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Background: Hand grip strength in both the dominant and 
non-dominant hands is often used to assess upper limb im-
pairment. Excessive hand grip fatigability is another impor-
tant measure, as fatigability may also influence activities of 
daily living. 
Objective: To investigate to what extent hand grip fatigabil-
ity in multiple sclerosis is dependent on hand dominance, 
muscle strength and disease progression.
Methods: Thirty persons with multiple sclerosis and 16 
healthy controls performed 15 repeated maximal hand grip 
contractions and a 30 s sustained contraction in order to de-
termine dynamic and static fatigue indices. Fatigability was 
compared between the dominant and non-dominant hands 
and between the more and less affected hands in a subgroup 
of persons with multiple sclerosis with asymmetrical hand 
grip strength impairment. Furthermore, fatigability was 
compared between controls and subgroups of persons with 
multiple sclerosis with different disease progression.
Results: There was no difference in fatigability between 
dominant and non-dominant hands in healthy controls or in 
persons with multiple sclerosis. Similarly, there was no dif-
ference between the more and less affected hands in the sub-
group of persons with multiple sclerosis with asymmetrical 
hand grip impairment. The dynamic fatigue index did not 
discriminate persons with multiple sclerosis from controls. 
While the static fatigue index was not different between 
healthy controls and persons with multiple sclerosis with low 
to moderate (< 6) Expanded Disability Status Scale (EDSS), 
it was significantly higher in persons with multiple sclerosis 
with high (≥ 6) EDSS scores. The static fatigue index was re-
lated to the EDSS score, but not to maximal grip strength.
Conclusion: Fatigability of hand grip strength in persons 
with multiple sclerosis is not influenced by hand dominance 
or muscle strength, but there is a correlation with disease 
progression. Differences in fatigability between healthy con-
trols and, in particular, persons with multiple sclerosis with 
high EDSS, were found during sustained, but not during dy-
namic, contractions.
Key words: muscle fatigue; fatigability; multiple sclerosis; up-
per extremity; grip strength; hand dominance.
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IntRoductIon

Persons with multiple sclerosis (MS) frequently experience 
motor symptoms, such as muscle weakness, hypertonia and 
fatigue (1). Fatigue is considered one of the most disabling 
symptoms by 30–50% of persons with MS (2, 3). Fatigue is 
an umbrella term for different concepts, therefore Kluger et 
al. (3) propose using the term “fatigability” when referring to 
objective changes in performance. Fatigability during motor 
tasks is also referred to as motor or muscle fatigue and can be 
described as “an exercise-induced reduction in the ability of 
muscles to produce force or power, regardless of whether a 
task can be sustained” (4). 

upper limb impairment is present in a large proportion of 
persons with MS (5), causing disabilities in daily life (6). Grip 
strength is often used as a simple outcome measure to assess 
arm function or overall functional decline, since it is related 
to the perceived functional use of the hand (7, 8), manual 
dexterity (9) and overall functional status (10). during activi-
ties of daily living, such as lifting and holding a cup, not only 
short maximal force production, but also the ability to sustain 
a prolonged contraction or to produce repeated contractions is 
important. Many persons with MS have a lower grip strength 
than healthy persons and, moreover, many use excessive grip 
force when displacing an object (11), which could predispose 
them to higher fatigability. Fatigability in persons with MS has 
previously been assessed in both upper and lower limbs with 
dynamometry, documenting a decline in maximal force either 
during repeated maximal contractions or during a sustained 
contraction. However, these studies varied in the protocol 
and calculation of outcome parameters (12–16), which makes 
comparison of the results difficult. Reports on the psychometric 
properties of these various fatigability assessments are sparse 
in persons with MS. However, Surakka et al. (12) and Schwid 
et al. (14) reported that indices based on the area under the 
strength curve of maximal isometric contractions of 30 s are re-
liable in persons with MS. Literature on upper limb fatigability 
showed higher fatigability levels in persons with MS compared 
with healthy controls (14–16). these conclusions were based 
mainly on persons with MS with mild arm-hand dysfunction. 
However, upper limb function is expected to deteriorate as 
the disease progresses. Questions remain about the relation-
ship between fatigability and degree of muscle weakness, and 
about the relationship between fatigability and accumulating 
overall disability related to disease progression. Research 
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into the relationship between muscle weakness and fatigabil-
ity has shown inconsistent results, although recent research 
has indicated an association (12, 17). one could furthermore 
hypothesize that fatigability is related to disease progression, 
with possible associated neuronal atrophy and reduced neural 
conduction times. In this regard, a significant relationship 
between subjective fatigue and Expanded disability Status 
Scale (EdSS) scores has been reported (18, 19), but, to the 
best of our knowledge, no relationship between fatigability 
and EdSS score has yet been reported. 

So far, upper limb fatigability studies in persons with MS 
have investigated only the dominant arm (14–16). It is known, 
however, that symptoms such as muscle weakness can occur 
asymmetrically in persons with MS, therefore a difference 
between the more and less affected hands can be expected. In 
addition, a recent study suggested that, in persons with MS, 
the non-dominant arm is likely to be more impaired than the 
dominant arm, perhaps due to de-training effects associated 
with reduced use in daily life given decreased functionality (8). 
one may hypothesize a higher fatigability in the non-dominant 
compared with the dominant hand in persons with MS with 
higher EdSS scores, since these persons with MS use their 
dominant arm more in daily life (8). However, if pathological 
muscle fatigue in persons with MS is mainly of central origin, 
one could also hypothesize that there would be no difference 
between dominant and non-dominant hands, nor between the 
more and less affected sides, which could be supported by re-
ports in healthy persons, stating that fatigability did not seem to 
differ between dominant and non-dominant hands (20). to our 
knowledge, the difference in fatigability between dominant and 
non-dominant hands has not been assessed in persons with MS.

the aim of this study is to examine whether hand grip fati-
gability differs between the dominant and non-dominant arms 
in both healthy controls and persons with MS, and between 
the more and less affected hands in a subgroup of persons 
with MS, and to determine if hand grip fatigability is different 
between healthy controls and subgroups of persons with MS 
with different disease progression. 

MAtERIAL And MEtHodS
Subjects 
Persons with MS diagnosed according to Mcdonald’s criteria were 
recruited via existing databases in the research institute and the Re-
habilitation and MS centre overpelt (belgium). Exclusion criteria 
were: (i) the clinical presence of tremor and ataxia; (ii) cognitive 
and orthopaedic problems that could interfere with hand grip testing; 
(iii) corticosteroid treatment within 1 month before testing. Age- and 
sex-matched healthy controls were recruited from within family and 
colleagues. All subjects gave their informed consent prior to partici-
pation. the study was approved by the ethics committees of Hasselt 
university and Rehabilitation and MS centre overpelt.

Descriptive outcome measures
the EdSS score was provided by the treating neurologist (21). the 
modified Fatigue Impact Scale (MFIS) was used to assess the impact 
of fatigue on daily life (22, 23). this self-reported fatigue questionnaire 
assesses fatigue in daily life in the psychosocial, mental and cognitive 

domain. twenty-one items are scored between 0 (never) and 4 (almost 
always), giving a score between 0 and 84. the higher the score on the 
MFIS, the greater the impact of fatigue experienced during daily life. 
the cut-off score of 38 to distinguish between non-fatigued and fatigued 
patients was described by Flachenecker et al. (24).the Motricity Index 
(MI) was used to assess arm muscle strength. Pinch grip, elbow flexion 
and shoulder abduction were measured and scored, with a maximum of 
100 indicating a normal score (25). As in Lamers et al. (8), the dominant 
hand was determined with the following questions: “Are you currently 
left- or right-handed and has this changed due to MS?”.

Experimental design and outcome measures
Maximal voluntary hand grip strength was recorded by use of a digital 
JAMAR hand grip module (E-link, biometrics Ltd, newport, uK) (26). 
Hand grip strength measurements were performed in a neutral wrist 
posture (arms resting at sides, elbows flexed at 90°, wrist positioned 
in the mid-range of pronation and supination, maximal 30° wrist ex-
tension) according to the recommendations of the American Society 
of Hand therapists (ASHt). the hand grip device installed in the 
second position (27) After a short period of familiarization with the 
digital JAMAR hand grip module, all tests were performed bilaterally 
in random order. Every patient was instructed to perform 15 repeated 
maximal contractions at their own pace. the maximal hand grip 
strength is defined as the maximal value from the first 3 dynamic trials. 
during these repeated hand grip contractions, patients were verbally 
guided on the number of contractions. the dynamic fatigue index was 
calculated as previously described by Schwid et al. (14), based on the 
ratio between the maximal strength of the first 3 and last 3 dynamic 
hand grip trials, according to the following formula: 100*[ 1–(MVc2/
MVc1)] (MVc: maximal voluntary isometic contraction). A schematic 
representation of the dynamic fatigue index can be found in Fig. 1A.

Following 1 min rest, a 30 s sustained maximal hand grip contraction 
was performed, without feedback about the elapsed time. the static fa-
tigue index was calculated as described previously by Surakka et al. (12). 
Firstly, the maximal hand grip strength and the time of this maximal hand 
grip strength (tmax) was determined. the maximal hand grip strength 
(in kg) was multiplied by 30 minus tmax to calculate a hypothetical area 
under the curve (HAuc). this HAuc represents the curve that would 
be obtained if the subject kept the force constant throughout the 30 s. 
then, the actual area under the strength curve (Auc) was calculated 
on the basis of the area under the force-time curve from tmax to 30 s. 
this Auc was divided by the HAuc. the fatigue static index was then 
calculated using the following formula: 100%*[1–(Auc/HAuc)] (12). 
A schematic representation of the static fatigue index  can be found in 
Fig. 1b. the higher the fatigue indices, the more the maximal hand 
grip strength decreases over time, and thus the more fatigability occurs. 

Statistical analysis
All statistical analyses were performed using SPSS (IbM SPSS Statis-
tics 20, ©IBM, Armonk, NY, US). Significance was set at p < 0.05.to 
study the differences between the dominant and non-dominant arms, a 
paired samples t-test was used. In addition, in a subgroup of the persons 
with MS, who presented with an asymmetrical impairment of hand grip 
strength (defined as a hand grip strength ratio between left and right hands 
> 10%), the more and less affected sides were compared using a paired 
samples t-test. Furthermore, Pearson’s correlation coefficient was used to 
determine the correlations between the fatigability of the dominant and 
non-dominant hand as well as between the more and less affected hands.

Independent samples t-tests were applied for comparison between 
healthy controls and persons with MS. For the analysis of subgroups 
according to disability level, the total group of persons with MS was 
subdivided according to their EdSS score. Subgroups of persons with 
MS with mild to moderate (EDSS < 6) MS and severe (EDSS ≥ 6) MS 
(5) were compared with healthy controls using one-way analysis of vari-
ance (AnoVA) with post-hoc Tukey’s tests in case of significant group 
differences. correlations between disability level, muscle strength and 
fatigue indices were examined using Pearson’s correlation coefficients. 
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RESuLtS
Subject characteristics 
Subject characteristics of the 30 persons with MS and 16 healthy 
controls are described in Table I. Twenty-five of the persons 
with MS were right-handed. two persons with MS changed 
hand dominance, and were now mostly using the left instead 
of the right hand. Most of the persons with MS had clinically 
detectable muscle weakness, as shown by the score on the MI, 
but 8 persons with MS had no muscle weakness in their upper 
limbs, as indicated by a maximal score of 100 on the MI. the 
median EdSS score of the total group of persons with MS was 
4.0 (range 1.5–8.5). According to the MFIS cut-off score of 38 
(23, 24), none of the healthy controls were fatigued, while 14 of 
the persons with MS experienced abnormal fatigue during daily 
life. Persons with MS reported significantly more fatigue on the 
MFIS than the control subjects (p < 0.001) (table I).

Hand grip fatigability according to hand dominance and hand 
grip impairment 
table II provides an overview of the results. In healthy con-
trols, there was a statistically significant difference in maximal 
hand grip strength between the dominant and non-dominant 
arms (p < 0.05). However, no significant difference between 
arms was detected for the dynamic and static fatigue indices 
(p = 0.078 and p = 0.1, respectively). there was a high and 

significant correlation between the static fatigue index of the 
dominant and non-dominant hands (r = 0.945, p < 0.001), but 
not for the dynamic fatigue index (r = 0.433, p = 0.093).

In persons with MS, there was a trend towards significant 
difference (p = 0.065) between the maximal hand grip strength 
of the dominant and the non-dominant hands. In accordance 
with the healthy persons, no differences were found between the 
dominant and non-dominant hands for the different grip fatigue 
indices. nineteen persons with MS had an asymmetrical hand 
grip strength impairment, with a hand grip strength difference of 
more than 10% between the dominant and non-dominant sides. 
In this subgroup, there was no significant difference between 
the more and less affected hands, either for the static index 
(p = 0.249) or the dynamic fatigue index (p = 0.683). there were 
moderate and significant correlations between the fatigue indices 
of the dominant hand and the non-dominant hand (r = 0.603 and 
0.518 for static and dynamic fatigue indices) and between the 
more and less affected hand (r = 0.674 and r = 0.479 for the static 
and dynamic fatigue indices)

Hand grip fatigability in persons with MS and healthy controls 
for the dominant hand
Remaining analyses were performed for the dominant arm 
only, in view of the above-described results with hand domi-
nance not significantly affecting the fatigue indices. Compared 
with healthy controls, the persons with MS have, on average, 

table I. Subject characteristics

Healthy controls
(n = 16)

Persons with MS 

total group
(n = 30)

EdSS < 6
(n = 17)

EDSS ≥ 6
(n = 13)

Age, years, mean (Sd) 50 (11) 52 (12) 49 (10) 56 (12)
Hand dominance (R/L), n 14/2 25/5 15/2 10/3
type of MS (RR/SP/PP), n / 13/12/5 11/5/1 2/7/4
disease duration, years, mean (Sd) / 16 (10 14 (9) 17 (11)
MFIS (0–84), mean (Sd) 11.6 (9.9) 35.6 (21.0) 36.8 (20.6) 34.0 (22.3)
Motricity index d (0–100), mean (Sd) / 91 (13) 95 (9) 85 (15)
Motricity index nd (0–100), mean (Sd) / 86 (13) 91 (8) 79 (15)

R: right; L: left; d: dominant hand; nd: non-dominant hand; MS: multiple sclerosis; EdSS: Expanded disability Status Scale; Sd: standard deviation; 
RR: relapsing – remitting; SP: secondary progressive; PP primary progressive. 

Fig. 1. calculation methods for the fatigue indices. (A) the dynamic fatigue index is calculated based on the ratio between MVc1 and MVc2 (MVc: 
maximal voluntary isometic contraction). (b) the static fatigue index is illustrated by the grey shaded area.
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a significantly lower hand grip strength (p = 0.013). the static 
fatigue index was significantly higher in persons with MS, with 
41% compared with healthy persons with 29% (p = 0.002), 
which means that persons with MS are not able to sustain their 
maximal strength as long as healthy controls. A graph of the 30 
s isometric hand grip task is shown in Fig. 2. Fourteen out of 
30 persons with MS scored higher for their static fatigue index 
than the maximal value for the static fatigue index of the healthy 
controls. These 14 persons with MS did not differ significantly 
from the other persons with MS for maximal muscle strength, 
score on the MFIS, or disease duration, but they did differ 
significantly for the mean EDSS score (with a mean difference 
of 2 points, p = 0.017). In contrast, the dynamic fatigue index, 
based on repeated maximal contractions, was not significantly 
different between persons with MS and healthy persons (p = 0.4). 

Hand grip fatigability according to disease stage
table III displays the results of maximal muscle strength and 
muscle fatigue indices for groups of healthy subjects and per-
sons with mild-to-moderate (EdSS < 6) and severe MS (EdSS 
≥ 6). Analyses of variance indicated on differences between 
groups for the maximal hand grip strength (F(2.43) = 6.57; 
p = 0.003) and the static fatigue index (F (2.43) = 9.65; 
p < 0.001), but not for the dynamic fatigue index. Post-hoc 
test showed significant differences between persons with MS 
subgroups, and between healthy controls and the high EdSS 
subgroup, for the maximal strength and static fatigue index 
(Fig. 3). there were no differences between the healthy con-
trols and the low EdSS subgroup for the static fatigue index.

table II. Maximal strength and muscle fatigue indices for both dominant hand and non-dominant hand in persons with multiple sclerosis (MS) and 
healthy controls

Variable

Healthy controls Persons with MS

d
Mean (Sd)

nd
Mean (Sd) p r 

d 
Mean (Sd)

nd
Mean (Sd) p r 

Maximal hand grip strength, kg 37.9 (9.3) 35.6 (9.9) 0.009 0.95* 28.8 (12.2) 26.5 (10.9) ns 0.83*
dynamic fatigue index, % 18.0 (8.4) 21.8 (7.7) ns 0.43 20.8 (12.2) 24.4 (12.3) ns 0.52*
Static fatigue index, % 29.3 (10.9) 31.1 (11.3) ns 0.95* 41.5 (12.1) 42.5 (10.9) ns 0.60*

*Significant with p < 0.05.
d: dominant hand; nd: non-dominant hand; p: p-value of the paired-samples t-test; ns: non-significant; r: Pearson’s correlation coefficient; SD: 
standard deviation.

table III. Muscle strength and fatigue indices for the dominant arm of healthy controls and persons with multiple sclerosis (MS) with low/high 
Expanded Disability Status Scale (EDSS) scores 

Variable

Healthy controls 
(n = 16)
Mean (Sd)

Persons with MS 

AnoVA 
p-value

EdSS < 6
(n = 17)
Mean (Sd)

EDSS ≥ 6
(n = 13)
Mean (Sd)

Maximal hand grip strength, kg 37.9 (9.3) 32.9 (10.1) 23.5 (13.1) 0.003*
dynamic fatigue index, % 18.0 (8.4) 18.1 (10.4) 24.3 (13.9) ns
Static fatigue index, % 29.3 (10.1) 37.2 (7.9) 47.1 (14.5) <0.001† *

†p < 0.05 for EDSS < 6 vs EDSS ≥ 6; *p < 0.05 for healthy controls vs EDSS ≥ 6.
ns: not significant; ANOVA: analysis of variance; SD: standard deviation.

Fig. 2. Mean strength of persons with multiple sclerosis (PwMS) and 
controls during a 30 s sustained contraction, normalized to the maximal 
hand grip strength.

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0 5 10 15 20 25 30 

N
or

m
al

is
ed

 h
an

d 
gr

ip
 fo

rc
e 

 
(%

 o
f t

he
 m

ax
im

um
) 

Time in seconds 

Healthy controls 

PwMS 

Fig. 3. box-plots of the static fatigue index in healthy controls, persons 
with multiple sclerosis (PwMS) with low to moderate Expanded disability 
Status Scale (EdSS) score and persons with MS with high EdSS score.
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Furthermore, in the total MS group, there was a moderate 
significant correlation between EDSS score and maximal 
voluntary hand grip strength (r = –0.43, p = 0.017), as well 
as with the static fatigue index (r = 0.43, p = 0.019). Maximal 
hand grip strength and the static fatigue index were, however, 
not significantly correlated in persons with MS. 

dIScuSSIon

this study investigated the effect of hand dominance, hand 
grip impairment and disability level on maximal hand grip 
strength and fatigability in healthy controls and persons with 
MS. despite differences in hand grip strength between the 
arms, no impact of hand dominance or strength impairment 
on hand grip fatigability was found. the static fatigue index, 
based on an isometric contraction of 30 s discriminated be-
tween persons with MS and healthy controls, while the dynamic 
fatigue index, based on 15 repeated maximal contractions, did 
not. Fatigability in the upper limb was greater in persons with 
severe MS compared with persons with mild-to-moderate MS 
and healthy controls. 

Maximal hand grip strength differed significantly between 
the dominant and non-dominant hands in healthy persons, as 
documented previously (28). However, no significant differ-
ence between hands was found for persons with MS, possibly 
linked to disease-related muscle weakness (8). Similarly, fati-
gability was not different between dominant and non-dominant 
hand, either in healthy controls or in persons with MS. these 
results are consistent with those of Gordon et al., who reported 
an equal fatigability of the upper limb in a sample of healthy 
persons during a submaximal contraction for the dominant and 
non-dominant arms (20). there were moderate correlations 
between fatigue indices of the dominant and non-dominant 
hands and between the more and less affected hands, possibly 
indicating on a central origin of muscle fatigue, as suggested 
in previous research (17). 

Persons with MS show more fatigability than controls dur-
ing a sustained maximal hand grip contraction. we found a 
static fatigue index of 41% for the persons with MS and 29% 
in the healthy controls. this is in line with Schwid et al. (14), 
who found a mean static fatigue index of 49.2% for persons 
with MS vs 30.4% for controls (14). However, when compar-
ing the results of the subgroup of persons with MS with mild 
to moderate disability with the results of Schwid et al., who 
included only persons with MS with mild to moderate dis-
ability, our subgroup scored lower for the static fatigue index  
(37.2 ± 7.9%). the static muscle fatigue index has demonstrated 
validity and reliability for persons with MS, as described by 
Surakka et al. (12) and Schwid et al. (14). the consistency of 
findings across studies, despite small differences in calcula-
tion method of the static fatigue indices, indicates that this 
parameter has discriminative power to detect differences in 
fatigability. For the dynamic fatigue index no group differences 
were found. this lack of difference was not expected, since, 
in clinical practice, persons with MS often report a sense of 
fatigue during repetitive actions. Furthermore, previously, the 

ratios between 10 or 11 successive maximal hand grip con-
tractions were already able to discriminate between healthy 
controls and persons with MS with mild to moderate disability 
(15, 16). A possible explanation is the limited reliability of 
the dynamic fatigue index (14). Moreover, a higher decline in 
force is expected during sustained contractions in contrast to 
repeated contractions, which can explain the different findings 
of the static and dynamic fatigue indices (29). Furthermore, 
methodological choices, such as whether to impose a rhythm 
during repeated contractions or the number of contractions, 
may influence the discriminative ability of the repeated con-
tractions. In our study, the pace of contractions was not set, 
because we preferred that all persons with MS would reach 
their maximal force level, which was unlikely when contraction 
frequency was pre-determined and speeded up. we allowed a 
comfortable pace, as this is regarded as more functional and 
related to daily life. this might explain why our results are 
different from those reported by Schwid et al., who did apply 
a fixed rhythm and found a significant difference between 
healthy controls and persons with MS (14). Following this, 
it can also be hypothesized that the dynamic fatigue indices 
should be determined based on a larger number of repetitions 
(than the 15 used in the current study). 

the present study expands previous research on muscle 
fatigue indices that was mostly performed either on samples 
with mild MS, or without any differentiation according to 
EdSS level (15, 16). Schwid et al. also included more disabled 
persons with MS (mean EdSS score 5.5), but without reporting 
on the correlation between EdSS score and fatigability (14). In 
the present study, the majority of the included persons with MS 
showed clinical detectable muscle weakness in the upper limbs. 
Our results revealed that persons with MS with EDSS scores ≥ 6 
showed significantly more fatigability during sustained hand 
grip tasks compared with persons with MS with lower EdSS 
(< 6). this could be related to the disease process itself, with 
decreasing neuronal reserve, or to other factors, such as disuse 
of the arms because of diminished movement efficiency due to 
muscle weakness (8). This is further supported by our finding 
of a significant association between the static fatigue index 
and the EdSS score. one may relate this association to the 
presence of muscle weakness in persons with MS with higher 
EdSS levels. However, even in a subgroup of persons with MS 
who presented with asymmetrical impairment of the hand grip 
strength, there was no difference between the more and less 
affected hands. In addition to this, there were no significant 
correlations between the maximal hand grip strength and the 
muscle fatigue indices. These findings are in line with Schwid 
et al. (14), but contrast with the findings of previous research 
in samples without major clinical detectable muscle weakness 
(16, 30), where correlations between fatigability measures and 
baseline strength were reported. Inconsistent findings across 
studies may relate to different samples of persons with MS, 
with the present study probably including a larger proportion 
of patients with arm-hand dysfunction. 

Some limitations of this study need to be addressed when 
interpreting the results. the conclusions of this report were 
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based on a total sample of 30 persons with MS and 16 healthy 
controls. this limited sample size cautions against generali-
zation of the study results. However, we have tried to take a 
representative sample of persons with MS, as indicated by the 
range of EdSS scores. 

Furthermore, one may argue that the fact that the dynamic and 
static fatigue indices were assessed during a single test session 
could have influenced our results, where only the second measure 
was able to differentiate between persons with MS and healthy 
controls. However, there was a short rest period of 1 min between 
the repeated hand grip contractions and the sustained hand grip 
contractions. It has been shown that recovery after a sustained 
hand-grip contraction until exhaustion is quick (within 2 min) 
(16). Furthermore, none of the tested subjects indicated feeling 
fatigued after the short rest period between the measurements. 
In future research, a randomization of assessments is warranted 
in order to avoid a possible impact of the first measurement on 
the following assessments. one could consider other assessment 
methods, with possibly an easier interpretation, such as endurance 
time. However, the maximal duration of a sustained maximal or 
submaximal hand grip force may be of limited use, since it was 
already shown to be unreliable in healthy subjects (10). Quantify-
ing maximal hand grip strength before and after a standardized 
exercise protocol, as previously suggested by dobkin, could be 
investigated in future research in an attempt to quantify exercise-
induced motor fatigue similar to that occurring after activities 
of daily living (4). Further research is needed to determine the 
clinical relevance of the static fatigue index for daily life, such 
as for example, the capacity for uninterrupted wheelchair driv-
ing and eating, and the potential impact of exercise on muscle 
fatigue. In an elderly population, hand grip endurance has been 
demonstrated to be related to functional capacity (31), but to our 
knowledge, no such correlation was shown in persons with MS.

Furthermore, in the present study, hand grip muscles were 
tested, but questions remain as to whether a similar degree of 
fatigability is present in other upper limb muscles, that are 
equally necessary in activities of daily living. Similarly, it is 
unclear whether muscle fatigue is a general feature, i.e. whether 
measurements in the lower limbs would show the same results 
as for the upper limb. So far, only Schwid et al. (14) have 
tested multiple muscles in persons with MS.  they suggest 
that hand grip and ambulation indices, as well as fatigability 
indices between different muscle groups, are correlated. oth-
ers authors, however, suggest that fatigability varies between 
muscle groups in the lower and upper limbs (32). 

Persons with MS with abnormal fatigability needs to be dis-
criminated from persons with MS with fatigability levels in the 
normal range, in order to eventually select the patients who can 
benefit from endurance training. However, classifying fatigabil-
ity of individual persons with MS as abnormal remains difficult, 
since normative data for fatigue indices are lacking. A powered 
study with a large number of participants could provide reference 
norms for these fatigue indices, according to age and sex. In the 
present study, 14 out of 30 persons with MS showed values greater 
than the maximal value of the static fatigue index found in our 
healthy controls, and thus could possibly be classified as having 

abnormal fatigability. In contrast, Iriarte et al. found that only 7 
of the 50 persons with MS had a fatigability value above the 99th 
percentile of the control groups, based on repeated maximal hand 
grip contractions, instead of a sustained contraction (16). this 
might be explained by the fact that our study sample included 
more persons with MS with higher disability levels. Furthermore, 
it appears that the classification of fatigability is not only individu-
ally defined, but is also dependent on the task, as expected (33).
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