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Abstract
Objective The Manual Ability Measure-36 (MAM-36) has been used to assess subjective upper limb function in people with
several neurological and non-neurological diseases. Besides, the MAM-36 is one of the most commonly used patient-reported
outcome measures (PROMs) in people with multiple sclerosis (pwMS). The aim was to translate and conduct cross-cultural
adaptation of the MAM-36 into Turkish and investigate its psychometric properties in pwMS.
Methods The MAM-36 was translated and culturally adapted into Turkish. Two hundred pwMS were recruited for the psycho-
metric study. Hand skills, handgrip strength, upper limb spasticity, disability level, and quality of life were evaluated by the
validated performance-based tests and questionnaires including the Arm Function in Multiple Sclerosis Questionnaire (AMSQ)
which is a validated MS-specific PROM to assess upper limb function.
Results MAM-36 was significantly correlated with the performance-based tests and questionnaires, EDSS, age, and disease
duration (p < 0.05).MAM-36 and AMSQwere strongly correlated (rs = − 0.90, p < 0.01). PwMSwith spasticity had significantly
lower MAM-36 scores compared to those without spasticity (p < 0.01). Internal consistency (Cronbach’s alpha = 0.97) and test-
retest reliability (ICC = 0.97) was high.
Conclusion The Turkish version ofMAM-36 has been found as a valid and reliable method for measuring upper limb function in
pwMS.
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Introduction

Multiple sclerosis (MS) is a chronic disease having highly
variable and often unpredictable clinical presentations ranging
from mild, infrequent relapses causing mild functional

impairments to rapidly accumulating severe disability, includ-
ing loss of independent walking or severe cognitive impair-
ment [1]. Walking impairment is one of the most visible and
important symptoms among people withMS and may be pres-
ent even in the early stages of the disease [2]. The Expanded
Disability Status Scale (EDSS) is the most widely accepted
clinical disability scale used for many years in MS, and it is
mainly based on the maximum walking distance and does not
assess upper limb function [3, 4]. Due to the importance of
walking impairment in MS, the upper limb dysfunction has
been under-recognized for many years. However, there is ac-
cumulating evidence that upper limb dysfunction is quite
common symptom in MS and affects the activities of daily
living and health-related quality of life adversely, even in the
early stages of the disease [5–9].

Increasing awareness in the upper limb dysfunction in MS
has led to design upper limb assessment methods. The
Multiple Sclerosis Functional Composite (MSFC) was devel-
oped to overcome the shortcomings of the EDSS, which does
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not assess upper limb and cognitive functions [10]. The
MSFC includes assessments related to walking, cognition,
and upper limb function. In the MSFC, the upper limb func-
tion is assessed using the Nine-Hole Peg Test (9HPT), which
assesses manual dexterity. After the introduction of the
MSFC, the 9HPT has been the most commonly used and
recommended as a gold standard outcome measure to assess
upper limb dysfunction in clinical practice and trials in MS [9,
11]. However, the 9HPT only assesses fine manual dexterity
and cannot assess other important upper limb functions in
everyday life, such as manipulation of larger objects, proximal
upper limb movements, or complex coordinated bimanual
tasks [9, 11]. In addition, the 9HPT is a capacity measure
and cannot assess performance. To gain a broader perspective
about the upper limb dysfunction in activity level, both capac-
ity and performance should be assessed.

In the last years, the development and validation of a
patient-reported outcome measures (PROM) became man-
datory to assess the upper limb function performance in
research and clinical practice settings in people with MS
[12]. The Disability of Arm, Shoulder and Hand (DASH),
the Manual Ability Measure-36 (MAM-36), and
ABILHAND questionnaires are the most used PROMs to
assess upper limb dysfunction in MS [9, 11, 13]. The
MAM-36 stands out among the other PROMs with its
good psychometric properties in MS [9, 11, 13]. The
MAM-36 is not a disease-specific PROM. Therefore, it
has been used in people with different diseases including
Charcot-Marie-Tooth [14], rheumatoid arthritis [15], ortho-
pedic disease [16, 17], acquired brain injuries [16], spinal
cord injuries [16], and multiple sclerosis [16, 18, 19]. In
2015, a new disease-specific PROM named “Arm function
in Multiple Sclerosis Questionnaire (AMSQ)” to assess
upper limb function in people with MS was introduced
[20]. The AMSQ has shown good psychometric properties
and stated to be used in the MS field [21–24]. Although
using an MS-specific PROM seems appealing, it limits
comparison with historical data in MS and other patholo-
gies [25]. Therefore, it is still important to validate the
MAM-36 into different languages [19]. The aim of this
study was to translate and culturally adapt the MAM-36
into Turkish and investigate its psychometric properties in
people with MS.

Methods

Ethical consideration

The Noninvasive Research Ethics Board of Dokuz Eylül
University approved the study protocol with the date of
22.5.2019 and approval number of 2019/13-13, which was
administered to the provisions of the Declaration of Helsinki

(as revised in Brazil 2013). Each participant signed an in-
formed consent before participating to the study.

Translation and cross-cultural adaptation

Translation and cross-cultural adaptation process was con-
ducted according to the published guidelines [26]. The per-
mission for the Turkish validation study of MAM-36 was
obtained by Dr. Christine C. Chen, who was the developer
of MAM-36 [18].

Two bilingual translators whose mother tongue is Turkish
translated the English version of MAM-36 into Turkish. The
expert committee, including two physiotherapists, one neurol-
ogist, and one psychologist, produced a draft Turkish version
by consensus, discussing the disagreements between the two
versions. Then, two native English translators who can also
speak Turkish translated this draft Turkish version into
English. The expert committee consolidated all the versions
of the MAM-36 and developed the pre-final Turkish version.
This pre-final version was administered to 22 people withMS,
and they read the questions and verbally evaluated the com-
prehensibility of each item. After this stage, the final version
(see supplemental file) was ready to investigate its psychomet-
ric properties.

Participants

People with MS were recruited from the Multiple
Sclerosis Outpatient Clinic of Department of Neurology,
Dokuz Eylül University Hospital, Izmir, Turkey. The in-
clusion criteria were a definite diagnosis of MS [27], writ-
ing and reading ability in Turkish, aged older than
18 years, and relapse-free period for at least 1 month.
Exclusion criteria were other chronic neurological or or-
thopedic disease, pregnancy, and physician-confirmed re-
lapse during the test-retest period.

Two to 20 participants per item are generally recommend-
ed for a validation study [28, 29]. A priori sample size was
determined as 180; 5 participants for each 36 items. Since
above the 200 participants are typically suggested for
conducting factor analyses [30], we recruited 200 participants
for the psychometric evaluation phase of the study.

The MAM-36 was re-administrated in 31 patients after
4 weeks to assess the test-retest reliability. The clinical stabil-
ity of these patients in the meantime was assessed using the
Global Perceived Effect scale which asked, “How would you
rate your hand/arm functioning, compared to four weeks
ago?”. Response options were the following: (1) much better,
(2) somewhat better, (3) about the same, (4) somewhat worse,
and (5) much worse. Patients who reported 2, 3, and 4 on the
Global Perceived Effect Scale were regarded as stable
patients.
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Study outcome measures

The demographic and clinical data were collected. The neu-
rological examinations of all patients and calculations of
EDSS scores were conducted by the same certified neurolo-
gist. The EDSS score is based on the patient’s neurological
examination and ambulatory status, and higher scores indicate
higher disability [3, 4]. Then, the following study outcome
measures were conducted in a random order to prevent a pos-
sible order effect.

As a PROMof neurological disability, the PDDSwas used.
The PDDS asks the patients to select one of 9 items that best
describes the current walking ability status [31]. The Turkish
version of PDDS presented high validity and test-retest reli-
ability in people with MS [32].

The upper limb function assessments included the 9HPT,
coin rotation test (CRT), handgrip strength, Modified
Ashworth Scale (MAS), MAM-36, and AMSQ. The 9HPT
and CRT are valid and reliable capacity measures to assess
manual dexterity in people with MS [10, 33]. Scores of the
9HPT and CRT were presented in seconds. Higher times in-
dicate lower manual dexterity in both tests. For the assessment
of body functions, handgrip strength and upper limb spasticity
was measured. Handgrip strength was measured using a hy-
draulic hand dynamometer (JAMAR®, Performance Health
Holdings, Inc., USA). The American Society of Hand
Therapists’ standardized arm position for handgrip strength
testing was utilized, three trials were performed, and the aver-
age of these trials was reported in kilogram [34]. Higher scores
indicate higher handgrip strength. Spasticity of the elbow flex-
or muscles was assessed using theMAS [35]. Patients with the
MAS score ≥ 1 were considered as having spasticity.

The MAM-36 and AMSQ were used as PROMs of upper
limb function. The MAM-36 includes 36 items that ask per-
ceived ease or difficulty in performing common tasks using
the hands without the use of adaptive equipment. In the
MAM-36, of which hand is used is not regarded. Items are
rated on a 4-point Likert-type scale from 0 (almost never per-
formed) to 4 (easy). Scores on the 36 items were summed to
create a raw total score, and then the raw scores were con-
versed to transformed manual ability measures which range
from 0 to 100 [16]. Higher MAM-36 scores indicate higher
upper limb function. The AMSQ was a disease-specific
PROM to measure upper limb function in MS. The AMSQ
consists of 31 items, which are all graded on a 6-point Likert-
type scale from 1 (not at all) to 6 (no longer able to). The items
include questions asking the patient to what extent MS has
limited the patient performing specific activities of daily living
during the last 2 weeks. The sum score of AMSQ ranges from
31 to 186, where higher scores indicate lower upper limb
function [20].

The health-related quality of life was assessed using the
Mult iple Sclerosis Internat ional Qual i ty of Life

Questionnaire (MusiQoL), which is a disease-specific
PROM and was developed for many languages including
Turkish [36]. The MusiQoL has 31 items related with 9 do-
mains of health-related quality of life, including activities of
daily living, psychological well-being, symptoms, relation-
ships with friends, relationships with family, relationship with
the healthcare system, sentimental and sexual life, coping, and
rejection [36]. Higher scores indicate a better level of health-
related quality of life.

Statistical analysis

The patients’ demographic characteristics and assessment re-
sults were described using descriptive statistics. The
Cronbach’s alpha coefficients were calculated to assess the
internal consistency. The Cronbach’s alpha coefficients were
interpreted as excellent, > 0.80; adequate, 0.70–0.79; and in-
adequate, < 0.70 [37]. The intraclass correlation coefficient
(ICC) values with 95% confidence intervals (95% CI) were
calculated to assess test-retest reliability. The ICC values were
reported as very low ≤ 0.25, low = 0.26–0.49, moderate =
0.50–0.69, high = 0.70–0.89, and very high ≥ 0.90 [38].

Test-retest reliability was assessed by calculating the ICC
values with 95% confidence interval (CI) for individual items
and total scores. Absolute agreement was calculated, and the
ICC values for the single measures were reported for individ-
ual items. The ICC value for the average measures was report-
ed for the total score of MAM-36.

Fourteen pre-defined hypotheses were constructed to eval-
uate the construct validity, including concurrent, discriminant,
and known groups. For testing the concurrent validity, the
following hypotheses were constructed:

1. A high correlation was expected between the MAM-36
and AMSQ because they measure the same construct;

2. A moderate correlation was expected between the
MAM-36 and 9HPT because the MAM-36 is a perfor-
mance test that measures a broad range of activities,
whereas the 9HPT is a capacity test that measures
dexterity;

3. A higher correlation between the MAM-36 and 9HPT-
dominant was expected as compared with the correlation
between the MAM-36 and 9HPT-nondominant, because
the dominant hand is more important for arm functions;

4. A moderate correlation was expected between the
MAM-36 and CRT, because the MAM-36 is a perfor-
mance test measures that broad range of activities,
whereas the CRT is a capacity test that measures
dexterity;

5. A higher correlation between the MAM-36 and CRT-
dominant was expected as compared with the correlation
between the MAM-36 and CRT-nondominant because
the dominant hand is more important for arm functions;
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6. A low correlation was expected between the MAM-36
and handgrip strength because the MAM-36 does not
specifically measure hand strength;

7. A higher correlation between the MAM-36 and domi-
nant handgrip strength was expected as compared with
the correlation between the MAM-36 and the dominant
handgrip strength because the dominant hand is more
important for arm functions;

8. A moderate correlation was expected between the
MAM-36 and EDSS because the EDSS is mostly based
on ambulatory function;

9. A moderate correlation was expected between the
MAM-36 and PDDS because the PDDS is mostly based
on ambulatory function;

10. A high correlation was expected between the MAM-36
and activities of daily living subdomain of the MusiQoL
because arm function is important for activities of daily
living;

11. A higher correlation between theMAM-36 and activities
of daily living subdomain of the MusiQoL was expected
as compared with the correlations between the MAM-36
and other subdomains ofMusiQoL because arm function
is more important for activities of daily living compared
to other subdomains;

12. A moderate correlation was expected between the
MAM-36 and age because arm function decreases with
aging.

For assessing discriminant validity, a low correlation was
expected between the MAM-36 and BMI, because BMI has
no direct influence of arm function. For testing know-groups
validity, the relationship between MAM-36 and MAS was
examined. As spasticity can cause activity limitations due to
upper limb impairments, it was expected that the scores of the
MAM-36 in the patients with spasticity (MAS ≥ 1) would be
significantly lower as compared with those without spasticity
(MAS = 0). In addition, an exploratory principal component
analysis, using baseline data to determine the underlying fac-
torial structure of the MAM-36, was used to verify unidimen-
sionality as defined in the original validation study [16].

The Spearman rho rank-order correlation coefficients were
calculated and interpreted as low correlation < 0.30, moderate
correlation 0.30–0.59, and high correlation ≥ 0.60. Mann-
Whitney U test was used to compare the patients with and
without spasticity. Statistical significance was set at p < 0.05.
Data were analyzed using the IBM® SPSS® (Version 25.0.
Armonk, NY: IBM Corp.).

Results

Some changes were made during the adaptation process. In
the original version, there are brackets beside the items, and

patients asked to write the descriptor numbers (from 0 to 4).
We changed this format as descriptor numbers were written
upside, and the patients were asked to make a tick to the
corresponding box (see supplementary information). We
think that this method is a much easier and more conventional
way. Item 11 is as “Wring a towel” in the original version
[18]. Since “wring a cleaning cloth” is more common than
“wring a towel,” therefore, this item was changed as “wring
a towel/cleaning cloth”. Item 29 is as “count money (bills and
coins)”. This item was changed as “count/handle bills and
coins”. Item 30 is as “take things out of a wallet (bills, papers,
credit cards)” in the original version [18]. This item was
changed as “take things such as bills, papers (driver’s license,
identity card), credit cards out of a wallet” since the term of
“papers” is quite uncommon. All these examples/changes are
recommended by the Rehabilitation in Multiple Sclerosis
(RIMS) (available at https://www.eurims.org/E-education/
manual-ability-measurement.html). After the pilot study on
22 people with MS, some minor changes (changing the
place of words in the introduction section) were made to
make the readability much easier.

The mean age was 38.8 (10.8) years, and 69.5% of the
participants were female. Most of the participants had a
relapsing-remitting MS (87.5%). Twenty-four partici-
pants (12.0%) had upper limb spasticity. Table 1 presents
the demographic and clinical characteristics of the
participants.

The Turkish version of MAM-36 showed an excellent in-
ternal consistency (Cronbach’s alpha = 0.97). The corrected
item-total correlations ranged from 0.40 to 0.87 (Table 2).
The test-retest reliability was very high as the ICC was 0.97
(95% CI = 0.94–0.99). The ICC values for individual items
ranged from 0.38 to 1.0 (Table 2).

The exploratory factor analysis revealed one component
explaining 53% of the variance for the Turkish version of
the MAM-36. The Kaiser–Meyer–Olkin (KMO) Measure of
Sampling Adequacy (0.93) and Bartlett’s Test of Sphericity
(p < 0.001) results showed that the respondent data for factor
analysis was suitable. The individual factor loadings ranged
from 0.45 to 0.88 (Table 2).

To test construct validity, most of the predetermined
hypotheses were confirmed (11/14). For concurrent valid-
ity, a low correlation was expected between the MAM-36
and handgrip strength; however, the correlations were
moderate (rs = 0.30–0.59, p < 0.05). Besides, a moderate
correlation was expected between the MAM-36 and
EDSS and PDDS; however, the correlations were high
(rs ≥ 0.60, p < 0.05). When assessing the discriminant va-
lidity, a low correlation was expected between the MAM-
36 and BMI, and it was confirmed (rs = −0.05, p = 0.464).
For assessing the known-groups validity, it was expected
that the scores of the MAM-36 in the patients with spas-
ticity (MAS ≥ 1) will be significantly lower as compared
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with the patients without spasticity (MAS = 0), and it was
confirmed (MAM-36 score = 66.7 (SD = 18.2) in the pa-
tients with spasticity vs. 82.4 (SD = 17.0) in those without
spasticity (p < 0.001)). Table 3 presents the predetermined
hypotheses, correlation coefficients of the MAM-36 with
other measurements, and comparison statistics for
assessing construct validity.

Discussion

In this study, the MAM-36 was successfully translated and
culturally adapted into Turkish. The Turkish version of
MAM-36 showed good psychometric properties, including
excellent internal consistency, very high test-retest reliability,
good concurrent, discriminant, and known-groups validity. In
addition, it was found as having a unidimensional structure as
the original version. For the first time, our study showed the
MAM-36 has very high test-retest reliability in people with
MS.

Our results indicated that the Turkish version of MAM-36
had excellent internal consistency, as reported by the previous
studies conducted in individuals with neurological and neuro-
logical diseases. These studies showed that the MAM-36 or
MAM-16 had good internal consistency in mix populations
having different hand impairments, including musculoskeletal
and neurological diseases including MS [16, 39, 40]. Some
studies conducted only in people with MS also presented sim-
ilar internal consistency results [18, 19]. Although the previ-
ous studies used a Rasch method to assess internal consisten-
cy, we used a traditional method. Despite the different statis-
tical methods, populations, and items, it seems that MAM is
an internally consistent measure.

Comparing the high number of studies investigated the
internal consistency of the MAM, only one study investigated
the test-retest reliability. In that study, the MAM-36 was ad-
ministered at two points 1 week apart in 14 people with
Charcot-Marie-Tooth disease [14], and it was found that the
MAM-36 had very high test-retest reliability (ICC = 0.96).
Although we used different time points (4 weeks), we also
found a similar result (ICC = 0.97). Since the MAM-36 is
widely used in the MS field [9, 11, 13], our study further
supports its use by showing another valuable psychometric
property.

The validity of the MAM-36 has been widely investi-
gated in individuals with different diseases, including MS,
and these studies reported that the MAM-36 had excellent
and/or adequate concurrent and discriminant validity
[14–19, 39–41]. To assess concurrent and discriminant va-
l id i ty of the MAM-36, we cons t ruc ted severa l
predetermined hypotheses and most of them have been
confirmed. Indeed, due to the results of previous studies
and thinking about the underlying construct of the MAM-
36, a low correlation was expected between the MAM-36
and handgrip strength, and a moderate correlation was ex-
pected between the MAM-36 and EDSS and PDDS.
However, we found a greater magnitude of correlations
then our expectations. These observed high correlations
support the validity of MAM-36; yet, since we did not find
our expected results, we accepted them as non-confirmed
hypotheses. Specifically, the high correlation between the
MAM-36 and EDSS is an important finding of our study

Table 1 Demographic and clinical characteristics of the participants
(n = 200)

Age (years) 38.8 (10.8)

Gender (female), n (%) 139 (69.5)

BMI, kg/m2 24.6 (4.4)

Level of education, n (%)

Primary school 34 (17)

Secondary school 28 (14)

High school 50 (25)

University 88 (44)

Hand dominance (right), n (%) 188 (94)

EDSS 2.4 (2.1)

PDSS 1.9 (1.8)

Subtype of MS, n (%)

Relapsing-remitting MS 175 (87.5)

Secondary progressive MS 22 (11)

Primary progressive MS 3 (1.5)

Presence of upper limb spasticity (MAS ≥ 1), n (%) 24 (12.0)

9HPT-dominant (s) 22.4 (7.5)

9HPT-nondominant (s) 24.3 (9.0)

CRT-dominant (s) 19.8 (7.8)

CRT-nondominant (s) 21.5 (9.7)

Grip strength-dominant (kg) 24.5 (10.1)

Grip strength-nondominant (kg) 23.2 (9.4)

MAM-36 80.6 (17.8)

AMSQ 49.3 (23.6)

MusiQoL

Total score 67.6 (15.11)

Activities of daily living 62.3 (28.5)

Psychological well-being 62.3 (25.1)

Symptoms 76.0 (20.3)

Relationships with friends 60.2 (28.6)

Relationships with family 72.2 (28.4)

Relationship with the healthcare system 87.8 (20.0)

Sentimental and sexual life 45.3 (33.6)

Coping 71.9 (25.3)

Rejection 71.8 (26.0)

BMI, body mass index; EDSS, Expanded Disability Status Scale; PDSS,
Patient DeterminedDisease Steps;MS, multiple sclerosis;MAS, Modified
Ashworth Scale; 9HPT, Nine-Hole Peg Test; CRT, Coin Rotation Test;
MAM-36, Manual Ability Measure-36; AMSQ, Arm Function inMultiple
Sclerosis Questionnaire; MusiQoL, Multiple Sclerosis International
Quality of Life
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since the EDSS is commonly criticized for its lack of as-
sessment of upper limb function [10]. However, our results
revealed that the Turkish version of MAM-36 could better
reflect the neurological disability assessed by both
clinician-rated and self-reported measures, which are
mainly based on walking impairment. In addition to the
concurrent and discriminant validity, we also showed that
the MAM-36 has good know-group validity. As expected,

the scores of the MAM-36 in the patients with spasticity
was found to be significantly lower as compared with the
patients without spasticity. Since spasticity is a causative
for activity limitations due to impairments of the arm and
hand, the MAM-36 can assess this impairment related to
spasticity. A factorial analysis was conducted to further
assess the construct validity, and it showed that the
MAM-36 had a unidimensional structure as reported by

Table 2 Inter-item reliability, test-retest reliability, and factor loadings for the items of the Turkish version of the MAM-36

Items Corrected item-total correlation Cronbach’s alpha if item deleted ICC (95% CI) Factor loadings

Item 1 0.46 0.97 0.48 (0.17–0.71) 0.49

Item 2 0.65 0.97 0.38 (0.05–0.64) 0.68

Item 3 0.76 0.97 0.48 (0.15–0.71) 0.75

Item 4 0.70 0.97 0.64 (0.37–0.81) 0.73

Item 5 0.61 0.97 0.44 (0.11–0.69) 0.66

Item 6 0.83 0.97 0.79 (0.62–0.89) 0.84

Item 7 0.66 0.97 0.92 (0.84–0.96) 0.70

Item 8 0.63 0.97 0.78 (0.59–0.89) 0.68

Item 9 0.60 0.97 0.70 (0.47–0.84) 0.62

Item 10 0.40 0.97 0.66 (0.41–0.82) 0.45

Item 11 0.78 0.97 0.72 (0.49–0.85) 0.79

Item 12 0.77 0.97 0.58 (0.29–0.77) 0.79

Item 13 0.78 0.97 0.81 (0.65–0.91) 0.80

Item 14 0.83 0.97 0.86 (0.74–0.93) 0.84

Item 15 0.81 0.97 0.92 (0.85–0.96) 0.81

Item 16 0.84 0.97 0.78 (0.59–0.89) 0.85

Item 17 0.70 0.97 0.82 (0.65–0.91) 0.70

Item 18 0.47 0.97 1.00 0.51

Item 19 0.54 0.97 1.00 0.58

Item 20 0.61 0.97 0.80 (0.63–0.90) 0.64

Item 21 0.75 0.97 0.88 (0.76–0.94) 0.76

Item 22 0.66 0.97 0.60 (0.33–0.79) 0.66

Item 23 0.76 0.97 0.70 (0.47–0.84) 0.77

Item 24 0.79 0.97 0.69 (0.44–0.84) 0.80

Item 25 0.81 0.97 0.60 (0.32–0.79) 0.82

Item 26 0.79 0.97 0.72 (0.50–0.86) 0.80

Item 27 0.74 0.97 0.72 (0.49–0.86) 0.76

Item 28 0.87 0.97 0.74 (0.52–0.86) 0.88

Item 29 0.76 0.97 0.75 (0.55–0.87) 0.78

Item 30 0.70 0.97 0.60 (0.32–0.79) 0.71

Item 31 0.68 0.97 0.86 (0.72–0.93) 0.69

Item 32 0.65 0.97 0.67 (0.42–0.83) 0.68

Item 33 0.82 0.97 0.63 (0.36–0.81) 0.83

Item 34 0.77 0.97 0.75 (0.54–0.87) 0.77

Item 35 0.59 0.97 0.92 (0.84–0.96) 0.62

Item 36 0.68 0.97 0.43 (0.10–0.68) 0.70

Total Cronbach’s alpha = 0.97 0.97 (0.94–0.99) 53%

MAM-36, Manual Ability Measure-36; ICC, intraclass correlation coefficient; CI, confidence interval
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the original [16] and other validation studies [18, 19, 39,
40].

There are some limitations to this study. The major limita-
tion of this study that most of our participants had a relapsing-

Table 3 Predetermined hypotheses, correlation coefficients of theMAM-36with other measurements, and comparison statistics for assessing construct
validity

Hypothesis Result Confirmed

1. A high correlation was expected between the MAM-36 and AMSQ,
because they measure the same construct.

rs = − 0.90 (p < 0.001*) Yes

2. A moderate correlation was expected between the MAM-36 and
9HPT, because the MAM-36 is a performance test that measures broad
range of activities, whereas the 9HPT is a capacity test that measures
dexterity.

Dominant: rs = − 0.58 (p < 0.001*)
Nondominant: rs = − 0.51 (p < 0.001*)

Yes

3. A higher correlation between the MAM-36 and 9HPT-dominant was
expected as compared with the correlation between the MAM-36 and
9HPT-nondominant, because the dominant hand is more important for
arm functions.

rs = − 0.58 vs. rs = − 0.51 Yes

4. Amoderate correlationwas expected between theMAM-36 andCRT,
because the MAM-36 is a performance test that measures that broad
range of activities, whereas the CRT is a capacity test that measures
dexterity.

Dominant: rs = − 0.48 (p < 0.001*)
Nondominant: rs = − 0.38 (p < 0.001*)

Yes

5. A higher correlation between the MAM-36 and CRT-dominant was
expected as compared with the correlation between the MAM-36 and
CRT-nondominant, because dominant hand is more important for arm
functions.

rs = − 0.48 vs. rs = − 0.38 Yes

6. A low correlation was expected between the MAM-36 and handgrip
strength, because the MAM-36 does not specifically measure hand
strength.

Dominant: rs = 0.38 (p < 0.001*)
Nondominant: rs = 0.30 (p < 0.001*)

No

7. A higher correlation between the MAM-36 and dominant handgrip
strength was expected as compared with the correlation between the
MAM-36 and dominant handgrip strength, because dominant hand is
more important for arm functions.

rs = 0.38 vs. rs = 0.30 Yes

8. A moderate correlation was expected between the MAM-36 and
EDSS, because the EDSS is mostly based on ambulatory function.

rs = − 0.62 (p < 0.001*) No

9. A moderate correlation was expected between the MAM-36 and
PDDS, because the PDDS is mostly based on ambulatory function.

rs = − 0.68 (p < 0.001*) No

10. A high correlationwas expected between theMAM-36 and activities
of daily living subdomain of the MusiQoL, because arm function is
important for activities of daily living.

rs = 0.67 (p < 0.001*) Yes

11. A higher correlation between the MAM-36 and activities of daily
living subdomain of the MusiQoL was expected as compared with the
correlations between the MAM-36 and other subdomains of MusiQoL,
because arm function is more important for activities of daily living
compared to other subdomains.

Activities of daily living: rs = 0.67 (p < 0.001*)
Psychological well-being: rs = 0.37 (p < 0.001*)
Symptoms: rs = 0.46 (p < 0.001*)
Relationships with friends: rs = 0.04 (p = 0.625)
Relationships with family: rs = 0.02 (p = 0.791)
Relationship with the healthcare system: rs = 0.13 (p = 0.073)
Sentimental and sexual life: rs = 0.29 (p < 0.001*)
Coping: rs = 0.17 (p = 0.016*)
Rejection: rs = 0.32 (p < 0.001*)
Total: rs = 0.47 (p < 0.001*)

Yes

12. Amoderate correlationwas expected between theMAM-36 and age,
because arm function decreases with aging.

rs = − 0.39 (p < 0.001*) Yes

13. A low correlation was expected between the MAM-36 and BMI,
because BMI has no direct influence of arm function.

rs = − 0.05 (p = 0.464) Yes

14. It was expected that the scores of MAM-36 in the patients with
spasticity (MAS ≥ 1) would be significantly lower as compared with
those without spasticity (MAS = 0), because spasticity can cause
activity limitations due to upper limb impairments.

Mean = 66.7 (SD = 18.2) in the patients with spasticity vs.
mean = 82.4 (SD = 17.0) in the patients without spasticity
(p < 0.001*)

Yes

Low correlation < 0.30; moderate correlation 0.30–0.59; high correlation ≥ 0.60
MAM-36, Manual AbilityMeasure-36; AMSQ, Arm Function inMultiple Sclerosis Questionnaire; 9HPT, Nine-Hole Peg Test;CRT, Coin Rotation Test;
BMI, body mass index; EDSS, Expanded Disability Status Scale; PDSS, Patient Determined Disease Steps; MusiQoL, Multiple Sclerosis International
Quality of Life; BMI, body mass index; MAS, Modified Ashworth Scale

*Statistically significant
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remitting subtype of MS, lower levels of neurological disabil-
ity, and younger ages. Therefore, most of our participants did
not have substantial upper extremity dysfunction and spastic-
ity. Second, we recruited the participants from only one MS
center. However, since this center is very extensive and has
lots of patient visits from the whole of Turkey, we believe that
our sample is relatively representative of Turkish MS popula-
tion. Nevertheless, these two limitations decrease the general-
izability of the results. Third, we did not investigate the re-
sponsiveness of the MAM-36, which is an essential psycho-
metric property. However, Chen et al. showed that the MAM-
36 was responsive to changes in hand function in patients
receiving occupational therapy services [41]. Nevertheless,
further studies should investigate the responsiveness of the
MAM-36 in people with MS. Lastly, we investigated the cor-
relation between the MAM-36 and AMSQ as a scale measur-
ing the same construct.We chose to use the AMSQ since it is a
MS-specific measure. Although the authors of this study also
conducted the Turkish validation study of the AMSQ which
also showed good psychometric properties, the results have
not been published yet. Using another upper extremity func-
tion assessment scale validated in Turkish would be better.
However, during the planning of this study, only the DASH
and Motor Activity Log were officially validated in Turkish
[42, 43]. Since these PROMs did not show adequate psycho-
metric properties in people with MS [9, 11, 13], we decided
not to use them in our study.

Apart from the limitations noted above, our study has sev-
eral strengths. Our sample size was relatively large compared
to most of the other studies. We investigated other important
psychometric properties, including test-retest reliability and
know-group validity of the MAM-36 which have not been
widely investigated in the previous studies. In addition, for
the first time, we demonstrated a very high correlation be-
tween the MAM-36 and AMSQ, which has been recently
introduced with good psychometric properties that were spe-
cifically developed to measure upper limb dysfunction for
people with MS [20]. Although the AMSQ is a promising
PROM, due to the extensive use of the MAM-36 in the MS
field, it limits comparison with historical data in MS and other
pathologies [25]. Our results support that the MAM-36 as a
generic PROM is highly associated with a disease-specific
PROM in people with MS.

Conclusions

The MAM-36 has been adapted and validated in Turkish and
found as a valid and reliable method for measuring upper limb
function in people MS. The results of this study extend the
evidence on the psychometric properties of MAM-36 in peo-
ple with MS and support its usability in the daily practice and

international studies. The Turkish version of the MAM-36 is
available in the supplementary information.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10072-020-04927-z.
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