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Context 

Our study investigates the long-term effects of MS, specifically on the upper limb (UL). Upper 

limb dysfunction has a crucial role in the daily functioning of people with MS (PwMS). There 

have not been a lot of longitudinal studies regarding this topic, therefore we set up this study 

in collaboration with dr. Lamers as a follow-up to an already existing study conducted by her 

and her team 10 years ago. By recruiting patients from the original study, an update and 

follow-up to the study 10 years ago could be set up with accurate follow-up data and by using 

the same methods of testing and assessing patients.  

The objective of this study’s protocol is to research the long-term effect of MS on the upper 

limb as well as to investigate specific predictors regarding disability to possibly assist in the 

creation of rehabilitation programs. This information can be very useful to set specific goals 

for rehabilitation and switch focus on different aspects of the disease in individual cases. The 

original study divided patients into groups, separated based on EDSS scores. This caused the 

sample and results to be more adaptable to the general population as groups became more 

homogeneous. Another specific differentiation was made in the outcome measures, grouping 

them according to their significant ICF-level. By sorting outcome measures this way 

conclusions could be made regarding which patients were more impaired on certain levels 

than others. The current study includes outcome measures on every level of the ICF to 

investigate which level(s) suffer(s) the biggest decrease in scores according to their significant 

outcome measures and which outcome measures remain relatively stable after 10 years. 

The testing moments of this study were entirely conducted in the Noorderhart Rehabilitation 

and MS Center in Pelt, Belgium. As opposed to the original study, which was a multi-center 

study.  
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1. Abstract 

1.1 Background  A good upper limb (UL) function is crucial for daily functioning. There is a 

certain lack of studies regarding the longitudinal changes of UL functioning and predictors of 

upper limb disability on all ICF levels. Knowledge of these could help to better design specific 

rehabilitation programs tailored to individual patients and their goals.  

1.2 Objectives: The objective of the study was to investigate long-term effects of MS on the 

upper limb on the different levels of the ICF and to determine possible predictors of disability. 

1.3 Participants: 7 people participated in the study, they all had a form of Multiple Sclerosis 

with varying EDSS-scores. 

1.4 Measurements: Outcome measures on all levels of the ICF were conducted. On the Body 

functions and structures level the Visual Analog Scale (VAS), Motricity Index (MI), Hand grip 

Strength, Modified Ashworth Scale (MAS), Active Range of Motion (AROM) for wrist extension 

and the Roylan Monofilaments Test (RMT) were conducted. Next, on the Activity level the 

Guy’s Neurological Disability Scale (GNDS), Manual Ability Measure (MAM-36), Nine-Hole Peg 

Test (NHPT), Action Research Arm Test (ARAT) were completed by patients. Lastly, on the 

Participation level only the Community Integration Questionnaire (CIQ) was conducted. 

Additionally, the Hospital Anxiety and Depression Scale (HADS) and the Multiple Sclerosis Self-

Management scale-revised (MSSM-r) were used to assess possible influencing factors. 

1.5 Results: On group level, the mean CIQ score changed significantly compared to 10 years 

ago. A significant correlation between CIQ score and the MSSM-r was also found. Generally, 

all other outcome measures did not significantly change compared to baseline but 

individually, scores on the body structures and functions level decreased on almost all 

outcome measures. 

1.6 Conclusion: The self-management of MS has an impact on the participation level of the 

disease. On the body structures and functions level, scores generally decreased after 10 years, 

but not significantly. On the activities level, outcome measures do not tend to decrease in 

score. 

1.7 Keywords: Multiple Sclerosis; Upper Limb Dysfunction 
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2. Introduction 

Multiple Sclerosis (MS) is known as one of the most prevalent chronic inflammatory diseases 

of the central nervous system1. According to Green et al. (2017), the symptom that contributes 

the most to the perception of health is pain, followed by gait dysfunction and fatigue2. In 

addition, the influence of upper limb dysfunctions cannot be overlooked. About 66% of people 

with MS (PwMS) have significant upper limb motor impairments that affect their performance 

of daily life activities (ADL activities)3. 

MS causes impairments on the international classification of functioning, disability and health 

(ICF) body function and structure level, such as muscle weakness, impaired coordination, 

sensory dysfunction. These impairments lead to disability on ICF activity and participation 

level. A decline in manual dexterity is strongly associated with an overall deterioration of 

upper limb activity and a disuse of the upper limb during ADL activities in PwMS4. This decline 

of manual dexterity can be caused by a decrease in modularity and timing delay of activation 

in the wrist extensor muscles. In this research they also found that in advanced stages a 

decrease in modularity and timing delay of activation has been seen in the proximal muscles 

(anterior deltoid)4. On participation level, Cattaneo et al. (2017) described that pwMS may not 

always experience participation problems, and not in all domains of participation. The 

problems they experience are largely dependent on the severity of the disease.  PwMS with 

an EDSS >7 experience participation restrictions in all domains, while persons with mild 

involvement reported no or only mild participation restrictions at home. Overall participation 

limitations were found to be more correlated with cognitive deficits than with balance and 

gait limitations, while hand dexterity was predominantly associated with participation 

restriction in home activities5. 

Almost 10 years ago, Lamers  et al. (2015) and Bertoni et al. (2015) conducted a 

study  investigating  the associations of upper limb disability measures on different levels of 

the ICF in PwMS. The goal of their research  was quantifying the relationships among different 

ICF levels so it may help clinicians to enhance upper limb rehabilitation strategies for people 

with MS6,7. Lamers et al. (2015), concluded that upper limb muscle strength is the most 

important impairment affecting capacity and perceived performance in daily life. Bertoni et 

al. (2015) found that uni-/bilateral upper limb abnormalities increased with overall disability 

at all levels of the ICF. 
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As has been concluded by Lamers et al. (2015) upper limb muscle strength is an important 

parameter in upper limb rehabilitation. An earlier longitudinal study in upper limb function in 

MS concluded that baseline grip strength and Nine-Hole Peg Test (NHPT) scores are good 

predictors for the change in their scores over a 2 year period8. The results showed that grip 

strength and NHPT scores worsened by 20% in 2 years’ time. Newsome et al. (2019) also 

concluded that assessing hand dysfunction with a dynamometer and the NHPT could help 

improve the precision in detecting changes in hand function over time in PwMS8.  This 

information might give us an insight in how to predict the evolution of hand function, so we 

can adjust the rehabilitation strategies as optimally as possible.  

Another longitudinal study of Timmermans et al. (2020) investigated the evolution of hand 

function versus the evolution of walking capacity using the ARAT and NHPT. The results 

showed that only at a more advanced stage of the disease, patients start to experience 

progressive motor problems with their arm and hand function9. Timmermans et al. (2020) also 

reports that the NHPT changed significantly over 10 years’ time. This is in line with the findings 

of Newsome et al. (2019).  Up until now, there has been no exact research regarding the 

prediction of the evolution of  hand function. Test procedures, such as the NHPT, seem to have 

an important clinical value regarding this subject8,9.  

The first objective of our current study is to investigate long-term effects of MS on the upper 

limb on the different levels of the ICF. This study will be trying to add to these findings using 

different measurements and a categorization based on the ICF. Secondly, prediction of upper 

limb disability can be a tremendous breakthrough in physical therapy rehabilitation strategies. 

If it is possible  to predict the level of disability, then rehabilitation strategies can be adjusted 

when needed in order to have the best quality of life.   
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3. Methods 

3.1 Participants 

After getting permission from the METC to conduct the current study, the 50 subjects enrolled 

in the study of Lamers et al. (2015) and Bertoni et al. (2015)6,7 were contacted and asked 

whether they were willing to participate in this follow-up study. Patients were only contacted 

by phone at the Noorderhart rehabilitation and MS center in Pelt to secure the patients 

contact details. If the subject had a MS relapse or treatment for a relapse in the last month 

prior to the data collection they were excluded. Subjects were also excluded if they suffered 

from other severe neurological, cognitive, orthopedic or rheumatic conditions that could 

possibly interfere with conducting the outcome measurements. 

 

3.2 Study design  

For this study, a cross-sectional study design was chosen. Different outcome measures on the 

different levels of the ICF were performed in 1 test session of 1.5 hours each. First general 

information about the patient was asked. Then all descriptive outcome measures were 

conducted. Subsequently all the remaining  outcome measures were performed in a 

randomized order for both hands. All outcome measures were administered by the same 

investigator. To assess hand dominance of a person in everyday activities, the Edinburgh 

Handedness Inventory scale was used10.  

 

The following descriptive variables were collected: age, gender, height, weight, type of MS 

and disease duration. Furthermore EDSS scores administered by the treating neurologist were 

extracted from the medical record.  

 

3.3 Outcome measures 

Body functions and structures level. The Motricity index (MI) was used to assess overall upper 

limb strength (pinch grip, elbow flexion and shoulder abduction) 11. Average maximal isometric 

hand grip strength was measured with the Jamar handheld dynamometer, the average was 



9 
 

taken from 3 trials of maximal grip strength in a recommended arm position12. To determine 

the active range of motion (AROM) of wrist extension (in degrees), a goniometer was used. 

The axis of the goniometer was positioned perpendicular to the wrist joint (triquetrum). The 

fixed segment of the goniometer was aligned with the midline of the ulna, and the moving 

segment was aligned with the fifth metacarpal. The examiner stabilizes the proximal joint 

component and then carefully moves the distal component of the joint through its entire 

available range of motion until reaching the end feel13. In this study, the median score of 3 

trials was used. Tactile sensitivity was assessed with the Semmes-Weinstein monofilament 

Test14, it was measured in the fingertip of the thumb. Five monofilaments with varying 

diameters were used. Muscle spasticity in the upper limb (shoulder adductors, elbow flexors 

and wrist flexor muscles), was evaluated with the Modified Ashworth Scale15. A score of 0 (no 

increase in muscle tone) to 4 (affected part(s) rigid in flexion or extension) was given to each 

movement, the maximum achievable score was 15. The Fahn Tremor Rating Scale was used 

to assess the intention tremor during a finger to nose movement, it consists of a 5-point scale 

(0 meaning no tremor and 4 meaning severe amplitude) 16. Pain was measured using the Visual 

Analogue Scale (VAS). Worst and best pain scores were conducted using a grading system (0 

= no pain, 10 = worst pain).  

Activity level. Fine manual dexterity was assessed using the Nine Hole Peg Test (NHPT)17. 

Subjects took two trials to place and remove the 9 pegs from the board and their average 

score was taken. Their manual dexterity was calculated as pegs per second. The Action 

Research Arm Test (ARAT) was used to measure manual ability to handle various objects18, 

with an achievable score of 0-57 (low scores indicate lower levels of upper limb functioning). 

The Manual Ability Measure (MAM-36) was included as a measure of perceived performance, 

it inquires about 36 Activities of Daily Living (ADL tasks) and the subjects perceived difficulty 

with performing them. Participants were asked to rate these activities on a 4-point scale (4 

easy, 3 a little difficult, 2 very hard, 1 cannot be performed)19. Afterwards a total score was 

calculated and was converted into a Rash Score. 2 extra scales were added in comparison to 

the baseline study, namely the Multiple Sclerosis Self-Management scale-Revised (MSSM-R). 

It measures the healthcare provider relationship and communication, treatment 

adherence/barriers, social/family support, Multiple Sclerosis knowledge and information and 

health maintenance behavior. It consists of 24 items total, each scored on a 5-point scale (1 I 
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disagree completely to 5 I agree completely)20. The other is the Hospital Anxiety and 

Depression Scale (HADS), it measures the risk of possible anxiety or depressive disorders. The 

HADS is divided into two subscales, depression and anxiety. A score of more than 7 out of 21 

on one of these subscales indicates a possible disorder21. 

Participation level. The Community Integration Questionnaire was used to assess 3 levels of 

participation (home integration, social integration and productive activity), the questions in 

these 3 subdomains add up to a maximum achievable score of 29 (a high score indicates a high 

level of integration)22.  

 

3.4 Data Analysis 

Normal distribution of data was checked using one-way ANOVA. In case of normal distribution 

of the data mean ± standard deviation were reported. In case of a skewed distribution of the 

data median (interquartile range) was reported. A paired t-test or Wilcoxon signed rank test 

was used to assess longitudinal changes in response variables. To investigate correlation 

between influencing factors associated with upper limb and participation decline and 

outcome measures a univariate logistic model was used. All factors were entered in a 

multivariate logistic model, a pearson test was used to assess correlation or a spearman’s rho 

for nonparametric data. 𝘗-Values were deemed significant when they were smaller than 0.05 

and very significant at >0.01. A 7-point Likert Scale was used to measure patients self-

perceived change in general health and arm-hand function. 
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4. Results 

4.1 Recruitment 

Out of 50 participants of the study 10 years ago, only seven participated again. The other 

participants dropped out due to loss of contact details (n=5), inability to participate because 

of pain or disability (n=4), unwillingness to participate again without particular reason (n=18) 

or unresponsiveness to invitation by phone calls or emails (n=10). Six patients from the original 

study are also deceased. 

4.2 Patient characteristics 

Table 1 shows the patient characteristics for every single participant and a group mean for 

both moments. Currently the oldest person with MS included in the study was 71 years old, 

while the youngest was only 43 years old. Disease duration ranges from 12 to 40 years. Where 

the EDSS score of 4 out of 7 participants (pt. 2,3,4,5) remained stable, the scores of only 2 

patients (pt. 1,6) increased, and this with 2 points or more. Remarkably, the EDSS score of one 

participant (pt. 7) dropped by half a point after 10 years. All patients, except Pt. 7 progressed 

from relapsing-remitting MS to a secondary progressive form.
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Table 1: Patient baseline characteristics and demographics   
 Gender (F/M) Age (years)  EDSS  Hand dominance 

(R/L/A) 
Disease duration 
(years) 

Type of MS 
(RR/SP/PP) 

SDMT  Ambulation index 

 Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 
 

10 
years 
later 

Pt. 1 F F 59 69 4 6 R R 2 12 SP SP 32 46 2 4 

Pt. 2 F F 61 71 3 3 A R 30 40 SP SP 35 35 1 4 

Pt. 3 F  F 55 65 6.5 6.5 R R 25 35 SP SP 30 40 5 6 

Pt. 4 F F 38 48 8 8 R R 17 26 SP SP 15 12 9 9 

Pt. 5 M M 33 43 3 3 L L 8 18 RR SP 31 53 0 2 

Pt. 6 M M 58 67 3 6.5 R R 13 22 RR SP 26 31 1 2 

Pt . 7 F F 42 52 3 2.5 R R 9 19 RR RR 52 50 0 2 

Mean 5/2 5/2 49.42 ± 
11.44 

59.29 ± 
11.32 

3 (3/6.5) 5.07 ± 
2.19 

5/1/1 6/1/0 14.86 ± 
9.89 

25.80 ± 
9.23 

3/4/0 1/6/0 31.57 ± 
11.08 

38.14 ± 
13.97 

1 (0/5) 4.14 ± 
2.61 

Pt.: Patient F: Female; M: Male; EDSS: Expanded Disability Status Scale; R: Right; L: Left; A: Ambidextrous; MS: Multiple Sclerosis; RR: Relapsing-Remitting; SP: Secondary Progressive; PP: Primary Progressive; SMDT: 
Symbol Digit Modalities Test 
* Values presented are: mean standard deviation ±, median + interquartile range ( ) or total sum of values / / 
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4.3 Experimental Measures 

Tables 2, 3 and 4 show the scores on the different outcome measures for baseline and 10 

years later arranged according to the different levels of the ICF. Table 2 contains scores for 

general outcomes table 3 contains outcome measures specifically for the dominant hand and 

table  contains outcome measures for the non-dominant hand respectively. 

Four patients (pt. 3,5,6,7) scored the maximum score of 100 on the Motricity index with their 

dominant hand at baseline and their scores did not decrease compared to 10 years ago. At 

baseline, 5 out of 7 patients (Pt. 1,3,4,5,7) had a better grip strength with their dominant hand. 

10 years later only pt. 3 and pt. 5 have a better grip strength with their dominant hand 

compared with the non-dominant hand. Overall spasticity only slightly increased, with three 

participants (pt. 1,3,4) going from no spasticity in either hand to a slight increase in muscle 

tone (score 1) in one of both hands, the rest scored 0. Active Range Of Motion for wrist 

extension increased in all patients except for pt. 4, who lost 21-30 degrees of motion but 

follow-up data is missing for 3 of the participants (pt. 1,6,7). Follow-up data for the Roylan 

Monofilaments Test was also missing for 2 patients (pt. 6, 7). 3 out of the 5 remaining patients 

(pt. 2, 4, 5) kept their original scores for the RMT on the dominant hand. Only pt. 4 and 5 also 

kept their original score on the non-dominant hand. Lastly, VAS scores during the measuring 

moments changed drastically for 4 out of 7 participants (pt. 1,3,4,7), changing with a minimum 

of 6 compared to the previous testing moment. These drastic changes become very apparent 

in the graph (figure 5).  

On the activity level of the ICF we found no large changes in NHPT or ARAT (Table 6). The 

baseline mean NHPT score (pegs/sec) for the total group was 0.34 ± 0.16, dropping slightly to 

0.33 ± 0.16 after 10 years. ARAT score for the baseline total was 57 (55/57), median and 

interquartile range respectively. Looking at the specific trend lines (figure 1.1, 1.2) for the 

NHPT we see that mean pegs/sec did not increase for all patients after 10 years, because for 

some patients scores decreased, the mean score for the whole group remained relatively 

unchanged. Looking at the graphs for the ARAT (figure 2.1,2.2) we can see that the relatively 

small change in score after 10 years can be addressed to a ceiling effect being reached, as 

multiple patients achieved the maximum score of 57 for at least one of their hands (pt. 2,5,6,7)  

For the GNDS, data was missing for 3 patients (pt. 3,6,7), making it difficult to draw an overall 

conclusion. Therefore, this outcome measure is described in more detail in the individual case 
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results. The last test on the activity level is the MAM-36 (figure 6), mean score at baseline for 

the entire group was 69.07 ± 18.69, this dropped to 65.14 ± 20.12 

The only test at the participation level of the ICF was the CIQ (figure 7), mean scores dropped 

over the course of 10 years from 16.07 ± 5.43 to 12.71 ± 4.31. Only Pt. 1 improved in her CIQ 

score, all other CIQ scores decreased after 10 years. 

Table 5, 6 and 7 contain the results of the matched pairs test, this test was conducted to 

determine any significant changes in the overall scores on outcome measures. As for some 

tests follow-up or baseline data was missing, each time only all patients with scores for both 

baseline and follow-up were concluded in the analysis of a specific outcome measure (cf. 

AROM: n=4). The matched pairs test resulted in a significant change in scores on the Mobility 

GNDS, according to the Wilcoxon signed rank test. Scores for the CIQ also significantly changed 

when comparing baseline to 10 years later, but only according to the Wilcoxon signed rank 

test and not the paired t-test (both were conducted as the data for the CIQ was normally 

distributed). For all outcome measures specifically investigating the dominant or non-

dominant hand, no significant differences were found between baseline and 10 years later. 

To investigate possible influencing factors of disease evolution, the HADS and the MSSM-R 

were conducted (see Table 8). Both tests were only included in the current study so baseline 

test scores are unknown. Mean scores are 5 ± 3.70 and 6.86 ± 5.05 for the HADS subscales, 

scores above 7 suggest a possible anxiety or depression disorder. While mean scores are under 

7, there are four outliers when we look at individual scores, who score more than 7 on at least 

one subscale. The MSSM-r mean score is 76.34 ± 3.89 for the group total. After using a 

multivariate method to determine correlations between outcome measurements and the 

possibly influencing factors (Table 9), a significant pearson correlation was found between 

MSSM-r score and the CIQ score. This result suggests that self-management of MS might have 

an influence on community integration, respectively. No other significant correlations were 

found.  
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Table 2:  Scores on general outcome measures for individual patients 

 Body functions and structures 
Level 

Activity Level Participation Level 

 VAS current pain level GNDS-UL Total (0-10) GNDS-MOB Total (0-5) MAM-36 (0-100) CIQ Total (0-29) 

 Baseline 10 years later Baseline 10 years later Baseline 10 years later Baseline 10 years later Baseline 10 years later 

Pt. 1 7 1 6 9 5 4 76.5 50.5 11 12 

Pt. 2 3 2 8 4 5 4 51.5 57 19.5 10 

Pt. 3 0 8 / 5 / 4 60.5 64.5 17 15 
Pt. 4 8 2 9 6 4 3 44.5 37 9 8 

Pt. 5 0 0 4 0 4 2 72 73.5 21 13 

Pt. 6 0 0 0 / 4 2 100 100 12 10 

Pt. 7 0 6 0 / 4 2 78.5 73.5 23 21 

Pt.: Patient; VAS: Visual Analog Scale; GNDS: Guy’s Neurological Disability Scale; UL: Upper Limb; MOB: Mobility; MAM: Manual Ability Measure; HADS: Hospital Anxiety and Depression Scale; CIQ: Community 
Integration Questionnaire 
/ missing value for this outcome measure 
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Table 3:  Scores on outcome measures of individual patients for the dominant hand       

 Body functions and structures Level Activity Level 

 MI (0/100) Hand Grip Strength 
(kg.) 

MAS (0-4) AROM Wrist extension 
(degrees) 

RMT Thumb (1.65-
6.65) 

NHPT (seconds) NHPT (pegs/sec) ARAT Total (0-57) 

 Baseline 10 years 
later 

Baseline 10 years 
later 

Baseline 10 years 
later 

Baseline 10 years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Pt. 1 76 84 20.60 19.33 0 1 65 / 3.61 4.56 44.53 33.2 0.2 0.27 55 55 

Pt. 2 92 76 24.03 14.67 0 0 45 49.33 4.31 4.31 22.10 20.78 0.41 0.43 57 56 

Pt. 3 100 100 33.20 32.67 0 0 70 73.3 4.31 3.61 20.58 23.57 0.44 0.38 57 57 

Pt. 4 64 84 8.53 11 0 1 40 39.33 4.31 4.31 150.40 / 0.06 0 32 29 

Pt. 5 100 100 43.70 45.33 0 0 50 37.33 2.83 2.83 25.26 22.63 0.36 0.40 57 57 

Pt. 6 100 100 51.60 35 0 0 55 / 3.61 / 24.19 26.4 0.37 0.34 57 55 

Pt. 7 100 100 29.17 23.67 0 0 52 / 2.83 / 16.67 18.72 0.54 0.48 57 57 

Pt.: Patient; MI: Motricity Index; kg.: Kilograms; MAS: Modified Ashworth Scale; AROM: Active Range Of Motion; RMT: Roylan Monofilaments Test; NHPT: Nine-Hole Peg Test; ARAT: Action Research Arm Test;  
/ missing value for this outcome measure 
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Table 4:  Scores on outcome measures of individual patients for the non-dominant hand       

 Body functions and structures Level Activity Level 

 MI (0/100) Hand Grip Strength 
(kg.) 

MAS (0-4) AROM Wrist extension 
(degrees) 

RMT Thumb (1.65-
6.65) 

NHPT (seconds) NHPT (pegs/sec) ARAT Total (0-57) 

 Baseline 10 years 
later 

Baseline 10 years 
later 

Baseline 10 years 
later 

Baseline 10 years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Baseline 10 
years 
later 

Pt. 1 83 100 20.00 19.6 0 0 70 / 4.31 2.83 28.26 21.41 0.32 0.42 56 57 

Pt. 2 100 100 26.97 22.67 0 0 70 47.3 4.31 3.61 19.65 19.97 0.46 0.45 57 57 

Pt. 3 91 92 32.90 30.33 0 1 72 80 6.65 4.31 33.89 38.52 0.27 0.23 56 56 

Pt. 4 70 92 7.23 10.33 0 0 80 59 4.31 4.31 95.18 / 0.1 0.0 36 29 

Pt. 5 100 100 34.73 37.33 0 0 52 40.33 2.83 2.83 37.67 29.3 0.24 0.31 54 57 

Pt. 6 100 100 52.49 39.00 0 0 60 / 3.61 / 26.89 32.48 0.33 0.28 57 57 

Pt. 7 100 100 24.40 24.00 0 0 42 / 2.83 / 19.30 20.92 0.47 0.43 57 57 

Pt.: Patient; MI: Motricity Index; kg.: Kilograms; MAS: Modified Ashworth Scale; AROM: Active Range Of Motion; RMT: Roylan Monofilaments Test; NHPT: Nine-Hole Peg Test; ARAT: Action Research Arm Test;  
/ missing value for this outcome measure 
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Table 5: Changes in scores on general outcome measures after 10 years 

 Baseline After 10 years  Wilcoxon Signed Rank Test 
 

Paired t-Test 

Body functions and structures Level     

VAS Current pain level (0-10) (n=7) 0 (0/7) 2.71 ± 3.09 𝘗= 1.000  

Activity Level     

GNDS-UL Total (0-10) (n=4) 6.75 ± 2.22  4.75 ± 3.77 𝘗= 0.3750 𝘗= 0.3203 

GNDS-Mob Total (0-5) (n=6) 4 (4/5) 2.5 (2/4) 𝘗= 0.0313*  

MAM-36 (0-100) (n=7) 69.07 ± 18.69 65.14 ± 20.12 𝘗= 0.5625 𝘗= 0.3723 

Participation Level     

CIQ Total (0-29) (n=7) 16.07 ± 5.43 12.71 ± 4.31 𝘗= 0.0469* 𝘗= 0.0610 

n: number of patients; VAS: Visual Analog Scale; GNDS: Guy’s Neurological Disability Scale; UL: Upper Limb; Mob: Mobility; MAM: Manual Ability Measure; CIQ: Community Integration Questionnaire 
*: significant 𝘗-value → 𝘗 < 0.0500 

 

Table 6: Changes in scores on different outcome measures for the dominant hand after 10 years 

 Baseline After 10 years  Wilcoxon Signed Rank Test 
 

Paired t-Test 

Body functions and structures Level     

MI (0-100) (n= 7) 100 (76/100) 100 (84/100) 𝘗= 0.7500  
Hand Grip Strength (kg.) (n= 7) 30.12 ± 14.43 25.95 ± 12.26 𝘗= 0.2969 𝘗= 0.1594 

MAS (0-4) (n=7) 0 (0/0) 0 (0/1) 𝘗= 0.5000  

AROM Wrist Extension (degrees) (n = 4) 51.25 ± 13.15 49.82 ± 16.50 𝘗= 1.000 𝘗= 0.7386 

RMT Thumb (1.65 – 6.65) (n=5) 4.31 (3.22/4.31) 3.92 ± 0.71 𝘗= 1.000  

Activity Level     

NHPT (seconds) (n=6) 23.15 (19.60/13.07) 24.22 ± 5.11 𝘗= 1.000  

NHPT (pegs/sec) (n=7) 0.34 ± 0.16 0.33 ± 0.16 𝘗= 0.6875 𝘗= 0.5977 

ARAT Total (0-57) (n=7) 57 (55/57) 56 (55/57) 𝘗= 0.2500  

MI: Motricity Index; n: number of patients kg.: Kilograms; MAS: Modified Ashworth Scale; AROM: Active Range Of Motion; RMT: Roylan Monofilaments Test; NHPT: Nine-Hole Peg Test; ARAT: Action Research Arm 
Test 
*: significant 𝘗-value → 𝘗 < 0.0500 
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Table 7: Changes in scores on different outcome measures for the non-dominant hand after 10 years 

 Baseline After 10 years  Wilcoxon Signed Rank Test 
 

Paired t-Test 

Body functions and structures Level     

MI (0-100) (n= 7) 100 (83/100) 100 (92/100) 𝘗= 0.2500  
Hand Grip Strength (kg.) (n= 7) 28.39 ± 14.01 26.19 ± 10.14 𝘗= 0.4688 𝘗= 0.3409 

MAS (0-4) (n=7) 0 (0/0) 0 (0/0) 𝘗= 1.000  

AROM Wrist Extension (degrees) (n = 4) 63.25 ± 9.43 50.74 ± 20.11 𝘗= 0.2500 𝘗= 0.1877 

RMT Thumb (1.65 – 6.65) (n=5) 4.48 ± 1.37 3.63 ± 0.81 𝘗= 0.25000 𝘗= 0.1071 

Activity Level     

NHPT (seconds) 27.61 ± 7.04 27.1 ± 7.56 𝘗= 1.000 𝘗= 0.8398 

NHPT (pegs/sec) (n=7) 0.31 ± 0.13 0.30 ± 0.16 𝘗= 0.7500 𝘗= 0.7211 

ARAT Total (0-57) (n=7) 56 (54/57) 57 (56/57) 𝘗= 1.000  

MI: Motricity Index; n: number of patients kg.: Kilograms; MAS: Modified Ashworth Scale; AROM: Active Range Of Motion; RMT: Roylan Monofilaments Test; NHPT: Nine-Hole Peg Test; ARAT: Action Research Arm 
Test 
*: significant 𝘗-value → 𝘗 < 0.0500 

 

Table 8: Outcome measures regarding possible influencing factors of disease evolution 
 Pt. 1 Pt. 2  Pt. 3 Pt. 4 Pt. 5 Pt. 6 Pt. 7 Total 

Activity Level         
HADS Total Depression (0-21) 0 7 3 11 7 2 5 5 ± 3.70 
HADS Total Anxiety (0-21) 2 8 8 15 5 0 10 6.86 ± 5.05 
MSSM-R Total (0-100) 76.04 73.96 75 79.17 79.17 81.25 69.79 76.34 ± 3.89 

Pt.: Patient; HADS: Hospital Anxiety and Depression Scale; MSSM-R: Multiple Sclerosis Self-Management Scale-Revised 
*: Values presented are: mean standard deviation ±, median + interquartile range ( ) 
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Table 9: Correlation of possible influencing factors and outcome measures current study 

 HADS Depression HADS Anxiety MSSM-R 
 

Body functions and structures Level       
MI (n=7) R= -0.2714 𝘗= 0.5561 R= -0.2111 𝘗= 0.6496 R= 0.1809 𝘗= 0.6979 
Hand Grip Strength (n=7) R= -0.2977 𝘗= 0.5167 R= -0.5385 𝘗= 02124 R= 0.3209 𝘗= 0.4828 

MAS (n=7) R= 0.0000 𝘗= 1.000 R= 0.1595 𝘗= 0.7326 R= 0.2393 𝘗= 0.6053 

AROM Wrist Extension (n=4) R= -0.8401 𝘗= 0.1599 R= -0.1710 𝘗= 0.8290 R= -0.7012 𝘗= 0.2988 

RMT Thumb (n=5) R= -0.1385 𝘗= 0.8242 R= 0.1589 𝘗= 0.7986 R= -0.3967 𝘗= 0.5084 

VAS Current pain level (n=7) R= -0.0729 𝘗= 0.8766 R= 0.4452 𝘗= 0.3168 R= -0.6852 𝘗= 0.0893 

Activity Level       

GNDS-UL (n=5) R= -0.4601 𝘗= 0.4355 R= -0.0380 𝘗= 0.9516 R= -0.3121 𝘗= 0.6092 

GNDS-Mob (n=6) R= -0.1557 𝘗= 0.7389 R= 0.0778 𝘗= 0.8682 R= -0.3503 𝘗= 0.4411 

NHPT (n=7) R= -0.4157 𝘗= 0.3536 R= -0.4042 𝘗= 0.3685 R= -0.5263 𝘗= 0.2250 

ARAT (n=7) R= -0.0189 𝘗= 0.9680 R= 0.0566 𝘗= 0.9040 R= -0.5287 𝘗= 0.2225 

MAM-36 (n=7) R= -0.4449 𝘗= 0.3172 R= -0.6506 𝘗= 0.1135 R= 0.1816 𝘗= 0.6968 

Participation Level       

CIQ Total (n=7) R= -0.2720 𝘗= 0.5551 R= 0.0668 𝘗= 0.8869 R= -0.7616 𝘗= 0.0467* 

MI: Motricity Index; n: number of patients; MAS: Modified Ashworth Scale; AROM: Active Range Of Motion; RMT: Roylan Monofilaments Test; VAS: Visual Analog Scale; GNDS: Guy’s Neurological Disability 
Scale; UL: Upper Limb; Mob: Mobility; NHPT: Nine-Hole Peg Test; ARAT: Action Research Arm Test; MAM: Manual Ability Measure; CIQ: Community Integration Questionnaire 
*: significant 𝘗-value → 𝘗 < 0.0500 

 

Table 10: GRS: a 7-point Likert scale comparing overall arm-hand function with 10 years ago 

 Very much worse Much worse Minimally worse No change Minimally better Much better Very much better 

Pt. 1 X       

Pt. 2   X     

Pt. 3    X    

Pt. 4 X       

Pt. 5   X     

Pt. 6    X    

Pt. 7    X    

GRS: Global Rating Scale; Pt: Patient 
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Table 10: GRS: a 7-point Likert scale comparing overall general health with 10 years ago 

 Very much worse Much worse Minimally worse No change Minimally better Much better Very much better 

Pt. 1  X      

Pt. 2   X     

Pt. 3   X     

Pt. 4   X     

Pt. 5   X     

Pt. 6    X    

Pt. 7   X     

GRS: Global Rating Scale; Pt: Patient 
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4.4 Individual case results 

Patient 1. A female patient with the age of 69. This patient did not change in hand dominance 

or type of MS. Her disease duration at baseline was only 2 years where it has now been 12 

years since diagnosis, the shortest duration in the entire sample. EDSS score increased from 4 

to 6 meaning she now requires a walking aid where she did not 10 years ago. This corresponds 

with the ambulation index score which went up to a 4. Her motricity index score increased 

from 76 to 84 as compared to 10 years ago, mean pegs/sec also improved by 0.07 pegs/sec.  

This can be attributed to the VAS score which was 7 at baseline testing and 1 during the current 

tests but can’t be said for certain. ARAT score did not change, but there might be a ceiling 

effect as her score was 55 out of 57 at both moments of testing. MAM-36 score decreased by 

25 points, current difficult tasks include: carrying groceries, buttoning a shirt, opening 

medicines with child proof closures, and opening jars. These activities received a score of 0-1 

where they scored 4 at baseline. 

GRS overall arm-hand function: her test scores increased. This can be due to a VAS score of 1 

(at baseline she scored 7). Her objective test scores do not match with her GRS.  

GRS general health: EDSS went from 4 to 6. She now requires a walking aid. MAM scores 

decreased. ADL tasks such as carrying groceries, opening bottles and jars etc is more difficult. 

Her interpretation of her overall general health compared to 10 years ago feels much worse, 

but her objective measures did not as drastically decline as she pointed out. 

 

Patient 2. The oldest patient of the included sample at 71 years old. This patient had a longer 

disease duration than any of the other patients, having lived with the disease for 40 years 

since her diagnosis. In the 10 years since the baseline data, her EDSS score remained at 3. 

Where she was ambidextrous at baseline, she now favors her right hand. The outcome 

measures where she lost the most are the hand grip strength test, losing around 10 kgs of 

force in her dominant hand and the CIQ where she now scores a 10 compared to her previous 

score of 19.5. Her score for the NHPT with her dominant hand was 0.43 pegs/sec which is 

around the normative data for healthy females of 70-74 years of age, who score 0.44 

pegs/sec23. Her ARAT score with the dominant hand is 56 now, compared to 57 10 years later. 
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She scores a 7 on the Depression HADS and an 8 on the anxiety part, this suggests a possible 

depressive or anxiety disorder using the cut-off value of 7. 

GRS overall arm-hand function: In line with objective scores. Grip strength decreased lightly 

as well as NHPT and ARAT for her dominant hand 

GRS general health: Objective measures are in line with her GRS. EDSS score remained stable. 

Patient 3. Patient 3 is a female patient of 65 years old, with 6.5 she has the second highest 

EDSS score of the sample. She is also one of the 6 participants who currently have the 

secondary progressive form of MS. During baseline testing she had a VAS score of 0, but during 

the current testing she scored an 8 on this scale. Regardless, scores on outcome measures 

remained relatively unchanged after 10 years. She did score an 8 on the anxiety part of the 

HADS, 1 point above the cut-off of 7 for possible anxiety disorders. 

GRS overall arm-hand function: outcome measures remained relatively unchanged, this is in 

line with the GRS. 

GRS general health: EDSS score did not change compared to 10 years ago 

Patient 4. At 48 years old, she is the second youngest participant apart from patient 5. She 

has a disease duration of 26 years, meaning she was diagnosed at just 22 years old. With the 

average diagnosis being given between 20-40 years, she is at the younger end of this range1. 

Her EDSS score is the highest of the sample at 8/10. She is confined to a wheelchair which she 

requires to stay mobile, this also shows in her Ambulation index where she scores a 9. She has 

the lowest scores of all patients on the Hand grip strength test, CIQ, NHPT, ARAT and MAM-

36. The last of these 3 are outcome measures on the activity level of the ICF. Her HADS scores 

are also the highest of the sample, with 10 on the depression part and 15 on the anxiety part. 

GRS overall arm-hand function: According to her, arm-hand function feels very much worse 

compared to 10 years ago. While she was unable to complete certain tasks with her hands, 

objective outcome measures did not drastically change. 

GRS general health: EDSS did not change but is already high (8/10). She found her general 

health to have minimally worsened. 
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Patient 5. One of the only 2 male patients and coincidentally the youngest participant of the 

current study at 43 years old. From baseline his form of MS changed from relapsing-remitting 

to secondary progressive. Currently he has the best scores on hand grip strength and the 

Roylan Monofilaments test of the group. While he scores the maximum of 57 on the ARAT 

with both hands, his NHPT score is significantly less than the average for healthy males of his 

age23, his score being 0.40 pegs/sec and the average being 0.50 pegs/sec. On the Depression 

part of the HADS he scores a 7, this is right on the cut-off value. 

GRS overall arm-hand function: No self-perceived change in arm-hand function, objective 

measures remained relatively stable 

GRS general health: No self-perceived change, EDSS score did not change over the course of 

10 years. 

Patient 6. The other male patient of the group, he is 67 years of age and his MS type also 

changed from relapsing-remitting to secondary progressive in the last 10 years. His EDSS score 

increased from 3 to 6.5. While his right hand remained his dominant hand, his dominant hand 

grip strength decreased with 16.6 kgs and his non-dominant hand grip strength decreased 

with 12.49 kgs. He is the only patient who scored the maximum of 100 on the Manual Ability 

Measure, indicating that he has no difficulties in ADL activities. However, his score of only 10 

on the community integration questionnaire suggests difficulties on the participation level. He 

scored an 8 on the social integration subscale of the CIQ, but scored a 1 on both the home 

integration and the integration in productive activities subscales. 

GRS overall arm-hand function: No difficulties with ADL activities according to the MAM-36. 

GRS general health: EDSS score went from a 3 to a 6,5, objectively this also means that general 

health has worsened.  

Patient 7. Patient 7 is a female patient of 52 years old. Noteworthy is that her EDSS score is 

the only one that decreased. Rather than increase or remain stable it dropped from 3 to 2.5. 

After 10 years, she is the only remaining patient in the included sample with the relapsing-

remitting form of MS. His VAS score during testing increased from 0 at baseline to 6 during 

the tests 10 years later. His NHPT score with the dominant hand 0.48 pegs/sec was the best 

of the entire sample, this is relative as it does not take the different ages of the participants 
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into account. On the anxiety part of the HADS, he scored a 10 and he also had the lowest score 

on the MSSM-r of the sample. 

GRS overall arm-hand function: This patient did not perceive any change in arm-hand function, 

this can also be seen in the objective measures, which did not drastically change. 

GRS general health: EDSS score decreased compared to 10 years ago, this is not in line with 

the self-perceived change. 
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5. Discussion 

 

5.1 Research questions and results 

 

The objective of this study was to investigate long-term effects of MS on the upper limb on 

the different levels of the ICF. On group level, significant results were found for the GNDS-

mob and the CIQ meaning that scores changed significantly after 10 years when compared to 

baseline. In 10 years, 4 out of 7 patients (pt. 1,2,3,6) passed the age of 65 (the age of 

retirement in Belgium), this could partially explain the drop in CIQ score as going to work is a 

big part of the participation level of the ICF.  Regarding influencing factors, a significant 

correlation between scores on the MSSM-r and the CIQ was found. This suggests that the self-

management of one’s disease might have an influence on the participation level of the ICF. 

This outcome measure was not included at baseline so changes in self-management score 

could not be investigated. No other significant changes were found on group level. On the 

body structures and functions level most mean scores had visibly decreased after 10 years but 

no significant changes were found. On the activity level, the mean NHPT and mean ARAT 

scores even remained relatively unchanged. Due to the small sample size of the current study, 

individual case analyses were made for every patient. Individual results indicate that an 

increase of EDSS score has a negative influence on most outcome measures. The biggest effect 

is seen in the ambulation index, this can be explained by the fact that EDSS score is based 

partially on the mobility of a person. But the person with the highest score on the EDSS of the 

sample (pt. 4) also had the lowest scores on several outcome measures of the upper limb, 

including NHPT, ARAT and the MAM-36. This patient also had the highest score on both 

subscales of the HADS. Only one patient (pt.7) with relapsing-remitting MS was included in 

the sample, the others had a secondary progressive form. This patient did not only have the 

lowest EDSS score of the sample but also did not have any outcome measures that significantly 

decreased compared to 10 years ago. None of the patients changed their dominant hand after 

10 years, with only one person going from ambidextrous to favoring their right hand (pt. 2). 

However, several patients scored worse on some outcome measures with their dominant 

hand than with their non-dominant hand. Two participants (pt. 1, 4) had mild spasticity in their 

dominant hand and no spasticity in their non-dominant hand. Also two participants (pt. 1, 2) 
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scored better on the NHPT with their non-dominant hand. For the RMT sensibility test again 

two patients (pt. 1, 2) had a better score with their non-dominant hand.  

Results were meant to be used to help predict the extent of upper limb disability for the 

development of physical rehabilitation strategies. While the study provides interesting results, 

the sample size is too small to draw a general conclusion that can be adapted to the entire 

population. 

 

5.2 Research context 

 

The original concept for this study was to conduct a follow-up study to the study of Lamers et 

al. (2015) which was executed 10 years ago6. The original study had a cross-sectional design 

with 50 participants from Belgian origin. After recruitment for the current study only 7 of those 

50 patients remained. Due to the drastic decrease in participants, the design of a case series 

was chosen to adapt to the new sample size. The size of the current sample did not make it 

possible to divide patients into different groups (according to EDSS-score) to determine if 

another kind of evolution would be observed in patients in a more severe stage of MS. The 

individualized approach of a case series makes it difficult to come to any generalized 

conclusions as the group is too heterogeneous for this and the sample does not closely relate 

to the general population of PwMS. Newsome et al. (2019), who conducted a similar 

longitudinal study assessing decrease of hand function in PwMS, reported that half of their 

sample (n=84) had a 20% decrease in hand grip strength and 27/85 patients had a 20% 

decrease in NHPT score at follow-up (up to 5 years)8. On a group level, this study did not find 

such significant changes for these specific outcome measures. 

 

5.3 Limitations 

 

There was an already existing selection bias for the sample, as patients for the original study 

were only recruited in specific rehabilitation centers. All participants were invited for a testing 

moment of 1.5 hours, all testing’s were done by the same researcher. This is not the same 

researcher that tested all patients 10 years ago, which might have led to differences in the 

way patient performance was assessed. To minimize differences between the assessing of 

patients compared to 10 years ago, the first patient was assessed together with a researcher 
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of the original study. The same score forms from baseline were used 10 years later, 

standardized instructions were also used to have corresponding testing moments with 

baseline. As seen in the outcome measures and results, VAS scores which describe the pain 

level of a patient at the moment of testing, varied greatly for most participants when 

compared with their significant scores 10 years prior. This variance in pain levels could have 

influenced test performance negatively when VAS scores were higher than 10 years ago, or 

positively when this score is much lower than the previous time24,25. The same can be said 

about depression, the HADS was included to measure possible depressive symptoms as 

research has proven that these can negatively influence functional performance26. In contrast 

to the VAS scores, HADS scores cannot be compared to 10 years ago as this scale was not 

included in the previous study’s outcome measures. Another scale added to measure the 

possible influencing factors on functional outcomes is the MSSM-r, this scale assesses self-

management concerning MS. Regarding influencing factors, one factor that was not taken into 

account is possible changes in medication. Information about medication was only known 

about a few patients and was for this reason not included in the patient characteristics. 

Despite not being included in the results, a change in medication compared to 10 years ago 

could have had an effect on various outcome measures. 

 

5.4 Suggestions for future research  

 

Suggestions for future follow-up research would be to include more outcome measures 

describing influencing factors of disease evolution and trying to create a more homogeneous 

sample size. Setting up a study only including patients with a mild EDSS score could lead to 

conclusions more easily applicable to the general population. The possible effect of changes 

in medication could be taken into account in further longitudinal research to determine if 

there is an effect on outcome measures for the upper limb. The influence of depression, 

anxiety and self-management on individual case results suggests that a multidisciplinary 

approach of upper limb rehabilitation is necessary. This means that the inclusion of 

psychologists and occupational therapists in individual therapy programs could have a 

beneficial effect on at least the outcome measures on the participation level, as supported by 

the correlation between the MSSM-r and the CIQ scales. 
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6. Conclusion 

 

For the general population, results suggest that the self-management of MS has a significant 

effect on the participation of an individual. Over the course of 10 years, the mobility score and 

the community integration decreases significantly. On an individual basis, depressive and 

anxiety symptoms seem to have an influence on multiple outcome measures. Also the type of 

MS seems to matter, as the only patient with relapsing-remitting MS had the most unchanged 

outcome measures after 10 years. Influencing factors appear to have a significant effect on 

the evolution of the disease and should be investigated further. 
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