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Objectives: Mirror therapy is a unique treatment with a touch of modality that is purported 
to improve the motor function of the affected limb in individuals with hemiplegia. Previous 
studies have focused on the neuro-physiological factors underlying the mechanism of the 
clinical effect of this technique. The present study aims to understand the mechanism using 
the rehabilitation method and neuro-occupation model as well as analyze the effects of mirror 
therapy on the upper limb function of subjects with spastic hemiplegic cerebral palsy.

Methods: Single subject design known as withdrawal design was used by a convenience 
sample of four subjects. The study involved three observational phases known as baseline, 
treatment, and withdrawal phases that took place during a 10 week period. The study contained 
a home-based mirror therapy protocol whereby the participants were instructed to do some 
exercises on a daily basis. The improvement of the hand function of the hemiplegic side was 
examined by Box and Block test along with two more activities including Threading Beads 
and Stacking Rings.

Results: The ability to perform the Box and Block test, Threading Beads, and Stacking Rings 
tended to remain steady in the baseline phase, whereas there was a noticeable improvement 
during the treatment phase and a decline in the withdrawal phase.

Discussion: From the perspective of visual feedback neuro-occupation model, it could be 
hypothesized that alterations to the sensory system caused by the mirror reflection of non 
affected hand may have led to the destabilization of the sensory cortices that changed the 
participants’ intention, meaning, and perception, thereby improving the subject’s motor control. 
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1. Introduction

hen conceptual frameworks or models 
merge with practice and identify evi-
dences of measured outcomes resulted 

from therapies, the clients are the ultimate beneficiaries 
[1]. Therapeutic Models help the rehabilitation thera-
pists (i.e. occupational therapists) in rationalizing the 
observed therapeutic phenomena in order to comprehend 
the mechanism and speculations behind such therapeutic W
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interventions [1]. Mirror Visual Feedback (MVF), also 
known as mirror therapy, is one such therapeutic interven-
tion that lacks research to identify the underlying mecha-
nism and speculations behind its beneficial clinical effects 
[2]. Thus, it would be of interest to make the mechanism 
underlying the mirror therapy and its clinical effects more 
transparent through a conceptual framework.

Mirror therapy is a unique treatment with a touch of 
modality that is purported to improve the motor function 
of the affected limb in adults with hemiplegia following 
a cerebrovascular accident (stroke) [3] and children with 
spastic hemiparetic cerebral palsy [4, 5]. The technique 
uses a mirror that is placed between two limbs, thus en-
abling a client to view the mirror image of movements of 
the non-affected limb superimposed on the contralateral 
affected limb [3]. Although no model was utilized to in-
terpret the phenomenon of improving motor control, re-
search on children supports the hypothesis that the brain 
might benefit from the feedback received from the mirror 
therapy resulted by the increased excitability of the prima-
ry motor cortex of the brain’s affected hemisphere [4, 5]. 

The theoretically-driven model used in this research 
to interpret the mechanism underlying clinical effects 
of mirror therapy is called the Neuro-occupation Model. 
This is one of the most recent models in occupational 
therapy which improves one’s ability to function follow-
ing a disease or injury that interrupts the functionality 
of an individual’s daily living skills. This model accepts 
the key underpinning concept that our occupation shapes 
development of the brain, which changes its function 
and vice versa [6]. It also describes a dynamic process 
in which occupations establish a network at three heter-
archical levels in the brain, i.e. intention, meaning, and 
perception. They enable a human being to set goals at In-
tention level, make meaning at Meaning level, and raise 
belief or self-awareness at the Perception level [7]. 

Two key properties of the model, known as “pertur-
bance” and “attractor”, were substantiated by the limited 
qualitative research with an objective to begin the pro-
cess that led the subjects with cerebro-vascular strokes to 
initiate a positive change in their motor control [8]. Ac-
cordingly, perturbance has been acknowledged to have 
contributed to positive changes by providing influential 
opportunities or experiences to the clients, thereby re-
ceiving appreciation as an important property for their 
change [8]. Attractor was reported to be a preferred 
mental state that enticed or attracted clients to make an 
intentional action, engage in meaningful occupational 
performance, and develop realistic beliefs that altered 
their perception [8].

The Neuro-occupation model was used in this study to 
understand how upper limb motor function of children 
with spastic hemiplegic cerebral palsy was influenced by 
the mirror therapy. This study also explains how a mir-
ror used in MVF therapy provides the visual, kinesthet-
ic, and proprioceptive perturbance in sensory feedback, 
which exerts an influence on Intention, Meaning, and 
Perception levels and enables the child to be attracted to 
refined goals, meanings, and beliefs about themselves. 
This refinement could ultimately trigger the changes in 
cognition through a continuous circular-causality cogni-
tive process among Intention, Meaning, and Perception 
levels [9]. Further, the client is assumed to be in charge 
of his or her circular-causality cognitive process [10] and 
the occupational therapist provides the “just-right chal-
lenge” (perturbance) [11] to starts the process and op-
portunity for the client to be actively attracted to realistic 
intention, meaning, and perception levels [12].

Despite acknowledging the importance of sensory 
feedback in shaping occupational performance and 
vice versa [13], there are few studies that limited to the 
processes involved in occupational therapy [14]. To 
understand the linkage between sensory feedback and 
occupation, the present study aims to utilize the Neuro-
occupation model to interpret the outcomes of the mir-
ror therapy. Therefore, a mirror will be considered as a 
source of sensory feedback, upon which the brain has 
the potential to be triggered. It might improve the mo-
tor control and occupational performance of the selected 
children with spastic hemiplegic cerebral palsy. The 
question that has been researched in this study is ‘Can 
the Neuro-occupation model explain the relationship be-
tween mirror visual feedback (independent variable) and 
upper limb motor control (dependent variable)?’

2. Methods

Study design

A single-subject design known as withdrawal design was 
used for this study [15] to have a great clinical applicabil-
ity in rehabilitation research where alterations in the be-
havior of a single individual are the target outcome that re-
quires investigation [15]. Single-subject researchers have 
argued that single-subject designs have the superiority 
over large-group designs, such as randomized controlled 
trials considering that the research contentious issue of 
“science-versus-practice” gap is addressed in the single-
subject design compared to large-group design [16]. 

Withdrawal design is sometimes referred to as reversal 
or A-B-A design, which involves implementation fol-
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lowed by subsequent removal of an independent vari-
able over the course of the study. In this case, multiple 
observations of the target behavior of a single individual 
are conducted from non-treatment phase (A) to treat-
ment phase (B) and back to a non-treatment phase (A) 
[16, 17]. The clinical trial protocol was registered in the 
Iranian Registry of Clinical Trial with IRCT registration 
number: IRCT2012080410491N1. 

Participants 

Four subjects (3 males and 1 female) were recruited 
from three main outpatient child rehabilitation facilities 
in Shiraz, Iran. Inclusion criteria were: A. Diagnosed 
with spastic hemiplegic cerebral palsy; B. Aged between 
5 to 15 years old; C. Were cognitively-oriented (accord-
ing to medical history); D. Were not having incurable vi-
sion or hearing problems (according to medical history); 
E. Were not treated with botulinum toxin during the last 
6 months prior to the study (according to medical histo-
ry); and F. Willingness of the participants and their par-
ents to participate in the study. Exclusion criteria were: 
A. Unwillingness of the participants or their parents to 
begin or continue the trial; and B. Any reason leading 
the participant to be unable to continue the trial such as 
getting admitted to hospital or illness.

Outcome measures

The improvement of motor function of the affected 
hand was the main outcome (dependent variable) that 
was examined by a functional test called the Box and 
Block test. In order to make the evaluations more child-
friendly, two toy activities were also used that included 
Threading Beads and Stacking Rings (Figure 1). All par-
ticipants sat behind a table while being tested, and the 
three aforementioned tests allowed the examiner to eval-
uate the functional status of the affected upper limb and 
its capability in doing activities. Participants were given 
1 minute for each of the three tests to be performed. The 
scores were based on the number of blocks transferred 

between two boxes, the number of rings stacked, and the 
number of beads threaded. The higher scores in each test 
were attributed to the better functional status.

Intervention

This study involved three consecutive phases, namely 
baseline (2 weeks), treatment (6 weeks), and withdrawal 
(2 weeks), which lasted for 10 weeks. The intervention 
contained a home-based mirror therapy protocol in which 
the participants were instructed to do a 20-minute daily 
regimen using a mirror (38×28cm) placed in front of 
them at an angle of 70° to 80° to the trunk level. The 
intervention protocol comprised of three parts including 
some exercises and activities. Exercises included prac-
ticing the range of motion and strengthening of fingers 
and forearms, whereas the activities included some fine 
motor tasks. While looking at the mirror reflection of 
their non-affected hand, the participants were instructed 
to perform the intervention protocol with both hands and 
arms simultaneously, though the affected hand was nei-
ther moved nor seen easily. The intervention protocol 
included: 1. Forearm pronation and supination; 2. Wrist 
and finger flexion and extension; 3. Index-thumb oppo-
sition; 4. Squeezing a foam; 5. Using a water spray; 6. 
Pinching coin; and 7. Wiping a table with a piece of cloth. 

Procedure

This trial was ethically approved by ethical committee 
of Shiraz University of Medical Sciences (ethical code: 
IR.SUMS.REC.1394.73). Prior to the study, the partici-
pants and their family were informed about the research 
and they gave consent for their children to participate in 
the study. All outcome measures were evaluated 7 times 
during the trial. To be sure about the established motor 
function behavior, two points of data were collected dur-
ing a 2-week period in the baseline phase (A) prior to 
presenting the independent variable (mirror) (week 0, 
T1; week 2, T2). The presentation of independent variable 
took place in the treatment phase (B) when three points 

Figure 1 Assessment tools including the box and block test, stacking rings, and threading beads (left to right)
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of data were collected during a 6-week period (week 4, 
T3; week 6, T4; week 8, T5). After completing the treat-
ment phase, the trial continued for an extra 2 weeks 
without the independent variable. Two more evaluations 
were performed during the withdrawal phase (week 9, 
T6; week 10, T7).

3. Results

Table 1 provides the descriptive information of the 
study participants using pseudonyms. The Manual Abil-
ity Classification System (MACS) was used to identi-
fy the levels of interaction with objects and quality of 
movements [18]. Level II indicated “Handles most ob-
jects, but with somewhat reduced quality and/or speed of 
achievement”. Level III specified “Handles objects with 
difficulty; needs help to prepare and/or modify activities” 
[18]. Spasticity was assessed by Ashworth scale. The 
participants grade of spasticity at the baseline phase were 
Grade 1: “Slight increase in muscle tone, manifested by 
a catch and release or by minimal resistance at the end of 
the range of motion when the affected part(s) is moved 
in flexion or extension”; Grade 1+: “Slight increase in 
muscle tone, manifested by a catch, followed by mini-
mal resistance throughout the remainder (less than half) 
of the ROM”; Grade 2: “More marked increase in mus-
cle tone through most of the ROM, but affected part(s) 

easily moved”; and Grade 3: “Considerable increase in 
muscle tone, passive movement difficult” [19].

Both MACS levels and degree of spasticity (Ashworth 
scale) remained constant throughout the trial. However, 
the ability to perform the Box and Block test, Thread-
ing Beads, and Stacking Rings tended to remain steady 
in the baseline phase, whereas it showed a significant 
improvement during the treatment phase and declined 
in the withdrawal phase. Figures 2, 3 and 4 present the 
changes in participants’ ability during the trial.

4. Discussion

The aim of this study was to analyze the clinical ef-
fects of MVF on the upper limb motor control. Hence, 
the change process was interpreted that occurred from a 
Neuro-occupation model viewpoint. Similar to the pre-
vious work, one can see the gains of the participants in 
this study (Figures 2, 3 and 4). A previous systematic 
review conducted on children and adolescents with spas-
tic hemiplegic cerebral palsy declared that the MVF 
shows a promising therapeutic effect on hand function 
[20, 21]. In addition, Grunt et al. [22] found that subjects 
with spastic hemiplegic cerebral palsy gained benefit 
from MVF by evaluating neurophysiological evidence 
that showed a significant increase in the excitability of 
primary motor cortex, following the application of MVF 
in children and adolescents with hemiparesis. Grunt and 
colleagues evaluated the motor cortex excitability of the 
hemisphere, which projected to the affected hand using 
single-pulse transcranial magnetic stimulation (TMS). 
However, there has been scarce discussion on the mech-
anism underlying clinical effects of mirror therapy based 
on the theoretically-driven conceptual framework.

Clearly, there was a progression of improvement in uni-
lateral hand skills of the instruments, which predictably 
declined after the short duration of treatment program (6 
weeks) with cessation of MVF therapy, as it was probably 
not long enough to establish the habit strength. This find-

Figure 3. Changes in the participants ability to thread beads
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Figure 2. Changes in the participants ability to perform the box 
and block test
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Figure 4. Changes in the participants ability to stack rings
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ing is in agreement with that of Smorenburg et al. [23], 
and clearly showed that the positive effect of MVF was 
not present after the 1-week retention test, which was per-
formed without any mirror visual feedback information. 
They suggested that a long-term routinely-established 
practice of MVF should be utilized to verify whether a 
long-term change takes place in movement control.

The findings of the present study were interpreted using 
the Neuro-occupational viewpoint for understanding the 
clinical effects of MVF. Lazzarini hypothesized that per-
turbance to the sensory system may have an effect on the 
destabilization of sensory cortices, which may change the 
participants’ intention, meaning, and perception levels 
resulting in the improvement in their motor control [7]. 
Additionally, another study concluded that the sensory 
system of an individual plays an important role in his/
her occupation by facilitating the connection between the 
individual’s neuron signals and whole brain activity [14]. 

Hence, sensory disturbances of mirror reflection ther-
apy might be appreciated by the participants as a mean-
ingful opportunity, which had the effect of bringing them 
to the state of readiness as the children and adolescents 
were found to respond positively to the destabilization 
of their sensory cortices. Each subject experienced an il-
lusion that led to the success of the individual to initiate 
a goal such as, “I can visualize myself moving in this 
way and I can feel it happening” (as quoted by the first 
participant of this study). It resulted in a change in self-
perception because of the experience gained in terms of 
motor control using the unaffected extremity. It may have 
first begun as an associated reaction of the affected ex-
tremity that was triggered by the sensory experience of 
the non-affected hand, but was not evaluated in this study. 

The success may have modified the circular-causality 
feedback process where a new positive goal was created 
that fueled meaningful experiences and positive self-per-
ception. The positive self-perception was perpetuated by 
the continuous sensory disturbances, which later pow-

ered the continuance of intention and meaning through 
repetitive practice. When the treatment phase ended and 
practice with the mirror was curtailed, there was a de-
cline in function after the completion of two weeks, but 
the four subjects did not return to baseline levels. From 
the Neuro-occupational perspective, a possible explana-
tion for this finding may be that the discontinuation of 
mirror therapy curtailed the further development of the 
sensory cortices and the cessation of this treatment phase 
created a new perturbance. 

The new perturbance included the abrupt withdrawal 
of the sensory, kinesthetic, and proprioceptive feedback 
associated with the mirror reflection, and the formation 
of cognitive patterns and emotional responses that pro-
vides feedback for perception. As the cognition of circu-
lar-causality process is presumed to occur continuously, 
whether the developing repetitive patterns in the subjects 
ceased or not, an emotional response was not captured 
by the qualitative research in the current study.

The most plausible explanation for reduction in hand 
function could be attributed to the short-term use of 
mirror therapy, as it could not overcome the behavioral 
pattern of the learned non-use of the affected extremity, 
which would take a much longer period of time. Other 
scholars have also suggested that MVF should be con-
sidered as an adjunct to the conventional rehabilitation 
of children with hemiparesis, possibly because of the 
duration of time it takes to alter motor behavior [23, 24]. 

There are many limitations of this study, namely (1) 
small number of participants, (2) failure to collect any 
qualitative data from children and their parents, (3) use 
of few motor assessments to gather data, and (4) lack of 
funding to do a neuroimaging study. Therefore, it would 
be of interest to do the same research with a larger sam-
ple size, and improve the validity of the study by doing 
triangulation in data gathering. Thus, the future research 
could focus on mixed method research design to gather 
qualitative and quantitative data simultaneously. 

Table 1. Descriptive information for the study participants

Participants 
(Pseudonym) Age Gender Affected Side MACS Level

(Week 0)
Modified Ashworth Scale

(Week 0)

Farhad 14 M Right III 3

Aylin 6 F Left II 1+

Amir 8 M Right II 1

Sadegh 15 M Right III 2
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5. Conclusion

As far as the Neuro-occupation model is concerned, the 
contribution of the present study is that it leads to the 
conclusion that alterations to the visual sensory system 
caused by the mirror reflection of non affected hand may 
have led to destabilization of the sensory cortices which 
changed the participants' intention, meaning, and per-
ception, thus improving the motor control.
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