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Objectives: To investigate the relationship between
physical functioning, non-physical functioning, and
upper extremity functional abilities in patients with
multiple sclerosis (MS) and healthy subjects.

Methods: A total of 63 patients with MS [Expanded
Disability Status Scale (EDSS) score; 3-8] and 52

healthy subjects attending the Pamukkale University,
School of Physical Therapy and Rehabilitation in
Denizli, Turkey were studied in the period from
February 2006 to June 2006. To allow further
evaluation, 63 individuals with MS were divided into 2
groups according to their ambulation ability level. The
physical functioning was assessed with the Functional
Independence Measure (FIM), the Purdue Pegboard
Test, and the Jebsen Hand Function Test, and the
non-physical functioning was assessed with the Beck
Depression Inventory (BDI).

Results: Depressive symptoms were significantly
elevated in the MS group versus the control group
based on the BDI (p<0.0001). In MS subjects, while
there was good positive correlation between EDSS
and BDI scores, there was a good negative correlation
between EDSS and FIM scores (p<0.0001).

Conclusion: Non-physical functioning, especially
depression, is strongly associated with activities of daily
living and decreases functional abilities in MS patients.
For this reason, we recommend that non-physical
functioning should also be evaluated in patients
with MS to plan the most suitable physical therapy
program.
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It is well known that multiple sclerosis (MS) is an
autoimmune and inflammatory demyelinating
disease of the central nervous system. Since it is a
chronic and progressive disease, physiotherapy plays
a key role in its management by reducing spasticity,
preventing retractions, and helping the patients to live
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independently with disability."* Limitations in activities
of daily living (ADL) performance in MS have a great
impact on personal independence and quality of life
and on the social roles of the individuals and the well-
being of their families.*> Several studies have described
the impact of MS on ADL.“® A major management
aim of individuals with MS is to enable them to
perform ADL as satisfactorily as possible and thereby
remain as independent as possible in society.” The
ADL performance is a broad concept that encompasses
several domains: personal care, household tasks, work,
and leisure.*! Persons with MS may be referred to
physiotherapy because of problems in upper extremity
motor performance that may affect their functional
abilities. Manual dexterity is a skill frequently evaluated
in rehabilitation to estimate hand function. Several tests
have been developed for this purpose, including Purdue
Pegboard Test (PPT), 9 hole peg test and box and block
test that assesses both prehension and manipulation
skills with functional tasks.!''® The Jebsen Hand
Function Test (JHFT) allows for the comparison of
dominant and nondominant hands."* No research
has evaluated the reliability and validity of this test
for patients with MS, although normative data are
available with divisions relative to age and gender. It has
been pointed out in previous studies in the literature
that depression is very common in patients with MS.
In fact, symptoms of depression are severe enough to
require medical intervention. Multiple sclerosis also
destroys the insulating myelin that surrounds nerves
that transmit signals affecting mood.">"” The aims of
the current study were: 1) to investigate the relation
between physical (Expanded Disability Status Scale
[EDSS], Functional Independence Measure [FIM],
PPT, JHFT, and so forth) and non-physical functioning
(Beck Depression Inventory [BDI], and so forth) in
patients with MS; 2) to determine the effects of their
disability level in accordance with EDSS on physical and
non-physical functioning in MS patients; 3) to compare
the physical functioning, non-physical functioning, and
upper extremity functional abilities of the patients with
MS with healthy subjects.

Methods. We recruited eligible individuals with MS
through contact with the local MS association in the
Denizli region of Turkey from February 2006 to June
2006. Recruitment was conducted by contacting the
facilitators of local self-help groups. All participants were
evaluated individually by 2 trained physical therapists
from Pamukkale University, School of Physical Therapy
and Rehabilitation in Denizli, Turkey for the study.
Individual consent of the participating patient was
obtained after a disclosure statement regarding the
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purpose of the research. The study was supported
and approved by the Committee on Research of
Pamukkale University, School of Physical Therapy and
Rehabilitation. Participants consisted of 63 subjects
with clinically definite MS (38 females and 25 males)
and 52 healthy control participants (33 females and 19
males) without any reported neurological disabilities.
All participants were aged between 26-60 years, were
free from any history of neurological illness or injury
(aside from MS), alcohol or drug abuse, and psychiatric
illness. Participants had sufficient visual acuity to see
the test materials. All MS participants were selected
using the following inclusion criteria: 1) an established
definite diagnosis of MS, 2) stable in their MS with
no ongoing relapse, 3) an EDSS score of 3-8, 4) MS
relapse or corticosteroid use within the past 6 weeks, 5)
activity limitations primarily related to their MS with
no additional diagnosis, such as major depression or
limb fractures, and so forth, that would impact on their
ADL performance. Exclusion criteria for MS patients
were: 1) any acute or chronic disease; 2) any speech and
language problem; 3) any cognitive or communication
problem; 4) any visual or hearing problem. For this
study, relapses were defined as the appearance of new
signs and symptoms of MS or the reappearance of old
signs and symptoms, lasting at least 72 hours, in the
absence of fever, and preceded by 30 days of stability. At
the time of the study, only 2 patients (3.2%) were taking
one of the MS disease modifying agents: interferon
beta-Ib (one patient) and interferon beta-la (one
patient). One of the patients had previously taken such
medications, but had discontinued their use. Healthy
volunteers with a mean age of 42.82 (SD=7.1, range
26-57) years were enrolled for descriptive purposes
to determine which predictor variables deviated from
normal. Exclusion criteria for healthy subjects were: 1)
any neurological, musculoskeletal, psychiatric, acute or
chronic disease; 2) any visual, hearing, cognitive, and
communication problem. The characteristics of the 115
individuals are summarized in Table 1. To allow for an
evaluation of the relationship between disease severity
and ADL performance, 63 individuals with MS were
divided into 2 groups (MS 1 and MS2) according to
their ability to ambulate: 1) individuals who are able
to walk 100 meters without assistance (EDSS 0.0-
5.5, n=28); 2) individuals who are unable to walk
without assistance and restricted to a wheelchair or bed
(EDSS 6.0-8.0, n=35). The EDSS is a measure of the
neurological impact of MS. It rates disease severity on
a scale of 0 (normal) to 10 (death due to MS). Scores
between 0 and 3.5 indicate individuals with MS who
are fully ambulatory, whereas scores of 4 and above
indicate limitations in ambulation. Individuals with
EDSS scores of 6 require assistance on one side and can
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walk approximately 100 m with or without rest. Those
with EDSS of 6.5 can walk approximately 20 m with
bilateral assistance, whereas individuals with EDSS of 7
and 7.5 are essentially restricted to a wheelchair and can
only walk approximately 5 m with aid (EDSS 7) or only
a few steps (EDSS 7.5). Individuals with EDSS scores 8
and 8.5 cannot walk at all are restricted to bed or chair
or perambulated in a wheelchair much of the day."®

The Functional Independence Measure (FIM) rates
the amount of assistance required to perform personal
ADL (P-ADL). It consists of 18 items separated into
3 domains: the motor domain, the mobility domain,
and the cognitive domain. Each item is scored on
a 7-level Likert scale. A score of one or 2 indicates
complete dependence (total or maximal assistance), 3-5
modified dependence (moderate or minimal assistance,
or supervision), and 6 indicate modified independence
and 7 complete independence. The FIM motor domain
consists of 8 items, assessing self-care and sphincter
control; summed scores range from 8-56. The FIM
mobility domain consists of 5 items, assessing transfers
and locomotion, summed scores range from 5-35. The
FIM cognitive domain consists of 5 items, assessing
communication and social cognition; summed scores
range from 5-35."%!

The Beck Depression Index (BDI) was introduced by
Beck in 1961. Itis a 21-item self-report rating inventory
measuring characteristic attitudes and symptoms of
depression.”>* At the same time, the BDI is common
used in clinical researches by health providers, especially
physical therapists.

The Purdue Pegboard Test (PPT) has been used in
neuropsychological assessment to assist in localizing
cerebral lesions, deficits, dyslexia, hyperactivity,
schizophrenia, and MS. The examiner tested 1-3 subjects
atatime usingstandardized procedures for administering
the test. A total of 3 trials were administered to each
subtests using the following sequence, dominant
hand, nondominant hand, both hands, and assembly.
When more than one subject was tested at a time,
modifications suggested in the examiner’s manual were
used. A digital stopwatch was used to time the trials.>!?
The board consists of 2 parallel vertical rows of 25 holes
each. Metal pins are located at the extreme right hand
and left hand cups at the top of the board. Collars
and washers occupy the 2 middle cups. In the first 3
subtests, the subject places as many pins as possible in
the holes, first with the dominant right hand from the
right hand cup, starting at the top, thereafter with the
nondominant left hand from the left hand cup, finally,
with both hands simultaneously, within a 30-seconds
period. In the fourth subtest, the subjects use both hands
alternately to construct “assemblies” which consist of a
pin, a washer, a collar and another washer. The subject

must complete as many assemblies as possible within
one minute.'%

The Jebsen Hand Function Test (JHFT) consists of 7
individual tasks and is performed by each hand. This is
a standardized functional assessment tool that employs
common objects to evaluate fine motor dexterity,
reaction time, and quality of movement. Performance
on both tests is measured in seconds.'** The participant
sits in a chair at a standard height dining table. Subjects
were asked to do the tasks “as quickly as you can” and
the subtests were always given in the following sequence.
The tasks were:'*? 1. Copying a standardized text. 2.
Turning 5 cards. 3. Moving small objects. 4. Stacking
checkers. 5. Simulating feeding using a tea spoon and
5 kidney beans. 6. Moving empty cans. 7. Moving full
cans.

Descriptive statistics (mean + SD) were given for
each continuous variable and the numbers and their
percentages were also calculated for each categorical
variable. To find the difference regarding the means of
variables among the 3 groups, Kruskall Wallis variance
analysis was used. To determine which group/groups
lead to the difference, Mann Whitney-U test with
Bonferroni correction was also used. Pearson and
Spearman’s correlation coeflicients were used to detect
the relationship between continuous variables. A p-
value of less than < 0.05 was considered significant. The
statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS), version 13.

Results. Our study population had a mean age of
42.97 + 7.60 years (ranging from 26-60 years). Gender
distribution was 61.7% women and 38.3% men (Table
1). Mean age of MS patients was 43.09 (SD=7.97,
range 26-60) years. Mean disease duration was 11.76
(SD=7.97) years. The average score of EDSS for MS
patients was 6.05+1.23 (range 3-8). The average scores
for Group 1 and Group 2 were 4.87+0.67 (range 3-
5.5) and 7.00£0.59 (range 6-8). The difference between
Group 1 and Group 2 is significant (p<0.0001) (Table
2). The average score of BDI is shown in Table 2.
Depressive symptoms were significantly elevated in the
MS group versus the control group based on the BDI
(f=20.39, p<0.0001). A significant difference between
the 3 groups was found (p<0.0001). Namely, Group
2 had a higher depression score compared to Group 1
and healthy controls (p<0.0001) (Table 2). Among MS
patients, the FIM scores of Group 2 (motor, mobility,
cognitive domains, and total score) were found to be
lower than Group 1 (Table 2). The results of the study
showed that the MS patients in Group 2 had a lower
speed in JHFT and PPT than the individuals in Group
1. The difference between all groups was significant.
In comparison with healthy subjects, a significant
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Table 1 - Descriptive statistics by groups.

Characteristics Group 1 Group 2 Healthy

(n=28) (n=35) Controls
(n=52)
n (%)

Age (years)

Mean + SD 4221 +7.43 4380842 42.82+7.21

Range 34-60 26-60 26-57

Gender

Male 9 (32.1) 16 (45.7) 19 (36.5)

Female 19 (67.9) 19 (543) 33 (63.5)

Hand dominance

Right 21 (75) 31 (88.6) 44 (84.6)

Left 7 (25) 4 (11.4) 8 (15.4)

Marital status

Unmarried 3 (10.7) 3 (8.6 4 (7.7

Married 21 (75) 30 (85.7) 47 (90.4)

Widowed 4 (14.3) 2 (5.7) 1 (19

Educational level

f;}il‘:jl'yls‘:“’“d“y 9 (32.1) 6 (17.15) 7 (13.5)

High school 16 (57.1) 25 (71.4) 39 (75)

University 3 (10.7) 4 (11.4) 6 (11.5)

Health insurance
Yes 24
No 4

(85.7) 33 (94.3) 48 (92.3)
(14.3) 2 (5.7) 4 (7.7)
Time since diagnosis (years)
Mean + SD 13 +8.79 10.77 +7.22 -
Range 2-32 1-32 -

Table 2 - Comparison of the EDSS, BDI, and FIM scores by groups.

Variable score Group 1 Group 2 Healthy  P-value
(n=28) (n=35) Controls
(n=52)
EDSS 4.87+0.67 7.00+0.59 - 0.0001
FIM
Motor domain 31.14£1.75 26.97£1.68 56x0.00 0.0001
Mobility domain ~ 29.07+2.01  24.51£1.72 35+0.00 0.0001
Cognitive domain 28.03+2.45  25.00+1.30 35+0.00 0.0001
Total score 88.25+5.36  76.48+3.72  126x0.00 0.0001
BDI 14.07£1.27 16.45+1.46  1.07x0.92 0.0001

Kruskal Wallis analysis of variance was used, EDSS - Expanded Disability
Status Scale, FIM - Functional Independence Measure,
BDI - Beck Depression Inventory
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difference was also found in favor of healthy controls
(Table 3). In MS subjects, while there was a good positive
correlation between EDSS and BDI scores, there was
a good negative correlation between EDSS and FIM
scores (p<0.0001). Table 4 also shows that there is a
good negative correlation between BDI and FIM scores
(p<0.0001). While a poor positive correlation between
EDSS and all subtests scores for dominant hand in
JHFT was found (except writing), there was a good
negative correlation between EDSS and PPT subtests’
scores (except assembly) (Table 5). Table 5 shows that
there is significant correlation only between BDI and
JHFT scores (writing with dominant hand, p<0.001).
However, no significant correlation between BDI and
PPT scores was found. In MS subjects, a negative
correlation between FIM scores and JHFT subtests
(except nondominant hand tasks) was found. However,
a positive correlation was found between FIM scores
and PPT subtests (except assembly task) (Table 5).

Discussion. In the current study, we examined the
relation between physical functioning, non-physical
functioning, and upper extremity functional abilities
of patients with MS and healthy control subjects. The
first specific objective was to investigate the relationship
between physical (EDSS, FIM, PPT, and JHFT) and
non-physical functioning (BDI) in patients with MS.
The current results showed that all patients with mild to
moderate MS have similar limitations in the performance
of ADL, mostly related to mobility domain. The results
were similar to previous studies.***? In the previous
studies, FIM was used to assess limitations in P-ADL
in individuals with MS and improvements following
inpatient rehabilitation. In these studies, the effects on
P-ADL have also been reported as the summed scores
of the motor and cognitive domains of the FIM.2%
Sharrack et al*’ assessed 25 MS patients and also found
that these FIM motor items were more affected than the
other motor items. Similar to these studies, some items
in the FIM are more affected than the others, in our
study the summed FIM scores and items showed the
effects of disease severity on the ADL performance.

In our study, approximately all of the individuals
were rated as dependent by the FIM, namely, a FIM
motor and mobility score of 77 or below. The median
EDSS score was 6. Our results are lower than the
previously reported mean motor FIM score and similar
to the EDSS score. Although the disease severity was
similar to the previous studies, it was seen that the
summed motor FIM scores was higher between the
different EDSS scores in the present study (79 at EDSS
6, 78 at EDSS 6.5, and 64 at EDSS 7-8.5).6%:%

Only 2 patients have FIM cognitive scores of 34 or
35, and more than 93% of the individuals were rated
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Table 3 - Comparison of PPT and JHFT scores among groups.

Variable Score Group 1 Group 2 Healthy controls P-value
(n=28) (n=35) (n=52)
PPT
Dominant hand, number of pins 8.71+1.18 7.71£0.82 18.01+1.93 0.0001
Non dominant hand, number of pins 6.92+1.08 5.71+0.85 15.71+1.25 0.0001
Both hands, pairs of pins 8.10+0.95 7.020.78 14.21+1.22 0.0001
Assembly, pieces 11.25+1.53 10.22+0.94 34.23+4.65 0.0001
JHFT
Writing
Dominant hand 70.92+4.85 68.28+3.51 45.48+2.26 0.0001
Non dominant hand 130.07+4.83 127.91+5.18 100.51+7.58 0.0001
Turning 5 cards
Dominant hand 2.76£0.28 3.08+0.31 2.55+0.35 0.0001
Non dominant hand 4.22+0.28 4.24+0.25 3.54+0.51 0.0001
Picking up and placing in a tin
Dominant hand 4.66+0.31 4.85£0.22 4.32£0.26 0.0001
Non dominant hand 490026 5.08+0.24 4.83+0.32 0.003
Stacking for draughts pieces on a board
Dominant hand 7.38+0.26 7.60+0.29 6.51+1.16 0.0001
Non dominant hand 7.87+0.38 8.07+0.42 7.01£0.84 0.0001
Simulated feeding
Dominant hand 3.09+0.30 3.32+0.32 3.07+0.23 0.0001
Non dominant hand 3.51+0.21 3.67+0.18 3.48+0.21 0.002
Lifting 5 empty tins
Dominant hand 2.05+0.26 2.21£0.17 2.03+0.20 0.001
Non dominant hand 3.00+0.28 3.13+0.26 2.87+0.37 0.005
Lifting 5 full tins
Dominant hand 3.22+0.24 3.48+0.35 3.14£0.34 0.0001
Non dominant hand 3.73+0.26 3.80+0.20 3.60+0.22 0.001

Mann Whitney-U test with Bonferroni correction was used
PPT - purdue pegboard test, JHFT - jebsen hand function test

Table 4 - Correlations among the 3 outcome variables of the subjects with multiple sclerosis.

Variance Score EDSS FIM BDI*
Motor domain* Mobility domain f  Cognitive domain } Total score*
EDSS
R -0.919 -0.938 -0.759 -0.96 0.471
p—value 0.0001 0.0001 0.0001 0.0001 0.0001
FIM
Motor domain - - - -
R -0.919 -0.406
p-value 0.0001 0.001
Mobility domain - - - -
R -0.938 -0.492
p—value 0.0001 0.0001
Cognitive domain - - - -
R -0.759 -0.468
p—value 0.0001 0.0001
Total score - - - -
R -0.96 -0.426
p—value 0.0001 0.0001
BDI -
R 0.471 -0.406 -0.492 -0.468 -0.426
p-value 0.0001 0.001 0.0001 0.0001 0.0001

* Pearson correlation analysis was used. T Spearman’s correlation analysis was used
EDSS - expanded disability status scale, FIM - functional independence measure, BDI - beck depression inventory
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Table 5 - Correlations between EDSS, FIM, BDI, and functional abilities of the subjects with multiple sclerosis.

Variable Score EDSS

Motor domain* Mobility domaint Cognitive domaint

R P-value R P-value

FIM BDI*

Total score*

R P-value R P-value R P-value R P-value

PPT

Dominant hand, no. of pins -0.344
-0.534

-0.425

0.01 -

Non dominant hand, no. of pins 0.0001 -

Both hands, pairs of pins 0.001 -

Assembly, pieces - -
JHFT
Writing
Dominant hand - -
Non dominant hand - -
Turning 5 cards
0.359

Dominant hand
Non dominant hand - -
Picking up and placing in a tin
0.252  0.05 -

Non dominant hand - -

Dominant hand

Stacking for draughts pieces on a board
0.250  0.05 -

Non dominant hand - -

Dominant hand

Simulated feeding
0.387

Non dominant hand - -

Dominant hand

Lifting 5 empty tins
0.353  0.01

Non dominant hand - -

Dominant hand 0.01
Lifting 5 full tins
0.333  0.01 -

Non dominant hand - -

Dominant hand

-0.364

-0.266

-0.254

-0.401

-0.365

0.266
0.518
0.401

0.05
0.0001

0.36
0.433
0.001 -

0.01 0.325
0.517

0.381

0.01 -
0.0001 0.0001 -

0.01 -

-0.408  0.001

0.01 -0.306  0.05 -0.363

0.05 -0.409 0.05 -

0.001  -0.312

0.05 - - -

0.294 0.05

0.001 0.01 0.001

0.291  0.05

0.01 -0.32 -0.347

0.01

* Pearson correlation analysis was used. ¥ Spearman’s correlation analysis was used.
EDSS - expanded disability status scale, FIM - functional independence measure, BDI - beck depression inventory,
PPT - purdue pegboard test, JHFT - jebsen hand function test.

as dependent, namely, a FIM cognitive score of 29 or
below. In a previous study of 201 MS patients with
EDSS 5-9, the mean FIM cognitive score on admission
to rehabilitation was 30, ranging from 11-35. These
authors argued that the FIM cognitive score has limited
usefulness for the measurements of cognitive disability
in MS patients.’**>?! As similar to previous studies, the
high FIM cognitive scores in our study were found.
These results indicated that our sample represented
a selected subgroup of individuals with moderate to
severe MS and minimal recordable disability regarding
comprehension, social interaction, and so forth.

In the literature, there has been a strong correlation
between depressive symptoms and subjective self report
functioning,'®'73*33 however, the results of the current
study showed that BDI scores were found not to be
significant predictors of performance on the ADL and
upper extremity functional abilities.
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The second objective of the present study was to
determine the relationship between the physical and
non-physical functioning in MS patients according
to their disability level in accordance with EDSS
score. To allow for an evaluation of the relationship
between disease severity and physical and non-physical
functioning, 63 patients were divided into 2 groups.
The results show that there was a significant difference
between the 2 groups according to the EDSS scores.
Our results are similar to those reported by Cohen
et al'® who investigated the relationship between the
EDSS and ADL performance from self-reports in 43
individuals with MS. Mansson et al® assessed 44 MS
patients (EDSS 6-8.5) and also found that some FIM
motor items were more effected than the other items. At
the same time, we found a significant difference between
all FIM domain scores and total FIM scores between
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both groups. The same difference in the depression level
was also found. The depression score of Group 2 was
higher than Group 1. Thus, the current results support
and extend previous findings that depressive symptoms
may distort patients’ perception of their ADLs and
upper extremity functional abilities.?>3

The PPT, an assessment used to measure upper
extremity fine motor dexterity as well as gross motor
coordination, can be used in MS patients.'? A few studies
have evaluated the reliability and validity of this test for
persons with MS, even though no research has been
carried out to use the JHFT in the MS population.'*"?
The current results also indicated better upper extremity
functional scores in Group 1, reflecting that the higher
EDSS score has positive effects on upper extremity
functional abilities.

The third specific aim was to compare the physical
and non-physical functioning and upper extremity
functional abilities in patients with MS and healthy
subjects. The FIM is one of the most widely used -
ADL assessment tools, however, previous studies have
shown that the FIM score may not adequately assess
individuals who are more or less independent in P-ADL.
Problems in ADL motor skills can also lead to increased
demands on ADL process skills, because the ability to
use alternative or compensatory strategies is reduced.
The current results show that there was a significant
difference among 3 groups (Group 1, Group 2, and
healthy controls) in upper extremity functional abilities.
We concluded that the JHFT results were similar to
PPT results. In fact, these results reflect that the JHFT
may be also used with MS patients as standardized.

There are 2 limitations of the study. The first is that
only BDI was used to evaluate non-physical functioning.
We should also have used a generic or special quality of
life questionnaire to measure non-physical functioning.
The second, was not evaluating the fatigue level of the
patients. This is an important consideration, as the
incidence of depression is higher in MS than in the
general population.'**% The results obtained from this
study show that depression is a very important factor,
which has many negative effects on ADL and upper
extremities functional abilities in MS patients. As part
of routine MS care, health care providers should screen
or question both patients and their caregivers about
this specific aspect in order to collect the most suitable
information about MS patients.

References

1. Steinman L. Multiple sclerosis: a two-stage disease. Nar
Immunol 2001; 2: 762-764.

2. Thompson AJ, Hobart JC. Multiple sclerosis: assessment of
disability and disability scales. J Neurol 1998; 245: 189-196.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Labi ML, Gresham GE. Functional assessment instruments
currently available for documenting outcomes in rehabilitation
medicine. In: Granger CV, Gresham GE, editors. Functional
assessment in rehabilitation medicine. Baltimore, London:

Williams & Wilkins; 1984. p. 65-85.

. Hakim EA, Bakheit AM, Bryant TN, Roberts MW, McIntosh-

Michaelis SA, Spackman AJ, et al. The social impact of multiple
sclerosis-a study of 305 patients and their relatives. Disabil
Rehabil 2000; 22: 288-293.

. Benito-Leén J, Morales JM, Rivera-Navarro J, Mitchell A. A

review about the impact of multiple sclerosis on health-related
quality of life. Disabil Rehabil 2003; 25: 1291-1303.

. Mansson E, Lexell J. Performance of activities of daily living in

multiple sclerosis. Disabil Rehabil 2004; 26: 576-585.

. Goverover Y, Kalmar J, Gaudino-Goering E, Shawaryn M,

Moore NB, Halper J, et al. The relation between subjective and
objective measures of everyday life activities in persons with
multiple sclerosis. Arch Phys Med Rehabil 2005; 86: 2303-
2308.

. Dallmeijer AJ, Dekker J, Roorda LD, Knol DL, van Baalen B,

de Groot V, et al. Differential item functioning of the functional
independence measure in higher performing neurological

patients. J Rehabil Med 2005; 37: 346-352.

. Thompson AJ. The effectiveness of neurological rehabilitation

in multiple sclerosis. J Rehabil Res Dev 20005 37: 455-461.
Cohen RA, Kessler HR, Fischer M. The Extended Disability
Status Scale (EDSS) as a predictor of impairments of functional
activities of daily living in multiple sclerosis. J Neurol Sci 1993;
115: 132-135.

Buddenberg LA, Davis C. Test-retest reliability of the Purdue
Pegboard Test. Am J Occup Ther 2000; 54: 555-558.

Gallus J, Mathiowetz V. Test-retest reliability of the Purdue
Pegboard for persons with multiple sclerosis. Am J Occup Ther
2003; 57: 108-111.

Solari A, Radice D, Manneschi L, Motti L, Montanari E. The
multiple sclerosis functional composite: different practice effects
in the three test components. J Neurol Sci 2005; 228: 71-74.
Stern EB. Stability of the Jebsen-Taylor Hand Function Test
across three test sessions. Am J Occup Ther 1992; 46: 647-649.
Fruehwald S, LoefHer-Stastka H, Eher R, Saletu B, Baumhackl
U. Depression and quality of life in multiple sclerosis. Acta
Neurol Scand 2001; 104: 257-261.

Benedict RH, Cox D, Thompson LL, Foley F Weinstock-
Guttman B, Munschauer FE  Reliable screening for
neuropsychological impairment in multiple sclerosis. Mult Scler
2004; 10: 675-678.

Patten SB, Metz LM. Depression in multiple sclerosis.
Psychother Psychosom 1997; 66: 286-292.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis:
an expanded disability status scale (EDSS). Neurology 1983;
33: 1444-1452.

Keith RA, Granger CV, Hamilton BB, Sherwin FS. The
functional independence measure: a new tool for rehabilitation.
Adv Clin Rehabil 1987; 1: 6-18.

Linacre JM, Heinemann AW, Wright BD, Granger CV,
Hamilton BB. The structure and stability of the Functional
Independence Measure. Arch Phys Med Rehabil 1994; 75: 127-
132.

Kucukdeveci AA, Yavuzer G, Elhan AH, Sonel B, Tennant A.
Adaptation of the Functional Independence Measure for use in
Turkey. Clin Rehabil 2001; 15: 311-319.

Benedict RH, Fishman I, McClellan MM, Bakshi R, Weinstock-
Guttman B. Validity of the Beck Depression Inventory-Fast
Screen in multiple sclerosis. Mult Scler 2003; 9: 393-396.

Neurosciences 2008; Vol. 13 (1) 35



23.

24.

25.

26.

27.

28.

29.

30.

31.

36

Physical functioning in MS ... Kitis et al

Moran PJ, Mohr DC. The validity of Beck Depression
Inventory and Hamilton Rating Scale for Depression items
in the assessment of depression among patients with multiple
sclerosis. J Behav Med 2005; 28: 35-41.

Reddon JR, Gill DM, Gauk SE, Maerz MD. Purdue Pegboard:
Test-retest estimates. Percept Mot Skills 1988; 66: 503-506.
Bovend’Eerdt T], Dawes H, Johansen-Berg H, Wade DT.
Evaluation of the Modified Jebsen Test of Hand Function and
the University of Maryland Arm Questionnaire for Stroke. Clin
Rehabil 2004; 18: 195-202.

Freeman JA, Langdon DW, Hobart JC, Thompson AJ. The
impact of inpatient rehabilitation on progressive multiple
sclerosis. Ann Neurol 1997; 42: 236-244.

Freeman JA, Langdon DW, Hobart JC, Thompson AJ. Inpatient
rehabilitation in multiple sclerosis: Do the benefits carry over
into the community? Neurology 1999; 52: 50-56.

Paltamaa ], Sarasoja T, Wikstrdm J, Milkii E. Physical
functioning in multiple sclerosis: A population-based study in
central Finland. J Rebabil Med 2006: 38: 339-345.

Sharrack B, Hughes RAC, Soudain S, Dunn G. The
psychometric properties of clinical rating scales used in multiple
sclerosis. Brain 1999; 122: 141-159.

van der Putten JJME Hobart JC, Freeman JA, Thompson AJ.
Measuring change in disability after inpatient rehabilitation:
Comparison of the responsiveness of the Barthel index and
the Functional Independence Measure. J Neurol Neurosurg
Psychiatry 1999; 66: 480-484.

d de Groot V, Beckerman H, Uitdehaag BM, de Vet HC,
Lankhorst GJ, Polman CH, et al. The usefulness of evaluate
outcome measures in patients with multiple sclerosis. Brain

2006; 129: 2648-2659.

32.

33.

34.

35.

36.

37.

38.

Kempen GI, Steverink N, Ormel J, Deeg J. The assessment of
ADL among frail elderly in an interview survey: self-report versus
performance-based tests and determinants of discrepancies. J
Gerontol B Psychol Sci Soc Sci 1996; 51: 254-260.

Johnson SK, Lange G, DeLuca J, Natelson B, Tiersky LA.
Health-related personality variables in chronic fatigue syndrome
and multiple sclerosis. Journal of Chronic Fatigue Syndrome
2001; 8: 41-52.

Benedict RH, Munschauer E Linn R, Miller C, Murphy
E, Foley E et al. Screening for multiple sclerosis cognitive
impairment using a self-administered 15-item questionnaire.
Mult Scler 2003; 9: 95-101.

Maor Y, Olmer L, Mozes B. The relation between objective and
subjective impairment in cognitive function among multiple
sclerosis patients--the role of depression. Mult Scler 2001; 7:
131-135.

Beiske AG, Naess H, Aarseth JH, Andersen O, Elovaara I,
Farkkila M, et al. Health-related quality of life in secondary
progressive multiple sclerosis. Mult Scler 2007; 13: 386-392.
Gulick EE. Emotional distress and activities of daily living
functioning in persons with multiple sclerosis. Nurs Res 2001;
50: 147-154.

Benedict RH, Wahlig E, Bakshi R, Fishman I, Munschauer
E Zivadinov R, et al. Predicting quality of life in multiple
sclerosis: accounting for physical disability, fatigue, cognition,
mood disorder, personality, and behavior change. J Neurol Sci

2005; 231: 29-34.

Please  submit  your

publication, and your contact details.

correspondence
(www.neurosciencesjournal.org), and don't forget to clearly state the title of the original

Do you have any comments or questions?
Agree or disagree with published articles?

The correspondence section within the journal is a forum to comment on any of the articles
published in the journal. Correspondence will not be sent for peer review, and will only
be edited for the use of appropriate language. All correspondence should be submitted and
published within 6 months from the date of the original publication.

the  journal  website

through

Neurosciences 2008; Vol. 13 (1)



