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Abstract
Background and purpose: Upper limb (UL) function is often affected in people with mul-
tiple sclerosis (PwMS) and is typically assessed through objective measures, including the 
Nine Hole Peg Test (9- HPT), Box and Block Test (BBT), and Hand Grip Strength (HGS). It 
is important to include the subjective perspective of PwMS in the assessment. This study 
aims to evaluate associations between Manual Ability Measure- 36 (MAM- 36) and 9- HPT, 
BBT, and HGS in MS.
Methods: The cross- sectional study included five Italian centers. Inclusion criteria were 
age ≥ 18 years, MS diagnosis, and stable disease course. Exclusion criteria were bilateral 
UL paralysis, and concomitant orthopedic or neurological diseases.
Results: A total of 199 PwMS were included: 128 female, mean age = 50.7 ± 13.0 years, 
119 relapsing– remitting MS (RRMS), 31 primary and 49 secondary progressive MS, 
mean disease duration = 14.0 ± 10.4, years, mean Expanded Disability Status Scale 
(EDSS) = 4.6 ± 2.0.
The MAM- 36 showed small correlations with 9- HPT, BBT, and HGS. Correlations be-
tween MAM- 36 and 9- HPT and BBT were highest among subjects with EDSS ≥ 6 and 
progressive MS. MAM- 36 and HGS showed the highest correlations in subjects with 
EDSS ≤ 5 and RRMS. Combining 9- HPT and HGS provided the strongest predictive power 
over the MAM- 36.
Conclusions: Correlations between objective measures and MAM- 36 were small to mod-
erate, meaning that objective measures do not match subjects' perception of UL function. 
The combination of 9- HPT and HGS measures can help improve the assessment of UL 
function in activities of daily living.
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INTRODUC TION

Multiple sclerosis (MS) is a chronic autoimmune demyelinating dis-
ease affecting white and gray matter in the central nervous system 
with an unpredictable course. A wide range of neurological symp-
toms affects several functional systems, resulting in different levels 
of disability [1, 2].

Upper limb (UL) function is one of the most affected domains in 
people with MS (PwMS). Holper et al. [3] highlight that 50% of peo-
ple with MS report self- perceived UL dysfunction. Despite this, in 
the past, UL dysfunction has often been considered less debilitating 
than lower limb impairment. Recently, the impact of UL dysfunction 
on the performance of activities of daily living (ADL) and quality of 
life has gained attention in the literature [4].

For this reason, the assessment of PwMS cannot be limited to 
overall disability using the traditional Expanded Disability Status 
Scale (EDSS) [5], but it may include a specific evaluation of UL 
function. Among the existing objective UL measures, the most fre-
quently used in clinical trials and practice are the Nine Hole Peg Test 
(9- HPT), recommended as the gold standard in assessing MS- related 
UL function [6], the Box and Block Test (BBT) [7], a measure of gross 
manual dexterity, and Hand Grip Strength (HGS) [8]. In our previ-
ous study, a moderate to low correlation was reported among these 
three measures, indicating that they assess distinct domains of UL 
function [9].

Due to the complexity of the assessment of UL function, and 
its influence on ADL [4], researchers and clinicians have to consider 
subjective perspectives and experiences of PwMS themselves [4]. 
Patient- reported outcome measures (PROMs) play an increasing role 
in MS clinical trials and practice and are essential for understand-
ing the effects that MS has on patients' lives, improving patient en-
gagement in their care [10]. The most commonly used self- reported 
UL performance questionnaires are the Manual Ability Measure- 36 
(MAM- 36) [11], ABILHAND [12], Disabilities of the Arm, Shoulder, 
and Hand [13], the Motor Activity Log (MAL) [14], and Arm Function 
in Multiple Sclerosis (AMSQ) [15]. None of these questionnaires was 
available in Italian at the time of study planning; for this reason, in a 
previous study, we provided a translation in Italian and validation of 
the MAM- 36 in a large sample of PwMS [11].

In the literature, there are only a few studies that provide informa-
tion on the correlation between objective and subjective measures of 
UL in MS. Lamers et al. [14] reported a low correlation between a 
capacity measure (Action Research Arm Test [ARAT]) and a PROM 
of UL (MAL). Moreover, moderate correlations were found between 
9- HPT, ARAT, and perceived performance (MAM- 36) [16]. A study 
by Solaro and colleagues reported a moderate correlation between 
9- HPT for both arms and MAM- 36 [11]. Similarly, van Leeuwen et al. 
[17] found moderate to high correlations among HGS, 9- HPT, ARAT, 
and AMSQ, in agreement with van Munster et al. [18], who reported 
a moderate correlation between 9- HPT and AMSQ for both arms.

The present study aims to evaluate the association between 
three objective UL measures (9- HPT, BBT, HGS) and self- perceived 
ability to perform manual activities of daily living (MAM- 36). We also 

explored whether emerging associations between subjective and 
objective UL function tend to vary according to subjects' disability 
level and disease course. Finally, we evaluated whether combining 
multiple objective measures can help improve the prediction of sub-
jects' perception of UL functions over the use of a single objective 
measure.

Because the assessed UL measures (9- HPT, BBT, HGS) are in-
tended to assess different domains of UL function, we hypothesized 
that (i) they should show different patterns of associations with 
self- perceived manual ability in ADLs, conditional on the clinical 
characteristics of patients; and (ii) they should provide independent 
contributions in predicting perceived manual ability.

MATERIAL S AND METHODS

Study design

In this cross- sectional study, data were collected between January 
2016 and August 2019 at five Italian centers specializing in MS, 
the Department of Rehabilitation, CRRF Mons. Luigi Novarese, 
Moncrivello; Department of Neurology, University of Catania, 
Catania; Don Carlo Gnocchi Foundation, Milan; Rehabilitation 
Service of Liguria of the Italian Multiple Sclerosis Society, Genoa; 
and Saint Andrea Hospital, Rome.

Inclusion criteria were a confirmed diagnosis of MS according 
to revised McDonald criteria [19], age ≥ 18 years, right- hand domi-
nance according to the Edinburgh Handedness Inventory, 18/20 
aided or unaided vision, and preserved cognitive functioning (Mini- 
Mental State Evaluation > 24) [20]. Exclusion criteria were relapses 
or relapse- related treatment in the 3 months before study entry and 
the presence of orthopedic or other neurological diseases interfer-
ing with the use of ULs.

A priori estimation of the required sample size was performed 
using G*Power [21]. A sample size of N ≥ 193 subjects was deemed 
sufficient for detecting small correlations with sufficient power [22].

Subjects provided written informed consent before the begin-
ning of the assessments. The study was carried out following the 
Declaration of Helsinki and approved by the local ethics committee 
(P.R.196REG2015).

To standardize the administration procedures across five study 
centers, assessor training was required for study personnel. At each 
center, neurologists trained for the Neurostatus– EDSS performed 
the EDSS, whereas occupational or physical therapists performed 
the objective and subjective UL assessments.

Instruments

Objective measures

The 9- HPT [23] is a brief quantitative test for fine manual dexter-
ity administered according to the Multiple Sclerosis Functional 
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Composite [24]. It consists in taking nine small pegs from a container, 
one by one, and placing them into holes on a board, as quickly as 
possible, then removing each peg from the holes, and placing them 
back into the container. For each arm, the average time of two trials 
represents the final score of the test. The time taken to complete 
each trial was recorded with a maximum time of 180 s.

The BBT [7] is a measure of gross manual dexterity. It consists 
of a box (53.7 × 9 × 25.4 cm) divided by a panel into two spaces 
(15.2 cm high), filled with 150 blocks. The subject grasps one block 
at a time, moves the block over the partition, and releases it into the 
opposite compartment as quickly as possible. The score is the num-
ber of blocks moved in 1 min, for each hand separately.

Hand grip strength [8] is evaluated with a Jamar hand dynamom-
eter and quantifies the maximum isometric strength of the hand 
scored in kilograms. The test was performed in the following posi-
tion: shoulder abducted and neutrally rotated, elbow flexed at 90°, 
forearm in a neutral position, wrist between 0° and 30° dorsiflexion 
and between 0° and 15° ulnar deviation. The mean of three trials 
was considered for each hand.

Subjective measure

The MAM- 36 consists of 36 items investigating subjects' perceived 
ability to perform common tasks (e.g., eating, dressing, buttoning 
clothes), excluding the use of adaptive equipment. Each item is rated 
on a 4- point scale ranging from 1 (cannot do it) to 4 (easy). Tasks 
that are rarely performed are scored 0. The MAM- 36 was scored 
by calibrating the Rasch rating scale model using Winsteps (version 
3.68), anchoring the item and structure parameters as reported in 
the validation study for the Italian version of the MAM- 36 [11]. The 
Rasch score is preferable over the raw score because it corrects for 
individual differences in the number of MAM- 36 tasks that are not 
typically performed by the individual (i.e., 0 responses). The obtained 
Rasch score is expressed in logit units (Table 2) and show excellent 
reliability (person reliability = 0.91).

Data analysis

We computed descriptive statistics on UL measures (i.e., 9- HPT, HGS, 
and BBT) on each dominant and nondominant arm and their mean, 
and on the MAM- 36 Rasch score. The normality of measures was 
verified using the Shapiro– Wilk test. We then computed Spearman 
correlations between the MAM- 36 scores and the UL measures 
(9- HPT, HGS, and BBT) on each arm, as well as their mean values. 
Correlations were computed on the overall sample (N = 199), and by 
grouping participants according to their EDSS level (mild disability, 
EDSS ≤ 3; moderate disability, 3.5 ≤ EDSS ≤ 5.5; high disability, EDSS 
≥ 6), and by disease course (relapsing– remitting MS [RRMS] vs. pri-
mary progressive MS [PPMS] and secondary progressive MS [SPMS]). 
The stability of estimated correlations was established by computing 
95% confidence intervals using 1000 bootstrap resamples.

As a final analytical step, using multiple linear regression, we 
evaluated the contribution of each of the three objective measures 
(i.e., 9- HPT, HGS, and BBT) in predicting the MAM- 36 Rasch scores. 
For this analysis, 9- HPT, HGS, and BBT mean scores were used in 
place of the measures of each arm to avoid potential collinearity 
issues. Specifically, we implemented a series of regression models 
investigating the predictive power over the MAM- 36 scores of all 
possible combinations of the three objective measures (i.e., mean 
9- HPT, HGS, and BBT scores). In all models, we controlled for the 
effect of age, sex (male = 0, female = 1), and a progressive course 
diagnosis (RRMS = 0; PPMS/SPMS = 1). The Breusch– Pagan test 
was used to detect potential violations of the homoscedasticity as-
sumption for regression residuals [25]. Histogram and QQ plots of 
standardized residuals were also assessed to identify relevant devia-
tions from normality of residuals. To determine the predictive power 
of these models, we used R2 and adjusted R2 statistics, and the multi-
ple correlation coefficient R (i.e., the square root of R2), representing 
the correlation between observed and predicted MAM- 36 (Rasch) 
scores. A significant change in R2 (p < 0.05) was considered an indi-
cation of nonnegligible improvement in predictive power when com-
paring models sharing at least one common predictor. Except where 
indicated, all analyses were performed using SPSS, version 23.

RESULTS

The sample consisted in 199 right- handed PwMS, including 64.3% 
females (n = 128) and 35.7% males (n = 71), with a mean age of 
50.69 years (SD = 13.05, median = 52, range = 22– 85). The ma-
jority of subjects had a relapsing– remitting disease course (59.8%, 
n = 119), 31 (15.6%) had PPMS, and 49 (24.6%) had SPMS. Average 
disease duration was 13.97 years (SD = 10.41). The average EDSS 
score was 4.58 (SD = 1.97, median = 5, range = 1– 8). All participants 
completed both questionnaires, and were assessed on all the objec-
tive measures.

Distribution of upper limb and manual 
ability measures

Table 1 reports information about the distribution of the study 
measures in our sample. Shapiro– Wilk test indicated that the UL 
measures (i.e., 9- HPT, HGS, and BBT), as assessed on dominant and 
nondominant arms and their mean values, all significantly deviated 
from normality (p < 0.05). The MAM- 36 also did not comply with the 
assumption of normality.

Correlations between UL measures and self- reported 
manual ability

Table 2 reports the results of Spearman correlations as computed 
between the MAM- 36 scores and objective UL measures. Results 
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of correlations in the whole group (n = 199) showed 9- HPT meas-
ures for the dominant and nondominant arms had small significant 
negative correlations with the MAM- 36 scores, whereas the mean 
9- HPT score showed a moderate negative association. The BBT 
and HGS measures showed moderate positive associations with 
the MAM- 36 scores on the dominant arm, and a small positive as-
sociation with MAM- 36 on the nondominant arm. The mean BBT 
and HGS scores also showed moderate positive associations with 
MAM- 36 scores.

As regards the correlation computed in the EDSS groups, results 
differed markedly depending on the specific measure examined. In 
the high disability groups (EDSS ≥ 6), mean and dominant arm scores 
for the BBT and 9- HPT showed respectively positive (BBT) and 
negative (9- HPT) correlations with the MAM- 36. No significant cor-
relations between both BBT and 9- HTP measures and the MAM- 36 
were found in the mild (EDSS ≤ 3) and moderate (3.5 ≤ EDSS ≤ 5.5) 
disability groups. Conversely, all HGS measures showed moderate 
positive correlations with the MAM- 36 in the mild (EDSS ≤ 3) and 

Measure Mean SD Median Minimum Maximum

MAM- 36

Raw score 125.53 19.08 131 39 144

Rasch score 3.07 2.17 2.58 −2.04 6.65

9- HPT, s

Dominant 30.97 17.40 25.00 15.00 130.66

Nondominant 32.34 18.40 26.00 14.00 146.00

Mean 31.65 14.83 26.00 14.50 92.00

HGS, kg

Dominant 19.38 9.97 18.00 1.28 52.00

Nondominant 18.04 8.71 17.33 1.78 49.33

Mean 18.71 8.76 17.67 2.96 50.67

BBT, blocks

Dominant 47.08 16.62 46.00 12.00 102.00

Nondominant 46.65 15.86 46.00 13.00 103.00

Mean 46.86 15.62 46.00 13.00 101.00

Abbreviations: 9- HPT, Nine Hole Peg Test; BBT, Box and Block Test; HGS, Hand Grip Strength; 
MAM- 36, Manual Ability Measure- 36.

TA B L E  1  Descriptive statistics for 
objective upper limb measures and 
patient- reported manual ability measure 
(MAM- 36)

TA B L E  2  Associations between objective upper limb measures and patient- reported manual ability measure (MAM- 36): Spearman 
correlations in the whole sample, by EDSS and disease course

Measure
All subjects, 
n = 199

Disability, EDSS Disease course

≤3, n = 60
3.5– 5.5, 
n = 53 ≥6, n = 86 RR, n = 119 PP/SP, n = 80

9- HPT, s

Dominant arm −0.29 0.14 −0.25 −0.30 −0.16 −0.41

Nondominant arm −0.26 0.09 −0.10 −0.10 −0.12 −0.43

Mean −0.33 0.12 −0.20 −0.31 −0.19 −0.50

HGS, kg

Dominant arm 0.33 0.43 0.48 0.23 0.46 0.18

Nondominant arm 0.24 0.34 0.35 0.08 0.28 0.18

Mean 0.31 0.39 0.45 0.19 0.39 0.21

BBT, blocks

Dominant arm 0.35 0.08 0.10 0.38 0.34 0.26

Nondominant arm 0.26 0.07 0.03 0.09 0.25 0.18

Mean 0.33 0.06 0.07 0.27 0.32 0.24

Note: Correlations in bold are significant at p < 0.05.
Abbreviations: 9- HPT, Nine Hole Peg Test; BBT, Box and Block Test; EDSS, Expanded Disability Status Scale; HGS, Hand Grip Strength; MAM- 36, 
Manual Ability Measure- 36; PP, primary progressive; RR, relapsing– remitting; SP, secondary progressive.
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moderate (3.5 ≤ EDSS ≤ 5.5) disability groups, whereas the HGS 
measures had no significant correlations with the MAM- 36 in the 
high disability group (EDSS ≥ 6), except for the HGS score for the 
dominant arm, which showed a small positive correlation.

We then looked at correlations between UL measures and MAM- 
36 by disease course (relapsing– remitting vs. progressive course). 
Among PPMS and SPMS subjects, all 9- HPT measures showed mod-
erate negative correlations with the MAM- 36. In relapsing– remitting 
subjects, a negative correlation emerged between the 9- HPT mean 
score and the MAM- 36. BBT measures showed small to moderate 
positive correlations with the MAM- 36 regardless of patients' dis-
ease course, except for the nondominant arm score among subjects 
with a progressive course, which showed no correlation with the 
MAM- 36. Finally, all HGS measures showed small to moderate pos-
itive correlations with the MAM- 36 in relapsing– remitting subjects. 
In turn, among subjects with a progressive course, none of the HGS 
measures showed significant correlations with the MAM- 36.

Predictive performance of mean UL measures 
over the MAM- 36 (Rasch) scores

On verifying the regression assumption of homoscedasticity of re-
siduals with the Breusch– Pagan test, residuals complied with the ho-
moscedasticity assumption. Visual evaluation of histogram and QQ 
plots on standardized residuals indicated no relevant deviation from 
normality. Prediction results are shown in Table 3. Assessing both the 
R2 and the adjusted R2 statistics, a combination of mean 9- HPT and 
mean HGS scores showed the strongest predictive power over the 
MAM- 36 scores. Interestingly, based on the R2 change statistic, the 
model combining all mean score measures (9- HTP, HGS, and BBT) did 
not improve in predictive power over the model including the mean 
9- HPT and HGS scores (R2 change < 0.01, p = 0.44). Similarly, when 
comparing the model including only the mean 9- HPT score, and the 
model including both the mean 9- HTP and BBT scores, improvement 
in predictive power was not significant (R2 change = 0.01, p = 0.10). 
A significant improvement in predictive power was detected when 
comparing the model including only the mean 9- HPT score and 

the model including both the mean 9- HPT and HGS scores (R2 
change = 0.12, p < 0.01). A similar effect was found when comparing 
the model including the mean HGS score with the model with both 
the mean HGS and BBT scores (R2 change = 0.11, p < 0.01). Finally, 
the correlation between predicted and observed scores was strong 
(R ≥ 0.50) for the models combining mean 9- HPT and HGS scores, or 
all mean UL measures. For the model including only the BBT mean 
score among the predictor set (as well as control variables), the cor-
relation between observed and predicted MAM- 36 scores was small 
(R = 0.29), whereas for the rest of the models, the correlation was 
moderate (0.30 ≤ R < 0.50). Finally, it is worth noting that control 
variables (i.e., age, sex, and progressive MS) showed limited predic-
tive power over MAM- 36 scores (R2 = 0.01). Additionally, adding UL 
measures into the model, either alone or in combination, resulted in a 
significant improvement in the predictive power of the model includ-
ing only control variables (R2 change ≥ 0.08, p < 0.01).

DISCUSSION

The present study aimed at investigating the associations between 
a validated PROM, the MAM- 36, and three objective measures, 9- 
HPT, BBT, and HGS. Overall, the associations between the MAM- 36 
and each of the three measures are quite small. However, they tend 
to show a larger effect size when the objective measures are ex-
amined on the dominant arm, or when using a mean score for both 
arms, when compared with the nondominant arm. Our findings are 
in line with the literature [7, 16, 17, 26, 27], indicating that objec-
tive measures and PROMs of UL function show weak associations, 
as they assess distinct constructs [4, 28]. It is worth noting that these 
associations appear to be significantly smaller than those reported 
when correlating PROMs and objective measures of walking ability 
[29, 30], likely related to the higher complexity of UL activity.

Findings were in line with our hypothesis that the assessed UL 
measures would demonstrate different associations with manual abil-
ity in ADLs depending on the domain of UL function assessed and sub-
jects' clinical characteristics. In line with this hypothesis, the examined 
UL measures showed different patterns of correlation with the MAM- 
36. Correlation between the MAM- 36 and both 9- HPT and BBT 
scores tended to be stronger among highly disabled subjects (EDSS 
≥ 6) and those with a progressive disease course. In turn, MAM- 36 and 
HGS scores showed their strongest association in subjects with mild 
to moderate disability (EDSS ≤ 5), and in subjects with a relapsing– 
remitting disease course. However, even when examined according to 
these stratifications, correlations remained moderate at best.

Finally, using multiple linear regression, we looked at the rela-
tive contribution of the three objective measures in predicting sub-
jects' perception of their UL function. In line with our hypothesis, we 
demonstrated that combining the three measures can help improve 
the overall strength of the association between objective and PROM 
assessment of UL function. In particular, prediction is strongest when 
the 9- HPT and HGS measures are combined in a single model; this sug-
gests each of these measures contributes distinct information useful 

TA B L E  3  Predictive performance of upper limb measures over 
the MAM- 36 (Rasch) score

Measure R2 Adjusted R2 R

9- HPT 0.16 0.14 0.39

HGS 0.15 0.14 0.39

BBT 0.09 0.07 0.29

9- HPT + HGS 0.27 0.25 0.52

9- HPT + BBT 0.17 0.15 0.41

BBT + HGS 0.19 0.17 0.44

9- HPT + HGS + BBT 0.27 0.25 0.52

Note: Control variables are age, sex, and progressive disease course.
Abbreviations: 9- HP, Nine Hole Peg Test; BBT, Box and Block Test; 
HGS, Hand Grip Strength; MAM- 36, Manual Ability Measure- 36.
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for inferring subjects' UL functioning when managing with ADLs. It 
is worth noting that we also found a significant overlap between 9- 
HPT and BBT measures in predicting the MAM- 36, insofar that the 
combining these two measures does not seem to improve prediction 
over the use of 9- HPT alone. This is not surprising, knowing that the 9- 
HPT and BBT tend to show stronger associations than those observed 
when examining associations of the same measures with HGS [9].

A few studies reported in the literature [7, 16, 17, 26, 27] have 
analyzed the relationship between objective and subjective UL mea-
sures, even if using different correlation coefficients. Four studies [7, 
17, 26, 27] analyzed correlations between AMSQ and 9- HPT, report-
ing a coefficient ranging between 0.46 [18] and 0.82 [26], whereas a 
correlation of −0.67 has been reported between the AMSQ and HGS 
[17]. One study performed in a smaller sample, with higher mean 
age, disease duration, disability level, and percentage of SPMS than 
the present study, reported strong correlations between 9- HPT and 
HGS, and the MAM- 36 [16]. Correlations emerging from the litera-
ture appear to be generally higher than those reported in the pres-
ent study, which ranged from a minimum size of 0.24 (nondominant 
arm HGS) to a maximum of 0.35 (dominant arm BBT). The strongest 
correlation found stratifying the sample for EDSS and disease du-
ration was −0.50 for the mean 9- HPT in the progressive MS group.

The reasons for the weak correlation found between subjective 
and objective measures could be several. First, the MAM- 36 assesses 
overall manual ability in performing both unimanual and bimanual ac-
tivities and tasks, whereas the objective measures assess the hands 
separately without considering asymmetry between hands and a 
global score. Another possible explanation for the weak correlation 
could be related to the item scoring method of the MAM- 36, which 
is based on a 4- point Likert scale, and probably not ideal for capturing 
the range of difficulties encountered by the subjects. Therefore, to 
increase the strength of the correlation, subjective measures should 
be characterized by bimanual and unimanual subscores with a wider 
range of item responses. Furthermore, the objective tests should pro-
vide a global score corrected for asymmetry in the UL function.

The present study has strengths. First, recruited MS pa-
tients were assessed using three objective scales of UL function. 
Standardization training for administration of the scales among the 
assessors across centers likely minimized measurement bias, sup-
porting the reliability of the results. Moreover, an EDSS distribution 
with 50% of participants at >5.0 suggests the results of the study 
are also applicable to a population with a high level of disability. 
Nonetheless, the present study is not without limitations. The sam-
ple was recruited using a nonprobability, consecutive sampling ap-
proach; thus, caution should be applied in generalizing these results 
to the broader MS population. Furthermore, data were collected 
at a single point in time, limiting our ability to make causal infer-
ences. Finally, cognitive dysfunction may affect subjects' perception 
of their ability to perform activities of daily living, which could in-
fluence the correlation with objective measures. Therefore, future 
studies should consider the impact of cognitive function on PROM.

To conclude, the present study demonstrated a small associa-
tion between the MAM- 36 and 9- HPT, BBT, and HGS. However, 

9- HPT and BBT appear to provide a more valid assessment of UL 
functioning in ADL in subjects with higher levels of disability and 
a progressive disease course, whereas HGS appears to be valid in 
subjects with lower levels of disability and a relapsing– remitting dis-
ease course. Because they appear to provide largely independent 
information about UL functioning in performing ADL, combining 
the 9- HPT and HGS measures can improve the assessment of UL 
functioning in subjects with MS. Furthermore, the lack of a strong 
overlap between objective and subjective assessments of UL func-
tion highlights the need to include both to obtain a comprehensive 
assessment of UL function.

AUTHOR CONTRIBUTIONS
Claudio Solaro: Conceptualization, methodology, writing– original 
draft, writing– review & editing, supervision, project administra-
tion, funding acquisition. Rachele Di Giovanni: Investigation, 
writing– original draft, writing– review & editing. Erica Grange: 
Investigation, writing– original draft, writing– review & editing. 
Giampaolo Brichetto: Investigation, project administration. Margit 
Mueller: Investigation. Andrea Tacchino: Investigation, writing– 
review & editing. Rita Bertoni: Investigation. Francesco Patti: 
Investigation, project administration, writing– review & editing. 
Angelo Pappalardo: Investigation, writing– review & editing. Luca 
Prosperini: Investigation, project administration, writing– review & 
editing. Letizia Castelli: Investigation. Rosato Rosalba: Investigation, 
writing– review & editing. Davide Cattaneo: Investigation, project 
administration, formal analysis, writing– review & editing. Davide 
Marengo: Methodology, formal analysis, data curation, writing– 
original draft, writing– review & editing, visualization.

FUNDING INFORMATION
The study was supported by grant 2014/R20 from the Italian 
Multiple Sclerosis Foundation.

ACKNOWLEDG MENT
Open Access Funding provided by Universita degli Studi di Torino 
within the CRUI-CARE Agreement.

CONFLIC T OF INTERE S T
None.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.

ORCID
Claudio Solaro  https://orcid.org/0000-0002-6713-4623 
Rachele Di Giovanni  https://orcid.org/0000-0003-4723-9302 
Erica Grange  https://orcid.org/0000-0001-5114-9276 
Giampaolo Brichetto  https://orcid.org/0000-0003-2026-3572 
Andrea Tacchino  https://orcid.org/0000-0002-2263-7315 
Rita Bertoni  https://orcid.org/0000-0001-9533-5716 
Francesco Patti  https://orcid.org/0000-0002-6923-0846 

 14681331, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15560 by C

ochraneItalia, W
iley O

nline L
ibrary on [06/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-6713-4623
https://orcid.org/0000-0002-6713-4623
https://orcid.org/0000-0003-4723-9302
https://orcid.org/0000-0003-4723-9302
https://orcid.org/0000-0001-5114-9276
https://orcid.org/0000-0001-5114-9276
https://orcid.org/0000-0003-2026-3572
https://orcid.org/0000-0003-2026-3572
https://orcid.org/0000-0002-2263-7315
https://orcid.org/0000-0002-2263-7315
https://orcid.org/0000-0001-9533-5716
https://orcid.org/0000-0001-9533-5716
https://orcid.org/0000-0002-6923-0846
https://orcid.org/0000-0002-6923-0846


178  |     SOLARO et al.

Luca Prosperini  https://orcid.org/0000-0003-3237-6267 
Letizia Castelli  https://orcid.org/0000-0001-9455-3789 
Davide Cattaneo  https://orcid.org/0000-0003-4251-1856 
Davide Marengo  https://orcid.org/0000-0002-7107-0810 

R E FE R E N C E S
 1. McDonald I, Compston A. The symptoms and signs of multiple scle-

rosis. In: Compston A, Ebers G, Lassmann H, eds. McAlpine's multi-
ple sclerosis. 4th ed. Curchill Livingstone; 2006:287- 346.

 2. Johansson S, Ytterberg C, Claesson IM, et al. High concurrent 
presence of disability in multiple sclerosis. Associations with 
perceived health. J Neurol. 2007;254(6):767- 773. doi:10.1007/
s00415- 006- 0431- 5

 3. Holper L, Coenen M, Weise A, Stucki G, Cieza A, Kesselring J. 
Characterization of functioning in multiple sclerosis using the ICF. J 
Neurol. 2010;257(1):103- 113. doi:10.1007/s00415- 009- 5282- 4

 4. Lamers I, Feys P. Patient reported outcome measures of upper 
limb function in multiple sclerosis: a critical overview. Mult Scler. 
2018;24(14):1792- 1794. doi:10.1177/1352458518809294

 5. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an ex-
panded disability status scale (EDSS). Neurology. 1983;33(11):1444- 
1452. doi:10.1212/wnl.33.11.1444

 6. Feys P, Lamers I, Francis G, et al. The nine- hole peg test as a manual 
dexterity performance measure for multiple sclerosis. Mult Scler. 
2017;23(5):711- 720. doi:10.1177/1352458517690824

 7. Mathiowetz V, Volland G, Kashman N, Weber K. Adult norms 
for the box and block test of manual dexterity. Am J Occup Ther. 
1985;39(6):386- 391. doi:10.5014/ajot.39.6.386

 8. Mathiowetz V, Kashman N, Volland G, Weber K, Dowe M, Rogers S. 
Grip and pinch strength: normative data for adults. Arch Phys Med 
Rehabil. 1985;66(2):69- 74.

 9. Solaro C, Di Giovanni R, Grange E, et al. Box and block test, hand 
grip strength and nine- hole peg test: correlations between three 
upper limb objective measures in multiple sclerosis. Eur J Neurol. 
2020;27(12):2523- 2530. doi:10.1111/ene.14427

 10. Yeandle D, Rieckmann P, Giovannoni G, Alexandri N, Langdon 
D. Patient power revolution in multiple sclerosis: navigating 
the new frontier. Neurol Ther. 2018;7:179- 187. doi:10.1007/
s40120- 018- 0118- 8

 11. Solaro C, Di Giovanni R, Grange E, et al. Italian translation and psy-
chometric validation of the manual ability Measure- 36 (MAM- 36) 
and its correlation with an objective measure of upper limb func-
tion in patients with multiple sclerosis. Neurol Sci. 2020;41(6):1539- 
1546. doi:10.1007/s10072- 020- 04263- 2

 12. Barrett LE, Cano SJ, Zajicek JP, Hobart JC. Can the ABILHAND 
handle manual ability in MS? Mult Scler. 2013;19(6):806- 815. 
doi:10.1177/1352458512462919

 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(2):214- 222. 
doi:10.1177/1352458510385269

 14. Lamers I, Timmermans AA, Kerkhofs L, Severijns D, Van 
Wijmeersch B, Feys P. Self- reported use of the upper limbs related 
to clinical tests in persons with multiple sclerosis. Disabil Rehabil. 
2013;35(23):2016- 2020. doi:10.3109/09638288.2013.771703

 15. Mokkink LB, Knol DL, van der Linden FH, Sonder JM, D'hooghe 
M, BMJ U. The arm function in multiple sclerosis questionnaire 
(AMSQ): development and validation of a new tool using IRT meth-
ods. Disabil Rehabil. 2015;37(26):2445- 2451. doi:10.3109/0963828
8.2015.1027005

 16. Lamers I, Cattaneo D, Chen CC, Bertoni R, Van Wijmeersch B, 
Feys P. Associations of upper limb disability measures on different 

levels of the international classification of functioning, disability and 
health in people with multiple sclerosis. Phys Ther. 2015;95(1):65- 
75. doi:10.2522/ptj.20130588

 17. van Leeuwen LM, Mokkink LB, Kamm CP, et al. Measurement 
properties of the arm function in multiple sclerosis questionnaire 
(AMSQ): a study based on classical test theory. Disabil Rehabil. 
2017;39(20):2097- 2104. doi:10.1080/09638288.2016.1213898

 18. van Munster CE, D'Souza M, Steinheimer S, et al. Tasks of ac-
tivities of daily living (ADL) are more valuable than the classical 
neurological examination to assess upper extremity function and 
mobility in multiple sclerosis. Mult Scler. 2019;25(12):1673- 1681. 
doi:10.1177/1352458518796690

 19. Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis of multiple 
sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. 
2018;17(2):162- 173. doi:10.1016/S1474- 4422(17)30470- 2

 20. Folstein MF, Folstein SE, McHugh PR. "Mini- mental state". A 
practical method for grading the cognitive state of patients 
for the clinician. J Psychiatr Res. 1975;12(3):189- 198:189- 198. 
doi:10.1016/0022- 3956(75)90026- 6

 21. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power anal-
yses using G*power 3.1: tests for correlation and regression 
analyses. Behav Res Methods. 2009;41:1149- 1160. doi:10.3758/
BRM.41.4.1149

 22. Mukaka MM. Statistics corner: a guide to appropriate use of correla-
tion coefficient in medical research. Malawi Med J. 2012;24(3):69- 71.

 23. Kellor M, Frost J, Silberberg N, Iversen I, Cummings R. Hand 
strength and dexterity. Am J Occup Ther. 1971;25(2):77- 83.

 24. Polman CH, Rudick RA. The multiple sclerosis functional com-
posite: a clinically meaningful measure of disability. Neurology. 
2010;27(3):S8- S15. doi:10.1212/WNL.0b013e3181dbb571

 25. Breusch TS, Pagan AL. A Simple Test of Heteroskedasticity and Random 
Coefficient Variation, Econometrica 47. Wiley; 1979:1287- 1294.

 26. Steinheimer S, Wendel M, Vanbellingen T, et al. The arm function 
in multiple sclerosis questionnaire was successfully translated 
to German. J Hand Ther. 2018;31(1):137- 140.e1. doi:10.1016/j.
jht.2017.09.010

 27. Afshar S, Akbarfahimi N, Rassafiani M, et al. Validity and reli-
ability of Persian version of the arm function in multiple scle-
rosis questionnaire. Br J Occup Ther. 2021;85(2):130- 136. 
doi:10.1177/03080226211008710

 28. Chen CC, Kasven N, Karpatkin HI, Sylvester A. Hand strength 
and perceived manual ability among patients with multiple scle-
rosis. Arch Phys Med Rehabil. 2007;88(6):794- 797. doi:10.1016/j.
apmr.2007.03.010

 29. McGuigan C, Hutchinson M. Confirming the validity and re-
sponsiveness of the multiple sclerosis walking Scale- 12 (MSWS- 
12). Neurology. 2004;62(11):2103- 2105. doi:10.1212/01.
wnl.0000127604.84575.0d

 30. Kalron A, Ehling R, Baert I, et al. Improving our understanding 
of the most important items of the multiple sclerosis walking 
Scale- 12 indicating mobility dysfunction: secondary results from a 
RIMS multicenter study. Mult Scler Relat Disord. 2020;46:102511. 
doi:10.1016/j.msard.2020.102511

How to cite this article: Solaro C, Di Giovanni R, Grange E, 
et al. Correlation between patient- reported manual ability 
and three objective measures of upper limb function in 
people with multiple sclerosis. Eur J Neurol. 2023;30:172-
178. doi: 10.1111/ene.15560

 14681331, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15560 by C

ochraneItalia, W
iley O

nline L
ibrary on [06/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-3237-6267
https://orcid.org/0000-0003-3237-6267
https://orcid.org/0000-0001-9455-3789
https://orcid.org/0000-0001-9455-3789
https://orcid.org/0000-0003-4251-1856
https://orcid.org/0000-0003-4251-1856
https://orcid.org/0000-0002-7107-0810
https://orcid.org/0000-0002-7107-0810
https://doi.org//10.1007/s00415-006-0431-5
https://doi.org//10.1007/s00415-006-0431-5
https://doi.org//10.1007/s00415-009-5282-4
https://doi.org//10.1177/1352458518809294
https://doi.org//10.1212/wnl.33.11.1444
https://doi.org//10.1177/1352458517690824
https://doi.org//10.5014/ajot.39.6.386
https://doi.org//10.1111/ene.14427
https://doi.org//10.1007/s40120-018-0118-8
https://doi.org//10.1007/s40120-018-0118-8
https://doi.org//10.1007/s10072-020-04263-2
https://doi.org//10.1177/1352458512462919
https://doi.org//10.1177/1352458510385269
https://doi.org//10.3109/09638288.2013.771703
https://doi.org//10.3109/09638288.2015.1027005
https://doi.org//10.3109/09638288.2015.1027005
https://doi.org//10.2522/ptj.20130588
https://doi.org//10.1080/09638288.2016.1213898
https://doi.org//10.1177/1352458518796690
https://doi.org//10.1016/S1474-4422(17)30470-2
https://doi.org//10.1016/0022-3956(75)90026-6
https://doi.org//10.3758/BRM.41.4.1149
https://doi.org//10.3758/BRM.41.4.1149
https://doi.org//10.1212/WNL.0b013e3181dbb571
https://doi.org//10.1016/j.jht.2017.09.010
https://doi.org//10.1016/j.jht.2017.09.010
https://doi.org//10.1177/03080226211008710
https://doi.org//10.1016/j.apmr.2007.03.010
https://doi.org//10.1016/j.apmr.2007.03.010
https://doi.org//10.1212/01.wnl.0000127604.84575.0d
https://doi.org//10.1212/01.wnl.0000127604.84575.0d
https://doi.org//10.1016/j.msard.2020.102511
https://doi.org/10.1111/ene.15560

	Correlation between patient-reported manual ability and three objective measures of upper limb function in people with multiple sclerosis
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study design
	Instruments
	Objective measures
	Subjective measure

	Data analysis

	RESULTS
	Distribution of upper limb and manual ability measures
	Correlations between UL measures and self-reported manual ability
	Predictive performance of mean UL measures over the MAM-36 (Rasch) scores

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


