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Abstract. [Purpose] The purpose of this study was to investigate the relationship between mobility assessed by 
the Modified Rivermead Mobility Index and variables associated with physical function in stroke patients. [Subjects 
and Methods] One hundred stroke patients (35 males and 65 females; age 58.60 ± 13.91 years) participated in this 
study. Modified Rivermead Mobility Index, muscle strength (manual muscle test), muscle tone (Modified Ashworth 
Scale), range of motion of lower extremity, sensory function (light touch and proprioception tests), and coordination 
(heel to shin and lower-extremity motor coordination tests) were assessed. [Results] The Modified Rivermead Mo-
bility Index was correlated with all the physical function variables assessed, except the degree of knee extension. In 
addition, stepwise linear regression analysis revealed that coordination (heel to shin test) was the explanatory vari-
able closely associated with mobility in stroke patients. [Conclusion] The Modified Rivermead Mobility Index score 
was significantly correlated with all the physical function variables. Coordination (heel to shin test) was closely 
related to mobility function. These results may be useful in developing rehabilitation programs for stroke patients.
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INTRODUCTION

Stroke is a leading cause of death and disability worldwide1). Stroke patients experience muscle weakness and sensory 
changes, resulting in functional disorders, such as difficulties in trunk control, balance instability, and gait dysfunction, in ad-
dition to difficulties performing activities of daily living2). Mobility is essential to an independent lifestyle after a stroke and 
is perhaps the ability considered the most important by patients3). Therefore, an important aim of rehabilitation is to improve 
the patient’s level of mobility following a stroke4). To identify mobility disabilities and manage their associated problems, 
clinicians need a mobility evaluation method that is simple to administer5). The Modified Rivermead Mobility Index (MRMI) 
is recommended to assess poststroke mobility, and it is widely used, both in daily clinical practice and research on patients 
after stroke4, 6, 7).

Mobility limitations after stroke include decreased strength8) and range of motion9), in addition to spasticity10), impaired 
sensory function11), and impaired coordination12). However, the physical function variables that have the most influence on 
mobility after stroke have not been clarified. Such information is important for physical therapists to develop effective treat-
ment strategies to improve mobility function and social participation. Thus, the purpose of this study was to investigate the 
associations between mobility and physical variables, such as muscle strength and tone, range of motion, sensory function, 
and coordination in stroke patients.
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SUBJECTS AND METHODS

One hundred stroke patients were selected for inclusion in this study. All patients underwent a standardized rehabilitation 
program consisting of physical therapy. The objectives and requirements of the study were explained to all patients, and 
they all signed informed consent forms. This study was approved by the Institutional Review Board of Inje University 
(2-1041024-AB-N-01-20151211-HR-319). Participants with a history of dementia, significant difficulties in language ex-
pression or comprehension, presence of other neurological disease, or inability to provide informed consent were excluded. 
All tests were evaluated by five physical therapists.

Mobility was evaluated using the MRMI. The MRMI has high inter-rater reliability (internal consistency coefficient 0.98) 
and high internal consistency (Cronbach α=0.93) when administered in early-stage stroke patients4). The MRMI consists 
of eight items, including turning over, changing from lying to sitting, maintaining sitting balance, going from sitting to 
standing, standing, transferring, walking indoors, and climbing stairs. The MRMI score ranges from 0 to 40. Scores are 
assigned based on direct observations of the patient’s performances in given items4). Muscle strength was evaluated using the 
Manual Muscle Test (MMT)13). Lower extremity range of motion was examined using a goniometer. Sensory function was 
evaluated using the light touch and proprioception tests14). Muscle tone was evaluated using the Modified Ashworth Scale 
(MAS). Coordination was evaluated using the heel to shin test (HTST)15). The HTST was performed with the patient lying 
in a supine position, and the tester instructed the patient to place the heel of the affected side to the shin of the less affected 
side just below the knee and then slide it down the shin to the top of the foot. The patient was asked to repeat this motion 
as quickly as possible, without making mistakes. The lower-extremity motor coordination test (LEMOCOT) was used to 
assess coordination16). The participants performed the LEMOCOT three times with their paretic lower limbs, according to 
previously described procedures7). To perform the test, the patient sat on an adjustable chair, with their feet resting flat on 
thin rigid foam. They placed their heels on the proximal target, with knees at 90° flexion. After a familiarization trial, patients 
were instructed to alternately touch the proximal and distal targets, placed 30 cm apart, with their big toe for 20 s. The number 
of touched targets was counted and recorded for analysis.

Data were analyzed using SPSS for Windows version 18.0 (SPSS Inc., Chicago, IL, USA). Pearson’s correlation coef-
ficients were used to evaluate the relationships among variables. Stepwise linear regression analysis was used to elucidate the 
explanatory factor associated with MRMI. Statistical significance was set at p<0.05.

RESULTS

The clinical characteristics of the patients (65 females and 35 males; mean age 58.6 years) are shown in Table 1. The 
correlations between the MRMI and physical function variables are summarized in Table 2. The MRMI was very strongly 
correlated with coordination (HTST: r=0.846, p<0.01) and MMT (hip flexor: r=0.812, p<0.01). In addition, stepwise linear 
regression analysis revealed that coordination (HTST: r2=0.855, F=110.816, p<0.05) was the explanatory variable most 
closely associated with MRMI in stroke patients.

DISCUSSION

This study investigated the relationships between mobility, assessed using the MRMI, and muscle strength, range of 
motion, sensory function, muscle tone, and coordination in stroke patients. The MRMI score was significantly correlated 
with almost all these physical variables. In the stepwise linear regression analysis, the highest beta value was obtained for 
coordination in all the patients. The findings of the present study are in agreement with the results of a previous study, which 
suggested that weakness and sensation were the most significant factors affecting postural control and mobility13). Strength 
deficits in the lower extremity are closely related to functional outcomes following stroke17). In this study, the MRMI score 
was significantly correlated with muscle strength in the lower limb, particularly that of the hip flexor and knee extensor. A 
previous study reported that the strength of the hip flexor muscles and the knee extensor muscles of the hemiplegic limb were 
the most important factors determining walking speed18). Another study found a significant positive association between the 
net hip flexor moment during walking and gait speed19). Stroke patients were shown to have decreased passive range of mo-
tion their paretic lower limbs due to increased muscle stiffness and decreased muscle length9). A previous study also showed 
that a substantial loss of hamstring muscle length, as well as hip and toe flexion contractures, interfered with positioning and 
mobility in stroke patients20).

In the current study, MRMI was negatively correlated with muscle tone, whereas the other factors were positively cor-
related. In an earlier study, despite improvements in lower extremity spasticity following intervention, stroke patients showed 
no significant improvement in mobility test21). MAS is one of the most commonly used clinical measures of muscle tone, 
despite its poor psychometric properties. However, as scores tend to cluster in the lower ranges of the six-point ordinal scale, 
the test’s ability to discriminate between stroke patients is limited22).

Interestingly, the stepwise linear regression analysis revealed that coordination (HTST) was the primary predictor of 
MRMI scores. This finding may be explained by the nature of test: the HTS test evaluates the quality of movement and 
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requires hip and knee synergic movements23). In contrast, the LEMOCOT is a simple lower-extremity motor coordination 
test, which quantitatively assesses lower limb coordination by counting the number of touched targets16). Individuals with 
hemiparesis due to stroke typically show multiple sensorimotor impairments, which result in a lack of movement coordi-
nation24). This impaired coordination likely arises from dysfunction of the central command system of the brain, leading 
to abnormal muscle activation in both the spatial and temporal dimensions25). A previous study attributed an inability to 
fine-tune the coordination of muscles during functional tasks to impaired performance of pedaling26). Coordination is closely 
correlated with the degrees of motor recovery and rehabilitation27). Adequate coordination of the lower limbs is essential for 
performing daily tasks and purposeful locomotion28). Therefore, enhancing the coordination of the lower limb may improve 
post-stroke outcomes29).

The present study had some limitations. First, we did not consider differences in physical function according to the mobil-
ity levels of the participants. Second, the sample size in this study was small. Thus, it was not possible to analyze the data 
according to the type or severity of stroke. In addition, factors other than physical variables, such as level of awareness, use 
of medication and lack of incontinence30), that may influence mobility were not considered in this study.

In conclusion, the results showed that although all the physical variables assessed affected mobility, coordination was 
the strongest predictor of mobility in stroke patients. Therefore, we suggest that a detailed assessment of the mobility and 
coordination of stroke patients is necessary. To improve mobility in stroke patients, coordination training should be included 
as part of the stroke rehabilitation program.

Table 1.  Demographic data and characteristics of subjects

Variables Mean ± SD
Gender

Female/Male (%) 65/35 (65/35)
Height (cm) 166.0 ± 8.2
Weight (kg) 63.7 ± 11.4
Affected side

Right/Left (%) 55/45 (55/45)
Type of stroke

Infarction/Hemorrhage (%) 50/50 (50/50)
Age (years) 58.6 ± 13.9
Duration (months) 15.4 ± 11.0
MRMI score (0–40) 29.7 ± 12.0
SD: standard deviation; Duration: months between stroke 
onset and assessment; MRMI: Modified Rivermead Mobil-
ity Index

Table 2. Correlation coefficients between the MRMI 
and physical function variables (N=100)

Physical Function Variables MRMI Scores
MMT

Hip flex. 0.812*
Hip ext. 0.788*
Hip abd. 0.779*
Knee flex. 0.732*
Knee ext. 0.796*
Ankle DF 0.676*
Ankle PF 0.698*

ROM
Hip flex. 0.720*
Hip ext. 0.610*
Knee flex. 0.641*
Knee ext. 0.171
Ankle DF 0.591*
Ankle PF 0.597*

Sensory function
Light touch 0.727*
Proprioception 0.387*

MAS
Hip add. −0.329*
Knee ext. −0.288*
Ankle PF −0.266*

Coordination
HTST 0.846*
LEMOCOT 0.635*

MMT: Manual Muscle Test; flex.: flexion; ext.: ex-
tension; abd.: abduction; add.: adduction; DF: dorsi 
flexion; PF: plantar flexion; ROM: range of motion; 
MAS: Modified Ashworth Scale; HTST: heel to 
shin test; LEMOCOT: lower-extremity motor coor-
dination test
*p<0.01



J. Phys. Ther. Sci. Vol. 28, No. 8, 20162392

REFERENCES

1) Feigin VL, Forouzanfar MH, Krishnamurthi R, et al. Global Burden of Diseases, Injuries, and Risk Factors Study 2010 (GBD 2010) and the GBD Stroke 
Experts Group: Global and regional burden of stroke during 1990–2010: findings from the Global Burden of Disease Study 2010. Lancet, 2014, 383: 245–254. 
[Medline]  [CrossRef]

2) Verheyden G, Vereeck L, Truijen S, et al.: Trunk performance after stroke and the relationship with balance, gait and functional ability. Clin Rehabil, 2006, 
20: 451–458. [Medline]  [CrossRef]

3) Chiou II, Burnett CN: Values of activities of daily living. A survey of stroke patients and their home therapists. Phys Ther, 1985, 65: 901–906. [Medline]
4) Lennon S, Johnson L: The modified rivermead mobility index: validity and reliability. Disabil Rehabil, 2000, 22: 833–839. [Medline]  [CrossRef]
5) Hsueh IP, Wang CH, Sheu CF, et al.: Comparison of psychometric properties of three mobility measures for patients with stroke. Stroke, 2003, 34: 1741–1745. 

[Medline]  [CrossRef]
6) Johnson L, Selfe J: Measurement of mobility following stroke: a comparison of the Modified Rivermead Mobility Index and the Motor Assessment Scale. Phys 

Ther, 2004, 90: 132–138.
7) Shum ST, Chiu JK, Tsang CP, et al.: Predicting walking function of patients one month poststroke using modified Rivermead mobility index on admission. J 

Stroke Cerebrovasc Dis, 2014, 23: 2117–2121. [Medline]  [CrossRef]
8) Olney SJ, Griffin MP, Monga TN, et al.: Work and power in gait of stroke patients. Arch Phys Med Rehabil, 1991, 72: 309–314. [Medline]
9) Schindler-Ivens S, Desimone D, Grubich S, et al.: Lower extremity passive range of motion in community-ambulating stroke survivors. J Neurol Phys Ther, 

2008, 32: 21–31. [Medline]  [CrossRef]
10) Dietz V, Berger W: Interlimb coordination of posture in patients with spastic paresis. Impaired function of spinal reflexes. Brain, 1984, 107: 965–978. [Med-

line]  [CrossRef]
11) Tyson SF, Hanley M, Chillala J, et al.: Balance disability after stroke. Phys Ther, 2006, 86: 30–38. [Medline]
12) Hollands KL, Pelton TA, Tyson SF, et al.: Interventions for coordination of walking following stroke: systematic review. Gait Posture, 2012, 35: 349–359. 

[Medline]  [CrossRef]
13) Bohannon RW: Manual muscle testing: does it meet the standards of an adequate screening test? Clin Rehabil, 2005, 19: 662–667. [Medline]  [CrossRef]
14) Reese NB: Muscle and sensory testing, 3rd ed. St. Louis: Elsevier, 2011, pp 492–503.
15) Shahar A, Patel KV, Semba RD, et al.: Plasma selenium is positively related to performance in neurological tasks assessing coordination and motor speed. Mov 

Disord, 2010, 25: 1909–1915. [Medline]  [CrossRef]
16) Desrosiers J, Rochette A, Corriveau H: Validation of a new lower-extremity motor coordination test. Arch Phys Med Rehabil, 2005, 86: 993–998. [Medline]  

[CrossRef]
17) Kluding P, Gajewski B: Lower-extremity strength differences predict activity limitations in people with chronic stroke. Phys Ther, 2009, 89: 73–81. [Medline]  

[CrossRef]
18) Hsu AL, Tang PF, Jan MH: Analysis of impairments influencing gait velocity and asymmetry of hemiplegic patients after mild to moderate stroke. Arch Phys 

Med Rehabil, 2003, 84: 1185–1193. [Medline]  [CrossRef]
19) Nadeau S, Gravel D, Arsenault AB, et al.: Plantarflexor weakness as a limiting factor of gait speed in stroke subjects and the compensating role of hip flexors. 

Clin Biomech (Bristol, Avon), 1999, 14: 125–135. [Medline]  [CrossRef]
20) Harkless LB, Bembo GP: Stroke and its manifestations in the foot. A case report. Clin Podiatr Med Surg, 1994, 11: 635–645. [Medline]
21) Naghdi S, Ansari NN, Rastgoo M, et al.: A pilot study on the effects of low frequency repetitive transcranial magnetic stimulation on lower extremity spasticity 

and motor neuron excitability in patients after stroke. J Bodyw Mov Ther, 2015, 19: 616–623. [Medline]  [CrossRef]
22) Blackburn M, van Vliet P, Mockett SP: Reliability of measurements obtained with the modified Ashworth scale in the lower extremities of people with stroke. 

Phys Ther, 2002, 82: 25–34. [Medline]
23) Cruz TH, Dhaher YY: Evidence of abnormal lower-limb torque coupling after stroke: an isometric study. Stroke, 2008, 39: 139–147. [Medline]  [CrossRef]
24) Lamontagne A, De Serres SJ, Fung J, et al.: Stroke affects the coordination and stabilization of head, thorax and pelvis during voluntary horizontal head mo-

tions performed in walking. Clin Neurophysiol, 2005, 116: 101–111. [Medline]  [CrossRef]
25) Bourbonnais D, Vanden Noven S, Pelletier R: Incoordination in patients with hemiparesis. Can J Public Health, 1992, 83: S58–S63. [Medline]
26) Kautz SA, Brown DA: Relationships between timing of muscle excitation and impaired motor performance during cyclical lower extremity movement in post-

stroke hemiplegia. Brain, 1998, 121: 515–526. [Medline]  [CrossRef]
27) de Menezes KK, Scianni AA, Faria-Fortini I, et al.: Measurement properties of the lower extremity motor coordination test in individuals with stroke. J Rehabil 

Med, 2015, 47: 502–507. [Medline]  [CrossRef]
28) Arya KN, Pandian S: Interlimb neural coupling: implications for poststroke hemiparesis. Ann Phys Rehabil Med, 2014, 57: 696–713. [Medline]  [CrossRef]
29) Kwakkel G, Wagenaar RC: Effect of duration of upper- and lower-extremity rehabilitation sessions and walking speed on recovery of interlimb coordination 

in hemiplegic gait. Phys Ther, 2002, 82: 432–448. [Medline]
30) Diccini S, de Pinho PG, da Silva FO: Assessment of risk and incidence of falls in neurosurgical inpatients. Rev Lat Am Enfermagem, 2008, 16: 752–757. 

[Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/24449944?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(13)61953-4
http://www.ncbi.nlm.nih.gov/pubmed/16774097?dopt=Abstract
http://dx.doi.org/10.1191/0269215505cr955oa
http://www.ncbi.nlm.nih.gov/pubmed/4001168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11197520?dopt=Abstract
http://dx.doi.org/10.1080/09638280050207884
http://www.ncbi.nlm.nih.gov/pubmed/12775883?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000075295.45185.D4
http://www.ncbi.nlm.nih.gov/pubmed/25113083?dopt=Abstract
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.03.023
http://www.ncbi.nlm.nih.gov/pubmed/2009047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18463552?dopt=Abstract
http://dx.doi.org/10.1097/NPT.0b013e31816594ea
http://www.ncbi.nlm.nih.gov/pubmed/6478185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6478185?dopt=Abstract
http://dx.doi.org/10.1093/brain/107.3.965
http://www.ncbi.nlm.nih.gov/pubmed/16386060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22094228?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2011.10.355
http://www.ncbi.nlm.nih.gov/pubmed/16180603?dopt=Abstract
http://dx.doi.org/10.1191/0269215505cr873oa
http://www.ncbi.nlm.nih.gov/pubmed/20687175?dopt=Abstract
http://dx.doi.org/10.1002/mds.23218
http://www.ncbi.nlm.nih.gov/pubmed/15895347?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2004.11.007
http://www.ncbi.nlm.nih.gov/pubmed/18988665?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20070234
http://www.ncbi.nlm.nih.gov/pubmed/12917858?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(03)00030-3
http://www.ncbi.nlm.nih.gov/pubmed/10619100?dopt=Abstract
http://dx.doi.org/10.1016/S0268-0033(98)00062-X
http://www.ncbi.nlm.nih.gov/pubmed/7812909?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26592218?dopt=Abstract
http://dx.doi.org/10.1016/j.jbmt.2014.10.001
http://www.ncbi.nlm.nih.gov/pubmed/11784275?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18063824?dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.107.492413
http://www.ncbi.nlm.nih.gov/pubmed/15589189?dopt=Abstract
http://dx.doi.org/10.1016/j.clinph.2004.07.027
http://www.ncbi.nlm.nih.gov/pubmed/1468052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9549527?dopt=Abstract
http://dx.doi.org/10.1093/brain/121.3.515
http://www.ncbi.nlm.nih.gov/pubmed/25882758?dopt=Abstract
http://dx.doi.org/10.2340/16501977-1963
http://www.ncbi.nlm.nih.gov/pubmed/25262645?dopt=Abstract
http://dx.doi.org/10.1016/j.rehab.2014.06.003
http://www.ncbi.nlm.nih.gov/pubmed/11991797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18833459?dopt=Abstract
http://dx.doi.org/10.1590/S0104-11692008000400016

