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Background: Scales to assess disability in multiple sclerosis (MS) rarely provide reliable data on
actual global impairment. Upper limb dysfunction is usually overlooked, which has a negative effect
on patient well-being. We sought to analyze associations among upper limb dexterity, lower limb
speed, and Expanded Disability Status Scale (EDSS) score; the difference in upper limb dexterity
between patients with EDSS scores less than 5 and 5 or greater; and the associations that upper limb
dexterity, lower limb speed, and EDSS score have with health-related quality of life measurements
and depression.

Methods: A total of 140 adults with MS were evaluated using the Nine-Hole Peg Test, Timed 25-Foot
Walk test, EDSS, Multiple Sclerosis International Quality of Life (MusiQoL) questionnaire, and
Beck Depression Inventory. Thorough descriptive-analytical research was conducted using the
Spearman correlation, multiple linear regression, and structural equation modeling.

Results: Upper limb dexterity was more closely related to EDSS score than lower limb speed (r = 0.43
vs 0.29, R> = 0.38) and was greatest in patients with EDSS scores less than 5 (P < .01). Moreover,
upper limb dexterity was negatively associated with EDSS score and the MusiQoL questionnaire (r
= -0.557 to -0.321, P < .05). The correlation that depression has with upper limb dexterity loss was
higher than the one it has with lower limb speed (0.098 vs 0.066, z > 1.96).

Conclusions: Upper limb dexterity is associated with global disability, depression, and health-related
quality of life. We advocate for the assessment of upper limb dexterity in patients with MS to adopt a
better approach to their functional impairment. Int ] MS Care. 2021;23:79-84.

ultiple sclerosis (MS) is a chronic and dis-
M abling disease that jeopardizes patient quality
of life (QOL) by affecting their social, eco-
nomic, and professional networks." This neurodegen-

erative and inflammatory disease of the central nervous
system leads to the development of persistent neuro-

logic deficit over time, with potential impact over many
years of life.?

Motor impairment is the most striking sign of MS.
Although lower limbs are the most frequently impaired,
upper limbs are also usually affected by weakness or
ataxia.>* Johansson et al’ reported that up to 76% of
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patients being studied for any type of incapacity had
upper limb impairment, and in at least 50% of patients
the severity of the dysfunction was moderate.

Several disability scales have been developed to mea-
sure the functional impact of different impairments.
The Expanded Disability Status Scale (EDSS) has been
widely accepted in the clinical field despite its under-
standable flaws,® such as scores being highly oriented
toward ambulation capacity and thus upper limb and
other functions being underestimated.” Previous reports
have highlighted the importance of assessing upper limb
dexterity to determine the therapeutic effects of differ-
ent treatments in clinical trials.® In this regard, Feys et
al” demonstrated that the Nine-Hole Peg Test (NHPT)
detects progression over time and is sensitive to treat-

1" conducted a study to asses upper

ment. Solaro et a
limb dysfunction using the NHPT and suggested that
said test should be used with caution in MS settings,
especially in patients with low or high disability levels.'

Furthermore, several authors'""® have pointed out
that upper limb dexterity is strongly associated with
activities of daily living (ADLs) such as dressing, self-
care, and bathing, thus affecting the patient’s indepen-
dence'® and QOL." In this sense, Lamers et al'> found
that general upper limb strength was the most important
variable related to the capacity to perform ADLs. Besides
general upper limb strength, other parameters, such as
the active range of motion of wrist extension and tactile
sensitivity of the thumb, were also associated with the
capacity to perform ADLs. In addition, Cattaneo et al'®
observed that hand dexterity was predominantly associ-
ated with participation in home activities, and participa-
tion restrictions were found to be more correlated with
cognitive deficits.

Based on all this information we have mentioned, the
present study aimed to address the usefulness of evalu-
ating upper limb dexterity during neurologic routine
consultations of patients with MS. The objectives were
to 1) analyze the associations among upper limb dexter-
ity, lower limb speed (gait speed), and EDSS score; 2)
analyze the difference in upper limb dexterity between
patients with EDSS scores less than 5 and 5 or greater;
and 3) study the associations that upper limb dexter-
ity, lower limb speed, and EDSS score have with both
health-related QOL (HRQOL) measurements and
depression, a variable strongly related to disability.”

Methods

To evaluate the usefulness of routine measuring of upper
limb dexterity in medical practice, we designed a retrospective
study performed in our MS clinic. This study was approved
by the ethics committee of J.M. Ramos Mejfa Hospital, and
all participants signed an informed consent form authorizing
us to use the information in their medical records. Patients
aged 18 to 60 years who had a diagnosis of MS according to
the McDonald criteria'” and whose upper limb dexterity had
been evaluated were included. The exclusion criteria were a
concomitant neurologic disorder other than MS, a history of
alcoholism or drug abuse, a diagnosis of a psychiatric disorder,
being in clinical relapse, or having received a corticosteroid
treatment within 4 weeks before the study. All the measure-
ments described in the following subsection were performed
by an MS expert neurologist during a single visit.

Measurements

Lower Limb Assessment

The Timed 25-Foot Walk test (T25FW)'® is a walking
speed measure. It is performed by registering the time it takes
a patient to walk across a clearly marked 25-foot course as fast
and safely as possible. If needed, assistive walking devices, such
as canes or walkers, can be used during the test. The task is
performed twice, and the average score is recorded. The raw
score will be later analyzed in the present research.

Upper Limb Assessment

The NHPT" measures dexterity in both hands by asking
the patient to pick up nine pegs from a container and insert
them into a nine-hole board. Participants must then remove
the pegs as quickly as possible, placing them back into the
container. The task is performed with the dominant arm first
and then with the contralateral hand. This test comprises two
trials for each hand, and scores are the average time of the
four trials. The raw score will be analyzed later in the pres-
ent research.

Global Disability Assessment

The EDSS? addresses eight functional systems: pyrami-
dal, cerebellar, brainstem, sensory, bowel and bladder, visual,
mental, and miscellaneous. It ranges from best to worst perfor-
mance, from 0 to 10 points, in half-point increments.

QOL Assessment

The Multiple Sclerosis International Quality of Life
(MusiQoL) questionnaire?' is a multidimensional self-
administered questionnaire validated in 14 languages. It is
shorter and faster that other similar tools. Each item has a
Likert-type scale ranging from 1 (never/nothing) to 5 (always/
very much), with an option left for not applicable questions.
The MusiQoL questionnaire comprises 31 questions in nine
dimensions (subscales): ADLs (eight items), psychological
well-being (four items), symptoms (four items), relationships
with friends (three items), relationships with family (three
items), sentimental and sexual life (two items), coping (two
items), rejection (two items), and relationships with health
care system (three items). The index score is calculated based
on the mean subscale scores. All nine dimensions and the
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index score are linearly transformed and standardized on a
scale from 0 to 100, where 0 indicates the worst possible level
of QOL and 100 indicates the best level.

Depression Assessment

The Beck Depression Inventory I1?? is also a self-admin-
istered questionnaire, with 21 items addressing the patient’s
feelings and perceptions during the previous 2 weeks. Each
item has a 4-point Likert-type scale. It is a well-known tool for
screening and rating depression, with results ranging from bet-
ter to worse, from 0 to 63 points. Based on the scores obtained
in the test, the Beck Depression Inventory II provides the
following classification to indicate a patient’s level of depres-
sion: without depression (score, 0-13), mild depression (score,
14-19), moderate (score, 20-28), and severe (score, 29-63),
according to local regulations.

Statistical Analysis

To analyze the relationship that upper limb dexterity and
lower limb speed have with EDSS score, we used a structural
equation model with observed variables. To perform structural
equation modeling in variables that do not meet the normality
assumption, it is necessary to create an asymptotic covariance
matrix. Therefore, we used the formula (k + 1) (k + 2)/2, with
k representing the number of variables.” We later evaluated
the sample size by comparing it with the empirically used sam-
ples.?* We used the MLR robust estimator (software: OpenMx
packages) because the used variables were continuous without
multivariate normality.

Considering that the EDSS is strongly biased by ambula-
tory capacity, we performed a nonparametric comparison of
upper limb function between patients with EDSS scores of
5 or greater and those with EDSS scores less than 5 using
the Mann-Whitney U test. Considering a score of 5 as the
cutoff point on the EDSS was decided by the clinical team.
The decision was based on EDSS scores of 1.0 to 4.5 referring
to patients with MS who are able to walk without any aid.
Patients with EDSS scores of 5 or greater present impairments
that vary from a marked alteration of gait resistance to needing
help to walk or inability to walk.”

A structural equation model with observed variables was
also used to analyze the relation that upper limb dexter-
ity, lower limb speed, and EDSS score have with depression.
Spearman correlations were used to assess the association of
these variables with HRQOL measurements. Said evaluation
comprised a sample of 52 patients, and the normality assump-
tions of these subpopulations were not met by all the variables.
Finally, linear multiple regression was used for the analysis of
the possible role of upper limb dexterity, lower limb speed,
and the EDSS score as predictors of individual HRQOL
measurements. Statistical analysis was performed using SPSS
Statistics for Windows, version 20 (IBM Corp) and structural
equation modeling with LISREL software, version 9.3 (Scien-
tific Software International).

Results
A total of 140 patients were included. Their general
characteristics are listed in Table 1.

Upper Limb Dexterity in MS

Table 1. Demographic and clinical characteristics of
the 140 study patients

Characteristic Results
Age, y 39.79+12.74
Schooling duration, y 13.43+£3.44
Female sex 90 (64.3)
Disease duration, y 10.16 £9.93
EDSS score 2.87 +1.78 [0-7]
NHPT time, s 26.03 £9.01
T25FW time, s 7.23+3.44
BDI Il score 14.58 +11.15
Depression severity (BDI II)

Mild 14.3%

Moderate 15.1%

Severe 13.5%
Clinical variant

Relapsing-remitting 131

Secondary progressive 4

Primary progressive 5

Note: Unless otherwise indicated, values are given as mean + SD,
mean * SD [range], number (percentage), or number.
Abbreviations: BDI Il, Beck Depression Inventory II; EDSS, Expanded
Disability Status Scale; NHPT, Nine-Hole Peg Test; T25FW, Timed
25-Foot Walk test.

The global indicators of the structural equation
model regarding the relationship that upper limb dex-
terity and lower limb speed have with EDSS score were
adequate (Table 2). Standardized coefficients showed
a closer association between upper limb dexterity and
EDSS score compared with the association with lower
limb speed (0.43 vs 0.29, P < .01). The R* was 0.38,
which is high considering that the EDSS measures
multiple functional systems. All # values of the model
were statistically significant, except for upper limb dex-
terity and lower limb speed correlations that, despite
being high, did not reach significance (1.79 vs 1.96, P <
.01) (Figure 1).

When considering upper limb dexterity in patients
with EDSS scores less than 5 (mean + SD NHPT
time, 24.21 + 6.20 seconds) and 5 or greater (36.17 +
14.36 seconds), patients in the latter group had a sig-
nificanty (U = —0.34, P < .01) slower performance than
those with EDSS scores less than 5, even considering

Table 2. Structural equation modeling’s global
indicators (N = 140)

y2Pvalue NFI  GFl  RMSEA  SRMR
W2/Af(<3) (.05 (5097 (0.9 (<0.08)* (<0.08)°
238 09 0955 0998 0028  0.036

Abbreviations: NFI, normed fit index; GFl, goodness of fit index,
RMSEA, root mean square error of approximation; SRMR,
standardized root mean square residual.

2Brown.?*
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1.00 0.42

0.44

1.00

least squares; RMSE, root mean square error = 0.029.

X?=4.76. GL = 2. P =.0092233. RMSE = 0.029

Figure 1. Structural equation modeling for upper limb (UL) dexterity,
lower limb (LL) speed, global disability, and depression (N = 140)

BDI Il, Beck Depression Inventory IlI; EDSS, Expanded Disability Status Scale; GL, generalized

EDSS score as independent
variables was significant only
in terms of upper limb func-
tion with ADLs (R? = 0.377,
P = .042, typified B = -0.352).
Upper limb dexterity accounted
for 38% of the ADL variance,
thus implying a moderate

0.62

effect of upper limb dexter-
ity in this dimension. Lower
limb speed and EDSS score
were not associated with any of
the tested MusiQoL question-

0.95

naire dimensions.

Regarding upper limb dex-
terity, lower limb speed, EDSS
score, and depression, the struc-

tural equation model found a

the EDSS’s underestimation of upper limb dexterity
in patients with scores of 5 or greater (given that it is
not measured).

The subgroup of patients in which HRQOL was
analyzed included 52 participants. Sixty-five percent
were women with a mean + SD age of 40.62 + 14.71
years, schooling of 13.75 + 3.33 years, disease evolu-
tion length of 12.37 + 11.87, and EDSS score of 2.48
+ 1.65. No significant differences were found between
the sample of 140 patients and the subsample of 52
patients (P > .05). The correlation analysis between
upper limb dexterity, lower limb speed, and EDSS
score and individual HRQOL measurements showed
statistically significant negative correlations between
all three variables and ADLs (r, = -0.557, -0.377, and
-0.506, respectively, P < .01). Psychological well-being
was negatively associated with upper limb dexterity (7, =
-0.355, P < .05) and EDSS score (r; = -0.358, P < .05).
The symptoms dimension was also negatively associated
with upper limb dexterity (r; = -0.360, P < .01) and
EDSS score (r, = -0.315, P < .05). The global index of
QOL was associated only with upper limb dexterity (r, =
-0.321, P < .05), and rejection was correlated only with
lower limb speed (r, = -0.279, P < .05). See Table S1,
which is published in the online version of this article
at ijmsc.org.

Multiple linear regression using each of the dimen-
sions of the MusiQoL questionnaire as dependent vari-
ables and upper limb dexterity, lower limb speed, and

statistically significant associa-
tion (# value > 1.96, punctually = 2.52) between EDSS
score and depression, with a standardized coefficient of
0.23. The indirect association (through EDSS score)
with depression was significantly (¢ value > 1.96) higher
for upper limb dexterity (0.43 x 0.23 = 0.098) than for
lower limb speed (0.29 x 0.23 = 0.066). These results
are shown in Figure 1.

Discussion

The findings from this study show the impact that
upper limb dexterity has in patients with MS, as well
as its association with disability measured by the EDSS.
Although it is intuitive to think that upper limb func-
tional indemnity is essential for ADLs, upper limb dex-
terity is not usually measured in routine neurologic con-
sultations, at least in Argentina. The main objective was
to thoroughly evaluate upper limb dexterity in patients
with MS and, eventually, relate it to the patient’s QOL.
Bearing this in mind, we decided to administer the
NHPT, the most commonly used test in clinical tri-
als for upper limb assessment and the only one with
psychometric properties that have been duly studied.”
Remarkably, in our research, the strongest association
among those variables was the one found between upper
limb dexterity and EDSS score. Moreover, the results of
the present study showed a positive association between
upper limb dexterity and having an EDSS score of 5 or
greater, even when upper limb dexterity does not influ-
ence the EDSS score beyond that point. Similar find-
ings were reported by Cadavid et al,** who described an
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association between upper limb dexterity (measured by
NHPT) and having an EDSS score higher than 6.

Upper limb dexterity was strongly associated with
worse HRQOL measurements in general and with
psychological well-being and ADLs in particular. These
findings are in line with those of other published stud-
ies.!’1¢ Bertoni et al'' concluded that loss of manual
dexterity has been shown to be associated with decreased
independence in ADLs and is probably due to a com-
bination of tremor, sensory, and strength impairments.
Cattaneo et al'® observed that hand dexterity was pre-
dominantly associated with participation in ADLs and
that manual dexterity impairment was associated with
restrictions on home activities. These authors empha-
sized the role of the upper limbs in activities such as
dressing, bathing, or cooking. We also found associa-
tions between lower limb speed and HRQOL measure-
ments, but only in ADLs and rejection. In the same
way, Kohn et al”” observed decrements in HRQOL as
patients perceived greater levels of reduction in their
walking speed; however, other authors have not found
such a relationship.?

Multivariate analysis in this sample allowed us to
discover that the relationship that HRQOL measure-
ments have with upper limb dexterity is stronger than
the one they have with lower limb speed or EDSS score.
Furthermore, through a linear regression analysis, upper
limb function was found to be the only measure that
predicted QOL, producing a moderate effect on ADLs.
On the other hand, upper limb impairment was also
associated with depression in a stronger way than lower
limb speed. To our knowledge, this is the first time such
a relationship has been reported.

The use of scales to assess disability rarely provides
reliable data on the actual global impairment of the
patient because each scale usually focuses on a certain
aspect, dismissing others. Several authors have pointed
out that the EDSS has several biases, which are particu-
larly noticeable in progressive forms of MS.? Therefore,
having only this scale as a reference, it is possible to
overlook a patient’s disability progression if it does not
reach the point of walking capacity. In this sense, several
studies have demonstrated that the Multiple Sclerosis
Functional Composite scale (which includes the T25FW
and the NHPT) has greater sensibility than the EDSS
to detect progression of disability in patients with sec-
ondarily progressive MS.*® Similarly, Cadavid et al*®
demonstrated that the NHPT was more sensitive than

Upper Limb Dexterity in MS

the EDSS (34.4% vs 24.7%) for identifying disability
progression in a 2-year observation period in patients
with MS of the secondarily progressive form. Remark-
ably, despite the lack of disability progression in progres-
sive forms of MS when measured using the EDSS, some
clinical trials have showed therapeutic benefits from dif-
ferent treatments when performing a subanalysis focused
in upper limb dexterity (metrotexate’ interferon beta-
1a%%, rituximab,?® and natalizumab?®*).

In the present sample we found strong associations
between upper limb dexterity and several clinical out-
comes. Because this is seemingly the first time that this
type of analysis has been performed in Argentina, we
have no other local results to compare with the present
findings. Nevertheless, and despite the sample size, we
believe that the functional importance of upper limb
dexterity should be acknowledged to gain a better under-
standing of the global disability of every patient.

All things considered, we believe that the assess-
ment of a patient’s global disability cannot be delegated
solely to the EDSS and that other scales should be
incorporated in the routine neurologic controls. To our
knowledge, the NHPT is the simplest, shortest, and
better-validated test, as has also been widely reported in
previous studies.”

It is important to consider that to generalize the
results of this study, future research is needed to
strengthen the data presented. This work presents some
limitations, such as the sample size of the patients who
had QOL evaluated and the lack of evaluation of cog-
nitive aspects that contribute to MS-related disability.
Likewise, it would be interesting to compare the perfor-
mance of patients in different clinical forms, for which it
would be necessary to expand the sample. O
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PRACTICE POINTS

® Upper limb dexterity is associated with daily life
activities and affects a patient’s quality of life.

* Upper limb dexterity could be evaluated using
the Nine-Hole Peg Test and should be considered
for global disability assessment.
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