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Visuomotor Coordination Deficits of Ipsilateral Upper Limb in Stroke 
Patients with Shoulder Pain

Purpose: The purpose of this study was to investigate whether ipsilateral shoulder pain affects the sensorimotor function of the 
same side shoulder in patients with stroke. 

Methods: Thirty stroke patients, who were divided into the ipsilateral shoulder pain group (n=15) and the ipsilateral shoulder 
non-pain group (n=15). Subjects were evaluated on performance of a tracking task, joint reposition test and 9-Hole pegboard test 
for sensorimotor functions, and Fugl-Meyer test and Motricity Index for functional ability of the contralateral side. 

Results: In comparison of the two groups, significant differences in performance on functional ability, including the Fugl-Meyer 
test(both upper and lower limb) and Motricity Index(only lower limb) were observed (p<0.05). With regard to sensorimotor 
functions, the ipsilateral shoulder pain group were observed significantly poor scores on the Accuracy Index, joint reposition score 
and 9-Hole pegboard test, when compared with the ipsilateral shoulder non-pain group (p<0.05).

Conclusion: We found that ipsilateral shoulder pain could impede accurate performance of a movement and result in 
deteriorated proprioception of the ipsilateral shoulder. Therefore, careful evaluation and appropriate therapeutic intervention are 
essential for stroke patients who suffer from ipsilateral shoulder pain. 
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I. Introduction 

More than 60% of patients with chronic stroke have 

dysfunction in their upper extremities, with only 5% showing 

complete functional recovery.1,2 Upper-limb dysfunction in 

stroke is characterized by paresis, loss of manual dexterity, 

and movement abnormalities that may have a considerable 

impact on performance of activities of daily living.3,4 And, 

altered movement patterns in the contralateral as well as 

the ipsilateral upper limb to the damaged hemisphere have 
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been well demonstrated.5-7 Although contralateral motor 

deficits are generally emphasized after unilateral stroke, 

evidence of more subtle ipsilateral deficits after damage to the 

left or right hemisphere has also been reported.8-10 

Several recent studies have reported that ipsilateral 

deficits affected activities of daily living, which influenced 

the independent performance of functional ability in stroke 

patients.8,11,12 In addition, it is generally assumed that the 

ipsilateral side will be used more in order to compensate for 

the decreased use of the contralateral side after stroke.13 All 

of these factors affect positioning of the shoulder, shoulder 

stability, and vulnerability to soft-tissue injury, and can 

impede rehabilitation, as well as initiate a cycle in which the 

ipsilateral shoulder condition can deteriorate, which may 

eventually lead to development of shoulder pain. 

Previous studies have reported that ipsilateral control of 
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upper limb trajectory of unilateral stroke patients was 

impaired and exhibited deficits in fine position accuracy.14 

However, these studies are based predominantly on ipsilateral 

motor deficit in stroke patients; no studies have investigated 

its effects on sensorimotor function in the ipsilateral upper 

limbe in stroke patients with ipsilateral shoulder pain. Several 

studies have investigated the effect of pain on sensorimotor 

function in musculoskeletal injury patients.15-17 However, the 

effects of ipsilateral shoulder pain on sensorimotor function 

in stroke patients have not been well suggested. The purpose 

of this study was to assess the differences in upper extremity 

sensorimotor function between individuals with and those 

without ipsilateral shoulder pain in stroke patients.

II. Methods

1. Subject

We recruited 15 stroke patients with shoulder pain of the 

ipsilateral side to the damaged hemisphere and the same 

number of patients without shoulder pain. Finally, 30 

chronic stroke patients participated in this study. In order to 

control the influences of sensorimotor function according to 

handedness, only right-handed patients, as verified by the 

Modified Edinburgh Handedness Inventory, were included. 

Criteria for inclusion were as follows: (1) unilateral brain 

injury due to hemorrhage or infarction through computed 

tomography (CT) or magnetic resonance imaging (MRI), (2) 

no symptoms of unilateral neglect or hemianopsia, (3) no 

arthropathy or orthopaedic surgery on the non-affected 

upper-limb, (4) no sensory or motor deficit on the non-

affected upper-limb, and (5) no impairment of cognitive 

function (＞24 point by mini-mental status examination). 

If the pain on ipsilateral shoulder was not associated with 

stroke, the subject was excluded. All of them understood the 

purpose of this study and provided their written informed 

consent prior to their participation. The study was conducted 

according to the Declaration of Helsinki, and ethical approval 

was granted by the Institutional review board of a university 

hospital.

2. Procedure

For assessment of ipsilateral shoulder pain, pain was assessed 

a structured interview and by asking the patients whether 

they were experiencing muscle or joint pain during rest or 

during passive or active motion. Functional ability of the 

contra-lesional side was assessed using the Fugl-Meyer 

test and all participants underwent a manual strength 

examination. Fugl-Meyer Test has been widely recognized 

as a clinical measure of body function impairment after 

stroke. The maximum motor performance score is 66 points 

for upper extremity and 34 points for lower extremity.18 A 

manual strength examination on the contralateral side to the 

damaged brain is calibrated using Motricity Index scores. The 

Motricity Index for upper and lower extremity is based on 

ability to muscular activation, motion of limb segment during 

a range of motion, and resistance of examiner force. Motricity 

Index of upper extremity included three motions: shoulder 

abduction, elbow flexion, and pinch grasp. Lower extremity 

also included three motions: hip flexion, knee extension, and 

ankle dorsiflexion.19 Each score for upper and lower extremity 

involved addition of scores to the sum of three motions, and 

total scores ranged from 0 (complete paresis) to 100 (normal 

strength).

The study involved testing sensorimotor function of 

the ipsilateral shoulder in stroke patients. Examination of 

sensorimotor function was performed using a custom-made 

rotator machine with a built-in potentiometer for use by the 

ipsilateral upper-limb, which was permitted to rotate at the 

vertical axis. Participants were seated in front of a table, and 

held a custom-made machine at nearly 90° elbow flexion. The 

tracking task was assessed by internal rotation and external 

rotation of the ipsilateral shoulder joint. Participants were 

instructed to track the target white sine wave as accurately as 

possible, which was displayed for 15 seconds on the monitor. 

The target sine wave was to appear in various amplitudes 

within 1.5-3 Hz and a range of velocity as a white line, and 

the response sine wave that was performed by participants 

was indicated as red a line. The response sine wave was drawn 

up toward the superior apex as the shoulder was rotated 

externally, and toward the inferior apex as the shoulder was 

rotated internally. After sufficient explanation, all participants 

practiced one demonstration, and were given three trials, in 
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sequence. The scores were averaged. The accuracy of the 

tracking task was calibrated as an Accuracy Index (AI). 

The shoulder joint position sense was evaluated with a 

position-reposition test. Participants held a custom-made 

rotator machine with a built-in potentiometer on the table 

using their non-affected upper limb, which was allowed to 

rotate at the vertical axis. The digital signal of potentiometer 

was transferred to a personal laptop computer, and the signal 

was changed to angular degrees. Patients were instructed to 

actively reproduce the same joint position that was passively 

positioned by the evaluator, in the shoulder external and 

internal rotation on the vertical axis. The joint reposition error 

between passively positioned angle and actively repositioned 

angle was measured. The mean value through three trials 

was adopted.  

Nine-hole pegboard test was used to measure fine 

motor dexterity of the non-affected upper limb. Patients 

were instructed to insert and remove nine dowels (9 mm in 

diameter and 32 mm long) from holes in the pegboard with 

their upper limb of the non-affected side. Time measurement 

began when the first peg was placed in a hole and ended 

when the last peg was placed.

3. Statistical analysis

Independent t-test was used for determination of which 

variables differed between the two groups, in terms of age, 

time since onset, Fugl-Meyer test, Motricity Index, AI, 

joint reposition score, and 9-hole pegboard test. Statistical 

software SPSS 12.0 was used for statistical analysis, and p < 0.0 

5 was used as the criterion for statistical significance.

III. Result

A summary of the baseline demographic characteristics of 

subjects in the ipsilateral shoulder pain group and non-

pain group is shown in Table 1. There were no significant 

Ipsilateral shoulder pain group (n=15) Ipsilateral shoulder non-pain group (n=15)

Age (years) 60.06 ± 8.68 57.53 ± 8.39

Time since stroke (month) 22.00 ± 13.51 21.20 ± 13.64

Ratio of gender (Male/Female) 6/9 5/10

Stroke type (Hemorrhage/infarct) 8/7 9/6

Damaged hemisphere (Rt/Lt) 10/5 10/5

Damaged hemisphere (Rt/Lt) 4.5 ± 1.55

Ipsilateral shoulder pain group
(n=15)

Ipsilateral shoulder non-pain group 
(n=15)

p

Fugl Meyer test of affected 
side

Upper Extremity 20.20 ± 17.28 37.40 ± 21.34 0.022

Lower Extremity 16.20 ± 7.15 22.33 ± 8.26 0.038

Motricity Index of affected 
side

Upper Extremity 31.26 ± 10.91 39.00 ± 14.38 0.109

Lower Extremity 44.73 ± 6.36 50.67 ± 7.49 0.027

Accuracy Index of non-affected side 25.58 ± 9.08 31.13 ± 4.16 0.002

Joint Reposition Error of non-affected side 5.58 ± 1.75 4.26 ± 1.40 0.030

9-Hole Pegboard Test of non-affected side 28.97 ± 6.72 23.73 ± 6.85 0.044

Table 1. The general characteristics of subjects

Table 2. Dependent variables of pain group and non-pain group

Mean ± S.D.
VAS: visual analogue scale

Mean ± S.D.
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differences in demographic characteristics between the pain 

group and the non-pain group with regard to age, time since 

onset of stroke, ratio of gender, and stroke type. And ratio 

of damaged brain hemisphere was also the same in the two 

groups.

Table 2 shows the mean score on the Fugl-Meyer test 

and Motricity Index associated with functional ability, which 

indicated severity of the contralateral side. Pain group showed 

less functional ability than non-pain group. Significant 

differences in score for upper and lower extremity of Fugl 

Meyer test and lower extremity of Motricity Index were 

observed between the two groups(p<0.05).

A lower Accuracy Index was observed in the pain group, 

compared with the non-pain group. Joint reposition score 

and 9-Hole pegboard test in pain group were showed a 

larger variable value. Comparison of the two groups showed 

significant difference in terms of Accuracy index, joint 

reposition error, and 9-Hole pegboard test (p<0.05). 

IV. Discussion

In this study, we attempted to determine whether 

sensorimotor function of the ipsilateral shoulder had 

deteriorated in stroke patients with same side shoulder pain. 

Our main finding was that subjects in the ipsilateral shoulder 

pain group had more difficulty in performance of visuomotor 

coordination, joint reposition error and 9-hole pegboard test, 

compared with those in the ipsilateral shoulder non-pain 

group. In addition, shoulder pain group showed less functional 

ability than non shoulder pain group. Based on these results, 

ipsilateral shoulder pain to the damaged hemisphere could 

impede sensorimotor function in the same shoulder joint.

Our study indicated that muscle strength and functional 

ability, including Motricity index score and Fugl-Meyer test 

were significant lower value in pain group, when compared 

with non-pain group. It would be interpreted that the 

occurrence of ipsilateral shoulder pain was influenced by 

muscle strength and functional ability of contralateral side 

to damaged brain, in particular, lower limb is more the 

significant relation than upper limb. Previous studies related 

to the post-polio and spinal cord injury patients have reported 

that the upper-limb pain could be induced by problems, 

which increased mechanical load or strain on soft tissues and 

joint due to overusing to compensate for motor weakness.

In this current study, we observed a significantly poor 

sensorimotor function, such as accuracy index, joint reposition 

score and 9-hole pegboard test, in the ipsilateral shoulder 

pain group, compared with the ipsilateral shoulder non-pain 

group. This finding was in agreement with those of previous 

studies,20-22 even though the area of pain and type of tracking 

task differed from those of our study. These previous studies 

reported that diminished motor function was associated with 

neck pain. In addition, with respect to proprioception, several 

studies also have suggested a strong association between pain 

and proprioception.21,23,24 Niessen et al.23 and Safran et al.,24 

who is a studies of normal subject, reported that subjects 

with shoulder pain had poorer proprioception, compared with 

shoulder non-pain group.

The mechanism involved in sensorimotor dysfunction, 

such as decreased fine motor control according to pain, is 

not known. It is possible that deficit of motor performance 

is effects of information processing or motor planning 

modifications driven by higher centers due to features of pain 

related factors, such as fear, stress, or attention-demanding 

requirements. Sandlund et al.21 reported poorer sensorimotor 

function in subjects with neck pain, compared with non-

pain subjects, however, no association was observed between 

psychological attention and sensorimotor function. Thus, 

the mechanisms for decreased accuracy index might be 

responsible for unconscious motor control process, rather than 

the psychological portion.

Sequentially, proprioceptive information plays an important 

role in successful motor control process.25 If deficit of 

proprioceptive information is presented, performance of 

accurately movement will be more difficult. Proprioceptive 

deficits should lead to an uncoordinated pattern of muscle 

activation and recruitment. Warner et al.26 reported that 

alternation in scapulothoracic motion in subjects with 

instability and impingement of shoulder was related to 

uncoordinated muscle firing pattern due to a proprioceptive 

deficit. Several studies have also demonstrated an association 

of altered motor control with proprioceptive deficits.21,27,28 
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Therefore, our finding suggests that ipsilateral shoulder pain 

is diminished performance of accurately movement in relation 

to impaired proprioception of the shoulder. 

The clinical implication of our finding is that musculoskeletal 

pain of the ipsilateral shoulder indicates significant 

deterioration in sensorimotor function in stroke patients. 

When it think that most stroke patients is performed activities 

of a daily living by using ipsilateral upper limb, ipsilateral 

upper limb is of considerable importance for performing daily 

functional activities. Ipsilateral upper limb pain will lead to 

the restrictions of functional abilities. Moreover, sensorimotor 

deficits due to pain of ipsilateral upper limb can be further 

aggravated the restrictions of functional abilities. Therefore, 

it is important to provide careful evaluation and appropriate 

therapeutic intervention for stroke patients with ipsilateral 

shoulder pain. When interpreting the data, several aspects of 

this study should be taken into account and could be raised as 

limitations. First, the number of patients included in this study 

is limited. In addition, stroke patients form a heterogeneous 

group; therefore, caution must be taken when drawing 

generalization from these data. Second, our study was 

restricted to a proximal single joint and a specific laboratory 

task, therefore, we were not aware that sensorimotor 

dysfunction, as demonstrated by our finding, could have an 

impact on ability to perform tasks of daily living. Conduct of 

future studies to include the factors mentioned above will be 

required.
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