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11Abstract
12Purpose This study was aimed that the cognitive therapeutic exercises (CTE) benefit on motor function in patients
13with basal ganglia stroke. Methods The subjects assigned to a right hemiplegia group (RHG) and left hemiplegia
14group (LHG) and performed the CTE 5 times a week for 4 weeks. Manual functional test (MFT), Korean-Modified
15Barthel Index (K-MBI) and Sensory Function Test (SFT) were used to assess motor functions of basal ganglia.
16Results There were significant differences in MFT in non-hemi side (MFT_nh), K-MBI and SFT in the RHG and in
17K-MBI in the LHG. Conclusion The subjects with the RHG more were improved in most assessments than that of
18theLHG. As a whole, the CTE influenced the basal ganglia functions.
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Ⅰ. INTRODUCTION

30 Sensory disorder disturbs correct movements and diminishes sensory inputs and movements with feedback. Patients with

31sensory disordershesitate to move their bodies actively and the movements are not coordinated and accurate .1) Patients
32with basal ganglia infarction show commonly cognitive impairments. The basal ganglia strokes have shown not only
33restriction of motor function historically but also a variety of cognitive function impairments. Moreover, the impairment of
34memory, learning and visuospatial skills were related to basal ganglia stroke, which was ascribed to the problem of
35cerebello-basalganglio-thalamo-cortical loops.2) The Cognitive therapeutic exercises (CTE) focus on reorganization of
36central nervous system by learning, which causes motor function recovery. Motor function recovery is related closely to
37cognitive process and activation of the brain such as awareness, attention, memory, judgement and language. And, the
38quality of the recovery depends on how well these cognitive elements have done together. 3) There are four principles
39which are very significant on the CTE. First one is attention. It is important to make patients pay attention on the CTEto
40increase therapeutic effects and reorganize motor function. Second, make them pay attention on somatosensory
41information with eye closed. Third, general and other therapeutic tools should be used to solve cognitive problems through
42interactions between circumstances and human body. Fourth, do not force patients to contract muscles for proper motor
43units recruited. The purpose of the CTE is not to teach varied postures, movements and physical performance postures
44specifically to the patients but to improve the ability of organization of the spatial, temporal and amplitude elements in the
45sequence of the exercises as much as possible through interactions between circumstances and human body. 4) In previous
46study, there were improvement in manual function test (MFT), manual muscle test (MMT) and box and block test (BBT)
47after having applied the CTE to upper extremity of the patients with stroke 30 minutes per session for 8 weeks .5)
48Therefore, basal ganglia stroke patients need specific therapeutic exercises for motor functions which can be the exercises
49combined with cognitive aspects. In this study, the CTE would benefit on motor functions in patients with basal ganglia
50stroke.
51

52

Ⅱ. Material and Methods

53
54 This study was conducted from August 6 th to 31st, 2017 at I hospital in Ilsan, South Korea by an occupational therapist

55with 5 years of clinical experiences. Eight in-patients who got more than 19 points in mini mental state examination –
56Korean version (MMSE-K) were assigned into a right hemiplegia group (RHG, n=4) and let hemiplegia group (LHG, n=4)
57in this study and performed the CTEfor 30 minutes per session, 5 times a week for 4 weeks. The subjects were known on
58the purpose, duration and methods of the research, and they submitted the informed consent in advance. Including criteria
59are as follows: (1) more than 6 months since onset of stroke, (2) more than 19 points in MMSE-K, (3) no orthopedic
60problem in the upper limb. The subjects were assessed by Manual functional test (MFT), Korean-Modified Barthel Index

61(K-MBI) and Sensory Function Test (SFT) in pre and post-test.
62MFT consists of 4 items in upper limb exercise, 2 items in grasping and 2 items in finger manipulation. It was developed

63to apply easily and objectively to patients and shows the upper limb function recovery and the functional level of the
64activities of daily living (ADL). MFT’s inter-rater and intra-rater reliabilities and internal validity were 0.95 points of
65Cronbach’s α in the previous study.6)K-MBI consists of 7 items of self-care and 3 items of mobility index, a total of 10
66items inADL. Higher scores present independence in ADL.7)
67SFT was performed with a total of 7 different sensory input on hemiplegic arm such as pain, tactile, pressure, heat,

68kinesthesis, stereognostic sense, 2-points discrimination.
69If a patient did not know what kind of the stimulate was given and where the stimulate was given to in each items, it

70graded 0 point. If the patient knew either a kind of stimuli or location, the patient got 1 point. And if the patient knew both
71of them, the patient got 2 points. As a whole, a total of 14 points in 7 items was a perfect score. The subjects were
72performed the test 10 times and then if they knew more than 7 times out of 10 times, sensory function was regarded as
73intact. CTE consisted of 4 different exercises.
74
751. Cognitive training for shoulder joint through motor imagery 8)
76 This training is one of the spatial tasks applying to the shoulder joint to control the shoulder joint through motor imagery

77of the shoulder joint. The imagery is used to improve an ability of perception of the shoulder movement in flexion and
78abduction. A therapist has a patient tell the feeling of flexion and abduction of the shoulder joint in non-affected side in
79sitting on a chair without leaning on the back rest. The therapist moves the patient’s shoulder in affected side passively and
80make the patient tell the feeling of it, and makes the patient move the affected arm with the imagery of the non-affected
81arm then let the patient present his/her feeling of the movement. After presenting the feeling of the active-assistive flexion
82and abduction of the shoulder joint in affected side, let the patient move his/her non-affected shoulder joint in flexion and
83abduction as comparing the movement of the affected arm. Let the patient present of the sensory imagery felt during the
84shoulder exercises in affected and non-affected sides. Make the patient compare the difference of the sensory imageries
85between in affected and non-affected sides. Therefore, the patient can pay attention on the shoulder joint as using the
86sensory imagery and the shoulder movement.
87
882. Perception training of the shoulder and elbow joint angles using circular orbits 3)
89 This is a training to distinguish the angles of the shoulder and elbow joints using circular orbits as a spatial task. This

90training was performed to perceive the shoulder joint movements and distinguish difference in distances of the circles on a
91plate of circular orbit.
92A patient sits on a chair in front of a desk without leaning on the back rest. Have the patient take a look at the plate of the

93circular orbits to analyze the different sizes of circles on it. And then, the therapist makes the patient’s arm moved
94passively to provide his/her the information of the location of the orbits with eyes closed. Ask him/her about the distances
95and let him/her explain it verbally.
96

973. Compression perception training of the forearm and wrist joint using sponges 5)
98 This is a training to perceive differences in compression between the forearm and wrist joint as a tactile task. Sponges are

99used to improve on recognition of slight different compression. Make the subject sit on a chair without leaning on the back
100rest and then the training is performed by using 3 different sponges which are same in height but different in hardness. The
101therapist has the patient press the sponge down with eye closed. Make him/her pay attention on the surface of the sponges
102attached with the hand. Ask him/her to recognize differences of the sponges in hardness. The subjects pay attention on not
103the sponges but one of the joints which are shoulder joint, forearm and wrist joint. Ask him/her to recognize differences of
104the locations and hardness of the sponges.
105
1064. Finger perception training using a tactile plate 3)
107 This is a task to recognize differences of the materials in the tactile plate. It is performed to distinguish differences of the

108superficial surface of the materials and perceive the finger movements. A subject sits on a chair without leaning on the
109back rest of it and put the both arms on a table. Five different tactile plates with soft or tough materials should be prepared
110for the subjects to provide visual information and the tactile plate to affected and non-affected sides. The therapist moves
111his/her fingers passively to touch the surface of the materials and then ask if he/she can recognize differences of the
112surface of the materials and the finger movements. This study was analyzed using SPSS 18 version. The general
113characteristics was analyzed with chi-square test. The difference of pre and post-test in the RHG and LHG was analyzed
114with Wilcoxon signed ranks test. α =.05 level of significance was used for the statistical test.
115

Ⅲ. Results

116
117
1181. General characteristics of the subjects
119

120There are 4 subjects in the RHG and LHG each. Two males and 2 females, mean age of 68.7 ± 8.5 years old, mean onset

121of 18.2 ± 8.7 month and mean MMSE-K of 25.2 ± 4.5 point are in the RHG. And, two males and 2 females, mean age of
12262.5 ± 16.7 years old, mean onset of 24.7 ± 4.5 month and mean MMSE-K of 26.0 ± 2.9 point are in the LHG. (Table 1)
123
124Table 1. General characteristics of the subjects (N=8)

RHG (n=4)

LHG (n=4)

Male

2 (50%)

2 (50%)

Female

2 (50%)

2 (50%)

Gender

Age (years)

68.7 ± 8.5

Onset (month)

18.2 ± 8.7

MMSE-K (point)

25.2 ± 4.5

62.5 ± 16.7
24.7 ± 4.5
26.0 ± 2.9

Hemorrhage

2 (50%)

2 (50%)

Infarction

2 (50%)

2 (50%)

Stroke
125n (%) / M±SD; RHG, Right hemiplegia group; LHG, Left hemiplegia group; MMSE-K, Mini mental state examination –

126Korean
127
128There are significant differences in MFT_nh, KMBI and SFT in the RHG and in KMBI in the LHG. (Table 2)
1292. Variations of basal ganglia function in pre and post-test (N=8)

RHG (n=4)

LHG (n=4)

pre
post
p
pre
post
p
MFT_h
10.0 ± 10.7
10.8 ± 10.8
0.29
5.3 ± 3.2
5.5 ± 2.1
0.39
MFT_nh
28.5 ± 0.6
29.3 ± 1.0
0.04*
30.0 ± 1.2
30.5 ± 0.6
0.07
KMBI
45.8 ± 11.9
50.0 ± 14.3
0.05*
60.5 ± 22.6
67.8 ± 15.9
0.03*
SFT
7.3 ± 2.5
8.8 ± 2.2
0.03*
8.0 ± 4.1
8.5 ± 3.5
0.07
130M±SD; *, P< 0.05; RHG, Right hemiplegia group; LHG, Left hemiplegia group; MFT_h, Manual functional test in hemi

131side; MFT_nh, Manual functional test in non-hemi side; KMBI, Korean-Modified Barthel Index; SFT, Sensory Function
132Test
133

134

Ⅳ. Discussion

135
136 The main role of the CTE is to bring the widespread recovery back in the brain as making a patient with stroke be able to

137control motor functions, which is cognitively affecting somatosensory area of the brain on reorganizing activities.9) In the
138previous study, the subjects performed the exercises as comparing the pressures putting on the sponges in the shoulder and
139elbow joints. As a result, MFT improved from 23 to 29 points in the left hand and from 20 to 25 points in the right hand as
140well as improvement in perceiving the joint angles.8) In addition, in the previous study, after performing pressure
141perception training using sponges and the spatial perception training using circular orbits, muscle tone in the affected arm
142was improved by 23.3 % and MFT was improved by 9.37 %.10) Moreover, in the previous study, the subjects have
143performed the tactile task training using sponges in the affected side and the cognition therapeutic treatment as a spatial
144task using figure panels for 4 weeks. As a result, MBI was improved by 31 points and MFT was improved from 3 to 9
145points.11) What is more, another previous study revealed that after the training using sponges, Semmes-Weinstein
146Monofilament which is an assessment tool for sensory function was improved from 6.65 to 3.22 mm. 12) In this study, the

147CTE was applied to the patients with basal ganglia stroke for 4 weeks. Basal ganglia play a significant role in

148programming motor activities and it is polished by experiences so that the movement becomes more efficient and accurate.
149To improve more sophisticated movement, sensory information is significantly important in terms of body schema. Since
150the CTE focuses on tactile input as well as proprioception, with these accurate information, the brain takes part more
151actively in motor programming especially. The basal ganglia provide more a time-saving and efficient movement strategy.
152The results of this study showed improvement somewhat to significantly in all assessments. What that means is that the
153subjects have had chances to reorganize body schema and sequence of the movement to correct the wrong movements by a
154trial-and-error since the intervention started. As a result, the subjects became to be able to choose the best strategy in a
155certain situation. As shown in the results of each assessment, the subjects with right hemiplegia more improved all
156assessments than that of left hemiplegia patients. Since the right side brain takes care of spatial movement, the subjects
157with left hemiplegia showed less improvement in most assessments. As a whole, the CTE aiming at sensory integration,
158movement sequences and memory influenced positively the basal ganglia resulting in improvement in sensory and
159functional movements. This study was conducted as a pilot study with a small number of subject so that the future study
160should have more participants to generalize the results.
161
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