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 Background: Multiple Sclerosis is a chronic disease of the central nervous system that is 
caused by destruction of myelin of the neuronal cells. 
Objectives: This study aimed at determining the effect of resistance training on joint 
position sense in patients with multiple sclerosis. 
Methods: This was a quasi-experimental study with the pretest-posttest design. Of 60 
people referring to the National Multiple Sclerosis Association of Iran, 12 women aged 20-
55 years were selected based on physical disability scale developed by Kurtzke (1-4) and 
their fitness for participation in a sports protocol. They were randomly assigned to two 
groups: resistance training and control. The experimental group performed resistance 
training for 6 weeks, while the control group did not have any physical activity during this 
period. A goniometer was used to evaluate the joint position sense.  
Results: The results of covariance analysis indicated a significant difference between the 
mean scores of two experimental and control groups joint position sense at an angle of 40 
degrees (P<0.05). Resistance training at the starting knee flexion angle (40 degrees) led to 
progression of joint position sense, while it had no significant effect on the end angle (60 
degrees). The effect of resistance training was also significant on physical disability 
(P=0.001). Six weeks of resistance training reduced reconstruction error of the 40-degree 
angle.  
Conclusions: People with multiple sclerosis can improve the sensory aspect of movement, 
their physical ability, thereby the pattern and quality of their daily functional movements 
by these exercises. It is suggested that these exercises be used along with other 
rehabilitation programs to rehabilitate these patients. 
 

 

Introduction 

Multiple sclerosis (MS), which is most 

commonly diagnosed in women and during the 

ages of 20 and 40, is the most common progressive 

disease of the nervous system that by destroying 

myelin of nerves disrupts nerve and electrical 

conduction. Then, some muscles lose their 

capabilities (Soltani et al, 2009).  Loss of myelin 

sheath leads to insulation deterioration in axons, 

decreases the conduction velocity of impulses, and 

eventually inhibits the transfer of action potentials, 

which is associated with decreasing isometric, 

isotonic, isokinetic force and total quadriceps 

muscle performance (Harrison, 1987). Due to the 

wide involvement of various levels of the neuronal 

axis, signs of physical disability such as muscle 

control difficulty and imbalance associated with 

walking instability, body inconsistency, tremor, 

dizziness, sudden movement of limbs and 

weakness, particularly in the legs, are observed 

(Mirshafiei, 2008). In addition to signs of physical 
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disability, sensory symptoms, like numbness, loss 

of sensation, paresthesia, etc., are variable and 

common at the onset or in the early stages of MS 

recurrence, due to occurrence of spinal cord blood 

platelets in the posterior spinal column or in the 

brain stem (Greenwood et al. 2011). Sensory 

symptoms, as a kind of feedback from limbs to 

central nervous system, include a variety of 

components such as joint position sense, sense of 

speed and sense of force. In the meantime, joint 

position sense, that is, the ability to understand 

limb position in space without senses of vision and 

hearing under central and environmental 

mechanisms, also suffers (Neysi, Ebrahimi, & 

Gohari, 2006). Although depth sense leads to the 

planning of musculoskeletal system, and thus 

dynamic joint stability, as Richie (2001) reported, 

a reduction in depth sense impulses of joint 

receptors can lead to abnormal body position and 

reduced reflex responses. Reduction of muscle 

strength, low endurance, and functional damages 

caused by decreased activity are the main disorders 

which limit daily activities of these patients and can 

be due to the illness itself or its long duration 

(White et al. 2004). Although the increase in 

strength does not change the course of the disease, 

the strength of muscle groups may prevent 

subsequent weakness resulting from non-usage of 

muscles (Barofsky, 2004). People with MS had 

long been banned from participating in physical 

activities because of the instability of symptoms 

during exercise; during the last decade, however, 

exercise activities have been recommended to these 

patients because of their beneficial effects (Motl et 

al. 2008). It has been shown that proper resistance 

exercises increase the muscle strength in multiple 

sclerosis (Barofsky, 2004; Khodadadeh et al. 

2011). Improved strength of these patients is 

probably due  to neuromuscular adaptations such as 

hypertrophy; the possible reason for this is the 

increased ability to coordinate the muscle group to 

perform a motion (Huisinga et al., 2011). 

Through a study on patients with 

patellofemoral pain, Hazneci et al. (2005) 

concluded that isokinetic exercises with an angular 

velocity of 40 degrees per second and 180 degrees 

per second for six weeks improved inactive 

reconstruction of the knee joint position sense. 

However, Sekir et al. (2007) reported that ankle 

joint position sense was reduced after six weeks of 

isokinetic training for 10 degrees of inversion. 

Regardless of the different effect of different forms 

of exercise on improved depth sense, it is also 

important to consider how intervention effects or 

proper measurement angle of limb position sense 

are assessed. Accordingly, Neysi et al. (2006) 

examined the effect of starting angle and target 

angle on measuring knee joint depth sense in 

healthy men. When 10 degrees angles are selected, 

the mean absolute error is reduced and is more 

accurate when reconstructing different target 

angles compared to 90 degrees angle. Studying the 

effect of sensory training on position sense, speed 

and movement of elderly and young adults, 

Westlake et al. (2007) did not observe any progress 

in position sense and joint motion, except for 

improvement in differentiating the speed sense 

during passive movements. Pointing out the fact 
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that joint position sense during passive movement 

is not sensitive enough to age-related changes, they 

noted that it is necessary to consider the same 

physiological factors, including strength or proper 

resistance interventions. Meanwhile, Peixoto et al. 

(2011) did not find any significant correlation 

between muscle function and joint position sense, 

as well as age and strength, while controlling age 

and gender of the subjects. According to them, 

muscle strength is more effective on physical 

function than depth sense; moreover, the isokinetic 

test may not well determine the nature of this 

relationship. Although the results of some older 

interventional studies showed that sport exercises 

or strength tests had no effect on joint position 

sense (for example, Stillman et al. 1998), it may be 

necessary to study the contradiction in results of 

other studies such as Thompson et al (2003) 

considering the nature of exercise, the type of 

muscle contraction and characteristics of the 

subject. They showed that resistance training had a 

significant effect on improving joint position sense 

of female elderly housewives. Considering the 

predictive factors of balance as an index of physical 

ability in people with MS, Fry et al. (2016) 

highlighted the limb joint position sense through a 

regression model and claimed that functional 

strength is indirectly related to balance, while 

sensory aspects of movement are the most 

involved. 

Jamali et al. (2017) examined the relationship 

between sensory disorders and balance and quality 

of life of people with MS; it was found that the 

lower extremity depth sense plays a major role in 

their functional ability and it was concluded that 

exercise interventions, particularly resistance 

activities, may  improve depth sense and improve 

the balance and reduce the dangers of falling in 

these patients. 

Although numerous studies on MS patients 

have reported similar results in some variables such 

as motor function, balance or quality of life or 

fatigue associated with psychological factors and 

physical disability, there are some contradictions 

about the effects of exercise on improved depth 

sense with respect to different variables such as 

age, gender or health status; there has been no study 

on effect of resistance training on improved depth 

sense, particularly on joint position sense and 

disability of people with MS. Also, according to 

literature, resistance training interventions can help 

improve joint and limb sense which is required for 

some functional activities by enhancing strength at 

the exercised motor angles (Sekir et al. 2007; Tripp 

et al. 2007). Moreover, regarding defects in a 

variety of medical treatments for MS patients, it is 

reasonable to seek interventional training methods 

so that disabilities of patients can be reduced with 

minimal complications. In addition, the low level 

of activity observed in these patients plays an 

important role in daily activities of these people 

such that in a study on the effect of a sports 

program on 54 patients with MS, exercise has been 

shown to improve aerobic fitness, strength, and 

mobility of these patients (Schapira, 2000). 

Accordingly, this study tends to determine whether 

resistance training is effective in joint position 

sense response and physical disability of people 
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with MS. Findings of this study help to understand 

the role of resistance exercises along with other 

therapeutic and rehabilitation interventions for 

rehabilitation of MS patients. 

 

Method 

This was an applied quasi-experimental study 

with a pretest-posttest design. Of 60 women with 

MS referring to the National Multiple Sclerosis 

Association of Iran, 12 women aged 20-55 years 

were selected based on results of exercise pretests 

(joint position sense and muscle strength) and their 

fitness for participation in the sports protocol. 

Then, they were randomly assigned to control and 

resistance training groups. The inability of these 

patients was considered in the range 1 to 4, based 

on the Kurtzke’s expanded disability status scale 

(EDSS); for this purpose, the patients were 

examined by a neurologist  . 

Individual data including age, marital status, 

educational level, height, and weight, as well as 

clinical data including disease history, MS type, 

disease duration, the frequency of recurrences, the 

number of hospitalization due to MS, and the latest 

EDSS score were recorded . 

Kurtzke’s expanded disability status scale 

(EDSS): this scale was used to evaluate disability 

of patients. EDSS was developed by Kurtzke. This 

scale measures different states and functions of the 

central nervous system, including pyramidal 

pathway, cerebrospinal, brain stem, sensory, 

visceral, visual functions, as well as brain system 

function. On the EDSS scale, the patient earns a 

score of 0 to 10 depending on the severity of the 

disease; higher EDSS score indicates higher 

disability (Kurtzke, 1983). A manual goniometer 

was also used to measure joint position sense. 

Muscular strength assessment: manual muscle 

test (MMT) was used to measure the strength of 

quadriceps muscle in kilograms. It uses a handheld 

device which actually measures the quantitative 

value of the extroverted muscle power. Using this 

tool, the peak force required to break the isometric 

contraction is measured when the examiner applies 

a force opposite to the subject. Cuthbert and 

Goodheart (2007) verified the formal validity, 

content validity and construct validity of the MMT 

test and reported a high coefficient of reliability for 

it. 

 

Procedure 

Pre-resistance exercise stage: In the first stage, 

before resistance training begins, knee joint 

position sense was measured in both groups using 

angular reconstruction and goniometer. For this 

purpose, 4 red circular markers (diameter of 4 cm) 

were attached to the outside of the tested limb on 

four points. This device is laid in the outer part of 

the thigh and leg parallel to a line which connects 

large trochanter of the hip joint at the top, the 

external Epicondyle in the middle, and the external 

ankle at the bottom (Lafortune et al. 1993). 

Accordingly, the subject was asked to sit on an 

adjustable seat which was placed next to a 

calibrated wall. The starting position was from 90 

degrees of flexion to 40 and 60-degree flexion. The 

examiner passively took the blindfolded subject’s 

leg to 40 degrees and the subjects actively kept the 
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leg at the same degree for 5 seconds. Then, the 

examiner passively took the subject’s leg to the 

starting position; the subject reconstructed this 

angle in 5 attempts, each for 3 seconds. The angle 

of each attempt was marked on the wall. Total 

variability was calculated. To prevent fatigue, the 

subject rested 5 seconds. This was repeated for the 

60 degrees angle (Ribeiro et al, 2007). 

Quadriceps muscle strength was evaluated 

using MMT test six days after the knee joint 

position sense was measured. The subject was 

asked to sit on an adjustable chair next to a 

calibrated wall. The starting position was from 90 

degrees of flexion to  the 40 and 60 degrees of 

flexion. The middle of the subject's leg was marked 

and the MMT power meter was placed in this part. 

The subject’s leg was taken to the 40 degrees angle. 

The examiner applied pressure on the device for 3 

seconds; the subject’s strength was recorded in 

Nm/kg. The subject made four attempts at this 

angle, one practice attempt and three attempts with 

maximum power. Between each repetition, 15 

seconds of rest was considered (Palmer & Epler, 

1990). This was repeated for the 60-degree angle. 

The average and maximum torque of all three 

attempts were calculated and normalized to the 

body weight of each subject. This value was 

obtained by dividing the torque by body weight in 

kilogram: 

 

������������� ������ �������ℎ (������)  ×  ��� �����ℎ

���� ����ℎ� (��������)
 

 

 

 

Resistance training session   

After two training sessions, six weeks (three 

times a week) resistance exercises began. After 5 

to 10 minutes of warm-up (walking and stretching), 

the participants performed resistance exercises for 

25 to 30 minutes. To do this, the weights weighing 

one percent of their body weight was attached to 

them; every 2 weeks, 1 to 1.5 percent of the body 

weight was added to the weights. The movements 

used included getting up from the chair, lunge, the 

stairs move, lifting the legs and bending knees, 

which were done in three sets, each in 10 iterations. 

Participants cooled their body for 5-10 minutes. To 

prevent fatigue and increase body temperature, 30 

seconds to 1-minute rest was considered between 

movements (Dalgas et al. 2008). After six weeks of 

resistance training, knee joint position sense and 

quadriceps muscle strength of both groups were 

remeasured by goniometer and MMT, respectively. 

 

Statistical method 

After determining the mean and standard 

deviation of data, Shapiro-Wilk test was used to 

check the assumption of normal distribution of 

variables; Leven test was used to test the 

homogeneity of variance of errors. Covariance 

analysis was used to compare the post-test scores 

using SPSS 18 software (P<0.05). 

 

Results 

Descriptive characteristics of subjects 

including mean height, weight, and EDSS are 

presented in Table 1. 
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Table 1: Mean (standard deviation) of demographic variables of subjects. 

Variables Control Group Experimental Group 

Age (year) 44.33 (3.44) 46.64 (3.92) 

Height (Centimeter) 165.50 (5.68) 165.50 (6.15) 

Weight (kilogram) 71.33 (5.71) 69.83 (8.47) 

EDSS 2.76 (0.612) 2.68 (0.549) 

 

Table 2: Mean (standard deviation) of Strength, Sense of Joint Position and EDSS Scores. 

Variable Test Phase Control Group Experimental Group 

Strength at angle 40 
Pretest 5.35 (0.976) 5.08 (1.18) 

Posttest 4.69 (1.22) 5.93 (1.03) 

Strength at angle 60 
Pretest 5.04 (0.895) 4.47 (1.11) 

Posttest 4.47 (0.895) 5.62 (1.07) 

Joint position at angle 40 
Pretest 56.33 (5.07) 51.40 (11.64) 

Posttest 58.46 (4.57) 50.20 (6.41) 

Joint position at angle 60 
Pretest 67.30 (4.14) 65.93 (5.27) 

Posttest 68.06 (4.89) 64.03 (3.96) 

EDSS 
Pretest 2.76 (0.612) 2.68 (0.549) 

Posttest 2.58 (0.668) 2.46 (0.488) 

 

Table 3: Shapiro-Wilk Test Results for the Natural Distribution of Data. 

Variables Shapiro-Wilk Significance Level 

Strength at angle 40 0.872 0.070 

Strength at angle 60 0.879 0.085 

Joint position at angle 40 0.883 0.095 

Joint position at angle 60 0.939 0.458 

EDSS 0.902 0.170 

Weight 0.925 0.352 

 

Table 4: Leven Test for Homogeneity Analysis of Variance of Dependent Variables Errors. 

Variables 
Leven F-
statistic 

Degree of Freedom 
1 

Degree of Freedom 
2 

Significance 
Level 

Strength at angle 40 3.05 1 10 0.111 

Strength at angle 60 1.156 1 10 0.308 

Joint position at angle 
40 

0.959 1 10 0.351 

Joint position at angle 
60 

0.014 1 10 0.907 

EDSS 1.48 1 10 0.251 
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As shown in Table 3 and Table 4, p-value>0.05 

indicates normal distribution of data and 

homogeneous variance of errors. 

Controlling the effect of the pretest, Table 5 

shows a significant difference between strength 

of two groups at 40° angle (F=16.27, P<0.001) 

and strength of two groups at 60° angle 

(F=19.01, P<0.001). Therefore, it can be 

concluded that resistance training is effective 

(0.64) on 40 and 60° strength of adult women 

with MS. Test power is 0.947 for 40° angle and 

0.971 for 60°. 

 

 

Table 5: Results of Covariance Analysis of Groups for Sensing the Joint Position at 40- and 60-Degree Angles. 

Sources of Change Sum of Squares df Average of Squares F P 
Eta 

Square 

40 Degree 

Pretest 2.325 1 2.325 0.068 0.800 0.068 
Group 176.147 1 176.147 5.149 0.048 0.364 
Error 307.889 9 34.210    
Total 35940.560 11     

60 Degree 

Pretest 0.004 1 0.004 0.000 0.990 0.000 
Group 47.754 1 47.754 2.16 0.175 0.194 
Error 198.323 9 22.036    
Total 52598.360 11     

 
Table 6: Results of Covariance Analysis of Groups for EDSS. 

Sources of Change Sum of Squares df Average of Squares F P Eta Square 
Pretest 3.332 1 3.332 310.801 0.001 0.972 
Group 0.296 1 0.296 25.135 0.001 0.736 
Error 0.096 9 0.011    
Total 88.670 11     

 

Table 5 shows that controlling the effect of the 

pretest will make a significant difference 

between joint position sense of two groups at 

40° angle in posttest (F=5.14, P<0.005), while 

there is no significant difference between joint 

position sense of two groups at 60° angle 

(F=2.16, P>0.005). Therefore, it can be 

concluded that resistance training is effective 

(0.36) on 40° joint position sense of adult 

women with MS. Test power is 0.526. 

However, resistance training is not effective on 

60° joint position sense of adult women with 

MS . 

Table 6 shows a significant difference between 

EDSS of two groups in posttest (F=25.135, 

P<0.001). Therefore, it can be concluded that 

resistance training is effective (0.73) on EDSS 

of adult women with MS. Test power is 0.993. 

 

Discussion and Conclusion   

This study tended to determine the effect of 

resistance training on joint position sense and 

disability in adult women with multiple sclerosis 

(MS). 

Findings of this study showed that resistance 

training had a significant effect on joint position 

sense of adult women with MS at angle 40, but it 
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had no significant effect on angle 60. Meeuwsen et 

al. (1993) investigated the effect of change in 

accuracy of ankle joint position sense as a result of 

repetition on young and elderly people and 

concluded that exercise was effective in improving 

joint position sense. The probable reason for this 

consistency can be attributed to active angular 

reconstruction in both studies. Refshauge et al. 

(1995) also found that resistance training was 

effective in improving joint position sense by 

examining ankle joint position sense in weight 

bearing activities versus other non-weight bearing 

activities. Weight-bearing activities can probably 

be considered as a kind of weight training exercise, 

although the amount of load imposed in the present 

study is lower and it is a low percentage of total 

weight. Petrall et al. (1997) divided people based 

on their physical activity over the past year that did 

not focus on resistance exercises; their age (19-68) 

was also considered as an effective variable on 

joint position sense. Despite their age 

classification, it seems that regular exercise can 

maintain or improve depth sense accuracy by 

increasing the tensile strength of muscular duct 

(Goodman & Marks, 1998); this is consistent with 

current study. This has been confirmed by Bouët 

and Gahéry (2000). They pointed out that active 

exercise with voluntary limb and muscular 

involvement could be effective in improving joint 

position sense, where resistance exercises here also 

yield results consistent with this idea. Other authors 

(e.g  .Thompson, 2003; Hazneci, 2005; and Sekir, 

2007) have also pointed to positive effects of 

exercises on joint position sense. Although both 

Hazneci (2005) and Sekir (2007) used isokinetic 

interventions in similar training sessions (six 

weeks), it seems that passive reconstruction in 

these types of exercises had results similar to the 

active reconstruction of joint movement in 

exercises of this study (isotonic). 

Baker et al. (2002) reported that the mean 

absolute error was significantly higher in a sitting 

position at 60° angle than 40° angle, which is 

consistent with the current study. As these authors 

claimed, limb position or the test can affect muscle 

contraction or joint loading pattern (Bartlett, 2007); 

thus, consistency of results can be attributed to the 

similarity of two positions. Another explanation is 

that, despite the controversy over the major task of 

joint receptors, some researchers believe that 

capsular-ligament receptors play a more important 

role in the extreme angles of motion, in contrast to 

muscle receptors which are effective in 

determining knee position sense in all domains 

(Shumway-Cook & Woollacott 2012). The 

resistance training of the present study led to the 

progression of joint position sense in the starting 

knee flexion angle; however, its effect was not 

significant at the end angles . 

On the other hand, Stillman et al. (1998) 

reported that muscle resistance activities did not 

have a significant effect on joint position sense. 

This is inconsistent with the current study. The 

inconsistency can be attributed to the fact that they 

used inactive motion reconstruction to evaluate 

depth sense. As Edin (2001) pointed out, it is 

muscle duct that is responsible for providing 

motion-related information in passive movements, 
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not joint receptors. In addition, their subjects were 

athletes, and this may have led to less influence and 

adaptation of resistance activities compared to 

normal or disabled people (Dalgas et al. 2008). 

Another finding contradictory with the results 

related to joint position sense was the study done 

by Westlake et al. (2007) on the elderly, pointing 

to other factors, including age and strength. For a 

better explanation of potentially effective factors, 

this study considered the promoted strength of 

subjects; clearly, as Table 5 shows, strength 

significantly increased in both angles. Supporting 

Thompson et al (2003), the increased muscle 

strength is probably an effective factor in 

improving joint position sense. 

Another finding of this study was that 

resistance training was effective on EDSS score of 

adult women with MS and reduced physical 

disability score. Only two very close studies to this 

study reported inconsistent results. First, White et 

al (2004) examined the effect of eight months of 

resistance training on MS patients; although the 

score of disability was reduced and it was 

improved, the improvement was not significant. 

According to them, various factors together such as 

style or duration of exercise and fatigue control 

may lead to this result. Second, Romberg et al 

(2004) studied MS patients after 26 weeks of 

combined exercise and reported no significant 

improvement in physical disability. They not only 

observed any difference in knee muscle strength of 

control and experiment groups, but also considered 

self-report of people on doing prescribed activities 

as their limitations. 

Consistent with the current study, DeBolt and 

McCubbin (2004) and Dodd et al. (2006) claimed 

that a significant reduction in disability of people 

with MS is associated with improved strength, 

particularly in the lower extremity. After eight 

weeks of water exercise interventions for people 

with MS, Smith et al. (2009) and Salem et al. 

(2011) achieved similar results and reported that 

physical disability of patients was significantly 

reduced. It is likely that limb movement in water 

has played a role in resistance training; however, 

one should not ignore other factors related to their 

exercise, including the reduced fatigue, pain, or 

mental aspects which may affect disability scores. 

Because lower strength in people with MS is 

due to metabolic disorders of muscle, muscle 

atrophy due to inactivity and also due to neural tube 

obstruction and lower development of muscular 

tension (Pérez et al. 2007), resistance training has 

been able to improve neurological adaptations, 

including the use of motor units and 

synchronization of neuronal motor contraction and 

lead to optimal motor performance and reduction 

of disability scores. This was previously approved 

by Gutierrez et al. (2005 ). 

The results of other researchers, including Brett 

(2011), Peixoto et al. (2011), Fry et al. (2016) and 

Jamali et al. (2017) were consistent with the current 

study in improving the disability due to exercise 

interventions. Regardless of the methodology, they 

attributed the improvement in disability of these 

patients to factors such as increased balance and 

strength or reduced fatigue and even psychosocial 

aspects. Future studies should address some 
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limitations of the current study. Fortunately, or 

unfortunately, the sample size was small, which 

can be effective in generalizing the results to the 

considered population. Considering proper 

intervals to reduce fatigue of subjects, its value was 

not objectively measured. Finally, exercise 

interventions on patients with higher disabilities as 

well as follow-up studies may clarify the effects of 

activity on general function and their quality of life. 
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