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Objective  To describe a hand-stretching device that was developed for the management of hand spasticity in 
chronic hemiparetic stroke patients, and the effects of this device on hand spasticity. 
Methods  Fifteen chronic hemiparetic stroke patients with finger flexor spasticity were recruited and randomly 
assigned to an intervention group (8 patients) or a control group (7 patients). The stretching device consists of a resting 
hand splint, a finger and thumb stretcher, and a frame. In use, the stretched state was maintained for 10 minutes per 
exercise session, and the exercise was performed twice daily for 4 weeks. Spasticity of finger flexor muscles in the two 
groups was assessed 3 times, 4 weeks apart, using the Modified Ashworth Scale (MAS). Patients in the intervention 
group were assessed twice (pre-1 and pre-2) before and once (post-1) after starting the stretching program. 
Results  Mean MAS (mMAS) scores at initial evaluations were not significantly different at pre-1 in the intervention 
group and at 1st assessment in the control group (p>0.05). In addition, no significant differences were observed 
between mMAS scores at pre-1 and pre-2 in the intervention group (p>0.05). However, mMAS scores at post-
1 were significantly lower than that at pre-2 in the intervention group (p<0.05). Within the control group, no 
significant changes in mMAS scores were observed between 1st, 2nd, and 3rd assessments (p>0.05). In addition, 
mMAS scores at post-1 in the intervention group were significantly decreased compared with those at the 3rd 
assessment in the control group (p<0.05).
Conclusion  The devised stretching device was found to relieve hand spasticity effectively in chronic hemiparetic 
stroke patients.
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INTRODUCTION

Spasticity is defined as a velocity-dependent increase in 
tonic stretch reflex with exaggerated tendon reflex follow-
ing upper motor neuron injury [1]. Approximately 65% 
of all stroke patients experience spasticity [2], which can 
result in functional disability due to muscle tightness and 
joint stiffness of the affected extremity [3-5]. Because of 
its high prevalence and close relationship with functional 
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outcome, appropriate management of spasticity is an im-
portant issue during the rehabilitation of stroke patients.

Several modalities including medication, stretching 
exercise, nerve block, muscle wash, neuromuscular elec-
trical stimulation, repetitive transcranial magnetic stimu-
lation, serial cast, antispastic brace, and surgery have 
been used to manage spasticity in stroke [6-12]. Of these, 
stretching exercises that involve movements of joints 
through their ranges of motion (ROM) by an external 
force are basic management techniques [13,14]. This type 
of exercise can be performed manually, and is frequently 
used because it is easy performed, has fewer side effects, 
and is cheap [15,16]. However, manual stretching exer-
cises require a therapist to perform repetitive exercises 
on a regular basis, and outcomes depend on therapist 
experience [13,17]. To overcome these drawbacks, some 
stretching devices have been developed, and their effec-
tiveness has been demonstrated [13,14,17,18]. 

We recently developed a stretching device for the man-
agement of hand spasticity and our research team, Jung 
et al. [18] demonstrated the beneficial effects of this de-
vice in 21 chronic stroke patients. However, this device 
was found to have some limitations in chronic stroke 
patients. First, it was difficult to maintain the hand firmly 
in the stretched state because the string fixator tends to 
be loose. In addition, chronic hemiparetic stroke patients 

are required to pull the strings of the device to stretch 
hands, and they found it difficult to handle the device 
alone. Finally, frequent changes between the stretched 
and relaxed states every 30 seconds for 20 minutes led to 
poor compliance. To resolve these issues, we improved 
the stretching device and simplified the protocol. In the 
present study, we evaluated the effect of the modified 
device and protocol on hand spasticity in chronic hemi-
paretic stroke patients.  

MATERIALS AND METHODS

Subjects
Among the patients admitted for treatment at our uni-

versity hospital department of rehabilitation, 15 consecu-
tive hemiparetic stroke patients (10 males, 5 females; 
mean, 51.2±11.4 years; range, 29 to 72 years) were re-
cruited according to the following criteria: 1) ≥6 months 
after stroke onset; 2) complete weakness (zero: no joint 
motion, no palpable muscle contraction) or severe weak-
ness of the affected finger flexor (trace: palpable muscle 
contraction, but no visible movement); 3) finger flexor 
spasticity (a Modified Ashworth Scale [MAS] score [19, 
20] of >1); 4) an age of 18 to 75 years; 5) no history of pe-
ripheral nerve injury or musculoskeletal disease (e.g., 
arthritis, musculotendinous injury or bone fracture) in 

Fig. 1. Stretching device.
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the affected upper extremity; 6) no contracture of the af-
fected wrist or fingers; and 7) no history of any invasive 
procedure (Botox, alcohol, or phenol) for the treatment 
of spasticity for at least 6 months before the start of this 
study. Patients with apraxia, somatosensory problems, 
or cognitive problems (Mini-Mental State Examination 
score of <25) were excluded. Patients were randomly as-
signed either to an intervention group (8 patients; mean 
age, 47.7±8.0 years) or to a control group (7 patients; 
mean age, 55.1±14.0 years). We did not change any drugs 
or perform any procedures that might have affected 
spasticity during the study period. All patients provided 
written informed consent and the study protocol was ap-
proved by our Institutional Review Board.

Stretching device
Fundamentally, the modified stretching device consists 

of a resting hand splint, a finger and thumb stretcher, and 
a frame similar to that of the previous stretching device 
[18]. To achieve firm hand fixation during stretching and 
to improve handling of the device, a rotational steel bar 
connected to a gear equipped with a ratchet is included. 
The resting hand splint is fixed to the bed of the frame 
(Fig. 1A). The finger-stretching unit consists of a finger 
holder (a rectangular box) for the 4 fingers (from the 2nd 
to 5th digits), and 2 strings. The finger holder is connect-
ed by strings to two pulleys fixed beneath the crossbars 
of the frame. The thumb-stretching unit, which consists 
of a leather thumb holder and a string, is located on the 
medial side of the side-bar and is connected to a pulley 
fixed above the bed of the frame by a string (Fig. 1B). A 
rotational steel bar attached to the gear assembly is lo-
cated under the cross-bar. The gear is equipped with a 
handle for manually operating the device and the ratchet 
(Fig. 1C). The three strings connected to pulleys are fixed 
to the rotational steel bar. 

Stretching protocol
The patient places the affected hand on the resting 

hand splint and fixes digits to the finger and thumb hold-
ers. Three areas of the affected upper extremity (the mid-
dle forearm, wrist joint and proximal portion of meta-
carpophalangeal [MCP] joints of the fingers) were fixed 
using 3 Velcro straps (Fig. 1D, E). By turning the handle 
attached to the end of the rotational steal bar, tension is 
applied to the three strings connected to the finger and 
thumb holders (Fig. 1F). When fingers are fully stretched, 
the stretched state is fixed with the locking bar above the 
gear (Fig. 1C). This stretched state is then maintained for 
10 minutes. The stretching exercise was performed twice 
daily for 4 weeks in the intervention group. We provided 
patients in the intervention group with a checklist and 
instructed them to complete the checklist after every ex-
ercise session.

Clinical evaluation
MAS scores were used to evaluate the severity of spas-

ticity in the flexor muscles of the 5 MCP joints [19,20]: 0, 
no increase in muscle tone; 1, slight increase in muscle 
tone manifested by a catch and release or by minimal re-
sistance at the end of the ROM when the affected part(s) 
was moved in flexion or extension; 1+, slight increase in 
muscle tone manifested by a catch, followed by minimal 
resistance throughout the remainder (less than half ) 
of the ROM; 2, more marked increase in muscle tone 
through most of the ROM, but affected part(s) easily 
moved; 3, considerable increase in muscle tone, passive 
movement difficult; 4, affected part(s) rigid in flexion or 
extension. Categories 1+ to 4 were designated 2 to 5 for 
analysis purposes. Spasticities of flexor muscles of the 5 
MCP joints in both groups were assessed three times (4 
weeks apart) in each patient. The study design is shown 
in Fig. 2. Two assessments were conducted on patients in 
the intervention group before starting the stretching pro-
gram, that is, at 4 weeks before [pre-1] and immediately 
before [pre-2] starting the stretching program. A 3rd as-
sessment was conducted 1 day after finishing the 4-week 
stretching program (post-1). Clinical evaluations were 

Fig. 2. The study design.
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performed by a physician who was not aware of group 
identities. The reliability of MAS for joints in the upper 
extremity has been well demonstrated in several stud-
ies [19-22]. Jung et al. [18] also used MAS for assessing 
changes of spasticity of MCP joint after stretching. The 
passive range of motion (PROM) was checked at each as-
sessment day in all patients of both groups.

Data analysis
Data were analyzed using predictive analytics software 

PASW (IBM Inc., New York, NY, USA). We computed 
mean MAS (mMAS) scores of flexor muscles for all 5 MCP 
joints. Demographic data and mMAS scores were com-
pared between the intervention and control groups using 
the Mann-Whitney U test due to the small number of pa-
tients. Changes in mMAS scores with time within groups 
were evaluated using Wilcoxon’s test. Null hypotheses of 
no difference were rejected if p-values were less than 0.05.

RESULTS

No significant intergroup differences were observed for 
demographic data (Mann-Whitney U test, p>0.05) (Table 
1). We evaluated intergroup differences of mMAS. Before 

starting the stretching program, there was no significant 
difference between mMAS scores at pre-1/pre-2 in the 
intervention group and those at 1st/2nd in the control 
group by the Mann-Whitney U test. However, after 4 
weeks of the stretching program, mMAS scores at post-
1 in the intervention group were significantly decreased 
comparing with the 3rd assessment in the control group 
(Mann-Whitney U test, p<0.05) (Table 2).

Serial changes in mMAS scores were evaluated in the 
two groups. In the intervention group, no significant dif-
ference was observed between pre-1 (2.71±0.25) and pre-
2 (2.60±0.32) (Wilcoxon’s test, p>0.05), but mMAS score 
at post-1 (1.58±0.36) was significantly lower than at pre-
2 (2.60±0.32) (Wilcoxon’s test, p<0.05). Within the control 
group, no significant mMAS score changes were ob-
served between 1st (2.62±0.52), 2nd (2.64±0.50), and 3rd 
(2.57±0.50) assessments (Wilcoxon’s test, p>0.05) (Table 
2, Fig. 3). All patients in both groups showed no limita-
tion in the PROM of MCP joint in each assessment.

DISCUSSION

In the present study, we evaluated the effect of this 
modified version of our hand-stretching device and the 

Table 1. Patient demographic data

Intervention group Control group Total p-value
Sex (male:female) 5:3 5:2 10:5 0.955

Age (yr) 47.7 (8.0) 55.1 (14.0) 51.2 (11.4) 0.152

Affected side (left:right) 5:3 2:5 7:8 0.281

Duration (day) 1,562.3 (1,553.4) 1,055.4 (1,283.3) 1,325.7 (1,407.4) 0.281

mMAS at baseline 2.71 (0.25) 2.62 (0.52) 2.67 (0.39) 0.613

Values are presented as means (standard deviations).
Duration, duration from onset to first clinical assessment; mMAS, mean Modified Ashworth Scale score; baseline, first 
clinical assessment (4 weeks before starting treatment in the intervention group or 1st assessment in control group).

Table 2. Mean Modified Ashworth Scale scores at different times in the two study groups

Group
Pre-1/1st 

assessment
p-valuea) Pre-2/2nd 

assessment
p-valueb) Post-1/3rd 

assessment
Intervention 2.71 (0.25) 0.188 2.60 (0.32) 0.008* 1.58 (0.36)

Control 2.62 (0.52) 0.750 2.64 (0.50) 0.406 2.57 (0.50)

p-valuec) 0.613 - 0.955 - 0.001*

Values are presented as means (standard deviations).
a)p-value of difference of MAS between pre-1/1st assessment and pre-2/2nd assessment in each group, b)p-value of 
difference of MAS between pre-2/2nd assessment and post-1/3rd assessment in each group, c)p-value of difference of 
MAS between intervention group and control group at each assessment.
*p<0.05.
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management protocol for the treatment of hand spastici-
ty in chronic hemiparetic stroke patients. After 4 weeks of 
the stretching program in the intervention group, mMAS 
scores were significantly reduced, whereas no change 
was observed in the control group. This result means that 
the modified device and protocol used in this study ef-
fectively reduced hand spasticity in chronic hemiparetic 
stroke patients. Furthermore, all patients complied with 
and completed the treatment and no side effects were re-
ported.

Stretching exercise is known to effectively reduce spas-
ticity [13,23-25] by increasing tissue extensibility [26]. 
Only four studies have been conducted on specifically 
designed stretching devices. In 2002, Zhang et al. [17] 
developed an intelligent stretching device that could 
safely stretch an ankle to a specific torque level, and 
demonstrated that the device was effective at increasing 
active and passive ROM of the ankle joint and reducing 
ankle joint stiffness in chronic stroke patients. In 2005, 
these workers investigated the effectiveness of the same 
stretching device for the treatment of ankle spasticity in 
10 chronic stroke patients, and found that the device had 
a positive influence on passive ROM of the ankle joint, 
maximum voluntary contraction, comfortable walking 
speed, and ankle stiffness [13]. In 2006, Wu et al. [14] 
developed a device that helped stroke patients conduct 
repeated, dynamic, passive ankle joint motion exercise in 
the standing position. They reported that the device was 
effective at reducing ankle spasticity and improving gait 
ability, based on a before and after exercise comparison 

in 12 chronic stroke patients. In 2011, our research team, 
Jung et al. [18] demonstrated the effectiveness of a hand-
stretching device for the management of hand spastic-
ity in 21 chronic stroke patients. However, their device 
and stretching protocol had problems, described above, 
which limited the usefulness of the device in stroke pa-
tients. In the present study, we describe a modification of 
the previously developed device and a simplified proto-
col, and demonstrate the effectiveness of this combina-
tion for the management of hand spasticity in chronic 
stroke patients. Furthermore, the present study confirms 
excellent compliance with the treatment protocol and the 
safety of the described stretching device.

This study is limited in that we recruited only patients 
with nearly complete hemiplegia. Further studies are 
warranted to investigate whether our device is effective in 
patients with incomplete hemiplegia.

In conclusion, we found that the modified stretching 
device with the simplified stretching protocol effectively 
relieved hand spasticity in chronic hemiparetic stroke 
patients. Accordingly, we believe that the described 
stretching device and protocol could be used to relieve 
hand spasticity in chronic stroke patients. However, we 
did not check serial changes in MAS scores during the 
4-week treatment period, and we did not investigate the 
long-term effects of treatment, and thus, further comple-
mentary studies are necessary. 
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