was 12.5 (2.25), with scores ranging from 10.0 to
14.0. The median (IQR) study quality and study reporting
scores were 5.0 (0.25) and 8.0 (2.25), respectively. Overall,
studies scored highly for specification of eligibility and
randomization, allocation concealment of participants,
and reporting similar groups at baseline. The studies in
the current review scored poorly for not reporting adverse
events, and not reporting exercise intensity, volume, or
expenditure.

DISCUSSION

The purpose of the current review was to evaluate the
effects of exercise training on upper extremity physical
function and fitness outcomes in PwMS. Eight RCTs that
included a component of exercise training as part of a
rehabilitative intervention and met all inclusion criteria
were reviewed (16, 18-23). Overall, significant within-
group improvements were observed for the ARAT (17, 20,
23) and 9HPT in 3 studies each (17, 20, 23). Additionally,
2 studies reported significant within-group improvements
in grip strength (17, 18). Although these results are promi-
sing, caution must be taken in the interpretation of these
results because of a limited number of studies, discrepan-
cies in results and reporting, and exercise training being
used in combination with other modalities as part of a
rehabilitation intervention.

All of the reviewed studies utilized strength training
to potentially improve upper extremity function (16-23).
Previous systematic reviews and meta-analysis have
reported significant improvements in muscular strength
and power in PwMS following strength training (9, 10).
Researchers have identified enhanced motor unit recru-
itment, increases in muscle activation, and lean tis-
sue mass as physiological adaptations for the observed
improvements in muscular strength and endurance in
PwMS (24, 25). These physiological adaptations may
be a prerequisite for improvements in physical function.
Improvements in muscular strength are significantly
associated with improvements in walking performance,
balance, hand grip strength, 9HPT scores, and ARAT sco-
res (5). Overall, the reviewed studies prescribed strength
training for 30—60 min a day, 2-3 days per week for 5-18
weeks (16-23). This is in line with recommendations
from previous systematic reviews and meta-analysis,
which recommend PwMS to engage in strength training
2-3 times per week on nonconsecutive days, for an hour
and target major muscle groups (12, 26, 27).

The 9HPT is an upper extremity function assessment and
is a component of the Multiple Sclerosis Composite Score
for disability assessment (5, 28). The 9HPT was utilized
in 6 of the 8 articles in this review (16-18, 20, 21, 23).
The 9HPT is often used for upper extremity functional
outcome assessment because of easy administration,
ability to detect disease and disability progression over
time, and high reliability and validity (5). However, many
researchers criticize the 9HPT as an upper extremity fun-
ctional outcome, citing that it is a better assessment of fine
motor skills and manual dexterity rather than gross motor
function of the upper extremities because it requires fing-
ers and hands to complete the tasks (5). Three of the 6
studies that recorded 9HPT reported significant within-
group differences (17, 20, 23). A commonality between
these 3 articles is that in addition to exercise training,
there was also task-oriented training incorporated in the
interventions (17, 20, 23). Task-oriented training can be
effective for relearning motor movement patterns simi-
lar to activities of daily living. Bonzano et al. found that
task-oriented training for PwWMS reorganizes brain acti-
vity toward a pattern of brain activation similar to what
can be observed in healthy individuals (17). This could
be because of repetition and goal-oriented voluntary limb
movement, which results in the inhibition of maladaptive
brain plasticity processes that are induced by functional
impairment and disuse (17). Boffa et al. observed an
effect of task-oriented training in modulating several fun-
ctional networks that are involved in sensory processing
and motor control (16). Strength training in combination
with task-oriented training is effective for inducing neu-
romuscular adaptations, such as increasing the magnitude
of efferent neural output from the CNS to activate mus-
cle fibers that enhance muscular power, motor skills, and
functional recovery (29, 30). Because of the limitation
of the 9HPT being a manual dexterity assessment, future
investigations should pair the 9HPT with an upper extre-
mity gross motor function assessment for PwMS.

If assessing upper extremity function, it has been sug-
gested that the 9HPT be used in conjunction with a gross
motor functional assessment, such as the ARAT (14).
Seven of the studies included in this review used the ARAT
to measure the physical function of PwMS (16, 17, 19-22,
31). The ARAT includes lifting and manipulating objects
as well as gross movements (5). The ARAT is commonly
used in stroke, brain injury, and PwMS as an upper limb
functional outcome because of its relatively quick admi-
nistration and its capability to evaluate both the arm and
hand while executing tasks directly related to ADLs (31).
The ARAT has notable drawbacks, such as the outcome
is limited to a subjective score that describes quality of
performance, and has a poor sensitivity to mild impair-
ment (31). However, the ARAT is highly recommended
for evaluating full upper extremity functional outcomes.
Three of the 7 studies that included the ARAT showed
significant within-group differences (17, 20, 32). These 3
studies incorporated task-oriented training in addition to
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strength training, and also used the 9HPT as an additional
functional assessment (17, 20, 32). A possible explanation
for the 3 studies that showed improvements for the ARAT
is that those studies included task-oriented movement
similar to the ones performed during an ARAT assessment
(17,20, 32). The task-oriented training included pinching,
grasping, reaching, and manipulating objects (17, 20, 32).
The objects would either get heavier or decrease in size
over time, making the task more difficult to complete.
The studies with significant differences for the ARAT are
analogous with the studies that showed significant results
for the 9HPT, in that task-oriented training was a compo-
nent of the rehabilitation intervention. Therefore, future
research is necessary to examine whether interventions
with strength training alone would elicit improvement in
the functional outcomes for PwWMS.

Grip strength is a convenient and simple measure of
upper extremity function and a good indicator of overall
health and strength (20). It was the most common upper
extremity physical fitness outcome utilized by the revie-
wed articles, with 5 of the 8 having included hand grip
strength (17-19, 21, 22). Hand grip strength has been
significantly associated with an increased odds ratio for
experiencing disability and limiting ADLs in PwWMS, and
has been recommended to be included as a component of
routine health assessments (33-35). A drawback of using
a grip strength measurement is that participants who have
severe swelling or pain in one or both of their hands may
be reluctant to participate because of discomfort (34).
Two studies (17, 18) that included grip strength reported
significant within-group differences, with 1 study (18)
reporting significant between-group differences. It should
be noted that Bonzano et al. only showed within-group
differences for the least affected side (17). Cuesta-Gomez
et al. designed one of their virtual games to target grip
muscle strength, which could be the reason why a signi-
ficant result was observed (18). Further investigation is
necessary on other possible physiological fitness measu-
rements for the upper extremity for PwWMS. A measure-
ment closer in line with activities of daily living, such as
assessing elbow flexors and extensors, should be looked
into further.

Only 4 of the 8§ studies in this review showed significant
improvements for physical function (i.e., 9HPT, ARAT),
or physical fitness (i.e., grip strength) outcome measures
(17, 18, 20, 32). The EDSS classifications for these stu-
dies were moderate to severe disability, with EDSS scores
ranging from 4.0 to 7.5. A commonality among the studies
with significant within- and between-group differences
was high-intensity progressive resistance training that also
incorporated task-oriented training into the rehabilitation
intervention. The exercise prescription utilized in these 4
studies, described by the authors as high-intensity progres-
sive strength training, included progressive incremental
increases in duration, force application, number of repeti-
tions, and load, with progressive incremental decreases in
object size during task-oriented training (17, 18, 20, 32).

Fimland et al. observed that maximal strength training in
PwMS was effective in augmenting enhanced efferent
motor output of spinal motor neurons, which alleviated
some neuromuscular symptoms of MS (24). It has also
been observed that progressive strength training in PwMS
leads to muscular hypertrophy of type II muscle fibers
(36). Another commonality between the studies that sho-
wed significant within-group differences was the use of an
assistive device, such as robotics (e.g., Armeo spring).The
Armeo spring is an adjustable exoskeleton apparatus that
allows variable levels of gravity support during movement
(21). Partial relief of upper limb weight enables severely
affected PWMS to actively produce a larger range of
motion (21). However, there is not enough research done
on robotics and assistive devices for PWMS to indicate
why there could be potential benefits to using assistive
devices for upper extremity exercise training.

Previous investigations have observed significant dif-
ferences between contralateral limbs in both physiological
fitness and physical function in PwMS with mild-to-severe
disability (35, 37). Additionally, no discernable pattern
has been detected as to which side is predominately affec-
ted varying from participant to participant. This highlights
significant issues with assessments of one side only or
classifying limbs based on right and left or dominant or
non-dominant, without classifying the limbs as more or
less affected. Five of the included studies in the current
review reported handgrip strength, with 3 of these studies
reporting values for only one side or reporting values for
the right and left hand. Either way, it appears no consi-
deration was given as to the appropriate classification of
the limbs. This creates a potential scenario where within a
group of participants the limb being compared may be the
most affected for some and the least affected for others.
This has the potential to lead to misinterpretation or dis-
tortion of the analysis. Future investigations should consi-
der assessing both limbs for the desired outcome measure
and using these results to classify the limbs in a manner,
such as “more affected” or “least affected,” to ensure app-
ropriate comparisons for within and between groups.

An interesting finding of the current review was the
lack of interventions using upper extremity aerobic exer-
cise. It has been suggested that aerobic exercise can be
used as a technique to prime the brain before rehabilita-
tion in order to enhance cortical activation to promote
brain plasticity (38). Improvements in finger movement
rate with reductions in fatigue and motor fatigability
of the upper extremities were observed in PwMS when
combining arm cycling and task-oriented training (38).
Although no significant improvements were reported for
OHPT and grip strength, the researchers speculated that
this may be because of a reduced training intensity and
frequency when compared to other interventions obser-
ving significant improvements in upper extremity fun-
ction and manual dexterity (38). Future investigations are
required to explore the effects of aerobic upper extremity
exercise on upper extremity function for PwMS.
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Research targeting upper extremities in MS and other
neurological diseases is scarce compared to lower extre-
mity research. A limitation of this current review is the
discrepancy in the definition of upper extremity function
within the included studies. Some studies refer to manual
dexterity as upper limb function. Additionally, it should
be noted that some studies used assisted strength training
programs (e.g., robotics, Armeo spring, passive motion)
instead of minimal assistance. To date, exercise studies
for PwMS have not adequately controlled or tracked fre-
quency, duration, and intensity of exercise (39). The stu-
dies included in this review also lacked reporting specific
descriptions of strength training (i.e., movements, number
of repetitions, number of sets and progression).

The results of this systematic review indicate that
exercise training, specifically strength training, may eli-
cit improvements of functional and physiological upper
extremity outcomes for PwMS. Because of a limited num-
ber of studies incorporating upper extremity exercise and
functional outcomes for PwMS, further research is neces-
sary. Future studies should report in more detail the exer-
cise intensity, frequency, and duration of strength training
for this population. This systematic review provides gui-
dance for clinicians and researchers on appropriate upper
extremity strength training interventions and functional
outcome assessments for PwMS.

The authors have no conflicts of interest to declare. No
funding supported this work.
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