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Abstract
Background: Modified CIT (mCIT) was performed in a stroke patient with a lesion in the left medial frontal region
including the supplementary motor area (SMA), which is part of the higher-motor area, and whose primary symptom was
motor ignition difficulty observed at the start of voluntary movement of the right leg.
Case study: mCIT was performed from awakening to bedtime (not including bath time) with his non-affected limb fixed
with a knee splint while he was in the hospital ward. Two days (the total time he wore the appliance was 19.5 hours) after
the intervention was introduced, voluntary movement of the right leg occurred, and functional improvement was observed.
Conclusions: These findings are speculated to be related to the facts that the unilateral SMA strongly contributes to
movement of the ipsilateral limb and that the plasticity of the SMA, which is a higher-motor area, is greater than that of
primary areas. It is probable that different regions of the brain have different plasticity, resulting in differences in the process
of functional recovery and the level of recovery.
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Introduction

Wolf et al. [1] performed so-called constraint-
induced movement therapy (CIT), a new type of
rehabilitation therapy in which paralysed upper limb
of chronic patients with hemiplegia due to stroke was
exercised intensively while the movement of their
non-paralysed upper limb was constrained and
reported that the therapy is effective for functional
improvement of patients with mild-to-moderately
severe motor upper extremity paralysis. In addition,
Levy et al. [2] reported that, as a result of
comparison between activated areas of the brain
before and after CIT intervention using functional
magnetic resonance imaging, cortex including the
primary motor area (M1) around the lesion, in which
no activation had been observed before intervention,
the contralateral M1 to the affected limb and

bilateral supplementary motor areas (SMA) were
activated in the functional recovery process of the
paralysed upper limb. It has been reported that such
functional recovery of paralysed limbs by CIT is
based on the plasticity of the brain as reflected in
phenomena including reorganization of the neural
circuits of the damaged brain [2–5].

During CIT intervention, patients experience a
great deal of mental and physical distress due to
restricted movement of the non-paralysed arm.
Currently, therefore, modified CIT in which the
tasks and period of intervention are modified
(mCIT) to decrease such distress experienced by
patients is commonly performed [6–9]. Meanwhile,
earlier studies on the efficacy of CIT mainly dealt
with stroke patients with relatively mild spastic
paralysis of the upper limb. As there have been few
reports on the effectiveness of CIT on the lower
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limbs [10], validation of this approach requires more
research. One of the purposes of this study was to
examine the efficacy of CIT specifically for lower
limb treatment, although a variety of symptoms are
observed in patients with post-stroke dysfunction.
This study performed mCIT in a post-stroke patient
who had motor ignition difficulty of the lower limb,
which was associated with lesions in the medial
frontal region including SMA (i.e. the higher motor
area) and resulting impaired movement such as
walking impairment and investigated its effect on
functional improvement.

Case report

The subject was recruited from a community-based,
free-standing inpatient rehabilitation unit in an acute
care hospital. The subject of this study was a patient
with hemiplegia due to stroke who fully understood
the purpose and content of this study and gave
written informed consent. The patient was a
72-year-old, right-handed man. He had no signifi-
cant past medical history. He was enrolled in this
study on day 14 after cerebral infarction.

Although weakness of his right upper and lower
limbs and difficulty in walking were observed at the
time of onset, no disturbance of consciousness was
observed and physical therapy was started on the day
of the consultation admission. He received bedside
physical therapy in the acute ward for the first
2 weeks. He then continued this therapy in the
hospital facilities for physical therapy after being
transferred to the rehabilitation ward. He was
discharged from hospital on day 78 after the stroke.

MRI findings

Fluid attenuated inversion recovery (FLAIR) ima-
ging on the day of onset showed a high density area
in the medial frontal area of the left cerebral
hemisphere from the anterior cingulate gyrus
(Figure 1(a)) to the sub-cortical supplementary
motor area (Figure 1(b)). In addition, multiple
lacunar infarcts were observed in the left and right
sub-cortical regions.

Neurological/neuropsychological findings

The muscle tone of his right upper and lower limbs
(paralysed limbs) on day 14 after the stroke showed
moderate hypotonia and slightly increased deep
tendon reflexes. Superficial sensation was slightly
decreased; deep sensation was normal. Trömner and
Babinski responses were present; toe grasping
response was absent. Grasp response and instinctive
grasp response [11] were present in the right arm.
Brunnstrom motor recovery stages [12] (BR stages)

were used to determine the severity of hemiparesis.
BR stages indicating the severity of hemiparesis are
as follows: Stage 1, flaccid: no apparent muscle tone.
Stage 2, spastic stage: presence of muscle spasticity
or associated movement. Stage 3, synergy stage:
presence of stereotyped of motor synergy. Stage 4,
movement deviating from the basic, synergies: begin
to break stereotyped of motor synergy. Stage 5,
relative independence of the basic synergies: selec-
tive movement of different joint is adequate. Stage 6:
normal or near normal. According to the BR stage,
the level of paralysis of both upper limbs and fingers
was 6. Assessment of the legs according to BR stage
criteria was not possible because there was no
voluntary movement in the hip, knee or ankle joint.
His consciousness was clear; although neuropsycho-
logical findings showed slight verbal perseveration,
good communication was maintained and the
Folstein mini-mental state test score was 25/30
[13]. Agnosia, apraxia and aphasia were not
observed. No limitation of the range of motion was
observed in any joint.

Function of lower limbs

In this patient, no voluntary movement of the hip,
knee and ankle joint of the right leg (paralysed limb)
was observed in the lying, sitting or standing position
or during transitional movements between the
positions. When in the standing position, he was
unable to bear weight on the right leg (paralysed
limb). However, although he had difficulty in
initiating the first step, once he started walking,
movement of the right leg occurred and he was able
to walk in a straight line without a walking aid device
and both the stance phase and the swing phase of
his right and left legs were symmetrical, indicating
a normal walking pattern. When he started walking,
the first step was initiated by the left leg (non-
paralysed limb), which was followed by the swing of

Figure 1. Flair imaging on day of onset: (a) anterior cingulate
gyrus; (b) lesion in the sub-cortical region of the supplementary
motor area (arrowheads).
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the right leg (paralysed limb). When he tried to turn
to the right from walking straight, steps of his right
leg stopped, interfering with the continuity of
walking. He had no difficulty turning to the left.
Despite the absence of any obvious motor paralysis,
motor ignition difficulty was apparent in the lower
limbs at the start of walking and the patient had
difficulty initiating walking. Once started, however,
it became possible to keep walking. This is a
phenomenon called ‘gait apraxia’ [14, 15]. In
addition, other symptoms, such as cessation of
walking, are observed when patients such as the
present case change direction to either the right or
the left. Therefore, the present case could be
considered to have right unilateral gait apraxia.

Course of physical therapy until mCIT intervention

On the day before mCIT intervention, neurological/
neuropsychological tests were conducted and volun-
tary movement and movement of the right leg
during walking were examined; the results of those
tests were consistent with the test results obtained
on day 14 post-stroke. On the day of onset, the
patient was started on physical therapy, which was
administered for 6 days a week (40 minutes a day).
Physical therapy consisted of conventional physical
therapy procedures such as weight bearing on the
right leg in the standing position, balance training,
walking exercise and range of motion exercise and
Bobath-based treatment [16]. After the start of
physical therapy, he started walking exercise using
parallel bars on day 3 post-stroke, walking exercise
on crutches on day 16 post-stroke and walking
exercise without a stick under supervision on day 21
post-stroke. In all types of walking, no movement of
the right leg was observed at the start of walking and
he was at risk of falling due to tripping. Bobath-
based treatment was performed mainly to cause
voluntary movement of the right leg, but no effect
was observed. He was able to walk around the
hospital ward on his own using a walking frame,
which is associated with a low risk of falling. He
was also able to perform self-care such as eating,
grooming, changing his clothes, bathing and
toileting.

Methods of intervention

mCIT intervention was introduced on day 68 after
the start of physical therapy. The mCIT interven-
tion period had been set so as to start 5 days earlier.
When the patient himself or three physical thera-
pists confirmed any change in right lower limb
function, however, the intervention was to be
terminated at that point. A knee splint (Nippon
Eizai Co., Ltd.) was applied to the left knee, i.e. the

non-paralysed limb of the patient (Figure 2). Before
starting mCIT intervention, a safety evaluation was
conducted by three physical therapists while the
patient wore the knee splint in the hospital ward.
The therapists determined that there was no risk of
falling although, with the knee splint, he suffered a
slight loss of balance when standing up from a chair
or bed and during transfers. When walking (with
a walking frame), a reduction in speed due to
shortened step length was observed and it took the
patient slightly longer to turn around in a narrow
space. However, there were no safety problems.
Thus, it was determined that the patient’s daily
performance during the mCIT intervention period
could be carried out without monitoring. He was
supposed to wear the appliance from 6:30 (awa-
kening time) to 19:30; he did not have to wear it
during bath time. He was only instructed to
maintain the same lifestyle as before mCIT inter-
vention and no additional movements or tasks were
imposed. During the intervention, he wore the
appliance and underwent the same physical therapy
programme as before, except for range of motion
exercise. However, when fatigue or pain beyond
physical and/or mental limits resulted from wearing
the appliance, he was allowed to remove it
temporarily.

Figure 2. Knee splint (Nippon Eizai Co., Ltd.) used for modified
constraint-induced therapy (mCIT). The appliance was placed on
the left leg (non-paralysed limb) of the patient (the photograph
shows the appliance placed on a healthy person).
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Assessment before and after intervention

In addition to BR stage and neurological tests before
and after the mCIT intervention, the patient’s
performance was video-taped and evaluated. In the
physical therapy facility, single joint movements of
the hip, knee and ankle joints of the right lower limb
in sitting, recumbent and standing positions were
recorded. Co-ordinated movements of these multi-
ple joints (voluntariness, speed of movements and
the range of motion), transitional movements from
the recumbent to the standing position, walking
(walking straight, turning to the right or the left) and
others were also recorded. Furthermore, in the ward,
routine daily activities (movements on the bed,
transfer to a toilet or other places, transfer by
walking, etc.) were also video-taped. Three physical
therapists evaluated voluntariness and automatism
of the right limb and the appropriateness of move-
ments and then compared the results before vs after
the intervention.

Results

On the evening of day 2 of mCIT, the patient
reported movement of his right leg; three phy-
siotherapists confirmed voluntary movement and
terminated the intervention. Based on the patient’s
record, the total time he wore the appliance was 19.5
hours (day 1 of mCIT: 11 hours, day 2 of mCIT: 8.5
hours) (Table I). The patient reported physical and
mental distress due to application of the appliance
on day 1 of mCIT; he paid more attention to the
affected limb and gradually became aware of
functional improvement from the morning of day 2
of mCIT (Table I).

Among functional changes in his right leg
observed after the intervention, voluntary control
of hip, knee and ankle joint movements, both
separately and jointly, became possible. The scope
of these joint movements covered the full range of
motion in recumbent, sitting and standing positions.
On the other hand, a slight delay in initiating a
motion and a minor reduction in speed were
recognized as compared to the left (non-paralysed)
limb. However, since these motions and actions were
observed to be at the same functional level as those
of the non-paralysed leg, a classification of BR stage
6 was made. In addition, autonomous movement of
his right leg, associated with a normal movement
pattern, occurred during transitional movement
between those positions. Weight bearing on the
right leg (paralysed limb) in the standing position
became possible, difficulty in swinging his right
lower limb forward at the start of walking resolved
and voluntary walking became possible. In addition,
halting of walking of the right leg, which was
observed when turning to the right while walking,
resolved and continuous walking become possible.
In the ward, appropriate voluntary and/or autono-
mous right leg movements appeared in all of the
patient’s motions with both a normal movement
pattern and stability. Since he was able to walk
anywhere without a walking aid device, it was
determined that he was at the self-walking level. In
general, all of his motions were very close to the
normal levels and no differences from healthy
individuals were recognized.

No changes were observed in the results of
neurological tests such as deep tendon reflexes,
superficial sensation, deep sensation and pathologi-
cal reflexes. Grasp response and instinctive grasp

Table I. Patient’s record during modified constraint-induced therapy (mCIT) intervention (actual descriptions given by the patient).
He reported physical and mental distress due to the splint applied to the knee on day 1; he paid more attention to the right leg and was
beginning to be aware of the occurrence of movement on day 2.

Time Activities and movements/self-observation

Day 1

6:30 (waking up) to 13:00 � . Skin regions where the splint was applied felt very hot.
13:00 to 15:00 � . I went out of the hospital with a visitor.
15:00 to 19:30 (going to bed) � . I had difficulty standing and sitting.

. I was unable to stand up without bearing weight on my right leg.

Day 2

7:00 (waking up) to 14:00 � . I was constantly very conscious of my right foot.
. I was able to walk with the tip of my right foot pointing forward.

14:00 to 14:30 � . Bathing: when I got into the bathtub, I was able to put my right
leg in first without difficulty.

14:30 to 16:00 (removal) � . It was extremely troublesome and a heavy burden to wear
the appliance on the right foot.

. I can tolerate it for 2 more days at most; I think I will tolerate it
longer if I realize the actual effect after the 2-day period.

The total time I wore the appliance on day 2 was 19.5 hours

�: I used the splint, �: I did not use the splint.

Effect of modified constraint-induced movement therapy on lower extremity hemiplegia 901
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response of the right arm were positive, with no
improvement. Improved function was maintained
until discharge from the hospital, on day 8 after the
completion of mCIT (day 78 post-stroke).

Discussion

Difficulty in initiating voluntary movement of the
patient’s right leg and gait disturbance were not
improved immediately before mCIT (day 68 after
the start of physical therapy). However, although he
complained of physical and mental distress due to
the intervention with knee immobilization on day 1
after starting mCIT, he paid more attention to the
affected limb and was beginning to be aware of the
occurrence of movement on day 2 of mCIT
intervention. The functional improvement resulting
from the short-term intervention was inconsistent
with the temporal functional changes after the onset
of stroke and was considered to be due to the mCIT
intervention.

No neurological sign or paralysis indicating
impairment of the corticospinal tract was observed
in his upper and lower limbs from the onset. In an
experiment with monkeys, SMA cells were acti-
vated when initiating motions intentionally or
carrying out multiple motions sequentially
[17, 18]. Based on this result, these cells have
been considered to be related to higher-order
aspects of motor control. Damage of the medial
surface of the frontal lobe including the SMA
causes no or only slight motor paralysis, but is
associated with signs and symptoms of the upper
limbs such as alien hand signs [19, 20] and an
instinctive grasp response [11], which occurs
irrespective of the patient’s will, as in this patient.
The main symptom in this patient was the absence
of voluntary movement of the ankle, knee and hip
joint, which interfered with transitional movements.
At the start of walking, difficulty in initiating the
first step of the right leg was observed. However,
although normal gait was observed once walking
straight was initiated, walking stopped when he
tried to turn to the right. Gait apraxia occurs in
patients whose bilateral SMAs are impaired
[14, 15]. Although he was able to walk in a straight
line once walking was started, motor ignition
difficulty of the right leg was observed and walking
stopped when making a turn [15, 21]; therefore,
this patient was considered to have right unilateral
gait apraxia due to a lesion of the left SMA. It has
been confirmed that the bilateral SMAs are
activated before the start of walking [22] and
during walking [23, 24] in healthy persons.
Goldberg et al. [19] reported that a lower motor
sub-routine is executed irrespective of the patient’s

will when the SMA is damaged. Therefore, walking
of patients with gait apraxia is considered to be
executed by inferior centres responsible for locomo-
tion [25, 26] such as the mesencephalic locomotor
region and the ponto-bulbar locomotor region.
Both the instinctive grasp response of the right
arm and motor ignition difficulty of the right leg
observed in this patient were due to damage of the
SMA and were considered abnormalities of high-
level voluntary motor control.

In this patient, functional improvement was
achieved by intervention over a very short period
(2 days); although this may have been because the
damage of the SMA was located in the sub-cortical
area, it may have been because of specific properties
of the SMA as a higher motor area. It has been
suggested that the unilateral SMA strongly contri-
butes to movement of the ipsilateral limbs, because
in simple movement of unilateral limbs, the SMA of
the hemisphere opposite the limbs is activated,
whereas the bilateral SMAs are activated in compli-
cated movements [18]. In addition, it has been
reported that the bilateral SMAs as well as primary
motor and pre-motor areas and cerebellum in the
hemisphere opposite the lesion are activated in the
process of motor recovery from paralysis using CIT
intervention [2, 3, 27]. From these findings, it was
speculated that the SMA plays an important role in
functional improvement and that in this patient the
SMA of the contralateral side contributed to the
functional improvement. In addition, Pons et al.
[28] reported that the monkey’s repair capacity after
cortical damage is greater in higher-order areas than
in primary areas. It has been reported that the
transmission efficiency of synapses in the cerebral
cortex is changed by a change in the stimulation
frequency in a short period [29] and that neuronal
activities in the primary motor area [30] and parietal
area [31] are changed immediately after new motor
learning. The motor recovery achieved in this patient
in a short time may have been due to the facts that
activities of synapses and neurons in the brain have
high plasticity and that the medial surface of the
frontal lobe including the SMA as a higher motor
area has a high repair capacity.

This patient was discharged from hospital on day
8 after mCIT intervention; until then functional
maintenance was confirmed. However, functional
changes after discharge from hospital could not be
followed because of ethical reasons associated with
the study. Still, it is reported that function will
improve further after CIT [32, 33]. That is probably
because the improved functions are used more
frequently in daily life.

The brain has various structures, which constitute
complex and diverse nerve networks. It is probable
that such different regions of the brain have different
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functional activity and repair capacity, resulting in
differences in the process of functional recovery and
the level of recovery.

Watson et al. [34] reported that the s-shaped
curve (plotting functional recovery against time,
namely, after a gradual rise in the early onset stage,
the curve rises sharply during the convalescent stage
and then reaches a plateau) appears with recovery
of specific motor tasks, as is implicitly acknowl-
edged by a majority of clinicians, may not
necessarily be the true or only a model of recovery,
because there are some patients who achieve a fresh
‘burst’ of renewed progress at a much later stage.
Recovery is possible, regardless of the s-shaped
curve, when therapy is specifically tailored to the
factors unique to each patient’s impairment or
recovery potential. The remarkable recovery
observed in the present case is attributable to
mCIT being ideally suited to the causes of the
impairment. In the future, the restorative effect of
CIT on different affected areas needs to be
confirmed in individual cases.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.
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10. Marklund I, Klässbo M. Effects of lower limb intensive mass
practice in post-stroke patients: Single subject experimental
design with long-term follow-up. Clinical Rehabilitation
2006;20:568–576.

11. Seyffarth H, Denny-Brown D. The grasp reflex and the
instinctive grasp reaction. Brain 1948;71:109–189.

12. Brunnstrom S. Movement therapy in hemiplegia: A neuro-
physiological approach. New York: Herper & Row; 1970.

13. Folstein MF, Folstein SE, McHugh PR. Mini-mental state.
A practical method for grading the cognitive state of patients
for the clinician. Journal of Psychiatric Research 1975;12:
189–198.

14. Della Sala S, Francescani A, Spinnler H. Gait apraxia
after bilateral supplementary motor area after lesion.
Journal of Neurology, Neurosurgery and Psychiatry
2002;72:77–85.

15. Petrovici I. Apraxia of gait and trunk movement in man
suggests it walks as a supramotor area. Science 1979;206:
847–850.

16. Bobath B. Adult hemiplegia. Evaluation and treatment.
3rd ed. Oxford: Heinemann Medical; 1990.

17. Tanji J, Taniguti K, Saga T. The supplementary motor area:
Neuronal responses to motor instruction. Journal of
Neurophysiology 1980;43:60–68.

18. Tanji J, Shima K. Role of supplementary motor area cells
in planning several movements ahead. Nature 1994;371:
413–416.

19. Goldberg G, Myer N, Toglia JU. Medial frontal cortex
infarction and alien hand sign. Archives of Neurology
1984;38:683–686.

20. Goldberg G. Supplementary motor area structure and
function: Review and hypothesis. Behavioral Brain Science
1985;8:567–616.

21. Nutt JG, Marsden CD, et al. Human walking and higher-
level gait disorders particularly in the elderly. Neurology
1993;43:268–279.

22. Yazawa S, Shibasaki H, Ikeda A, Terada K, Nagmine T,
Honada M. Cortical mechanism underlying externally cued
gait initiation studied by contingent negative variation
1997;105:390–399.

23. Fukuyama H, Ouchi Y, et al. Brain function activity during
gait in normal subjects: A SPECT study. Neuroscience
Letters 1997;13:183–186.

24. Miyai I, Tanabe HC, et al. Cortical mapping of gait in
humans: A near-infrared spectroscopic tomography study.
Neuroimage 2001;14:1186–1192.

25. Mori S, Nishimura H, Kurakami C, Yamamura T,
Aoki M. Controlled locomotion in the mesencephalic cat:
Distribution of facilitatory and inhibitory regions within
pontine tegmentum. Journal of Neurophysiology 1978;41:
1580–1591.

26. Shik ML, Orlovsky GN. Neurophysiology of locomotor
automatism. Physiology Review 1976;56:465–501.

27. Ward NS, Brown MM, et al. Neural correlates of outcome
after stroke: A cross-sectional fMRI study. Brain 2003;126:
1430–1448.

Effect of modified constraint-induced movement therapy on lower extremity hemiplegia 903

B
ra

in
 I

nj
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

H
on

g 
K

on
g 

on
 0

4/
13

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



28. Pons TR, Garraghty PE, Mishkin M. Lesion-induced
plasticity in the second somatosensory cortex of adult
macaques. Proceedings of the National Academy of
Sciences (USA) 1988;85:5279–5281.

29. Ito K, Miura M, et al. Voltage-gated Ca2þ channel blockers,
omega-AgaIVA and Ni2þ, suppress the induction of
theta-burst induced long-term potentiation in guinea-pig
hippocampal CA1 neurons. Neuroscience Letters 1995;183:
112–115.

30. Classen J, Lipert A, et al. Rapid plasticity of human cortical
movement representation induced by practice. Journal of
Neurophysiology 1998;79:1117–1123.

31. Iriki A, Tanaka M, et al. Coding of modified body schema
during tool use by macaque postcentral neurones.
Neuroreport 1996;7:2325–2330.

32. Wolfgang HR, Miltner WH, Bauder H, Sommer M,
Dettmers C, Taub E. Effects of constraint-induced
movement therapy on patients with chronic motor
deficits after stroke: A replication. Stroke 1999;30:
586–592.

33. Bowman MH, Taub E, Uswatte G, Delgado A,
Bryson C, Orris DM, McKay S, Mark W. A treatment
for a chronic stroke patient with a plegic hand
combining CI therapy with conventional rehabilitation
procedures: Case report. NeuroRehabilitation 2006;21:
167–176.

34. Watson MJ, Crosby P, Matthews M. An evaluation of the
effects of a dynamic lycra orthosis on arm function in a late
stage patient with acquired brain injury. Brain Injury
2007;21:753–761.

904 K. Numata et al.

B
ra

in
 I

nj
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

H
on

g 
K

on
g 

on
 0

4/
13

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


