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Mirror therapy is a simple, inexpensive, and patient-oriented
method that has been shown to reduce phantom sensations
and pain caused by amputation and improve range of
motion, speed, and accuracy of arm movement and function.
Extracorporeal shock wave therapy (ESWT) is a new,
reversible, and noninvasive method for the treatment of
spasticity after stroke. To investigate the therapeutic effect
of the combination of mirror and extracorporeal shock wave
therapy on upper limb spasticity in poststroke patients. We
randomly assigned 120 patients into four groups: A, B, C,
and D. All groups received conventional rehabilitation
training for 30min per day, five times a week, for 4 weeks.
Moreover, participants in groups A, B, and C also added
mirror therapy, ESWT, and a combination of mirror and
ESWT, respectively, for 20min per day. Motor recovery and
spasticity were measured using Fugl–Meyer assessment
and modified Ashworth scale. The differences in the
Fugl–Meyer assessment and modified Ashworth scale
scores in group C were significantly greater than those of
group D at all observed time points after treatment and were

significantly greater than those of groups A and B (P< 0.05),
but no significant differences were observed between
groups A and B until 12 months. Upper extremity spasticity
was improved by combined mirror and ESWT. International
Journal of Rehabilitation Research 42:31–35 Copyright ©
2018 The Author(s). Published by Wolters Kluwer Health,
Inc.

International Journal of Rehabilitation Research 2019, 42:31–35

Keywords: extracorporeal shock wave therapy, limb spasticity,
mirror therapy, stroke

Department of Rehabilitation, the Second Affiliated Hospital and Yuying Children’s
Hospital of Wenzhou Medical University, Wenzhou, China

Correspondence to Aihua Xu, BSc, Department of Rehabilitation, the Second
Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University,
College West Road 109, Lucheng District, Wenzhou 325027, Zhejiang Province,
China
Tel: + 86 139 6883 7556; fax: + 86 577 8883 2693;
e-mail: everaihua321@126.com

Received 29 July 2018 Accepted 31 August 2018

Introduction
Stroke affects 15 million people worldwide annually,

among which five million die and another five million are

left permanently disabled, making it a major cause of

morbidity and mortality (Chapman and Bogle, 2014;

Lackland et al., 2014). In addition, stroke survivors

experience impaired motor function of the upper limb,

which commonly leads to functional limitations and dis-

abilities and affects their daily life (Alt Murphy et al.,
2011). Various symptoms of central nervous system

damage after stroke may occur, in which muscle spasti-

city, caused by the upper motor neuron lesion, is a

common complication and the most common clinical

challenge (Dymarek et al., 2016).

Spasticity, according to Lance (1980), is a typical compo-

nent of upper motor neuron syndrome characterized by a

velocity-dependent increase in tonic stretch reflexes with

exaggerated tendon jerks resulting in hyperexcitability of

the stretch reflex. Globally, 12 million people have spasti-

city of the upper or lower limb (Watkins et al., 2002; de

Weerd et al., 2011). It occurs in 19 and 39% at 3 and

12 months after stroke, respectively (Yelnik et al., 2010).
Because of long-term complications such as chronic pain,

joints deformities, heterotrophic ossifications, bones demi-

neralization, or muscles contractures with their atrophy,

spasticity seriously affects important functions of daily liv-

ing, causing discomfort, stiffness, and limitations in physical

activities and daily life, and leads to increased medical bills

(Francisco and McGuire, 2012; Ward, 2012). Therefore,

control and treatment of spasticity in the rehabilitation of

upper extremity motor function after stroke have become

increasingly important.

Mirror therapy (MT) is a simple, inexpensive, and

patient-oriented method (Altschuler and Hu, 2008).

Since Ramachandran et al. (1995) first introduced the use

of MT, it has been shown to reduce phantom sensations

and pain caused by amputation and improve range of

motion, speed, and accuracy of arm movement and

function (Zeng et al., 2018). In addition, it has been

suggested as a promising rehabilitation approach for

recovery of motor function of the upper limb in post-

stroke patients.

Meanwhile, recent studies have shown that extracorporeal

shock wave therapy (ESWT) is a new, reversible, and
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noninvasive method for the treatment of spasticity after

stroke (Moon et al., 2013; Santamato et al., 2014; Li et al.,
2016). These studies applied ESWT to treat upper or

lower limb spasticity and suggested that ESWT is effec-

tive in treating spasticity and improving some parameters

without causing muscle weakness or unpleasant effects in

patients with stroke, cerebral palsy, and multiple sclerosis.

MT and ESWT are both promising and effective meth-

ods for motor recovery of upper limb spasticity in

poststroke patients. We hypothesized that MT in com-

bination with ESWT could lead to greater improvement

of spasticity after stroke. Therefore, in the present

study, we combined MT and ESWT as a new therapy

(ETMS+MT) to verify our hypothesis and investigate

its feasibility and the possible effects on upper limb

spasticity in poststroke patients.

Patients and methods
Study design
A randomized controlled trial design was used in this

present study, and the patients were divided into four

groups (group A, n= 30; group B, n= 30, group C, n= 30;

group D, n= 30) by random allocation software. Patients

in group D received conventional rehabilitation therapy

for 30 min per day, five times a week, for 4 weeks. The

conventional program consisted of exercise therapy,

occupational therapy, and neurodevelopmental facilita-

tion techniques. In addition to the conventional rehabi-

litation program, patients in groups A, B, and C added

MT, ESWT, and MT+ESWT training, respectively, for

20 min per day, five times a week, for 4 weeks (Fig. 1).

The procedures were administered by an occupational

therapist who was not involved in the assessment of the

patients.

Participants
One hundred and thirty-seven poststroke inpatients were

recruited for this study from the Department of

Oncology, the Second Affiliated Hospital of Wenzhou

Medical University, China, from January 2015 to

December 2017. Participants with disease duration more

than 6 months, with modified Ashworth scale (MAS)

score more than 1 and less than 4 for the upper limb

flexor tension, with no cognitive problems, and who can

understand and follow simple verbal instructions were

recruited. One hundred and twenty participants were

eligible for the study. The study was approved by the

Ethics Committee of the Second Affiliated Hospital of

Wenzhou Medical University. All participants provided

informed consent according to the Declaration of

Helsinki before study enrollment.

Interventions
Patients in group A sat on a stool in front of a table with a

30-cm2 mirror. The affected hand was placed behind the

mirror so that it could not be seen, and the unaffected

hand was placed in the reflecting side of the mirror.

Patients were asked to move their wrist while simulta-

neously observing the reflection of the unaffected hand.

In group B, 2000 shots with a pressure of 2.0–3.0 bar and

frequency of 8 Hz were used diffusely for the intrinsic

muscles and flexor digitorum tendon of the hand by an

ultrasound pointer guide (Terason, t3000; Teratech,

Burlington, Massachusetts, USA). The procedure was

within tolerable pain limits. Patients in group C per-

formed MT and received ESWT in parallel on the wrist

extensor of the affected side.

Outcome measures
All patients in the four groups were examined by the

same outcome assessors, who were unaware of treatment

procedure. Evaluations were performed before the

interventions and 1, 3, 6, and 12 months after the last

interventions.

Fugl–Meyer assessment of upper extremity motor
recovery
The Fugl–Meyer assessment (FMA), which has impress-

ive test–retest and inter-rater reliability and construct

validity, quantitatively measures motor recovery after

stroke (Sanford et al., 1993; Gladstone et al., 2002). The

score for the motor skill assessment included 66 and 34

points for the affected upper and lower limbs, respectively.

The motor skills of the upper limb were assessed in our

study. A three-point ordinal scale (0, cannot perform; 1,

perform partially; 2, perform completely) was adopted.

Modified Ashworth scale for spasticity assessment
Spasticity is clinically evaluated by the MAS, which is a

six-point rating scale with scores ranging from 0 to 4,

where 0 indicates no increase in muscle tone and four

indicates that the affected limb is rigid during flexion or

extension (Gregson et al., 1999). The measurement,

which has good inter-rater and intra-rater reliability, is

performed by calculating the degree and point of resis-

tance when a muscle is manually stretched.

Statistical analysis
Data in this study were analyzed by SPSS 18.0 (IBM,

Armonk, New York, USA). Independent t-test, χ2-test,
and Mann–Whitney U-test were used as homogeneity

tests for demographic and medical characteristics.

Wilcoxon’s matched-pairs signed ranks test was used to

compare results obtained before and after intervention.

One-way analysis of variance followed by Bonferroni

post-hoc tests was used to compare the differences

among the four groups. Statistical significance was

accepted for P values less than 0.05 in all tests.

Results
Recruitment and sample size
Patients were recruited between January 2016 and

December 2017. In total, 120 patients agreed to participate
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in the study and were assigned to group A (n= 30), group

B (n= 30), group C (n= 30) or group D (n= 30) (Fig. 1). All

the participants completed the full protocol. The

12-month follow-up questionnaire was completed by all of

the patients. No adverse effects or complications were

observed after the interventions in any of the four groups.

There were no significant differences in the demographic

and baseline clinical characteristics of the participants in

any of the four groups (Table 1).

Changes in the Fugl–Meyer assessment and modified
Ashworth scale of the four group
Table 2 presents the comparisons of upper extremity

motor performance and spasticity before and after treat-

ment in the four groups. The FMA scores of group C were

significantly greater than that of group D at all observed

time points after treatment and were significantly greater

than groups A and B especially at 6 and 12 months, but no

significant differences were observed between groups A

and B until the 12 months. Meanwhile, the post-treatment

MAS scores were statistically lower in group C than in

group D at all observed time points after treatment and

were significantly greater than in groups A and B espe-

cially at 6 and 12 months. Moreover, the differences in

MAS scores between groups A and B reached significance

at 6 months.

Discussion
Our present study results showed that MT combined with

ESWT produced greater improvement in upper extremity

motor performance and significant reduction in spasticity,

Fig. 1

Flow diagram of the study design. ESWT, extracorporeal shock wave therapy; MT, mirror therapy.

Table 1 General characteristics of participants

Group A (n=30) Group B (n=30) Group C (n=30) Group D (n=30) P value

Sex 0.81b

Male 17 16 18 16
Female 13 14 12 14

Age (years) 67.15 ±11.23 (35–74) 66.79 ±11.02 (36–71) 68.72 ±10.56 (34–75) 69.72 ±11.13 (34–75) 0.72a

Duration (mean ±SE) (months) 3.41 ±0.79 3.23 ±0.82 3.13 ±1.02 3.49 ±0.93
Stroke type 0.58b

Cerebral infarction 14 12 15 13
Cerebral hemorrhage 16 18 15 17

Group A=MT, group B=ESWT, group C=MT+ESWT, and group D= control.
ESWT, extracorporeal shock wave therapy; MT, mirror therapy.
P values calculated using aone-way analysis of variance or bχ2-test.
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and the effects lasted at least 12 months compared with

those of MT alone or ESWT alone. This is the first ran-

domized, single-blind study to investigate the feasibility

and possible effects of MT combined with ESWT for the

treatment of upper limb spasticity in poststroke patients.

Since Altschuler et al. (1999) first reported that MT can be

possibly used in rehabilitating the motor function of the

affected arms of poststroke patients, more studies found

that MT may improve the motor function of the upper

extremity in patients with stroke (Mirela Cristina et al.,
2015; Colomer et al., 2016; Gurbuz et al., 2016). Moreover,

the activation of the primary motor cortex (M1) or mirror

neurons has been proposed as the possible mechanism of

MT (Garry et al., 2005). However, previous studies

reported that MT has invalid effect on upper limb spas-

ticity after stroke (Xu et al., 2017). Various clinical

experiment studies have demonstrated that ESWT could

be used efficiently in the treatment of musculoskeletal

disorders such as chronic tendinopathies, calcific tendinitis

of the shoulder, lateral epicondylitis, and plantar fasciitis

(Gerdesmeyer et al., 2003). In addition, recent studies have

applied ESWT to patients with stroke with upper or lower

limb spasticity and showed that ESWT is effective in

treating spasticity and improving some parameters

(Dymarek et al., 2016). Therefore, in our present study, we

hypothesized that MT, which induces motor performance

recovery, combined with ESWT could lead to greater

improvement of spasticity after stroke. Our results showed

that compared with the MT or ESWT group, the

MT+ESWT group had significantly improved upper

extremity motor performance and reduced spasticity, and

the effects lasted 12 months based on FMA and MAS

scores, whereas the MT+ESWT groups achieved

improvement until 6 and 12 months. More importantly,

these findings have not been reported until now.

This study has a few limitations. First, the small number of

participants may affect the generalizability of the study

findings. Second, we used FMA andMAS to measure motor

improvement, but did not evaluate the Brunnstrom stages of

motor recovery. Thus, further studies, are needed to eval-

uate the long-term therapeutic benefits of MT-ESWT on

the motor recovery of upper limb spasticity after stroke.

Conclusion
The use of MT+ESWT might be beneficial in the

recovery of upper limb spasticity in poststroke patients

and could be a promising and effective method for clin-

ical therapy.
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