
Associations of Upper Limb Disability
Measures on Different Levels of the
International Classification of
Functioning, Disability and Health in
People With Multiple Sclerosis
Ilse Lamers, Davide Cattaneo, Christine C. Chen, Rita Bertoni,
Bart Van Wijmeersch, Peter Feys

Background. It is unknown how impairments caused by multiple sclerosis (MS)
affect upper limb capacity, performance, and community integration.

Objective. The aim of this study was to investigate the extent to which impair-
ments explained the variance in activity level and participation level measures of the
International Classification of Functioning, Disability and Health (ICF) and the
extent to which upper limb capacity measures explained perceived performance on
the activity level in people with MS and different dexterity levels.

Design. This was a cross-sectional study.

Methods. A total of 105 people with MS (median Expanded Disability Status
Scale�6.5) were assessed with measures on the ICF body functions and structures
level (strength, active range of motion of the wrist, tactile sensitivity, tremor, spas-
ticity, and pain), activity level (Nine-Hole Peg Test [NHPT], Action Research Arm
Test, and Manual Ability Measure-36 [MAM-36]), and participation level (Community
Integration Questionnaire). The sample was divided into low- and high-dexterity
subgroups on the basis of the median score on the NHPT.

Results. In the total group, muscle strength, tactile sensitivity of the thumb, and
intention tremor explained 53% to 64% of the variance in activity level measures. In
the low-dexterity subgroup, muscle strength and active range of motion explained
43% to 71% of the variance in activity level measures. In the high-dexterity subgroup,
only 35% of the variance in the MAM-36 was explained by muscle strength. Capacity
measures (NHPT and Action Research Arm Test) were moderately to highly associ-
ated with perceived performance (MAM-36) in the low-dexterity subgroup.

Limitations. Some outcome measures showed ceiling effects in people with MS
and a high dexterity level.

Conclusions. Upper limb muscle strength is the most important impairment
affecting capacity and perceived performance in daily life. Associations among out-
come measures differ in people with MS and different dexterity levels.
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Besides walking disability,
fatigue, and cognitive deficits,
upper limb dysfunction is one

of the important dysfunctions pres-
ent in people with multiple sclerosis
(MS). Holper et al1 reported that
more than 50% of people with MS
in their study reported restrictions
related to the upper limb, such as
hand and arm use and fine hand
use, in different categories of
the International Classification of
Functioning, Disability and Health
(ICF). Furthermore, people with MS
reported restrictions in participa-
tion within the community and a
decreased quality of life.2–4

Frequently reported impairments1

on the body functions and struc-
tures level of the ICF, such as muscle
weakness, increased muscle tone,
coordination problems, sensory def-
icits, and pain, have a negative influ-
ence on the ability of people with MS
to perform activities of daily living
(ADL). To date, however, the extent
to which impairments on the body
functions and structures level affect
upper limb capacity and perfor-
mance in daily life (activity level of
the ICF) and integration within the
community (participation level of
the ICF) is unclear. Quantifying the
relationships among different ICF
levels may help clinicians to enhance
upper limb rehabilitation strategies
for people with MS.

So far, only a few studies on MS have
investigated the association between
disability on the activity level and
impairments on the body functions
and structures level, such as muscle
weakness,5–9 increased muscle
tone,6 coordination problems,6,10,11

and sensory deficits.7 None of those
studies included more than 3 differ-
ent outcome measures to assess
impairments on the body functions
and structures level, and most of
the studies used only the Nine-Hole
Peg Test (NHPT) to assess impaired
upper limb capacity on the activity

level.6,7,10,11 Despite recommenda-
tions for the use of patient-reported
outcome measures (also called per-
ceived measures),5,12–15 only 3 small-
scale studies5,8,9 have investigated
the association between perceived
upper limb performance on the
activity level and impairments on the
body functions and structures level.
In addition, the association between
upper limb capacity measures, such
as the NHPT, and measures of per-
ceived performance on the activity
level has rarely been investigated.9

However, associations among out-
come measures on different ICF
levels could be influenced by disabil-
ity level, as clearly demonstrated in
studies investigating walking capac-
ity and performance in people with
MS.16,17 Moreover, research on
stroke has suggested that the stratifi-
cation of patients according to the
level of upper limb dysfunction is
important for optimizing outcome
assessment, therapy selection, dose,
and intensity in rehabilitation man-
agement.18 These findings may indi-
cate the need to also differentiate
people with MS and different upper
limb disability levels. The Expanded
Disability Status Scale (EDSS) is most
frequently used to differentiate peo-
ple with MS and different disability
levels.2,19 However, scoring on the
EDSS is mainly based on ambulation.
Therefore, another measure or scale
is needed to differentiate levels of
severity of upper limb dysfunction.
The NHPT, a manual dexterity mea-
sure and part of the frequently used
MS Functional Composite Score,20

appears to be a good outcome mea-
sure for differentiating the levels of
severity of upper limb dysfunc-
tion.21,22 To date, however, it is not
clear which cutoff values on the
NHPT should be applied to differen-
tiate subgroups with different dex-
terity levels.

In summary, previous studies inves-
tigating the relationships of upper

limb disability measures on different
ICF levels were characterized by
small sample sizes, a small number
of outcome measures, and no dif-
ferentiation of people with MS and
different dexterity levels. With these
issues in mind, we postulated that
a large study with comprehensive
upper limb assessments on differ-
ent ICF levels in people with MS and
different dexterity levels is war-
ranted to better understand upper
limb dysfunction in people with MS.
We hope that such an understanding
will serve as the basis for enhancing
upper limb rehabilitation in people
with MS.

The first aim of this study was to
determine which impairments (eg,
muscle weakness, spasticity, and
impaired sensory function) best
explain the capacity to perform stan-
dardized upper limb tasks, perceived
upper limb performance in daily life,
and the perceived ability to partici-
pate in the community. Second, we
aimed to determine which upper
limb capacity measures best explain
perceived performance on the activ-
ity level. The dexterity level was
taken into account in the analyses
because we hypothesized that asso-
ciations among outcome measures
may differ in people with MS and
different dexterity levels.

Method
Participants
A convenience sample was recruited
from inpatients and outpatients
treated at the Rehabilitation and
MS Center, Overpelt, Belgium; De
Mick Rehabilitation Center, Brass-
chaat, Belgium; and the Department
of Neurorehabilitation, Don Carlo
Gnocchi Foundation Onlus, IRCCS,
Milan, Italy. People with a diagnosis
of MS (criteria of McDonald et al23)
and with a minimal ability to move
the upper limb (able to touch their
chin with one hand) were included.
People with MS, people with a
relapse or a relapse-related treatment
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1 month before the study, and
people with another neurologic,
orthopedic, rheumatoid, or cogni-
tive impairment that would inter-
fere with the execution of the out-
come measures were excluded. The
EDSS scores and disease duration
determined by neurologists were
retrieved from medical records. The
cognitive level was determined
with the Symbol Digit Modalities
Test.24 All participants gave written
informed consent before inclusion in
the study.

Study Design and Procedure
Outcome measures on the body
functions and structures, activity,
and participation levels of the ICF
were used in this cross-sectional
study. All outcome measures were
performed in 2 test sessions of 1.5
hours each. Both sessions were con-
ducted at the same time of day, with
1 day between to avoid excessive
fatigue. Furthermore, all outcome
measures were conducted in a ran-
dom order for both hands.

Outcome Measures
Body functions and structures
level. Average handgrip strength
(kilograms) was measured with a
Jamar handheld dynamometer (Sam-
mons Preston Rolyan, Bolingbrook,
Illinois) during 3 trials in accordance
with the procedure recommended
by the American Society of Hand
Therapists.25 Overall upper limb
muscle strength (pinch grip, elbow
flexion, and shoulder abduction)
was evaluated with the Motricity
Index (MI) (normal score�100).26 A
goniometer was used to determine
the active range of motion (AROM)
of wrist extension (in degrees). The
axis of the goniometer was posi-
tioned perpendicular to the wrist
joint (triquetrum). The fixed seg-
ment of the goniometer was aligned
with the midline of the ulna, and the
moving segment was aligned with
the fifth metacarpal. The median
score (in degrees) of 3 trials was

used in this study. Five Semmes-
Weinstein monofilaments (Smith &
Nephew Inc, Germantown, Wiscon-
sin) with different diameters (2.83,
3.61, 4.31, 4.56, and 6.65) were
used to test tactile sensitivity in
the fingertip of the thumb27,28 in
accordance with the testing proce-
dure described by Cuypers et al.29

Scores on this test were catego-
rized as follows: 2.83�1, normal
sensation; 3.61�2, diminished light
touch; 4.31�3, diminished protec-
tive sensation; 4.56�4, loss of pro-
tective sensation; 6.65�5, untest-
able; finally, a score of 6 was given to
participants who were not able to
feel even the largest monofilament
(6.65). The Fahn Tremor Rating
Scale (5-point scale; 0�none and
4�severe amplitude) was used to
assess intention tremor during the
finger-nose test.30 Dysmetria during
the finger-nose test was evaluated
with a 5-point scale (0�no impair-
ment and 4�cannot use hands) as
described by Alusi et al.10 Muscle
tone (spasticity) in the shoulder
adductor, elbow flexor, and wrist
flexor muscles was evaluated with
the Modified Ashworth Scale (0�no
increased muscle tone and 5�rigid;
maximum score�15).31 Current
pain level in the upper limbs was
evaluated with a visual analog scale
(0�no pain and 10�worst pain
imaginable).32

Activity level. Two capacity mea-
sures (NHPT and Action Research
Arm Test [ARAT]) and 1 perceived
performance measure (Manual Abil-
ity Measure-36 [MAM-36]) were
included. The NHPT was used to
assess fine manual dexterity.33 The
time needed to place and remove 9
pegs was recorded and averaged
over 2 trials. Manual dexterity speed
was calculated as pegs per second
and used in the analyses. Participants
who had MS and were not able to
place any peg within a time limit of
300 seconds received a score of 0
pegs per second.3 The ARAT was

used to evaluate the ability to handle
various objects (scores of 0–57;
lower scores indicate low levels of
upper limb function). The MAM-36
was used to assess perceived ease or
difficulty that participants with MS
may have experienced when per-
forming 36 common ADL tasks. Par-
ticipants with MS were asked to rate
these tasks with a 4-point scale
(4�easy, 3�a little hard, 2�very
hard, 1�cannot do) regardless of
which hand they used and without
the help of custom-ordered adaptive
equipment. The summed score for
each participant was subsequently
calibrated by Rasch analysis and con-
verted to a “manual ability measure”
(0 indicating lowest manual ability
and 100 indicating perfect manual
ability).34

Participation level. The Commu-
nity Integration Measure (CIQ) was
used to assess home integration,
social integration, and productive
activities. The total CIQ score is the
sum of scores on the 3 subcatego-
ries, with a high score (maximum
score�29) indicating a high level of
integration within the community.35

Data Analysis
For each participant, the mean
score for both hands was calculated
for each outcome measure and
used in the statistical analyses. The
study sample was divided into 2
manual dexterity subgroups accord-
ing to their NHPT scores by use of a
median split. Differences between
the low-dexterity subgroup and the
high-dexterity subgroup on the out-
come measures were investigated
with unpaired t tests. Pearson corre-
lations (defined as very high [�.90],
high [.70–.89], moderate [.50–.69],
low [.30–.49], or very low [�.29])36

were calculated to investigate the
associations of measures on different
ICF levels in the total group and the
2 manual dexterity subgroups. Mul-
tiple regression analyses with a hier-
archical selection procedure were

Associations of Upper Limb Disability Measures on Different ICF Levels in MS

January 2015 Volume 95 Number 1 Physical Therapy f 67



performed to examine the extent
to which impairments on the body
functions and structures level
explained the variance in the activity
level measures (NHPT, ARAT, and
MAM-36). The order in which the
independent variables were entered
into the model was based on the
findings of previous research9 and
the significant correlation coeffi-
cients found in the present study.
Simple linear regression analyses
were performed to examine the
extent to which capacity measures
(NHPT and ARAT as independent
variables) explained the variance in
perceived performance (MAM-36
as the dependent variable). An over-
view of the calculated regression
models for the total group and
both manual dexterity subgroups is
shown in Table 1. For all presented
regression models, variable entry
was set at 0.05 and removal was set

at 0.10. Furthermore, the distribu-
tion of residuals, outliers, and multi-
collinearity (variance inflation fac-
tor) was checked for all models to
ensure that the assumptions for mul-
tiple regressions were met. To man-
age and analyze the data, we used
IBM SPSS Statistics 20.0 (IBM Inc,
Armonk, New York) with the signif-
icance level set at a P value of less
than .05. There were no missing
data.

Role of the Funding Source
Dr Lamers is supported by a PhD
fellowship from the Research Coun-
cil of Hasselt University (BOF grant).
Ms Bertoni is supported by a grant
from the Italian Ministry of Health.

Results
Participants
A total of 110 people with MS
were screened at the various rehabil-

itation centers; 5 did not meet the
required inclusion and exclusion cri-
teria. Thus, 105 people with MS
(mean age�53.7 years [SD�11.1];
62 women) gave written informed
consent and participated in this
study. The median EDSS score for
the study sample was 6.5 (first to
third quartiles�5.1–7.5), and the
mean disease duration was 17.93
years (SD�11.18). The majority of
the participants with MS were diag-
nosed with secondary progressive
MS (55.2%), whereas 32.4% and
12.4% had relapsing-remitting MS
and primary progressive MS, respec-
tively. The mean score on the Sym-
bol Digit Modalities Test was 27.91
points (SD�11.18). At the time of
testing, 83.8% of the participants
with MS were right-handed, and the
others were left-handed (8.6%) or
ambidextrous (7.6%).

Table 1.
Overview of the Calculated Regression Models for the Total Group and the 2 Manual Dexterity Subgroupsa

Groups Variables

Multiple Linear Regression With a Hierarchical Method
Simple Linear

Regression

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Totalb Dependent NHPT ARAT MAM-36 CIQ MAM-36 MAM-36

Independent

1 MI MI MI MI NHPT ARAT

2 Handgrip strength Handgrip strength Handgrip strength AROM of wrist

3 AROM of wrist AROM of wrist AROM of wrist Tactile sensitivity

4 Tactile sensitivity Tactile sensitivity Tactile sensitivity Pain

5 Intention tremor Intention tremor Intention tremor

6 Dysmetria Dysmetria Dysmetria

7 Spasticity Spasticity Spasticity

Dexterity subgroupsc Dependent ARAT MAM-36 MAM-36

Independent

1 MI MI ARAT

2 Handgrip strength Handgrip strength

3 AROM of wrist AROM of wrist

4 Tactile sensitivity Tactile sensitivity

5 Intention tremor Spasticity

6 Dysmetria Pain

a NHPT�Nine-Hole Peg Test, ARAT�Action Research Arm Test, MAM-36�Manual Ability Measure-36, CIQ�Community Integration Questionnaire,
MI�Motricity Index, AROM�active range of motion.
b Order of entering: 1–7.
c Order of entering: 1–6.
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The mean scores and standard devi-
ations on the various upper limb out-
come measures in the total group
and both dexterity subgroups are
shown in Table 2. Participants who
had MS and scored lower than 0.27
peg per second on the NHPT (cor-
responding to 33.3 seconds) were
assigned to the low-dexterity sub-
group, whereas participants who
had MS and higher scores were
assigned to the high-dexterity sub-
group. The low-dexterity subgroup
(n�51; median EDSS score of 7.0;
first to third quartiles�6.5–8.0)
had significantly lower scores than
the high-dexterity subgroup (n�54;
mean EDSS score of 5.5; first to third

quartiles�3.3–6.5) on all outcome
measures except the current pain
level (Tab. 2).

Relationships Between
Impairments on the Body
Functions and Structures
Level and Measures on the
Activity and Participation Levels
Coefficients of correlation between
impairments on the body functions
and structures level and measures
on the activity and participation
levels in the total group and the
low- and high-dexterity subgroups
are shown in Table 3. In the total
group, low to high correlations
were found between measures on

the activity level (NHPT, ARAT, and
MAM-36) and the following impair-
ments: muscle strength (handgrip
strength and MI), AROM of wrist
extension, and spasticity. Tactile sen-
sitivity of the thumb, intention
tremor, dysmetria, and pain were sig-
nificantly but weakly correlated with
some activity level measures. Low
correlations were found between
the CIQ on the participation level
and the following impairments on
the body functions and structures
level: MI, AROM of wrist extension,
tactile sensitivity, and pain.

In the low-dexterity subgroup, low
to high correlations were found

Table 2.
Median Scores on Outcome Measures for the Total Group (N�105) and the Low-Dexterity (n�51) and High-Dexterity (n�54)
Subgroupsa

Variable

Total Group Low-Dexterity Subgroup High-Dexterity Subgroup

P bX (95% CI) SD X (95% CI) SD X (95% CI) SD

Body functions and structures level

Strength

Handgrip strength (kg) 21.82 (19.57, 24.08) 11.64 17.99 (14.70, 21.28) 11.70 25.44 (22.59, 28.30) 10.46 .001

Motricity Index (0–100) 83.94 (81.15, 86.74) 14.45 77.59 (73.11, 82.06) 15.70 89.95 (87.29, 92.62) 9.77 �.001

AROM

Wrist (°) 57.06 (53.49, 60.63) 18.37 52.37 (46.70, 58.05) 21.18 61.56 (57.35, 65.79) 15.31 .010

Tactile sensitivity

Thumb (0–6) 2.62 (2.41, 2.84) 1.09 2.82 (2.52, 3.12) 1.06 2.43 (2.14, 2.73) 1.09 .068

Tremor

Intention tremor (0–4) 0.78 (0.61, 0.96) 0.91 1.10 (0.81, 1.39) 1.03 0.48 (0.30, 0.66) 0.65 �.001

Dysmetria (0–4) 0.51 (0.39, 0.63) 0.60 0.70 (0.52, 0.88) 0.64 0.33 (0.20, 0.47) 0.50 .002

Spasticity

Modified Ashworth Scale (0–5) 0.16 (0.09, 0.24) 0.38 0.28 (0.15, 0.42) 0.48 0.05 (�0.01, 0.10) 0.20 .002

Pain

Current pain level (0–10) 1.38 (0.95, 1.80) 2.19 1.39 (0.78, 2.00) 2.18 1.36 (0.76, 1.97) 2.24 .942

Activity level

Capacity measures

Nine-Hole Peg Test (pegs/s) 0.25 (0.23, 0.28) 0.12 0.16 (0.14, 0.18) 0.07 0.34 (0.33, 0.36) 0.06 �.001

Action Research Arm Test (0–57) 48.12 (45.82, 50.43) 11.91 41.03 (37.20, 44.85) 13.60 54.82 (53.99, 55.66) 3.07 �.001

Perceived performance measures

Manual Ability Measure-36 (0–100) 63.27 (60.34, 66.22) 15.22 54.14 (51.07, 57.22) 10.95 71.89 (68.17, 75.60) 13.63 �.001

Participation level

Community Integration Measure (0–29) 13.23 (12.23, 14.23) 5.18 11.13 (9.83, 12.44) 4.63 15.62 (13.86, 16.55) 4.92 �.001

a AROM�active range of motion, 95% CI�95% confidence interval.
b Unpaired t tests between low- and high-dexterity groups.
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between muscle strength (handgrip
strength and MI) and measures on
the activity level (ARAT and MAM-
36), but the strengths of the asso-
ciations were lower in the high-
dexterity subgroup. The AROM of
wrist extension was moderately to
highly related to measures on the
activity level in the low-dexterity
subgroup, whereas no significant
correlations were found in the high-
dexterity subgroup. Tactile sensitiv-
ity of the thumb was associated with
the ARAT in the high-dexterity sub-
group but not in the low-dexterity
subgroup. Furthermore, the CIQ on
the participation level was signifi-
cantly but weakly related to the MI
only in the high-dexterity subgroup.

Regression analyses (Tab. 4) for the
total group revealed that 53% of the
variance in the NHPT was explained
by the MI, tactile sensitivity of the
thumb, and intention tremor. Fur-
thermore, the MI and AROM of wrist
extension explained 64% of the vari-
ance in the ARAT, and the MI, tactile
sensitivity of the thumb, and inten-
tion tremor explained 54% of the
variance in the MAM-36. Further-
more, only 14% of the variance in the
CIQ could be explained by the MI

and tactile sensitivity of the thumb
for the total group.

Regression analyses for the low-
dexterity subgroup revealed that
71% of the variance in the ARAT
was explained by the MI and AROM
of wrist extension, whereas the
MI explained only 43% of the vari-
ance in the MAM-36. For the high-
dexterity subgroup, not all models
met the assumptions. Only 35% of
the variance in the MAM-36 was
explained by the MI.

Relationships Between Capacity
and Perceived Performance
Measures on the Activity Level
For the total group, both capacity
measures on the activity level (NHPT
and ARAT) were highly related
(r�.76, P�.01). Furthermore, the
NHPT and the ARAT were moder-
ately correlated with perceived per-
formance (MAM-36) (r�.66 and .65,
respectively; P�.01). The correla-
tion between the NHPT and the
ARAT was as high in the low-
dexterity subgroup as it was in the
total group (r�.76, P�.01), whereas
only a low correlation was found in
the high-dexterity subgroup (r�.28,
P�.01). The NHPT and the ARAT

were moderately correlated with
the MAM-36 (r�.64 and .67, respec-
tively; P�.01) in the low-dexterity
subgroup, whereas a clearly lower
correlation was found between the
ARAT and the MAM-36 (r�.34,
P�.01) in the high-dexterity sub-
group (Figure).

Regression analyses for the total
group revealed that 44% and 42%
of the variances in the MAM-36
were explained by the NHPT and
the ARAT, respectively (Tab. 4). In
the low-dexterity subgroup, the
ARAT similarly explained 45% of
the variance in the MAM-36, whereas
in the high-dexterity subgroup, the
assumptions of a regression model
were not met (Tab. 4).

Discussion
The present study investigated the
associations among outcome mea-
sures on different ICF levels in
people with MS. Correlation and
regression analyses revealed the
extent to which impairments on the
body functions and structures level
explained the variances in upper
limb capacity, perceived perfor-
mance in daily life, and participation
within the community. Furthermore,

Table 3.
Relationships of Outcome Measures on the Body Functions and Structures, Activity, and Participation Levels for the Various
Groupsa

Measure

Total Group
(N�105)

Low-Dexterity Subgroup
(n�51)

High-Dexterity Subgroup
(n�54)

NHPT ARAT MAM-36 CIQ ARAT MAM-36 CIQ ARAT MAM-36 CIQ

Handgrip strength .41b .58b .50b — .59b .45b — .52b .39b —

Motricity Index .63b .76b .69b .32c .78b .66b — .49b .59b .28c

Active range of motion of wrist .36b .63b .38b .25c .77b .48b — — — —

Tactile sensitivity of thumb �.26c — �.24c �.25c — — — �.29c — —

Intention tremor �.35b — �.24c — .33c — — �.32c — —

Dysmetria �.27c — — — .33c — — �.29c — —

Modified Ashworth Scale �.30c �.27c �.32c — — — — — — —

Current pain level — — — — — — — �.40b �.30b —

a Data are Pearson correlation coefficients. NHPT�Nine-Hole Peg Test, ARAT�Action Research Arm Test, MAM-36�Manual Ability Measure-36,
CIQ�Community Integration Questionnaire, — �not significant.
b P�.001.
c P�.05.

Associations of Upper Limb Disability Measures on Different ICF Levels in MS

70 f Physical Therapy Volume 95 Number 1 January 2015



Ta
b

le
4.

Re
gr

es
si

on
M

od
el

s
fo

r
Pr

ed
ic

tin
g

Va
ria

nc
es

in
A

ct
iv

ity
Le

ve
la

nd
Pa

rt
ic

ip
at

io
n

Le
ve

lM
ea

su
re

s
by

Im
p

ai
rm

en
ts

at
th

e
Bo

dy
Fu

nc
tio

ns
an

d
St

ru
ct

ur
es

Le
ve

la

G
ro

u
p

M
o

d
el

D
ep

en
d

en
t

V
ar

ia
b

le
R

et
ai

n
ed

V
ar

ia
b

le
s

R
2

A
d

ju
st

ed
R

2

St
an

d
ar

d
Er

ro
r

o
f

th
e

Es
ti

m
at

e
F

T
es

t
P

V
al

u
e

fo
r

F
T

es
t

In
te

rc
ep

t
C

o
ef

fi
ci

en
t

b
SE

�
t

T
es

t
P

va
lu

e
fo

r
t

T
es

t

To
ta

l
(N

�
10

5)
1

N
H

PT
M

I
.5

3
.5

2
0.

08
38

.6
8

�
.0

01
�

0.
07

1
0.

00
5

0.
00

1
.6

03
8.

77
8

�
.0

01
b

Ta
ct

ile
se

ns
iti

vi
ty

�
0.

01
8

0.
00

7
�

.1
71

�
2.

49
.0

14

In
te

nt
io

n
tr

em
or

�
0.

04
0

0.
00

9
�

.3
17

�
4.

64
8

�
.0

01
b

2
A

RA
T

M
I

.6
4

.6
3

7.
29

87
.7

9
�

.0
01

�
3.

80
3

0.
49

4
0.

06
1

.5
99

8.
11

4
�

.0
01

b

A
RO

M
of

w
ris

t
0.

18
3

0.
04

8
.2

82
3.

81
3

�
.0

01
b

3
M

A
M

-3
6

M
I

.5
4

.5
2

10
.5

0
39

.1
4

�
.0

01
12

.6
5

0.
69

8
0.

70
2

.6
63

9.
71

4
�

.0
01

b

Ta
ct

ile
se

ns
iti

vi
ty

�
1.

97
6

0.
95

2
�

.1
42

�
2.

07
6

.0
40

In
te

nt
io

n
tr

em
or

�
3.

59
0

1.
13

4
�

.2
14

�
3.

16
6

.0
02

b

4
C

IQ
M

I
.1

4
.1

2
4.

84
8.

52
�

.0
01

6.
81

7
0.

10
6

0.
03

3
.2

96
3.

20
5

.0
02

b

Ta
ct

ile
se

ns
iti

vi
ty

�
0.

95
4

0.
43

9
�

.2
17

4
�

2.
17

4
.0

32

5
M

A
M

-3
6

N
H

PT
.4

4
.4

4
11

.4
4

81
.2

7
�

.0
01

41
.0

4
�

87
.8

37
9.

74
.6

64
9.

01
�

.0
01

b

6
M

A
M

-3
6

A
RA

T
.4

2
.4

1
11

.6
9

73
.2

0
�

.0
01

23
.6

1
0.

82
4

0.
09

6
.6

45
8.

55
6

�
.0

01
b

Lo
w

-d
ex

te
rit

y
su

bg
ro

up
(n

�
51

)

2
A

RA
T

M
I

.7
1

.6
9

7.
52

57
.8

6
�

.0
01

�
6.

03
7

0.
40

6
0.

09
2

.4
74

4.
42

1
�

.0
01

b

A
RO

M
of

w
ris

t
0.

29
8

0.
07

2
.4

42
4.

11
6

�
.0

01
b

3
M

A
M

-3
6

M
I

.4
3

.4
2

8.
33

37
.5

8
�

.0
01

18
.9

24
0.

45
4

0.
07

4
.6

59
6.

13
1

�
.0

01
b

6
M

A
M

-3
6

A
RA

T
.4

5
.4

3
8.

23
39

.5
0

�
.0

01
32

.0
69

0.
53

8
0.

08
6

.6
68

6.
28

5
�

.0
01

b

H
ig

h-
de

xt
er

ity
su

bg
ro

up
(n

�
54

)

2
A

RA
T

A
ss

um
p

tio
ns

w
er

e
no

t
m

et
A

ss
um

p
tio

ns
w

er
e

no
t

m
et

A
ss

um
p

tio
ns

w
er

e
no

t
m

et

A
ss

um
p

tio
ns

w
er

e
no

t
m

et

3
M

A
M

-3
6

M
I

.3
5

.3
4

11
.0

8
28

.1
5

�
.0

01
�

2.
45

2
0.

82
6

0.
15

6
.5

93
5.

30
6

�
.0

01
b

6
M

A
M

-3
6

A
ss

um
p

tio
ns

w
er

e
no

t
m

et
A

ss
um

p
tio

ns
w

er
e

no
t

m
et

A
ss

um
p

tio
ns

w
er

e
no

t
m

et

A
ss

um
p

tio
ns

w
er

e
no

t
m

et

a
R2

�
p

re
di

ct
iv

e
va

lu
e,

�
�

es
tim

at
e,

N
H

PT
�

N
in

e-
H

ol
e

Pe
g

Te
st

,
M

I�
M

ot
ric

ity
In

de
x,

A
RA

T�
A

ct
io

n
Re

se
ar

ch
A

rm
Te

st
,

A
RO

M
�

ac
tiv

e
ra

ng
e

of
m

ot
io

n,
M

A
M

-3
6�

M
an

ua
lA

bi
lit

y
M

ea
su

re
-3

6,
C

IQ
�

C
om

m
un

ity
In

te
gr

at
io

n
Q

ue
st

io
nn

ai
re

.
b

Si
gn

ifi
ca

nt
af

te
r

Bo
nf

er
ro

ni
co

rr
ec

tio
n.

Associations of Upper Limb Disability Measures on Different ICF Levels in MS

January 2015 Volume 95 Number 1 Physical Therapy f 71



the results of the present study
clearly indicated that these associa-
tions differed in people with MS and
different dexterity levels.

Relationships Between
Impairments on the Body
Functions and Structures
Level and Measures on the
Activity and Participation Levels
In the total group and both dex-
terity subgroups, general upper limb
strength (MI) was the only impair-
ment that was most strongly asso-
ciated with upper limb capacity
measures (NHPT and ARAT) and
perceived performance (MAM-36)
on the activity level. In almost all
(5/6) regression models, general
upper limb strength was one of
the retained variables. However, the
strength of the associations was
higher in the low-dexterity subgroup
than in the high-dexterity subgroup,
perhaps because participants with
MS in the low-dexterity subgroup
had significantly more muscle weak-
ness than those in the high-dexterity
subgroup. Most participants with
MS in the low-dexterity subgroup
had an MI score below 90 of 100,
whereas 14 participants with MS in
the high-dexterity subgroup had the

maximum score on the MI. In addi-
tion, our findings are in line with
those of earlier studies performed in
people with MS and different dex-
terity levels.7–9 Guclu-Gunduz et al7

found a significant moderate cor-
relation (r��.44) between elbow
flexion strength measured with a
handheld dynamometer and the
NHPT in 22 people with MS and less
disability (median EDSS score of 2).
However, shoulder abduction and
flexion strength were not sig-
nificantly related to the NHPT.7 In
contrast, moderate to high correla-
tions (r�.69–.79) between muscle
strength (MI) and perceived perfor-
mance (Motor Activity Log [MAL])
were found in people with MS
with more disability (median EDSS
score of �7.0).8,9 On the basis of
these results, general upper limb
strength is considered to be an
important outcome measure explain-
ing upper limb capacity and per-
ceived performance in people with
MS, especially in people with MS and
a low dexterity level.

Handgrip strength showed low to
moderate correlations with capacity
and perceived performance mea-
sures. Similarly, in other studies, low

to moderate correlations were found
between handgrip strength and
the NHPT,6,7 MAL,9 or MAM-36.5

On the basis of these results, one
may assume that other motor impair-
ments, such as maximum strength
in the fingers, force control, or
muscle fatigue, may be more related
to upper limb capacity or perfor-
mance in ADL than maximum hand-
grip strength. Further research
regarding the assessment of these
motor impairments and their rela-
tionships with the activity and par-
ticipation levels is needed.

Although the difference between the
mean scores of both manual dexter-
ity subgroups was relatively small,
participants with MS in the low-
dexterity subgroup had significantly
less AROM of wrist extension than
did participants with MS in the
high-dexterity subgroup. Only in the
total group and the low-dexterity
subgroup was active wrist exten-
sion significantly correlated with
the activity level measures. More-
over, it was one of the variables
retained in the regression model pre-
dicting the variance in the ARAT for
these groups. These findings con-
firm, as expected from a clinical

Figure.
Distributions of Manual Ability Measure-36, Nine-Hole Peg Test, and Action Research Arm Test scores for low- and high-dexterity
subgroups.

Associations of Upper Limb Disability Measures on Different ICF Levels in MS

72 f Physical Therapy Volume 95 Number 1 January 2015



point of view, that the performance
of ARAT test items requires a mini-
mum AROM of wrist extension (eg,
placing blocks on a shelf). However,
decreased AROM of wrist extension
seems to have no role in explaining
the variance in the NHPT and the
perceived ease or difficulty of per-
forming ADL tasks (MAM-36). The
fact that the median score in the
high-dexterity subgroup was close to
the normative values (60°–75°)37

may explain the lack of association
between the AROM of wrist exten-
sion and the activity level in the high-
dexterity subgroup.

Impaired tactile sensitivity in the
thumb was present in both manual
dexterity subgroups but was signifi-
cantly correlated with activity level
measures only in the total group
and the high-dexterity subgroup.
This result was confirmed by regres-
sion analyses in which tactile sensi-
tivity was one of the retained vari-
ables in the models predicting
variances in the NHPT and the ARAT
for the total group. Remarkably, tac-
tile sensitivity was not a retained
variable in the regression models for
either of the manual dexterity sub-
groups. In addition to these results, a
moderate correlation between tac-
tile sensitivity of the thumb and the
NHPT was reported by Guclu-
Gunduz et al.7 On the basis of these
results, one may postulate that
impaired tactile sensitivity has a sub-
stantial impact on upper limb capac-
ity (NHPT and ARAT) only when
motor functions are adequate for
task execution. However, it appears
to have no impact on the perceived
ease or difficulty of performing ADL
tasks. These findings suggest that
people with MS may have developed
compensation strategies for perform-
ing their ADL (eg, visual compensa-
tion). Furthermore, we acknowledge
that other sensory modalities, such
as kinesthetic modalities, proprio-
ception, and vibration, may affect
the ability to perform ADL.

In conclusion, general upper limb
strength was found to be the most
important impairment affecting the
capacity to perform ADL and per-
ceived upper limb performance in
daily life in people with MS. Besides
muscle strength, the AROM of wrist
extension and tactile sensitivity of
the thumb were also important con-
tributors. These findings may help
clinicians to select appropriate reha-
bilitation interventions (eg, strength
training or sensory training in people
with MS and a high dexterity level)
to improve disability on the activity
level in people with MS. Further-
more, the results of the present
study suggest that impairments on
the body functions and structures
level and disability on the activity
level are not highly related to partic-
ipation within the community. This
finding was expected because other
factors, such as walking ability and
balance, likely are important factors
influencing participation.

Relationships Between Capacity
and Perceived Performance
Measures on the Activity Level
The capacity measures were able to
predict 44% (NHPT) to 42% (ARAT)
of the variance in the perceived per-
formance measure in the total
group. These results are consistent
with those of earlier research per-
formed with a smaller study sample;
in that research, regression analyses
revealed that the NHPT was able to
predict 55% of the variance in the
MAL in the nondominant and more
impaired arm.9 In the latter study, a
high correlation was found between
the ARAT and the MAL. Despite the
fact that the MAL and the MAM-36
have different scoring methods, the
associations between perceived per-
formance and capacity measures
appeared to be similar, especially in
people with MS and a low dexterity
level.

The associations between capacity
and perceived performance mea-

sures in the low-dexterity subgroup
were similar to those in the total
group. In contrast, only low to non-
significant correlations were found
between perceived performance
and capacity measures in the high-
dexterity subgroup. The low cor-
relations between the ARAT and
the MAM-36 in the high-dexterity
subgroup can be explained by the
lack of variation in ARAT scores, as
most participants with MS in this
group had an ARAT score above 53,
close to the maximum score (57).
In contrast, NHPT scores were
more varied (Figure). Most partici-
pants with MS in the high-dexterity
subgroup performed the NHPT at
0.33 peg per second (median score
for the high-dexterity subgroup).
Despite the relatively high, almost
normal scores on these capacity
measures, the MAM-36 scores mostly
ranged between 60 and 80, suggest-
ing that these participants with MS
performed daily life tasks with differ-
ent levels of ease or difficulty.

In conclusion, both the NHPT and
the ARAT were valid outcome mea-
sures for assessing upper limb capac-
ity in people with MS and a low dex-
terity level, whereas the ARAT had a
ceiling effect in people with MS and
rather high manual dexterity, that is,
those who could perform the NHPT
faster than 0.27 peg per second.
These results underscore the impor-
tance of the consideration of a per-
son’s disability in the selection of
tailored outcome measures in order
to avoid ceiling effects. Further-
more, most people with a high dex-
terity level and good ARAT scores
still reported some degree of diffi-
culty in performing ADL, as mea-
sured with the MAM-36, suggesting
that perceived performance mea-
sures and capacity measures assess
different constructs. Therefore, we
believe that it is important to include
both performance and capacity mea-
sures in the evaluation of upper limb
function in people with MS (as in
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patients with stroke38) in order to
provide a complete understanding of
the health care services needed by
people with MS.39

Methodological Considerations
To differentiate people with MS
and different dexterity levels, we
decided to use a median split for
the NHPT scores. This approach
resulted in a cutoff value of 0.27 peg
per second (corresponding to 33.3
seconds) on the NHPT. The differen-
tiation of low- and high-dexterity
levels on the basis of this cutoff
value resulted in significant differ-
ences between the subgroups on all
outcome measures except the visual
analog scale for pain. Our proposed
cutoff value differs from that pro-
posed by Kierkegaard et al,3 who
suggested the use of a score of 0.5
peg per second (18 seconds) on the
NHPT as an indicator of functioning
and to identify people with MS and
at risk of activity limitations and par-
ticipation restrictions. The cutoff
value of Kierkegaard et al3 was cal-
culated on the basis of Katz personal
ADL, Katz instrumental ADL, and
the Frenchay Activities Index. These
outcome measures assess global dis-
ability on the activity and participa-
tion levels and are strongly influ-
enced by a person’s walking ability,
the ability to perform a transfer, and
cognitive function. The cutoff value
of Kierkegaard et al3 can be used to
differentiate people with MS and no
impaired upper limb dysfunction
from people with MS and minimally
impaired upper limb dysfunction;
our proposed cutoff value differenti-
ates people with MS and different
levels of upper limb dysfunction.
Further research regarding the clini-
cal use of cutoff values to differenti-
ate people with MS and different
upper limb disability levels, as is
done for people with stroke,18 is
required.

Limitations
The following limitations need to be
addressed. First, the design of the
study itself may have some limita-
tions. One of the limitations of a
cross-sectional study design is that
it is not possible to investigate cau-
sality. A cohort study design would
provide more information. Second,
the results for the high-dexterity
subgroup should be interpreted with
caution because less variance in
scores on the outcome measures was
found for this subgroup (Tab. 2).
Moreover, some outcome measures
with ordinal rating scales showed
ceiling effects in people with MS and
a high dexterity level. These effects
may influence statistical analyses
investigating associations of out-
come measures in this subgroup.
Finally, despite an already compre-
hensive assessment of upper limb
function, we did not measure all
impairments that may have had an
impact on ADL, such as muscle
fatigue, force control, or impaired
proprioception or vibration. Further
research investigating the specific
effects of these impairments on the
activity and participation levels is
needed.

Dr Lamers, Dr Cattaneo, Ms Bertoni, and Dr
Feys provided concept/idea/research design
and project management. Dr Lamers, Dr
Cattaneo, Dr Chen, Ms Bertoni, and Dr Feys
provided writing and data analysis. Dr Lam-
ers and Ms Bertoni provided data collection.
Dr Cattaneo and Dr Feys provided fund pro-
curement, facilities/equipment, and institu-
tional liaisons. Dr Van Wijmeersch provided
participants. Dr Lamers, Dr Cattaneo, Dr
Chen, Ms Bertoni, and Dr Van Wijmeersch
provided consultation (including review of
manuscript before submission). The authors
thank the participants of this study as well as
Veronik Truyens (head of the Rehabilitation
and MS Center, Overpelt, Belgium), Greet
Adriaenssens (head of the De Mick Rehabil-
itation Center, Brasschaat, Belgium), and
Angelo Montesano (head of Larice Lab, Don
Carlo Gnocchi Foundation, Milan, Italy),
for facilitation of the study. The authors
gratefully acknowledge physical therapists
and occupational therapists (Letizia Spina,
Lore Kerkhofs, and Joke Raats) as well as

student Nick Maesen for assistance with data
collection.

This study was approved by the Ethics Com-
mittee of Hasselt University, Diepenbeek,
Belgium; Don Carlo Gnocchi Foundation,
Milan, Italy; and the local committees of
the Rehabilitation and MS Center, Overpelt,
Belgium, and the De Mick Rehabilitation
Center, Brasschaat, Belgium. The study was
conducted in accordance with the ethical
standards included in the 1964 Declaration
of Helsinki.

The results of this study were presented dur-
ing an oral platform presentation at Multiple
Sclerosis Research Days; November 25–27,
2013; Hasselt, Belgium; and as a poster pre-
sentation at the 8th World Congress for Neu-
rorehabilitation (WCNR)/International Con-
gress of the World Confederation for Physical
Therapy; April 8–12, 2014; Istanbul, Turkey.

Dr Lamers is supported by a PhD fellowship
from the Research Council of Hasselt Univer-
sity (BOF grant). Ms Bertoni is supported by
a grant from the Italian Ministry of Health.

DOI: 10.2522/ptj.20130588

References
1 Holper L, Coenen M, Weise A, et al. Char-

acterization of functioning in multiple
sclerosis using the ICF. J Neurol. 2010;
257:103–113.

2 Johansson S, Ytterberg C, Claesson IM,
et al. High concurrent presence of disabil-
ity in multiple sclerosis: associations with
perceived health. J Neurol. 2007;254:767–
773.

3 Kierkegaard M, Einarsson U, Gottberg K,
et al. The relationship between walking,
manual dexterity, cognition and activity/
participation in persons with multiple
sclerosis. Mult Scler. 2012;18:639–646.

4 Yozbatiran N, Baskurt F, Baskurt Z, et al.
Motor assessment of upper extremity
function and its relation with fatigue, cog-
nitive function and quality of life in multi-
ple sclerosis patients. J Neurol Sci. 2006;
246:117–122.

5 Chen CC, Kasven N, Karpatkin HI, Sylves-
ter A. Hand strength and perceived man-
ual ability among patients with multiple
sclerosis. Arch Phys Med Rehabil. 2007;
88:794–797.

6 Erasmus LP, Sarno S, Albrecht H, et al.
Measurement of ataxic symptoms with a
graphic tablet: standard values in controls
and validity in multiple sclerosis patients.
J Neurosci Methods. 2001;108:25–37.

7 Guclu-Gunduz A, Citaker S, Nazliel B,
Irkec C. Upper extremity function and its
relation with hand sensation and upper
extremity strength in patients with multi-
ple sclerosis. NeuroRehabilitation. 2012;
30:369–374.

Associations of Upper Limb Disability Measures on Different ICF Levels in MS

74 f Physical Therapy Volume 95 Number 1 January 2015



8 Lamers I, Timmermans AA, Kerkhofs L,
et al. Self-reported use of the upper limbs
related to clinical tests in persons with
multiple sclerosis. Disabil Rehabil. 2013;
35:2016–2020.

9 Lamers I, Kerkhofs L, Raats J, et al. Per-
ceived and actual arm performance in mul-
tiple sclerosis: relationship with clinical
tests according to hand dominance. Mult
Scler. 2013;19:1341–1348.

10 Alusi SH, Worthington J, Glickman S, et al.
Evaluation of three different ways of
assessing tremor in multiple sclerosis.
J Neurol Neurosurg Psychiatry. 2000;68:
756–760.

11 Alusi SH, Worthington J, Glickman S, Bain
PG. A study of tremor in multiple sclerosis.
Brain. 2001;124:720–730.

12 Barrett LE, Cano SJ, Zajicek JP, Hobart JC.
Can the ABILHAND handle manual ability
in MS? Mult Scler. 2013;19:806–815.

13 Cano SJ, Barrett LE, Zajicek JP, Hobart JC.
Beyond the reach of traditional analyses:
using Rasch to evaluate the DASH in peo-
ple with multiple sclerosis. Mult Scler.
2011;17:214–222.

14 Hobart J, Cano S. Improving the evaluation
of therapeutic interventions in multiple
sclerosis: the role of new psychometric
methods. Health Technol Assess. 2009;13:
iii, ix–x, 1–177.

15 Schaffler N, Schonberg P, Stephan J, et al.
Comparison of patient-reported outcome
measures in multiple sclerosis. Acta Neu-
rol Scand. 2013;128:114–121.

16 Broekmans T, Gijbels D, Eijnde BO, et al.
The relationship between upper leg mus-
cle strength and walking capacity in per-
sons with multiple sclerosis. Mult Scler.
2013;19:112–119.

17 Gijbels D, Dalgas U, Romberg A, et al.
Which walking capacity tests to use in
multiple sclerosis? A multicentre study
providing the basis for a core set. Mult
Scler. 2012;18:364–371.

18 Thompson-Butel AG, Lin GG, Shiner CT,
McNulty PA. Two common tests of dex-
terity can stratify upper limb motor func-
tion after stroke. Neurorehabil Neural
Repair. 2014;28:788–796.

19 Goldman MD, Marrie RA, Cohen JA. Eval-
uation of the six-minute walk in multiple
sclerosis subjects and healthy controls.
Mult Scler. 2008;14:383–390.

20 Cutter GR, Baier ML, Rudick RA, et al.
Development of a multiple sclerosis func-
tional composite as a clinical trial outcome
measure. Brain. 1999;122:871–882.

21 Lamers I, Feys P. Assessing upper limb
function in multiple sclerosis. Mult Scler.
2014 Mar 24 [Epub ahead of print]. doi:
10.1177/1352458514525677.

22 Lamers I, Kelchtermans S, Baert I, Feys P.
Upper limb assessment in multiple sclero-
sis: a systematic review of outcome mea-
sures and their psychometric properties.
Arch Phys Med Rehabil. 2014;95:1184–
1200.

23 McDonald WI, Compston A, Edan G, et al.
Recommended diagnostic criteria for mul-
tiple sclerosis: guidelines from the Inter-
national Panel on the Diagnosis of Multiple
Sclerosis. Ann Neurol. 2001;50:121–127.

24 Sonder JM, Burggraaff J, Knol DL, et al.
Comparing long-term results of PASAT and
SDMT scores in relation to neuropsycho-
logical testing in multiple sclerosis. Mult
Scler. 2014;20:481–488.

25 Trampisch US, Franke J, Jedamzik N, et al.
Optimal Jamar dynamometer handle posi-
tion to assess maximal isometric hand
grip strength in epidemiological studies.
J Hand Surg Am. 2012;37:2368–2373.

26 Croarkin E, Danoff J, Barnes C. Evidence-
based rating of upper-extremity motor
function tests used for people following a
stroke. Phys Ther. 2004;84:62–74.

27 Bell-Krotoski J, Tomancik E. The repeat-
ability of testing with Semmes-Weinstein
monofilaments. J Hand Surg Am. 1987;12:
155–161.

28 Jerosch-Herold C. Assessment of sensibil-
ity after nerve injury and repair: a system-
atic review of evidence for validity, reli-
ability and responsiveness of tests. J Hand
Surg Br. 2005;30:252–264.

29 Cuypers K, Levin O, Thijs H, et al. Long-
term TENS treatment improves tactile sen-
sitivity in MS patients. Neurorehabil Neu-
ral Repair. 2010;24:420–427.

30 Hooper J, Taylor R, Pentland B, Whittle IR.
Rater reliability of Fahn’s Tremor Rating
Scale in patients with multiple sclerosis.
Arch Phys Med Rehabil. 1998;79:1076–
1079.

31 Bohannon RW, Smith MB. Interrater reli-
ability of a modified Ashworth scale of
muscle spasticity. Phys Ther. 1987;67:
206–207.

32 McCaffery M, Pasero C. Pain: A Clinical
Manual. St Louis, MO: Mosby; 1999.

33 Rosti-Otajarvi E, Hamalainen P, Koivisto K,
Hokkanen L. The reliability of the MSFC
and its components. Acta Neurol Scand.
2008;117:421–427.

34 Chen CC, Bode RK. Psychometric valida-
tion of the Manual Ability Measure-36
(MAM-36) in patients with neurologic and
musculoskeletal disorders. Arch Phys Med
Rehabil. 2010;91:414–420.

35 Willer B, Rosenthal M, Kreutzer J, et al.
Assessment of community integration fol-
lowing rehabilitation for traumatic brain
injury. J Head Trauma Rehabil. 1993;8:
75.

36 McDowell I. Measuring Health: A Guide
to Rating Scales and Questionnaires. 3rd
ed. Oxford, England: Oxford University
Press; 2006.

37 Ryu JY, Cooney WP III, Askew LJ, et al.
Functional ranges of motion of the wrist
joint. J Hand Surg Am. 1991;16:409–419.

38 Stewart JC, Cramer SC. Patient-reported
measures provide unique insights into
motor function after stroke. Stroke. 2013;
44:1111–1116.

39 Food and Drug Administration, US Depart-
ment of Health and Human Services.
Patient-reported outcome measures: use
in medical product development to sup-
port labeling claims. 2009. Available at:
http://www.fdaguidance.net/2014/06/
patient-reported-outcome-measures-use-
in-medical -product-development-to-
support-labeling-claims/. Accessed Octo-
ber 30, 2013.

Associations of Upper Limb Disability Measures on Different ICF Levels in MS

January 2015 Volume 95 Number 1 Physical Therapy f 75

http://www.fdaguidance.net/2014/06/patient-reported-outcome-measures-use-in-medical-product-development-to-support-labeling-claims/
http://www.fdaguidance.net/2014/06/patient-reported-outcome-measures-use-in-medical-product-development-to-support-labeling-claims/
http://www.fdaguidance.net/2014/06/patient-reported-outcome-measures-use-in-medical-product-development-to-support-labeling-claims/
http://www.fdaguidance.net/2014/06/patient-reported-outcome-measures-use-in-medical-product-development-to-support-labeling-claims/

