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Abstract
Background/Objectives: The aim of present study was to evaluate the effects of cognitive exercise therapy 
(CET) on tactile sensations of the hands and activities of daily living in stroke patients.

Method/Statistical Analysis: A total of 14 stroke patients with impaired hand sensations were participated 
and were randomly assigned to the CET group or the traditional occupational therapy (TOT) group. Patients 
in the CET group performed cognitive tasks using their spatial and tactile senses, whereas those in the TOT 
group received traditional occupational therapy. The intervention periods of the two groups were 30 min 
per day, five-times per week for four weeks. All participations were assessed before and after intervention 
with light touch sensation using the Mono-Filament, two-point discrimination sensation using the Disk-
Criminator (static and dynamic tactile sensations), and the modified Barthel index (MBI) for activities of 
daily living ability.

Findings: The CET group appeared significant improvements in static and dynamic two-point discrimination, 
and the MBI before and after the intervention. Also, the TOT group showed a significant improvement in MBI 
after intervention. At post-test, the CET group showed significant improvements in two-point discrimination 
and light touch compared to the TOT group.

Improvements/Applications: These findings suggest that CET can induce improvement of the tactile 
sensations of the hands in stroke patients. Thus, we suggest that CET can be used for tactile-sensory 
rehabilitation of patients with stroke in clinic.
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Introduction
Stroke is the most common central nervous system 

disorder in the Republic of Korea as well as the world, 
and it causes neurological problems in the sensory, 
motor, mental, perceptual, and speech functions[1]. More 

than 85% of patients with stroke experience hemiplegia, 
and over 69% have upper extremity motor function 
impairment[2]. Post-stroke dysfunctions of the upper 
extremities cause significant problems with functional 
movement in performing the independent activities 
of the daily life, such as feeding and self-care[3]. The 
incidence of decreased sensory function after stroke 
is up to 65%[4]. As patients with stroke with sensory 
deficits show limitations in movement and performance 
of functional tasks, treatments for motor and sensory 
functions of the upper extremities are important in 
rehabilitation[5].

In the past, using simple objects such as cups, cones, 
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and a pegboard, therapeutic exercise was performed 
to enhance motor and sensory functions. Recently, 
however, more diverse therapeutic intervention method 
have been used to improve the upper limb function 
of stroke patients in clinics. According to previous 
researches, the treatment of constraint-induced 
movement therapy (CIMT)[6], virtual reality[7], and 
robot-assisted therapy have a positive effect in the upper 
extremity functions in stroke patients[8]. However, 
constraint-induced movement therapy requires 5 hours 
of intense training per day[6], while virtual reality and 
robot-assisted therapy are expensive and have space 
constraints[7-8]. Therefore, these limitations make it 
difficult to conduct the interventions in the clinics, and 
an effective intervention that overcome these limitations 
is required.

Cognitive exercise therapy (CET) was designed by 
Carlo Perfetti in Italy at 1979. It is closely associated 
with the reorganization of the central nervous system 
and is a remedial approach based on learning theory[9]. 
In other words, the treatment is based on learning 
theory and restores body damage through cognitive 
processes (perception, attention, memory, judgment, and 
language). This cognitive process can induce a change 
in the brain neuronal plasticity[10]. Thus, CET has been 
used for a disorders with emotional and/or psychiatric 
problems in the clinic and the researches.

CET has been actively studied in the Republic 
of Korea but mostly in case studies and not through 
sufficient experimental research. Recently, Lee et al.[11]

examined the effect of CET and task-oriented training 
on the upper limb functions in stroke patients, and 
reported a larger improvement in the upper extremity 
functions with CET compared to that with task-oriented 
training. However, this study as well as other studies 
did not identify the effect of CET on sensory functions 
especially the hands, in stroke patients.

The aim of this study investigated the effects of CET 
on tactile sensations of the hands and activities of daily 
living(ADL) in patients with stroke.

Method
Present study was performed on 14 individuals with 

chronic stroke who were admitted in a rehabilitation unit 
located in Seoul, Korea. The inclusion criteria were: 
1) clinically diagnosed stroke; 2) more than 6 months 
of stroke onset; 3) a manual muscle testing (MMT) 
sensitivity of 6.65 mm (monofilament) or less; and 5) 

a Mini-Mental State Examination (MMSE) score of 24 
or more. The exclusion criteria were: 1) visual spatial 
neglect or visual impairment; and 2) severe spasticity. 
The subjects participating in the study provided written 
informed consent. The study was approved by the 
Gachon University Institutional Review Board (approval 
number: 1044396-201708-HR-137-01). Also, present 
study is in accordance with the Declaration of Helsinki.

Sensory tests were performed to evaluate the tactile 
sensations in the hands of the subjects, and the modified 
Barthel index (MBI) was used to assess an activities of 
daily living. All outcome tests were performed under 
blinded condition by one occupational therapist with 
minimum 3 years of clinical experience. To conduct 
accurate measurements, the measurer was trained and 
checked on the measurement method used in this study 
one week before the test.

We used the Semmes-Weinstein monofilament 
(Baseline, USA) to measure the minimum threshold at 
which the subject felt light touch of the hand[12]. This 
monofilament consists of different diameters and degree 
of stiffness. Stimulus was applied to the hands with the 
perpendicular to skin until the filament was slightly bent. 
The threshold was measured by repeating the stimulation 
of the index finger of the paretic hand thrice, until the 
filament bent at the site for 1.5 seconds[13].

To measure the two-point discrimination sense, the 
Dellon 2-Pint Disk-Criminator (Baseline, USA) was 
used[14]. Static and dynamic tests were performed. The 
dynamic test provided stimulation to the proximal part 
of the distal side of the index finger of the paretic hand, 
and the static test was performed by taking a point[15].

MBI was used to assess the level of the activities 
of daily living for stroke patients or other patients with 
neurological problems. This method has 10 categories, 
and was measured as 0 at complete dependence and 100 
at independence of activities of daily living. The intra-
rater reliability of the MBI is r = .89 and the inter-rater 
reliability is r = .95[16].

The 14 subjects were randomly assigned to the 
CET group or traditional occupational therapy (TOT) 
group after they met the inclusion criteria. Tests were 
performed in both groups for 30 min/day, 5 times a 
week, for 4 weeks.

Patients in the CET group performed cognitive tasks 
using their spatial sense and tactile sense based on the 
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protocol used in a previous study[11]. In the cognitive 
tasks using spatial senses, an occupational therapist 
covered the subject’s eye and subsequently moved 
the subject’s arm passively along the circle drawn on 
the task board. The size of the circle was identified. 
The subjects verbally expressed their feelings toward 
recognizing the differences. Cognitive tasks using tactile 
senses were performed by the subjects using their hands. 
Subsequently, an occupational therapist pressed various 
sponges of varying hardness on the subject’s hands. 
Subjects were masked and made aware of the hardness 
of the sponge. Further, subjects identified the hardness of 
the sponge being pressed on their hands. Subjects were 
asked to express their feelings verbally while recognizing 
differences in the sense of pressure. Occupational 
therapist performed therapeutic intervention without 
knowing which group the subject belong to. Patients in 
the TOT group performed a passive or an active range 
of motion exercises of the upper extremity, using an 
incline board, stacking cone, ring, pegboard, and putty 
for improvement in their fine motor and upper extremity 
functions after stroke.

The Statistical Package of the Social Sciences (SPSS) 
version 23.0 was used for the statistical analyses. The 
Wilcoxon signed-rank test was performed to compare 
the dependent variables within each group before and 
after intervention. The Mann–Whitney U test used to 
compare differences in the dependent variables between 
the groups. A p-value < .05 was considered statistically 
significant.

Result and Discussion
1.	 General Characteristics: The general 

characteristics did not differ between the groups 
(p>.05) [Table 1]. Also, there were no significant 
differences between the groups in light touch, static 
or dynamic two-point discrimination, and MBI 
before intervention (p>.05) [Table 2].

Table 1. General characteristics

CET group 
(n = 7)

TOTgroup 
(n = 7) p

Age (Year), mean±SD 57.57±5.83 59.43±8.72 .665
Gender, n(%)

.593Male 3 (42.9) 4 (57.1)
Female 4 (57.1) 3 (42.9)
Stroke type, n(%)

.577Ischemic stroke 4 (57.1) 5 (71.4)
Hemorrhagic stroke 3 (42.9) 2 (28.6)

CET group 
(n = 7)

TOTgroup 
(n = 7) p

Paretic side, n(%)
.593Right 4 (57.1) 3 (42.9)

Left 3 (42.9) 4 (57.1)
Onset duration (months), 
mean±SD 9.14±1.77 10.71±1.80 .120

K-MMSE, mean±SD 27.43±1.27 26.14±1.86 .150

Footnotes. CET: cognitive exercise therapy, TOT: traditional 
occupational therapy, K-MMSE = Korean Mini-Mental State 
Examination, SD: standard deviation.

Table 2. Comparison of tactile sensory and activities 
of daily living before intervention

CET group 
(n = 7)

TOT group 
(n = 7) p

Mean±SD Mean±SD
LT (g) 3.50±0.57 3.66±0.62 .646
TPDs (g) 10.43±3.15 10.00±2.83 .747
TPDd (g) 11.29±3.04 11.00±2.31 .897

MBI (score) 85.71±5.50 86.57±5.86 .699

Footnotes. CET: cognitive exercise therapy, TOT:traditional 
occupational therapy, LT: light touch, TPDs: two point 
discrimination (static), TPDd: two point discrimination (dynamic), 
MBI: modified Barthel index, SD: standard deviation.

2.	 Comparison of tactile sensations and activities 
of daily living: The CET group showed significant 
improvements in static and dynamic two-point 
discriminations and MBI before and after intervention 
(p<.05), but no significant improvement in light 
touch (p>.05). The TOT group showed significant 
improvement in MBI before and after intervention 
(p<.05), but no significant improvement in light 
touch or static or dynamic two-point discrimination 
(p>.05) [Table 3].

3.	 Change score for tactile sensory and activities 
of daily living between two groups: After 
intervention, the CET group had a significantly 
greater improvement in light touch and dynamic 
two-point discrimination than the TOT group based 
on the change in scores (p<.05). Static two-point 
discrimination and MBI showed no significant 
differences between the groups (p<.05) [Table 4].

Discussion
Previous CET studies were conducted mainly in 

the Republic of Korea. To date, the research on CET or 
its effect on sensory functions was not insufficient. In 
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addition, since most previous studies were conducted 
as the case studies or not as the randomized controlled 
trial (RCT), there are limitations that make it difficult to 
clearly demonstrate the effects of CET.

Results of this study showed that the CET group 
had significantly improved static and dynamic two-
point discrimination sensation and MBI before and after 
intervention, while the TOT group showed significant 
improvement only in MBI. After intervention, the CET 
group had significantly greater improvement in light 
touch and dynamic two-point discrimination than the 
TOT group.

The CET group showed significant improvement 
in light touch and dynamic two-point discrimination 

of hands than the TOT group. In Van de Winckel et 
al.’s functional magnetic resonance imaging study, 
cognitive tasks using spatial and tactile senses applied 
in CET activated the premotor cortex areas closely 
associated with hand functions[10]. This result supports 
the improvement in sensory functions of the hand in 
this study. The recovery of upper extremity and hand 
functions is the slowest recovery after stroke, and control 
of hand movement must include grasp and prehensile 
activity for the activities of daily living[17]. Lee et al. 
found that CET had a greater effect on the improvement 
of upper extremity function compared to TOT[11]. 
However, our study did not assess upper extremity or 
hand function.

Table 3. Comparison of tactile sensations and activities of daily living

CET Group (n = 7) TOT Group (n = 7)
Pre Post

p
Pre Post

p
Mean±SD Mean±SD Mean±SD Mean±SD

LT (g) 3.50±0.57 3.23±0.45 .059 3.66±0.62 3.66±0.62 1.000
TPDs (g) 10.43±3.15 9.43±2.44 .038* 10.00±2.83 9.71±2.50 .157
TPDd (g) 11.29±3.04 10.57±2.76 .025* 11.00±2.31 10.86±2.04 .317
MBI (score) 85.71±5.50 87.71±5.25 .014* 86.57±5.86 88.86±5.96 .027*

Footnotes. *p<0.05, CET: cognitive exercise therapy, TOT:traditional occupational therapy, LT: light touch, TPDs: two point 
discrimination (static), TPDd: two point discrimination (dynamic), MBI: modified Barthel index, SD: standard deviation.

Table 4. Change score for tactile sensory and 
activities of daily living between two groups

CET Group 
(n = 7)

TOT Group 
(n = 7)

pChange Score Change Score
Mean±SD Mean±SD

LT (g) -0.27±0.28 0.0±0.0 .024*

TPDs (g) -1.00±0.82 -0.29±0.49 .080
TPDd (g) -0.71±0.49 -0.14±0.38 .037*

MBI (score) 2.00±0.58 2.29±1.50 .632

Footnotes. *p<0.05 CET: cognitive exercise therapy, 
TOT:traditional occupational therapy, LT: light touch, TPDs: 
two point discrimination (static), TPDd: two point discrimination 
(dynamic), MBI: modified Barthel index, SD: standard deviation.

There was no significant difference between the 
two groups. The interpretation of these results can be 
explained in three ways. First, there is a possibility 
that the results are not clear because the sample size is 

small. Second, there is a possibility that CET will not 
be effective in improvement of activities of daily living. 
Third, we measured the evaluation of activities of daily 
living using MBI. The subcategories of MBI have more 
evaluation items for the lower extremity functions, such 
as gait, than for the upper extremity functions. Therefore, 
there is a possibility that it was difficult to confirm the 
improvement of the upper extremity functions.

The limitations of this study are as follows. First, 
the sample size was small. Therefore, it may be difficult 
to generalize the findings to population with stroke. 
Second, we performed only a relatively short period of 
intervention with four weeks of treatment. Third, we did 
not confirm the sustained effect of treatment. Finally, 
we did not evaluate proprioception or motions of the 
hands. In order to verify the effect of CET, one should 
check whether there is an improvement in motion or 
proprioception.
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Conclusion
In conclusion, these findings suggest that CET can 

induce improvements in the tactile sensations of the 
hands in patients with stroke better than TOT. However, 
further studies with more subjects. In addition, it is 
necessary to study whether it is effective in improving 
the upper limb functions as well as sensory functions. 
In further studies, more patients should be included for 
long-term effects, and randomized controlled trial is 
required.
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