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IV. Abstract 
 

 

Introduction: Multiple sclerosis (MS) contributes to various signs and symptoms, particularly 

physical and cognitive impairments that negatively impact the quality of life. Previous studies 

found that motor impairment relates to mild cognitive impairment in some neurological diseases . 

The association between cognitive impairment and motor dysfunction in patients with MS was not 

addressed.  

Aim: To address the association between cognitive impairment (CI) and motor dysfunction (MD) 

among patients with MS. 

Methods: Sixty-eight patients with multiple sclerosis aged between (18 and 65 years) were 

included in this study to find the association between CI and MD. Cognitive impairment was 

assessed by using the Montreal Cognitive Assessment Scale. Motor dysfunction was assessed 

using the Handheld dynamometer for muscle strength, while postural balance, gait, and risk of fall 

have been assessed using Tinetti scale. Also, motor coordination was assessed in both upper and 

lower extremities through the Timed Rapid Alternating Movement for Upper Extremity and Timed 

Alternate Heel-to-Knee Test for lower extremity. 

Results: Significant association was found between cognitive impairment presented by MoCA 

score and the scores of motor coordination, balance, gait, and risk of fall (p < 0.005) except muscle 

strength. Also, MoCA has shown significant, but weak correlations with all gait parameters (step 

length, foot clearance, step symmetry, step continuity, path deviation, trunk sway, walk stance) (p 
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< 0.005) apart from gait initiation. Stepwise multiple linear regression showed that the risk of fall 

may be considered as a predictor of cognitive impairment among patients with multiple sclerosis.  

Conclusion: Overall, this study concludes that cognitive impairment is significantly associated 

with motor coordination, balance, gait, and risk of fall. Also, the risk of fall emerged as the best 

predictor of cognitive impairment among MS population.  

Keywords: multiple sclerosis, motor dysfunction, cognitive impairment 
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 الملخص 

 

يؤثر   ضعف الإدراك واختلال الحركة مما هايساهم التصلب العصبي في ظهور عدة علامات وأعراض مختلفة من :المقدمة

السابقة وجود علاقة بين الإختلال الحركي وضعف الإدراك  . أثبتت الدراسات سلباً على جودة الحياة لدى المرضى المصابين به

البسيط لدى المرضى المصابين ببعض الأمراض العصبية ولكن لم تثبت الدراسات حتى الآن وجود علاقة بينهما لدى مرضى 

 التصلب العصبي المتعدد. 

 ب العصبي المتعدد الإنتكاسي. لدراسة العلاقة بين ضعف الإدراك والإختلال الحركي لدى مرضى التصلأهداف البحث: 

مريض بالتصلب العصبي   68بين الضعف الإدراكي والإختلال الحركي لدى    الإرتباطدراسة مستقطعة لبحث  منهجية البحث:  

تقييم قوة العضلات   تمتقييم ضعف الإدراك باستخدام مقياس مونتريال لتقييم الإدراك، في حين    تمسنه.    65إلى    18المتعدد من عمر  

التناسق الحركي للأطراف   التوازن والمشي وخطر السقوط باستخدام مقياس تينتي، وتقييم  الدايناموميتر، تقييم  باستخدام جهاز 

 العلوية والسفلية.  

الإختلال  اختبار المونتريال و  والمتمثل في نتيجةضعف الإدراك  ذو أهمية إحصائية بين     أظهرت النتائج وجود ارتباطالنتائج:  

باستثناء اختبار قوة العضلات. كذلك أظهرت النتائج ارتباطات لكن   (p < 0.005)  الإختبارات الحركية  الحركي المتمثل بنتائج

باستثناء خاصية التردد عند بدء المشي والتي لم تظهر أي ارتباط.   (p < 0.005)ضعيفة بين اختبار المونتريال وخصائص المشي  

 ى مرضى التصلب العصبي المتعدد.بالإضافة أظهر الإنحدار الخطي المتعدد التدريجي خطر السقوط كمؤشر للضعف الإدراكي لد

الحركي والتوازن والمشي وخطر السقوط.   اسقهذه الدراسة إلى أن ضعف الإدراك مرتبط بشكل كبير بالتن  توصلت  الخلاصة:

 مرض التصلب العصبي المتعدد.ب المصابينخطر السقوط كأفضل مؤشر للضعف الإدراكي بين  ظهرأيضًا ، 

 صبي المتعدد، الإختلال الحركي، ضعف الإدراك الكلمات المفتاحية: التصلب الع

 

 

 



10 

 

 

V. List of Abbreviations 
 

 

MS Multiple Sclerosis 

CNS  Central Nervous System 

KSA Kingdom of Saudi Arabia 

RRMS Relapse Remitting Multiple Sclerosis 

SPMS Secondary Progressive Multiple Sclerosis 

PPMS Primary Progressive Multiple Sclerosis 

PRMS Progressive Relapsing Multiple Sclerosis 

CI Cognitive Impairment 

MI Motor Impairment 

QOL Quality of Life 

MMSE Mini-Mental State Examination 

MoCA Montreal Cognitive Assessment 

BICAMs a Brief International Assessment of Cognition for MS 

MACFIMS 90-min Minimal Assessment of Cognitive Function in MS 

UVB Ultraviolet B Radiation 

HHD Handheld dynamometry 

naMCI Non-amnestic MCI 

mdMCI Multi-domain MCI 

no-MCI Individuals without MCI 

APAs Anticipatory postural adjustments  

WHO World Health Organization 

POMA Tinetti Performance Oriented Mobility Assessment  

BPOMA Balance Performance Oriented Mobility Assessment 

GPOMA Gait Performance Oriented Mobility Assessment 

BBS Berg Balance Scale 

IRB Institutional Review Board  
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VI. Definition of Terms 
 

Executive Functioning: "A set of general-purpose control mechanisms, often linked to the 

prefrontal cortex of the brain, that regulate the dynamics of human cognition and action" (Miyake 

& Friedman, 2012). 

Attention:  "It is the taking possession by the mind in clear and vivid form of one out of what seem 

several simultaneous objects or trains of thought   "  (Posner, 1994). 

Visuospatial skills: “Ability in manipulating visual patterns, as indicated by level of difficulty 

and complexity in visual stimulus material that can be handled successful, without regard to the 

speed of task solution” (Lohman, 1979). 

Working memory: "The capacity to hold information briefly in memory while performing other 

mental operations on the information" (Mirsky, Fantie, & Tatman, 1995). 

Verbal fluency: "A cognitive function that facilitates information retrieval from memory " 

(Mapstone, 2005). 

Amnestic mild cognitive impairment (aMCI):  "The memory loss is predominant, and it 

is associated with high risk to further conversion to AD" (Grundman et al., 2004). 

Non-amnestic mild cognitive impairment (naMCI): "Individuals with naMCI have impairments 

in other domains than memory and have a higher risk to convert to other dementia forms such as 

diffuse Lewy body dementia" (Csukly et al., 2016). 

Anticipatory postural adjustments: "The activation of postural muscles in a feedforward manner 

before a voluntary movement begins, in anticipation of the destabilizing forces caused by the 

movement" (Woollacott, 2009). 
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Information processing: "The ability to maintain and manipulate information in the brain for 

short time period and to the speed with which one can process that information" (Guimarães & Sá, 

2012). 

Abstract/conceptual reasoning: "The ability of information analysis, detecting pattern and 

relation, and solving problems on complex level (Datta & Roy, 2015). 

Spatial orientation: "The process of integrating and interpreting sensory information to estimate 

one's orientation and self-motion" (Clark, Newman, Karmali, Oman, & Merfeld, 2019).  
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1. Introduction 

 

1.1 Background  

Multiple sclerosis (MS) is an inflammatory immune-mediated disease of the central nervous 

system (CNS) (Dobson & Giovannoni, 2019; Frohman, Racke, & Raine, 2006; Gelfand, 2014). It 

affects about 2.8 million people worldwide (Walton et al., 2020) and 40.4/100,000 at KSA in 2018 

(AlJumah et al., 2020). It is common in young adults and in females more than males 

approximately (3:1) in most developed countries (Dobson & Giovannoni, 2019).  

The pathological sign of MS is demyelinating plaques located in the grey and white matter of 

the brain and spinal cord that lead to neuronal demyelination (Karussis, 2014; Popescu, Pirko, & 

Lucchinetti, 2013). These plaques result when T cells enter the CNS and react with myelin 

antigens, leading to inflammatory demyelination, axonal loss, increase lymphocytes and 

macrophages infiltration, reduction of oligodendrocytes, and astrocytes proliferation and gliosis 

(Frohman et al., 2006; Huang, Chen, & Zhang, 2017).  

The course of MS is characterized by intermittent episodes of neurological dysfunction and 

vary into different forms such as Relapse-Remitting (RRMS), Secondary Progressive (SPMS), 

Primary Progressive (PPMS), and Progressive Relapsing (PRMS) (Dobson & Giovannoni, 2019; 

F. D. Lublin, 2005; Fred D. Lublin & Reingold, 1996). The neurodegenerative nature of the disease 

contributes to various signs and symptoms that are differ from patient to patient and result from 

sensory, motor, and autonomic dysfunctions (Doshi & Chataway, 2016; Huang et al., 2017).  

The clinical manifestations of MS may involve numbness, urinary/bowel problems, ataxia, 

tremor or dysmetria, vision disturbance, cognitive impairments (CI), and motor impairments (MI) 
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(Gelfand, 2014; Huang et al., 2017; Kurtzke, 1983). Motor and cognitive problems are the most 

common symptoms in patients with MS that negatively impact their quality of life (QOL) (Amato, 

Prestipino, & Bellinvia, 2019).  

Motor dysfunction is one of the most important primary symptoms in patients with MS 

resulting from demyelination of central nervous system (CNS) (Schapiro, 1994). These symptoms 

include mobility problems, muscle weakness, spasticity, incoordination, and balance dysfunction 

(Huang et al., 2017; Schapiro, 1994). Subsequently, about 41% of patients with MS have walking 

disturbances that increase the chance of the risk of fall (M. L. Finlayson, Peterson, & Cho, 2006) 

and affect their daily living (N. G. Larocca, 2011). Approximately, 45% of patients with MS may 

use assistive equipment among their lives, such as cane, crutches, walker, and wheelchairs to 

facilitate their mobility (M. Finlayson, Guglielmello, & Liefer, 2001).  

Cognitive impairment is another most common problem that may occur in patients with MS, 

its prevalence was ranged from 43% to 65% (S. M. Rao, G. J. Leo, L. Bernardin, & F. Unverzagt, 

1991). It varies in severity between mild to severe and often present in all types of MS (Bagert, 

Camplair, & Bourdette, 2002). Furthermore, the most affected domains are executive dysfunction, 

lack of attention, loss of memory, and slow information processing (Chiaravalloti & DeLuca, 

2008). Cognitive impairment may disturb social interactions, work participation and activity daily 

living in patients with MS (Schiavolin et al., 2013). Moreover, cognitive impairments in MS 

patients could be assessed by different instruments like Mini-Mental State Examination (Rao, 

2004), Montreal Cognitive Assessment (MoCA) (S. Freitas et al., 2018), a Brief International 

Assessment of Cognition for MS (BICAMS) (Sandra Freitas et al., 2018), and 90-min Minimal 

Assessment of Cognitive Function in MS (MACFIMS) (Sandra Freitas et al., 2018). In this study, 
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MoCA was used to assess the patients’ cognitive function, it is sensitive among patients with MS, 

easy to administer, and covers all domains of cognitive functions that we need to assess. 

 

1.2 Statement of the Problem  

Multiple sclerosis is one of the main factors that have been associated with cognitive impairment. 

(Bagert et al., 2002; Chiaravalloti & DeLuca, 2008; Rao, 2004). Previous studies found that motor 

impairment relates to mild cognitive impairment in some neurological diseases (Aggarwal, 

Wilson, Beck, Bienias, & Bennett, 2006; Franssen, Souren, Torossian, & Reisberg, 1999). 

According to the best of our knowledge, the association between cognitive impairment and motor 

dysfunction such as motor incoordination, poor balance, risk of fall, muscle weakness, and 

abnormal gait pattern in patients with MS was not addressed. 

 

1.3 Aim of the study 

To examine the association between cognitive impairment and motor dysfunction among patients 

with MS in Saudi Arabia.   

 

1.4 Research hypothesis 

There is a likelihood that cognitive impairment will be positively correlated with motor 

dysfunction in patient with MS.  
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1.5 Significance of the study  

Cognitive impairment may disturb motor function in patients with MS, thus understanding the 

association between them helps clinicians to develop their health care program and plan a 

beneficial intervention. Clinical assessment of cognitive functions helps to determine the site of 

impairment and its effect on physical abilities (Benedict et al., 2011; Macias Islas & Ciampi, 2019). 

For example, executive functions are highly relevant in daily activities as motor performance needs 

adequate attention, decision making, and visuospatial skills (Benedict et al., 2011; D'Orio et al., 

2012).   
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2. Literature Review 
 

 

2.1 Definition and Prevalence of Multiple Sclerosis 

Multiple sclerosis (MS) is an inflammatory immune-mediated disease targeting the central 

nervous system (CNS) (Dobson & Giovannoni, 2019; Frohman et al., 2006; Gelfand, 2014). It 

affects about 2.8 million people worldwide (Walton et al., 2020) and 40.4/100,000 in 2018 at KSA 

(AlJumah et al., 2020). It is common in young adults aged between 20 and 40 years (Koch-

Henriksen & Sorensen, 2010) and in females more than males approximately (3:1) in most 

developed countries (Dobson & Giovannoni, 2019).  

 

2.2 Aetiology  

The precise aetiology of multiple sclerosis is unknown (Bishop & Rumrill, 2015; Lassmann, 

2011). However, there are many risk factors like smoking, Vitamin D, Ultraviolet B radiation 

(UVB) exposure, and previous Epstein–Barr virus infection, in combination with genetic factors 

can play important roles in developing multiple sclerosis (Bishop & Rumrill, 2015; Dobson & 

Giovannoni, 2019). In addition, migrant studies shown that those who migrated to a high-risk area 

before the age of 15, obtain the risk of their new country, whilst those who migrated after age 15 

retained the risk of their previous country (Gale & Martyn, 1995; Ramagopalan & Sadovnick, 

2011).  
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2.3 Pathology 

The pathological hallmark of MS is focal demyelinating plaques in the grey and white matter 

of the brain and spinal cord that result in neuronal demyelination (Karussis, 2014; Popescu et al., 

2013). These plaques result when T cells enter the CNS and react with myelin antigens, leading to 

inflammatory demyelination, axonal loss, increase lymphocytes and macrophages infiltration, 

reduction of oligodendrocytes, and astrocytes proliferation and gliosis (Frohman et al., 2006; 

Huang et al., 2017). Clinically, the course of MS is characterized by intermittent episodes of 

neurological dysfunction and vary into different forms such as Relapse-Remitting (RRMS), 

Secondary Progressive (SPMS), Primary Progressive (PPMS), and Progressive Relapsing (PRMS) 

(Dobson & Giovannoni, 2019; F. D. Lublin, 2005; Fred D. Lublin & Reingold, 1996). The 

neurodegenerative nature of the disease contributes to various signs and symptoms that are quite 

variable from patient to patient and result from sensory, motor, and autonomic dysfunctions (Doshi 

& Chataway, 2016; Huang et al., 2017). The clinical manifestations of MS may involve numbness, 

urinary/bowel problems, ataxia, tremor or dysmetria, vision disturbance, cognitive impairments 

(CI), and motor dysfunction (MD) (Gelfand, 2014; Huang et al., 2017; Kurtzke, 1983). In 

particular, Physical and cognitive problems are the most common symptoms in patients with MS 

that negatively impact their quality of life (QOL) (Amato et al., 2019).  

 

2.4 Signs and Symptoms 

Multiple sclerosis is classified into four clinical subtypes: (a) relapsing remitting (RRMS), (b) 

secondary progressive (SPMS), (c) primary progressive (PPMS), and (d) progressive relapsing 

(PRMS) (Bishop & Rumrill, 2015). Specifically, RRMS is the most common type and 
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characterized by multiple attacks of neurological function’s deterioration followed by period of 

complete or incomplete recovery (F. D. Lublin, 2005). SPMS is characterized initially by the same 

course of RRMS followed by gradual progressive worsening of symptoms (F. D. Lublin, 2005). 

About 50% of RRMS patients develop SPMS after 10 to 15 years (Bishop & Rumrill, 2015; F. D. 

Lublin, 2005). PPMS affects about 10% of MS patients and characterized by the slow deterioration 

of neurological functions with no distinct attacks or recovery periods but occasional stability 

period and minor improvement (Bishop & Rumrill, 2015; F. D. Lublin, 2005). PRMS is 

comparatively rare, affecting about 6% of MS patients and characterized by a steady progression 

of the disease from onset with frequent exacerbation of symptoms (Bishop & Rumrill, 2015; F. D. 

Lublin, 2005).  

The symptoms of MS differ noticeably between patients and depends on the site and size of 

lesions in the CNS (Gelfand, 2014). Further, the most frequent manifestations of MS affect 

sensory, motor, brain stem, cerebellar, and autonomic functions (Bishop & Rumrill, 2015; F. D. 

Lublin, 2005). For example, sensory dysfunction may appear as a tingling sensation, painful 

burning sensation, numbness, reduced sensation, or even loss of sensation (Files, Jausurawong, 

Katrajian, & Danoff, 2015). Moreover, bladder dysfunction accounts more than 90 percent of MS 

patients and incontinence episodes occur in one-third of them and affect their social life (Files et 

al., 2015). Also, the brain stem is usually affected and its most common manifestations include: 

vertigo (cranial nerve VIII), double vision (cranial nerves III, IV, VI), facial weakness (cranial 

nerve VII), and bulbar symptoms like dysphagia, dysarthria, and tongue paresis (cranial nerves IX, 

X, XII) (Gelfand, 2014).  

Patients with MS commonly exhibit symptoms like (dysmetria, dysdiadochokinesia, tremor, 

ataxic gait, and nystagmus) as a result of cerebellar dysfunction (Gelfand, 2014). Although 
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symptoms like mobility problems, muscle weakness, spasticity, incoordination, and balance 

dysfunction affect patients with MS at some point in the disease course as a result of motor 

impairment (Huang et al., 2017; Schapiro, 1994). In addition to the physical impairments, MS 

patients often experience cognitive decline which negatively affect their social life and 

employment status (Bishop & Rumrill, 2015; D'Orio et al., 2012).  

 

2.5 Motor Dysfunction 

In patients with multiple sclerosis, motor impairments have a wide array of symptoms like 

muscle weakness, incoordination, tremor, and spasticity that negatively impact their daily life 

(Heremans, D'Hooge A, De Bondt, Helsen, & Feys, 2012; Johansson et al., 2007; Schapiro, 1994). 

Particularly, muscle weakness is considered as the most prevalent complaint among MS patients 

and influences their endurance, functional capacity, and quality of life (QOL) (Kent-Braun et al., 

1997). Moreover, it’s estimated that muscle weakness occurs in approximately 42% of MS patients 

at the onset of the disease and rise about 88% during the course of the disease (F. D. Lublin, 2005). 

Further, muscle weakness in MS resulting from corticospinal tract involvement or due to general 

deconditioning (Al Wutayd, Mohamed, Saeedi, Al Otaibi, & Al Jumah, 2018; Gelfand, 2014). 

Therefore, it’s often appear along with other signs of upper motor neuron lesion like a positive 

Babinski sign, hyperreflexia, and hypertonicity (Gelfand, 2014). 

 

2.5.1 Muscle Weakness 

Up to 89% of patients with multiple sclerosis have muscle weakness that is more pronounced 

in the lower extremities than the upper extremities (Chung, 2015; Hoang, Gandevia, & Herbert, 

2014; Swingler & Compston, 1992). It can occur in any disease stage and associated with the 
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disease progression regardless the type of MS (Hoang et al., 2014). Moreover, decreased muscle 

strength can be attributed to corticospinal tract lesions (Reich et al., 2008), or volume loss of the 

brain, brain stem or spinal cord (D. H. Miller, Barkhof, Frank, Parker, & Thompson, 2002). In 

addition, reduced motor unit firing rates could play a primary role in skeletal muscle characteristics 

changes (Alon Kalron, Achiron, & Dvir, 2011).  

 

2.5.1.1  Muscle Strength Assessment 

2.5.1.1.1 Handheld dynamometry (HHD)  

It is an instrument that widely used to assess muscle strength for both clinical and research 

settings (Schwartz, Cohen, Herbison, & Shah, 1992). In terms of psychometric properties, test-

retest reliability was good to excellent and statistically significant in patients with MS for both 

weaker and stronger sides (ICCs = 0.81–0.96, 0.83–0.97), respectively (Mañago, Hebert, & 

Schenkman, 2017). While, inter-rater reliability was very good for upper limbs ranged from 0.85 

to 0.95 and poor for lower limbs ranged from (-0.20 to 0.96) (Agre et al., 1987). In contrast, the 

interrater reliability of HHD was good in neurological patients ranging from 0.84 to 0.94 (R. W. 

Bohannon, 1986). Furthermore, the discriminative validity of HHD was proved by significant 

difference between MS group and healthy control group for all muscle groups (P < 0.001–0.003) 

(Mañago et al., 2017).  

 

2.5.1.1.2  Handgrip Dynamometry (HGD) 

The interclass correlation coefficient (ICC) of HGD was .98 for both interrater and test-retest 

reliabilities (Lamers, Kelchtermans, Baert, & Feys, 2014; Paltamaa, West, Sarasoja, Wikström, & 
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Mälkiä, 2005).  Also, it has a significant but low correlation with the Manual Ability Measure 

(MAM-36) (ρ = .36 (Rt-grip), ρ = .33 (Lt-grip)) (Chen, Kasven, Karpatkin, & Sylvester, 2007) and 

(ρ = -.33) with Tremor Severity Scale (TSS) (Alusi, Worthington, Glickman, & Bain, 2001). 

Specifically, several studies reported that there was association between handgrip strength and 

physical fitness, length of hospital stay (Kerr et al., 2006; Roberts, Syddall, Cooper, & Aihie Sayer, 

2012; Shyam Kumar et al., 2013), functional limitations (Morey, Pieper, & Cornoni-Huntley, 

1998), and morbidity and mortality rates (Celis-Morales et al., 2017; Celis-Morales et al., 2018; 

Morey et al., 1998). Moreover, a significant association between handgrip strength and knee 

extensors strength and back strength in healthy women (Wang, Leger, & Dumas, 2005). In 

addition, the strength of handgrip found to be a useful tool to predict the overall muscular strength 

and endurance either for healthy people or with special populations (Trosclair et al., 2011; Wind, 

Takken, Helders, & Engelbert, 2010). 

 

2.5.2 Motor Incoordination 

It is defined as the ability to execute smooth, efficient, controlled, and accurate movements 

(Byl, 2002). Incoordination occurs in about 80% of MS patient during the disease course which 

increases the risk of disability and worse prognosis (F. D. Lublin, 2005; Mills, Yap, & Young, 

2007; Wilkins, 2017). It occurs primarily as a result of lesions within the cerebellum or in its 

connections such as proprioceptive afferent inputs (Wilkins, 2017). Moreover, the cerebellum is 

connected to the cortical areas by cortico-ponto-cerebellar or cerebello-thalamo-cortical tracts 

which are the main cerebellar pathways responsible for movement coordination (Bergman & Afifi, 

2005; Grothe, Lotze, Langner, & Dressel, 2017). Along with the motor function of the cerebellum, 

recent studies shown a critical role of cerebellum in cognitive processing such as working memory, 
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verbal fluency, and attention (D'Ambrosio et al., 2017; Grothe et al., 2017; Middleton & Strick, 

1994; Ruet et al., 2014). Additionally, the presence of cerebellar motor signs is associated with the 

severity of cognitive decline in MS patients (Valentino et al., 2009).  

 

2.5.2.1  Coordination Assessment 

2.5.2.1.1 Timed Alternate Heel-to-Knee Test 

Coordination test is considered as a standard part of the neurological examination (Lanzino, 

Rabinstein, et al., 2012; Rogers, 1988). Movement coordination can be evaluated by assessing the 

speed and quality of movement or a combination of both (Desrosiers, Rochette, & Corriveau, 2005; 

Lanzino, Rabinstein, et al., 2012).  It has an excellent agreement among raters (mean kappa > 

0.8038 or ICC > 0.9039) (Lanzino, Rabinstein, et al., 2012). It can be used as a valid and reliable 

coordination test in acute patient with CNS pathology as it can discriminate incoordination from 

normal performance (Lanzino, Rabinstein, et al., 2012).  

 

2.5.2.1.2 Timed Rapid Alternating Movement for Upper Extremity 

Rapid alternating movement is considered as a coordination test for upper extremity and 

frequently used clinically among practitioners (Andrews, Folger, Norbet, & Swift, 2008). It has 

shown fair to moderate intrarater and inter rater reliabilities (κ = 0.47–0.59; κ = 0.33–0.58, 

respectively) (Alusi, Worthington, Glickman, Findley, & Bain, 2000). Moreover, timed rapid 

alternating movement had moderate (mean kappa > 0.60) or good (mean ICC > 0.75) levels of 

agreement, and differentiate impaired from unimpaired movements (Lanzino, Rabinstein, et al., 
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2012). In acute patients with CNS pathology, it can be utilized as a valid and reliable coordination 

measure (Lanzino, Rabinstein, et al., 2012). Rycroft (2019) found that individuals with non-

amnestic MCI (naMCI) or multi-domain MCI (mdMCI) showed poorer hands pronation-

supination test compared to individuals without MCI (no-MCI) (Rycroft et al., 2019).  

 

2.5.3 Balance Impairment 

Balance is defined as “the ability to maintain the body’s center of mass over its base of 

support” (Vander Linden, 1996). It mainly requires a coordination of 3 sensorimotor systems that 

include proprioception, Vision, and vestibular apparatus (Speers, Kuo, & Horak, 2002; Stevens, 

Goodman, Rough, & Kraft, 2013). These integrated systems can be interrupted by the 

demyelinating process of MS disease leading to balance deficits (Stevens et al., 2013). In 

comparison with healthy control, MS patients demonstrate slowed and declined anticipatory 

postural adjustments (APAs) plus increased sway variability (Krishnan, Kanekar, & Aruin, 2012; 

Stevens et al., 2013).  

 

2.5.4 Gait Impairment 

The WHO/International Classification of Disability, Functioning, and Health defines walking 

as ‘‘moving along a surface on foot, step by step, so that one foot is always on the ground, such as 

when strolling, sauntering, walking forwards, backwards, or sideways’’(N. Larocca, 2011; 

"WHO/International Classification of Functioning: Walking,"). Gait pattern functions are defined 

as ‘‘movement patterns associated with walking, running or other whole body movements,’’ and 

gait impairments may include ‘‘spastic gait, hemiplegic gait, paraplegic gait, asymmetric gait, 
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limping, and stiff gait pattern’’ (N. Larocca, 2011; "WHO/International Classification of 

Functioning: Walking,"). Gait abnormalities are common among MS patients and their 

characteristics depend on the site of lesions within the CNS (Stevens et al., 2013). For example, 

reduce step length, reduce cadence, reduce joints movement and increase changes in gait 

parameters (Stevens et al., 2013) that negatively impact their quality of life (Zwibel, 2009). 

Moreover, individuals with MS increase the variability of gait and reduce their walking velocity 

when they perform cognitive tasks while walking compared with healthy controls (Hamilton et al., 

2009). On the other hand, about 50% of MS patients require an assistive device with walking 

within 15 years of disease onset (Myhr et al., 2001; Weinshenker et al., 1989).  

 

2.5.5 Risk of Fall 

MS patients vary at high risk of fall with an incidence between 31% to 63% over a period 

between 3 to 6 months (M. L. Finlayson et al., 2006; Matsuda et al., 2011; Nilsagard, Lundholm, 

Denison, & Gunnarsson, 2009). Further, many factors related to an increased fall risk in the MS 

population like gait abnormalities (Nilsagard, Denison, Gunnarsson, & Bostrom, 2009; Nilsagard, 

Lundholm, et al., 2009), proprioception impairment (Nilsagard, Denison, et al., 2009), diminished 

balance (M. L. Finlayson et al., 2006; Matsuda et al., 2011; Sosnoff et al., 2011), use of an assistive 

device, spasticity, vision problems, low endurance of muscles, fatigue, and heat sensitivity 

(Nilsagard, Denison, et al., 2009). Moreover, osteoporosis and fear of falling are associated with 

increase fall-related injury specially to individuals aged 55 years and older (Peterson, Cho, von 

Koch, & Finlayson, 2008). In addition, cognitive problems like forgetfulness and poor 

concentration are associated with frequent falls in MS patients (M. L. Finlayson et al., 2006; 

Nilsagard, Denison, et al., 2009).  
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2.5.5.1 Balance, Gait, and Risk of Fall Assessment 

2.5.5.1.1 Tinetti Performance Oriented Mobility Assessment (POMA)  

It is a performance-based measure and composed of two subscales: Balance (BPOMA) 

and gait (GPOMA) (Hayes & Johnson, 2003) (Appendix A). The test-retest reliability for 

POMA varied between (.72 and .86) and the inter-rater reliability varied between (.80 and 

.93) in elderly people (Raiche, Hebert, Prince, & Corriveau, 2000) and shown excellent 

reliability in multiple sclerosis individuals (ICC > 0,936 ) (Besios, Nikolaos, Vassilios, & 

Giorgos, 2019). In terms of concurrent validity, GPOMA has a moderate correlation with the 

9-item Physical Performance Test and high correlation of BPOMA with the Berg Balance 

Scale (BBS) (Hayes & Johnson, 2003). In addition, GPOMA shown a moderate correlation 

with Gait Assessment and Intervention Tool (GAIT) (r = .62) in people with multiple sclerosis 

(Gor-García-Fogeda, Cano-de-la-Cuerda, Daly, & Molina-Rueda, 2021). 

 

2.5.6 Spasticity 

2.5.6.1 Modified Ashworth Scale (MAS) 

It is the most common scale to examine spasticity and widely applied in the clinical field 

(Balci, 2018). It is easy to use, and does not require equipment to apply it (Balci, 2018; Richard 

W. Bohannon & Smith, 1987). The inter-rater reliability of MAS was agreed on 86.7%  between 

assessors and  Kendall's tau correlation between two experienced raters was 0.847 (p < .001) 

(Richard W. Bohannon & Smith, 1987). While Intrarater reliability was 58% agreement (ρ = 0.821; 

τ = 0.739; κ 0.422) in head injury patients (S. C. Allison, Abraham, & Petersen, 1996). 

Furthermore, MAS shown good internal consistency (Cronbach’s alpha: 0.78) but poor intrarater 

reliability (ICC: 0.49) (Rasova, Martinkova, Vyskotova, & Sedova, 2012). In contrast, Inter-rater 
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and intrarater reliability were found fair to moderate with lower limbs in MS patients (κ = 0.360 

and 0.488, respectively), and good to moderate for upper limbs (κ = 0.625 and 0.593, respectively) 

(Ansari, Naghdi, Arab, & Jalaie, 2008). In addition, MAS is very sensitive to changes after 

treatment (p < .001) (Rasova et al., 2012) (Appendix B).  

 

2.6 Cognitive Impairment 

Cognitive deficit is a common manifestation of multiple sclerosis, with a prevalence rate of 

up to 65% (Chiaravalloti & DeLuca, 2008; Piras et al., 2003; Rao, 2004; Stephen M Rao, Gary J 

Leo, Linda Bernardin, & Frederick Unverzagt, 1991). Cognitive impairment has been found across 

the disease courses either at earlier or later stages and can range from mild to severe impairment 

(Chiaravalloti & DeLuca, 2008; Rao, 2004). In particular, the main domains of cognitive functions 

that often affected adversely by MS include attention, executive functioning, information 

processing, visuospatial skill, abstract/conceptual reasoning and memory (Chiaravalloti & 

DeLuca, 2008; Rao, 2004). Whereas, cognitive domains that are not usually impaired by MS are 

essential verbal skills (e.g. word naming), simple attention (e.g. repeating digits) (Stephen M Rao 

et al., 1991), and general intelligence (Macniven et al., 2008).  

 

2.6.1 Cognitive Function Assessment 

2.6.1.1 The Montreal Cognitive Assessment (MoCA) 

The MoCA is a screening instrument that mainly used in both clinical and research settings 

to evaluate a wide range of cognitive functions like: executive functions, short-term memory, 

visuospatial abilities, attention, concentration and working memory, language, and temporal and 

spatial orientations (Charvet et al., 2015; Sandra Freitas et al., 2018) (Appendix C). In comparison 
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with Mini-Mental State Exam, MoCA assesses more cognitive domains and more sensitive in 

detecting mild cognitive impairment about 90% while that of MMSE is 18% (Charvet et al., 2015). 

In terms of psychometric properties, a significant correlation coefficient between the MoCA total 

scores and the scores in the neuropsychological battery assessment instruments ranging between 

0.31 and 0.62 (p <0.01) in the MS group (Sandra Freitas et al., 2018). The internal consistency of 

the MoCA was found a Cronbach’s a of 0.61 for the MS group (Sandra Freitas et al., 2018). In 

addition, the domain-specific subscores of MoCA have a moderate to strong correlation with 

respective domain-specific criterion standards in which memory subscore demonstrated the 

highest correlation (r = 0.73, p >   .001), while the language was shown the lowest (r = 0.42, p >   
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3. Methods 
 

3.1 Study design 

A cross-sectional study 

 

3.2 Participants 

       A total of 68 MS patients of both genders was recruited in this study. The sample size was 

estimated based on the rule of thumb N > 104 + m (where m is the number of independent 

variables) (Green, 1991) and 20-30% was added to the total for an anticipation of the drop out. 

The inclusion criteria were adults’ participants aged between (18 and 65) of both genders, 

confirmed diagnosis of MS, not having receptive, expressive, or global aphasia, able to read and 

write, and able to walk with or without assistive devices. Patients with communication difficulties, 

muscle weakness less than (grade 3) in manual muscle testing, spasticity equal or more than (grade 

3) according to Modified Ashworth Scale (MAS), vision and hearing problems, patients who have 

severe cognitive impairment (score less than 10) based on the MoCA total score, other neurological 

diseases rather than MS, and individuals with a history of psychiatric illness were excluded from 

this study.  

 

3.3 Ethical Considerations 

Ethical approvals were obtained from the Health Sciences Institutional Review Board (IRB) 

at King Saud University and Sultan Bin Abdulaziz Humanitarian City in Riyadh. A consent form 

was filled by the participant (Appendix D). The examiner completed training and certification 

program as well as permission was taken to administer and score MoCA scale (Appendix E). 
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3.4 Data collection method 

The data were collected by a trained physical therapist after ethical approvals taken from the 

Health Sciences Institutional Review Board (IRB) at King Saud University and Sultan Bin 

Abdulaziz Humanitarian City. In addition, some participants were recruited through advertisement 

in the social media. The screening sheet was used for eligibility and to gather participants’ 

demographic data either from their medical profile or directly from the participants. It includes 

participants’ current age, gender, age at onset of symptoms, disease duration, and the ability to 

walk with or without assistive devices (Appendix F). 

 

3.5 Outcome measures 

3.5.1 Montreal Cognitive Assessment (MoCA) 

MoCA is a brief, quick test, can be administered within 5 to 10 minutes and has a universal 

cut-off point of 26 to determine cognitive impairment. (Charvet et al., 2015; Dagenais et al., 2013). 

The eight domains of this test assess executive functions involve: alternating trial making task (1 

point), verbal fluency task (2 points), and verbal abstracting task (2 points), short-term memory 

domains consist of: two trials of five words learning and recall them after about 5 minutes, 

visuospatial abilities include: drawing a clock (3 points) and copying a cube (1 point), language 

domain covers 3 items: naming (3 points), repetition of 2 sentences (2 points), and verbal fluency 

(1 point), attention comprises 3 items: read the list of digits forward and backward (2 points), a 

serial subtraction (3 points), and vigilance (1 point), abstraction domain (2 points), and orientation 

to time and place (6 points) (Charvet et al., 2015). In this study the Arabic version of MoCA was 

used by a trained and certified examiner in the Montreal Cognitive Assessment (MoCA) to assess 

the participant’s cognitive function (Rahman & El Gaafary, 2009). The final score is the sum of 
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all earned points and additional point was given if the participant educational level was equal or 

less than 12 years (Charvet et al., 2015). Furthermore, if the participant is unable to hold a pen due 

to upper extremity impairment, the items making trial, drawing a clock, and a cube copy will be 

cancelled and 5 points will be given instead (Charvet et al., 2015). 

 

3.5.2 Muscle strength: Handheld and Hand grip Dynamometers 

Isometric muscle strength was measured by the examiner using a handheld dynamometer in 

kilogram 3 times for each muscle and the highest value was chosen as reported in a previous study 

(Trosclair et al., 2011). For handgrip strength, the participant was in a sitting position with shoulder 

adducted and the elbow was flexed in 90-degree, the instrument was squeezed by the participant’s 

hand. While, for knee extensors the participant was in a short sitting position with knee in 90-

degree flexion, the instrument was held by the examiner on the anterior lower third of the 

participant’s leg. 

 

3.5.3 Timed Alternate Heel-to-Knee Test 

In alternate heel-to-knee test, the participant was in a supine position and was asked to bend 

the knee and drag the heel of the tested leg to reach the level of the contralateral knee then extend 

the tested knee completely and this was repeated ten times as fast and accurate as possible 

(Lanzino, Rabinstein, et al., 2012). The scoring was obtained by the examiner which was used 

stopwatch during the test to measure the time in seconds that required to finish ten repetitions for 

each side (Lanzino, Rabinstein, et al., 2012; Pinheiro, Menezes, & Teixeira-Salmela, 2014). Two 

trials were performed for each side and the faster one was selected based on a previous study found 
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that the second trial of coordination testing was faster in comparison with the third trial (Lanzino, 

Conner, et al., 2012). 

 

3.5.4 Timed Rapid Alternating Movement for Upper Extremity 

The participant was in a sitting position and asked to perform the test for each side separately 

after verbal instructions and visual demonstration by the examiner. The participant was asked to 

perform alternative supination-pronation movements for 10 times as fast and accurate as possible. 

The examiner used a stopwatch and counted the time duration in seconds from the beginning until 

the end of 10 repetitions. The participant was asked to perform two trials, the faster one has been 

selected (Lanzino, Conner, et al., 2012). 

 

3.5.5 Tinetti Performance Oriented Mobility Assessment (POMA)  

It is a performance-based test and assesses both balance (BPOMA) and gait (GPOMA) 

separately to indicate balance and gait impairments and their total score shows the risk of fall 

(Hayes & Johnson, 2003; Tinetti, 1986). It is composed of nine tasks for balance assessment and 

seven tasks for gait assessment in an ordinal scale for each task of 0, 1, and 2 (Tinetti, 1986). In 

addition, the risk of fall is high when the total score is equal or less than 18, moderate when the 

score between 19 to 23, and low when it is equal or more than 24 (Tinetti, 1986). In balance section, 

the subject sat on a hard-armless chair and obeyed the examiner instructions. It includes sitting 

balance, rising, attempts to rise, immediate standing balance within the first 5 seconds, standing 

balance, nudged, eyes closed in standing, turning 360 degrees, and sitting down (Tinetti, 1986). 

While in gait section the subject could use an assistive aid and walk at usual speed and back at 
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rapid and safe speed. It includes gait initiation, step length and height, step symmetry, step 

continuity, path, trunk sway, and walking distance (Hayes & Johnson, 2003).  

 

3.6 Statistical analysis 

All statistical analysis was performed by using SPSS (version-23). Participants’ 

characteristics were presented by descriptive analysis. Pearson Correlation Coefficient analysis 

was used to assess the strength and direction of the association between cognitive and motor 

variables and Kendall’s coefficient of rank correlation tau-sub-b, τb test was used to examine the 

association between MoCA and gait parameters (Parish & Guilford, 1957). After that, motor 

variables that were shown significant correlations with MoCA were used in a multiple linear 

regression to determine the predictor variables (Aristotelous et al., 2019; Gonzalez-Chica, Bastos, 

Duquia, Bonamigo, & Martínez-Mesa, 2015). All data were expressed as mean (M) ± standard 

deviation (SD), the significance level of the P value was ˂0.05 with 95% of confidence interval.  

 

Table 3-1. Example of a Conventional Approach to Interpreting a Correlation Coefficient 

Absolute Magnitude of the Observed 

Correlation Coefficient 

Interpretation 

.00 - .10 Negligible correlation 

.10 - .39 Weak correlation 

.40 - .69 Moderate correlation 

.70 - .89  Strong correlation 

.90 – 1.00 Very strong correlation 
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3.7 Timetable 

Table 3-2 Timetable 

Task           Month   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Write a research 

proposal 
                    

Proposal 

submission & 

presentation 
                    

IRB process & 

approval 
                    

Data collection                     

Data analysis                     

Thesis Writing                     

Thesis 

Submission 
                    

Thesis 

Presentation 
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4. Results 

 

4.1 Subjects and Demographic Data 

The total number of the sample of the current study was sixty-eight subjects were enrolled in this 

study (53 females and 15 males, their mean age was 36.78 ± 9.32). 89.7% of the participants were 

right-handed, while only 10.3% of the participants were left-handed. 66.2% of the participants 

reported that they got bachelor’s degree education, and almost half of them 48.5% had a normal 

body mass index (BMI) Figure 4-1. The disease duration and age at onset of symptoms were 

(10.65 ± 7.27; 26.24 ± 8.21) respectively. Participants’ demographic characteristics are presented 

in Table 4-1. 

 
Table 4-1. Participants' Demographic Characteristics 

Characteristic MS (n=68) 

Age (Years) (mean ± SD) 36.78 ± 9.32 

Handedness (mode ± SD)  

Right (%) 

Left (%) 

1.00 ± .306 

89.7 

10.3 

Gender (mode ± SD) 

Male [n (%)] 

Female [n (%)] 

1.00 ± .418 

15 (22.1) 

53 (77.9) 

Multiple Sclerosis Subtype 

RRMS [n (%)] 

SPMS [n (%)] 

PPMS [n (%)] 

 

63 (92.6) 

2 (2.9) 

3 (4.4) 

Age at onset of symptoms (Years) (mean ± SD) 26.24 ± 8.21 

Disease Duration (Years)  

(mean ± SD) 
10.65 ± 7.27 

Weight (Kg) (mean ± SD) 68.48 ± 15.37 

Height (m) (mean ± SD) 1.63 ± .089 

BMI (Kg/m2) (median ± SD) 

Underweight (%) 

Normal (%) 

2.00 ± .936 

1.5 

48.5 
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Overweight (%) 

Obese (%) 

Extremely Obese (%) 

29.4 

14.7 

5.9 

Education Years (mean ± SD) 

Primary School (%) 

Intermediate (%) 

Secondary (%) 

Bachelor (%) 

Master (%) 

PHD (%) 

14.84 ± 2.62 

2.9 

1.5 

23.5 

66.2 

4.4 

1.5 

RRMS= Relapse-Remitting Multiple Sclerosis, SPMS= Secondary Progressive Multiple Sclerosis, PPMS= Primary Progressive 

Multiple Sclerosis, SD= Standard Deviation, BMI= Body Mass Index 

 

 

 

 

4.2 Descriptive Statistics of Cognitive and Motor Variables 

All data about cognitive function, muscle strength, coordination, balance, gait, and risk of fall are 

summarized in Table 4-2. The total score of Montreal Cognitive Assessment was 23.56 ± 3.57 

and the participants were classified into three levels of cognitive status (27.9 % had no cognitive 

impairment, 66.2% had mild cognitive impairment, and 5.9% had moderate cognitive impairment) 

Figure 4-2. Specifically, memory was the most affected domain about 83.8%, followed by 

executive functions and visuospatial skills 75% and 72.1%, respectively. While language was the 

1.50%

48.50%

29.40%

14.70%

5.90%

0%

10%

20%

30%

40%

50%

60%

Underweight Normal Overweight Obese Extremly Obese

P
er

ce
n
t

%

Body Mass Index

Percentages of Body Mass Index Levels

Figure 4-1. Body Mass Index of the Participants 
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lowest domain approximately 24% Figure 4-3. The mean of the heel to knee test was lower on the 

left side (00:00:15.26 ± 00:00:05.71) than on the right side (00:00:17.15 ± 00:00:06.81) with a 

significant average difference (t67 = 3.647, p = 0.001). While, no significant differences were 

found between the mean of the right and left sides of handgrip strength (23.46 ± 6.59 for the right 

hand and 22.68 ± 7.51 for the left hand) (t67 = 1.389, p = .169), knee extension strength (26.67 ± 

8.52 for the right leg and 26.08 ± 8.29 for the left leg) (t67 = .981, p = .330), and 

pronation/supination coordination test (00:00:06.87 ± 00:00:01.81 for the right side and 

00:00:07.03 ± 00:00:01.63 for the left side) (t67 = -.967, p = .337). Therefore, the average of both 

sides and paired sample t-test were analysed for all variables that examined bilaterally as illustrated 

in Table 4-3. Moreover, the mean of balance and gait scores were 13.06 ± 3.69 and 8.82 ± 3.28, 

respectively. In addition, the mean of the risk of fall was 21.94 ± 6.80 which indicates moderate 

risk of fall Figure 4-4.  

 

Table 4-2. Participants' Scores (mean and Standard deviation) per parameter. 

Parameters MS (n=68) 

MoCA (Total) (mean ± SD) 23.56 ± 3.57 

MoCA Levels (%) 

Normal (26-30) 

Mild CI (18-25) 

Moderate CI (10-17) 

 

27.9  

66.2  

5.9  

MoCA Domains (%) 

Executive Functions 

Visuospatial Skills 

Memory 

Attention 

Language 

Orientation 

 

75 

72.1 

83.8 

64.7 

24 

41.2 

RT-Handgrip strength (Kg) (mean ± SD) 23.46 ± 6.59 

LT-Handgrip strength (Kg) (mean ± SD) 22.68 ± 7.51 
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RT-Knee Extension strength (Kg) (mean ± SD) 26.67 ± 8.52 

LT-Knee Extension strength (Kg) (mean ± SD) 26.08 ± 8.29 

RT-Supination/Pronation (sec) (mean ± SD) 00:00:06.87 ± 00:00:01.81 

LT-Supination/Pronation (sec) (mean ± SD) 00:00:07.03 ± 00:00:01.63 

RT-Heel to Knee (sec) (mean ± SD) 00:00:17.15 ± 00:00:06.81 

LT-Heel to Knee (sec) (mean ± SD) 00:00:15.26 ± 00:00:05.71 

Balance (mean ± SD) 13.06 ± 3.69 

Gait (mean ± SD) 

Gait Initiation 

 Step Length 

 Foot Clearance  

Step Symmetry  

Step Continuity  

Path Excursion  

Trunk Sway  

Base of Support 

8.82 ± 3.28 

.868 ± .341 

1.897 ± .352 

1.632 ± .731 

.353 ± .481 

.691 ± .465 

1.294 ± .624 

1.515 ± .782 

.508 ± .504 

Risk of Fall (mean ± SD) 

Low Risk of Fall (%) 

Moderate Risk of Fall (%) 

High Risk of Fall (%) 

21.94 ± 6.71 

58.8 

14.7 

26.5 

MoCA= Montreal Cognitive Assessment, Mild CI= Mild Cognitive Impairment, Moderate CI= Moderate Cognitive Impairment, 

p-value is significant at the 0.05 level (2-tailed). 
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patients 
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Figure 4-3. Percentages of MoCA Domains among MS Patients with Cognitive Impairment 
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Parameter Mean SD SEM t df Sig. (p-value) 

RT-Handgrip –  

LT-Handgrip 

.778 4.62 .559 1.389 67 .169 

RT-Knee Extension- 

LT-Knee Extension 

.588 4.95 .599 .981 67 .330 

RT-Sup/Pron - 

LT-Sup/Pron 

-0:00:00.160 00:00:01.37 00:00:00.166 -.967 67 .337 

RT-Heel to Knee- 

LT-Heel to Knee 

00:00:01.89 00:00:04.242 00:00:00.518 3.647 67 .001 

SD = Standard Deviation, SEM = Standard Error Mean, df = Degree of Freedom.  

 

4.3 Correlation between Cognitive Performance and Motor Function 

Pearson correlation coefficient was computed to assess the association between Cognitive and 

motor variables as listed in Table 4-4.  

 

4.3.1 Muscle Strength 

No significant correlations were found between MoCA and muscle strength of the handgrip (r= 

.174, n= 68, p= .157) and knee extension (r= .129, n= 68, p= .296). 

 

Table 4-3. Paired Sample t-test for variables Examined in both 

Sides 
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4.3.2 Motor Coordination 

There was a negative low correlation between MoCA and motor coordination (r= -.377, n= 68, p= 

.002 for upper extremities, r= -.247, n= 68, p= .044 for lower extremities).  

 

4.3.3 Balance, Gait, and Risk of Fall  

Positive moderate correlation was found between MoCA and the total score of POMA (r= .419, 

n= 68, p= .000). Also, POMA subscales shown positive moderate correlations with MoCA (r= 

.403, n= 68, p= .000 for balance, r= .416, n= 68, p= .001 for gait). 

 

Table 4-4. Pearson Correlations Between MoCA and Motor Variables 

Motor Variables 

MoCA 

 

Pearson Correlation 

Coefficient 
 Sig. (P-value) 

Muscle Strength 

Handgrip .174 .157 

Knee Extension .129 .296 

Coordination 
Supination/Pronation -.377** .002 

Heel to Knee -.247 .044 

POMA 

Balance .403** .001 

Gait .416** .000 

Risk of Fall .419** .000 

MoCA= Montreal Cognitive Assessment, POMA= Performance Oriented Mobility Assessment. 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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4.4 Correlation Between Cognitive Performance and Gait 

Parameters 

Kendall’s coefficient of rank correlation tau_b test was used to examine the association between 

MoCA and GPOMA subdomains Table4-5. There were positive low correlations between MoCA 

and step length (τb = .217, n= 68, p= .036), foot clearance (τb = .276, n= 68, p= .007), step 

symmetry (τb = .310, n= 68, p= .003), step continuity (τb = .362, n= 68, p= .001), path excursion 

(τb = .277, n= 68, p= .006), trunk sway (τb = .296, n= 68, p= .003), and base of support (τb = .293, 

n= 68, p= .005). In contrast, no correlation was found between MoCA and gait initiation (τb = 

.168, n= 68, p= .106). 

 

Table 4-5. Kendall's tau_b Correlation Coefficient between MoCA and Gait Parameters 

Gait Parameters 

MoCA 

 

Kendall's tau_b 

Correlation Coefficient 
Sig. (P-value) 

Gait Initiation .168 .106 

Step length .217* .036 

Foot Clearance .276** .007 

Step Symmetry .310** .003 

Step Continuity .362** .001 

Path Excursion .277** .006 

Trunk Sway .296** .003 

Base of Support .293** .005 

*. Correlation is significant at the 0.05 level (2-tailed).  

**. Correlation is significant at the 0.01 level (2-tailed). 
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4.5 Multiple Linear Regression 

Motor variables which revealed significant correlations with MoCA were used in a multiple linear 

regression to determine the predictor variables (P. D. Allison, 1999; A. J. Miller, 1984). All 

assumptions of multiple linear regression were tested and met before conducting it (Tranmer & 

Elliot, 2008). Balance and gait were excluded from the linear regression because they showed high 

correlation with each other (r= .890, n= 68, p ≤ .001), balance with risk of fall (r= .974, n= 68, p ≤ 

.001), and gait with risk of fall (r= .968, n= 68, p ≤ .001). Moreover, Muscle strength of handgrip 

and knee extension were excluded because they showed no significant correlation with MoCA as 

demonstrated in Table 4-4. Thus, risk of fall, upper and lower limbs coordination variables were 

entered in the regression analysis as independent variables and MoCA was entered as dependent 

variable. Using (stepwise) method, a significant model emerged (F (1, 65) = 13.439, p ˂ .001) with 

an R2 of .171. Therefore, 17.1 % of the variance in MoCA was predictable from the risk of fall 

(Tables 4-6, 4-7, and 4-8). The statistical equation that describes the best fit of the regression line 

is:   

Ŷ = B0 + B1X1 

Where: 

Ŷ: represents the outcome variable (MoCA) 

B0: represents the intercept (constant) 

B1: represents the slope of the line 

X1: represents the predictor variable (Risk of fall) 

So,  
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Ŷ = 18.731  + (.221) * (Risk of fall) (Fig. 4-5). 

Table 4-8. Illustrated with one-unit increase in the total score of POMA, MoCA score increases 

by .221, which was found to be a significant change 𝑡 (65) = 3.666, 𝑝 < .001. 

 

Table 4-6. Multiple Linear regression Model Summary 

Model R R Square Adjusted R Square 
Std. Error of the 

Estimate 
Durbin-Watson 

1 .414a .171 .159 3.288 1.683 

a. Predictors: (Macniven et al.), Risk of Fall 

b. Dependent Variable: MoCA 

 

Table 4-7. Multiple Linear Regression ANOVA. 

Model Sum of Squares df Mean Square F Sig. 

Regression 

Residual 

Total 

145.305 

702.815 

848.119 

1 

65 

66 

145.305 

10.813 

13.439 .000a 

a. Predictors: (Macniven et al.), Risk of Fall 

b. Dependent Variable: MoCA 

 

Table 4-8. Stepwise Multiple Linear Regression Coefficients. 

Model B Std. Error Beta t Sig. 

1 (Macniven et al.) 

 

Risk of Fall 

18.731 

 

.221 

1.387 

 

.060 

 

 

.414 

13.505 

 

3.666 

.000 

 

.000 

a. Dependent Variable: MoCA 
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Figure 4-5. Scatter Plot of MoCA on the Risk of Fall with Regression Line and 95% individual Confidence Interval. 
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5. Discussion 

 

 

In this study, the association between cognitive impairment and motor dysfunction among 

patients with multiple sclerosis was determined. The findings of the current study showed that 

cognitive function is significantly associated with the score of risk of fall, balance, gait, and motor 

coordination of upper and lower extremities. However, no significant association was found 

between cognition and muscle strength, as estimated by handgrip and knee extension strength. 

Moreover, the results demonstrated that reduced the score of coordination of upper and lower 

extremities and the lower the risk of fall were associated with the higher score of cognitive 

function. Specifically, POMA test can be a predictor of cognitive impairment in patients with 

multiple sclerosis.  

 

The current study found that the mean of the total score of MoCA was 23.56 ± 3.57 which 

indicated mild cognitive impairment and accounted for 66.2% of the patients with cognitive 

impairment which was consistent with the results of the previous studies (McNicholas et al., 2018; 

Stephen M Rao et al., 1991). Moreover, several studies confirmed th at the most affected cognitive 

domains among MS patients were memory, abstract/conceptual reasoning, information processing, 

attention, and visuospatial skills (Macias Islas & Ciampi, 2019; Rao, 2004). Similarly, we found 

that memory, visuospatial skills, executive functions, attention, and language were affected 

domains among patients who had cognitive impairment based on the Montreal Cognitive 

Assessment.  
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Numerous studies have shown that cognitive impairment is associated with handgrip strength 

among healthy older adults (Borges, Canevelli, Cesari, & Aprahamian, 2019; Buchman, Wilson, 

Boyle, Bienias, & Bennett, 2007). Fritz et al. (2017) found that handgrip strength could be used as 

a measure for monitoring cognitive decline progression among healthy elderly (Fritz, McCarthy, 

& Adamo, 2017). Moreover, reduced handgrip could be a predictor of cognitive impairment over 

a 7 year period among Mexican American older people with normal cognitive function at baseline 

(Alfaro-Acha et al., 2006). In contrast, Aristotelous et al. 2019, found that cognitive performance 

was not associated with handgrip strength among patients with multiple sclerosis, which is in the 

line of our findings (Aristotelous et al., 2019).  

 

On the other hand, this study found no correlation between lower extremity strength and 

cognitive function. Whilst a recent study found a positive low correlation between cognitive 

performance and knee extension strength in the MS individuals (Aristotelous et al., 2019). 

Additionally, knee extension peak torque was associated with cognitive processing speed, but not 

verbal and visuospatial learning and memory, in 62 persons with multiple sclerosis (Sandroff, 

Pilutti, Benedict, & Motl, 2015). 

 

The findings of the current study revealed significant low inverse correlations between motor 

coordination of upper and lower extremities and cognitive performance among people with 

multiple sclerosis. According to the literature, poor performance on rapid alternating movement 

and heel to knee is usually the result of cerebellar dysfunction (Sarica, Cerasa, & Quattrone, 2015). 

Moreover, Valentino et al., (2009), reported that RRMS patients with cerebellar symptoms exhibit 

poor performance on attention and verbal fluency tests than the RRMS patients without cerebellar 
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symptoms (Valentino et al., 2009). Furthermore, various studies found that the cerebellum has an 

important role in both cognitive and motor functions of MS patients (D'Ambrosio et al., 2017; 

Sarica et al., 2015; Valentino et al., 2009). In fact, different neuroanatomical and neuroimaging 

studies explained the importance of cerebello-cerebral network which consists of forward cortico-

ponto-cerebellar pathway and backward cerebello-thalamo-cortical pathway in cognitive 

modulation (Baillieux et al., 2010; Schmahmann, 2004; Tedesco et al., 2011). In addition, 

Baillieux et al., (2010), found that patients with right cerebellar lesions demonstrated left 

hemispheric dysfunction, which include executive functions, language, and logical reasoning. 

While patients with left cerebellar lesions experienced right hemispheric symptoms like 

visuospatial skills, attention, visual working memory, and non-verbal problem solving 

(Baillieux et al., 2010). 

 

Our findings showed that a balance component of POMA has shown a significant moderate 

correlation with cognitive performance. In 2017, Perrochon et al., found that working memory, 

attention, and executive functions were associated with postural control in the upright position 

with an unstable platform among MS patients (Perrochon et al., 2017). Furthermore, various 

studies were examined the Postural-Cognitive interference by incorporating the dual-task 

paradigms among healthy people and those with multiple sclerosis (Beste, Mückschel, Paucke, & 

Ziemssen, 2018; Chamard Witkowski, Mallet, Bélanger, Marrero, & Handrigan, 2019). A recent 

review concluded that MS patients showed impaired balance when they simultaneously perform a 

cognitive and a postural task which increase their risk of fall in most daily activities (Chamard 

Witkowski et al., 2019).  
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Furthermore, this study found that gait has a moderate positive correlation with cognition 

which is consistent with the previous studies that found a significant association between gait 

variabilities and cognitive decline in PwMS (Hsieh, Sun, & Sosnoff, 2017; A. Kalron, Aloni, et 

al., 2018). In addition, several studies have illustrated that the relationship between cognitive 

decline and gait fluctuations among various populations like older adults (Amboni, Barone, & 

Hausdorff, 2013), people with MCI (Aggarwal et al., 2006; Boyle et al., 2007), subjects with 

Alzheimer disease (AD) (Verghese, Wang, Lipton, Holtzer, & Xue, 2007), and individuals 

affected by Parkinson’s disease (Amboni et al., 2013). In the present study, apparent significant 

associations were found between cognitive function and gait parameters like step length, step 

symmetry, step continuity, foot clearance, path excursion, trunk sway, and base of support. In 

contrast, no correlation was found between the cognition and gait initiation. Katherine et al. (2017) 

reported that step length and step time variabilities were associated with cognitive processing 

speed in MS individuals (Hsieh et al., 2017). Moreover, a previous study demonstrated that 

alterations in gait spatial and spatiotemporal parameters were predictive of impairment in some 

cognitive functions like memory, visuospatial skills, executive function, and language among 

cognitively normal participants (Savica et al., 2017). 

 

The findings of this study show that risk of fall has a significant correlation with a cognitive 

function and a predictor of cognitive impairment in MS participants which is in the line with 

previous studies (Amboni et al., 2013). Moreover, the higher score of POMA means decrease the 

level of risk of fall, which is associated with the higher scores of MoCA. Sosnoff et al. 2013 found 

that cognitive processing speed was slower in community-dwelling adults with MS who exhibited 

recurrent falls in comparison with those with a single time fall of the same sample (Sosnoff et al., 
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2013). Furthermore, it has been found that fall frequency was significantly correlated with general 

intelligence, speed of cognitive processing, and executive functioning while, verbal memory was 

found to be a significant predictor of falls in 81 patients with MS (D'Orio et al., 2012). In addition, 

it has been reported that MS individuals with history of fall present with cognitive impairment and 

reduced cerebellar volume in comparison with non-fallers (A. Kalron, Allali, & Achiron, 2018). 

 

This study has several limitations. First, the sample size is small and further studies are 

required with a larger sample size for better regression results. Second, most of the participants 

have RRMS while few participants have PPMS and SPMS. Therefore, future studies could involve 

all MS subtypes and compare between them. Third, Gait assessment that used is based on the 

examiner’s observations and less sensitive to detect gait abnormalities. So, future studies are 

needed to use advanced gait analysis systems for better detection of temporal and visuospatial 

parameters.  
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6. Conclusion 

 
 

Overall, this study concludes that cognitive impairment is significantly associated with motor 

coordination, balance, gait, and risk of fall. The risk of fall emerged as the best predictor of 

cognitive impairment among MS population. Incorporating coordination and balance training in 

the rehabilitation program may enhance cognitive functions in individuals with multiple sclerosis, 

but this remains to be investigated. 
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VIII. Appendices 
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Appendix B. Modified Ashworth Scale (MAS) 
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Appendix C. Montreal Cognitive Assessment Scale (MoCA) 
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Appendix D. Patient’s Consent Form 
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Appendix E. Certificate of Completion Training and Certification Program to Administer 

and Score Montreal Cognitive Assessment MoCA© 
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Appendix F. Demographic Data Screening Sheet 

 


