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ABSTRACT
Itoh N, Kagaya H, Horio K, Hori K, Itoh N, Ota
K, Kanada Y, Saitoh E. Relationship between
movement asymmetry and sit-to-stand/stand-to-sit
duration in patients with hemiplegia. Jpn J Compr
Rehabil Sci 2012; 3: 66‑71.
Objective: To elucidate the relationship between sideto-side asymmetry and sit-to-stand and stand-to-sit
duration in patients with right or left hemiplegia by
three-dimensional motion analysis of the two
movements.
Methods: Forty-five patients with hemiplegia (right
hemiplegia in 21, left hemiplegia in 24) and 20 normal
healthy adults were studied. Using three-dimensional
motion analysis, an asymmetry index (AI) was
calculated from the trajectory of the left-right
component at the midpoint between two acromion
markers as a function of time. Normal range of the sitto-stand and stand-to-sit duration was calculated as the
mean ± SD obtained from normal subjects. Patients
were divided into two groups according to duration:
normal duration (within the mean ± 2SD of normal
subjects) and abnormal duration (outside the mean ±
2SD of normal subjects). Motor function of the affected
lower extremity and other parameters were compared
between the normal and abnormal duration groups.
Results: Sit-to-stand and stand-to-sit duration was
significantly prolonged in both right hemiplegic and
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left hemiplegic patients compared with normal
subjects. In left hemiplegic patients, AI was
significantly higher in those with abnormal duration
for both sit-to-stand and stand-to-sit movements. In
left hemiplegic patients, the lower extremity motor
function was significantly poorer in those with
abnormal duration for sit-to-stand movement.
Conclusion: In patients with left hemiplegia, AI
deviates toward the unaffected side, and impaired
lower extremity motor function is associated with
prolonged sit-to-stand duration.
Key words: sit-to-stand and stand-to-sit motion
analysis, sit-to-stand and stand-to-sit duration,
asymmetry, asymmetry index
Introduction
Standing up from a seated position (sit-to-stand)
and sitting down from a standing position (stand-tosit) are two frequently performed activities in daily
living. The sit-to-stand movement involves a postural
change from a seated position to a standing position,
in which the hip joint acts as the center of rotation to
tilt the trunk and the pelvis forward, transferring the
center of gravity to the front. Then, the buttocks leave
the chair and the center of rotation is transferred to the
knee joint to extend the lower extremities and trunk
toward a standing position [1]. The stand-to-sit
movement generally follows a reverse path of the sitto-stand movement although there are some differences
in afferent and efferent muscle contractions [2].
A multitude of studies have been published on sitto-stand and stand-to-sit movements [3‑9]. Cheng et
al. [6] reported that the majority of hemiplegic patients
with a history of falls exhibited delayed activation of
the tibialis anterior muscle and premature activation of
the soleus muscle in the hemiplegic limb. In another
study on hemiplegic patients, Duclos et al. [7] reported
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that with both feet positioned spontaneously,
asymmetry was observed with the center of pressure
greatly deviated toward the unaffected side; whereas
with the affected foot placed behind the unaffected
foot, near symmetry was obtained. Roy et al. [9]
reported that the time for performing the stand-to-sit
task was longer than that for the sit-to-stand task in
hemiplegic patients. In the clinical setting, when
patients with hemiplegia rise from a seated position or
sit down from a standing position, asymmetry is often
observed; for example, body weight is not loaded on
the affected side, and the neck and trunk are tilted
toward the affected side. However, to the best of our
knowledge, there are no reports that focus on the sideto-side asymmetry and movement execution time in
hemiplegic patients.
The objective of the present study was to use threedimensional motion analysis to elucidate the
relationship between asymmetry and execution time
for sit-to-stand (sit-to-stand duration) and stand-to-sit
movements (stand-to-sit duration) in patients with
hemiplegia caused by cerebrovascular disorders.
Subjects and methods
1. Subjects
Twenty normal healthy adults (mean age 24 years,
173.0 ± 4.6 cm in height, 63.2 ± 6.4 kg in weight) and
45 patients with hemiplegia (right hemiplegia in 21,
left hemiplegia in 24) were studied. Hemiplegic
patients were excluded from this study if their general
condition was unstable; if they were not capable of
voluntary movements due to impaired consciousness;
could not follow instructions from therapists; required
the use of a handrail, cane or orthosis for sit-to-stand
and stand-to-sit movements; or were judged unsuitable
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for an evaluation lasting a maximum of approximately
40 min. The clinical profile of the hemiplegic patients
is shown in Table 1. Motor function was assessed
using the Stroke Impairment Assessment Set (SIAS)
[10]. Muscle tone was assessed using the Modified
Ashworth Scale (MAS). Activities of daily living were
assessed using the Functional Independence Measure
(FIM) [11].
This study was reviewed and approved by the
Epidemiological and Clinical Research Ethics
Committee of our institution (Approval number: 10118). A detailed explanation of the study was given
both orally and in writing to each subject, and informed
consent was obtained from all participating subjects.
2. Method of measurement
A subject was seated on the seat of an armless,
backless chair, with both arms folded across the chest,
and was instructed to perform sit-to-stand followed by
stand-to-sit tasks. The height of the seat was adjusted
so as to be the height from the floor to the lateral
epicondyle of the femur while the subject was seated.
The sitting depth was set to be the proximal one-third
of the thigh length. None of the subjects used a
handrail, cane or orthosis. As the starting position of
the lower extremities, the two feet were positioned
with 10° ankle dorsiflexion and a distance of 10 cm
between the medial malleoli. The speed of movement
was not controlled. After practicing repeatedly and
confirming safety, measurement was conducted once.
Two physical therapists each were positioned on the
anterior side and lateral side of the patient as a
precaution against falling.
Color markers were placed at 15 sites on the
subject’s body: top of the head, and bilateral
preauricular points, acromia, iliac crests, hip joint

Table 1. Clinical profile of hemiplegic patients.
Right hemiplegia
Diagnosis

Left hemiplegia

Cerebral infarction 8 patients, cerebral Cerebral infarction 16 patients, cerebral
hemorrhage 11, subarachnoid hemorrhage 1, hemorrhage 5, subarachnoid hemorrhage 2,
others 1
others 1

Number of
21 patients
24 patients
cases
Gender
13 males, 8 females
14 males, 10 females
Age
63 10 (49‑84) years
61±16 (24‑86) years
Height
160.7 8.8 (146.0‑180.0) cm
160.8±9.2 (143.5‑177.0) cm
Weight
58.4 10.4 (38.0‑77.0) kg
57.4±10.7 (40.0‑74.0) kg
Duration after
199.6±414.4 (21‑1581) days
122.1±216.1 (20‑1082) days
onset
SIAS lower
Score 15‑13: 7 patients, score 12‑10: 5,
Score 15‑13: 6 patients, score 12‑10: 8,
extremity
score 9‑7: 4, score 6‑4: 5, score 3‑0: 0
score 9‑7: 6, score 6‑4: 4, score 3‑0: 0
＊
total score
＊
SIAS (Stroke Impairment Assessment Set) scores for three lower extremity function subscales (maximum score:
15)
Jpn J Compr Rehabil Sci Vol 3, 2012
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(one-third distance from the great trochanter on a line
joining the anterior superior iliac spine and great
trochanter), knee joints (midpoint of the anteroposterior
diameter of the lateral femoral epicondyle), ankle
joints (midpoint of the lateral malleolus), and 5th
metatarsal heads.
A three-dimensional motion analysis system,
KinemaTracer® (Kissei Comtec Co., Ltd., Matsumoto,
Japan) was used. The KinemaTracer® is composed of
a computer for recording and analysis, together with
four CCD cameras. This system is very convenient for
three-dimensional motion analysis (Figure 1) because
the CCD cameras and computer are connected with
IEEE1394 cables, so there is no need to synchronize
the cameras during video recording, a procedure that
is required in conventional systems.
A pressure sensor 1.5 cm in diameter was placed on
the seat, and pressure change was sampled at a
frequency of 100 Hz to detect “seat-off” (when the
buttocks lift off the seat) defined as the time of the
disappearance of weight on the seat, and “seat-on”
(when the buttocks touch the seat) defined as the time
when weight starts to load on the seat. The pressure
sensor was connected to an AD converter and was
synchronized with the KinemaTracer® system. The
angle (α) formed by the three markers at the acromion,
hip joint and knee joint was defined as the hip joint
angle. Motion initiation was indicated by the first
change in α of 0.5° or greater in 1/60 s, and motion
completion was indicated by the loss of change in α of
0.5° or greater [12]. After completing the sit-to-stand
task, an interval of 3 s was applied before starting the
stand-to-sit task. After the calculated three-dimensional
data was smoothed with a 6-Hz filter [9, 13], the leftright component (x coordinate) and the anteriorposterior component (y coordinate) of each marker
were analyzed off-line, using the midpoint of the line

Figure 1. Schematic diagram illustrating the sit-tostand and stand-to-sit motion analysis.
The KinemaTracer® motion analysis system is
composed of a computer for recording and analysis
together with four CCD cameras set around the subject.
The computer and the CCD cameras are connected by
IEEE1394 cables, and synchronization of the cameras
during recording is not required.
Jpn J Compr Rehabil Sci Vol 3, 2012

joining the left or right ankle and the midpoint of the
5th metatarsal head as 0.
3. Data analysis
As an indicator of side-to-side asymmetry, an
asymmetry index (AI) was determined by calculating
the area under the motion trajectory of the left-right
component (x coordinate) at the midpoint between the
two acromion markers, divided by the time taken
(Figure 2). A positive AI value denotes the unaffected
side, and a negative value denotes the affected side.
The time taken from initiation to completion of the
sit-to-stand and stand-to-sit movements was measured
as the sit-to-stand duration and stand-to-sit duration,
respectively. The normal range of duration was
calculated from the mean ± 2 × standard deviations
(SD) of normal healthy adults. The hemiplegic patients
were divided into two groups according to movement
duration: normal duration (within the mean ± 2SD of
normal adults) and abnormal duration (outside the
mean ± 2SD of normal adults). The two groups were
compared with respect to AI; SIAS scores for affected
lower extremity motor function (hip-flexion, kneeextension, foot-pat), quadriceps strength of unaffected
side, and lower extremity position sensation and
visuospatial perception; MAS; as well as motor and
cognitive subscales of FIM.
The difference between sit-to-stand and stand-to-sit
duration was compared in normal subjects, right
hemiplegic patients, and left hemiplegic patients using

Figure 2. Calculation of the asymmetry index (AI).
AI is calculated from the trajectory of the left-right
component (x coordinate) at the midpoint between
two acromion markers. AI=(a b)/time taken. a: area of
unaffected side; b: area of affected side. Plus denotes
displacement to the unaffected side. Minus denotes
displacement to the affected side.
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the paired t-test. Other items were compared using the
unpaired t-test. A p value less than 0.05 was considered
statistically significant. Statistical analyses were
conducted using IBM PASW® Statistics 18.
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No significant differences in age, height, weight,
and duration after onset were observed between right
hemiplegic and left hemiplegic patients. The SIAS
score for quadriceps strength of the unaffected side
was 3 for both right and left hemiplegic patients.
The sit-to-stand duration was 1.83 ± 0.38 s (mean ±
SD) in normal subjects, 2.42 ± 0.91 s in right hemiplegic
patients, and 2.66 ± 1.31 s in left hemiplegic patients.
No significant difference was observed between right
hemiplegic and left hemiplegic patients, but the
duration in both hemiplegic groups was significantly
prolonged compared to normal subjects (p=0.010 for
right hemiplegia, p=0.009 for left hemiplegia). The
stand-to-sit duration was 1.92 ± 0.36 s in normal
subjects, 2.65 ± 0.91 s in right hemiplegic patients,
and 3.15 ± 1.29 s in left hemiplegic patients. Likewise,
no significant difference was observed between right

hemiplegic and left hemiplegic patients, but the
duration in both hemiplegic groups was significantly
prolonged compared to normal subjects (p=0.002 for
right hemiplegia, p=0.001 for left hemiplegia). In left
hemiplegic and right hemiplegic patients, the stand-tosit duration was significantly longer than the sit-tostand duration (p=0.023 for right hemiplegia, p=0.005
for left hemiplegia).
In 15 right hemiplegic and 15 left hemiplegic
patients, the sit-to-stand duration was normal (within
the mean ± 2SD of normal subjects), while in 6 right
hemiplegic and 9 left hemiplegic patients, the duration
was abnormal (outside the mean ± 2SD of normal
subjects) (Figure 3). In 11 right hemiplegic and 11 left
hemiplegic patients, the stand-to-sit duration was
normal (within the mean ± 2SD of normal subjects),
while in 10 right hemiplegic and 13 left hemiplegic
patients, the duration was abnormal (outside the mean
± 2SD of normal subjects) (Figure 4).
Table 2 shows the comparison of various parameters
between normal and abnormal sit-to-stand and standto-sit duration in hemiplegic patients. For sit-to-stand
movement, a significant increase in AI (p=0.001) and
significant decrease in SIAS scores for hip-flexion

Figure 3. Sit-to-stand duration in right hemiplegic and
left hemiplegic patients.
The upper panel shows the sit-to-stand duration in
right hemiplegic patients, and the lower panel shows
the duration in left hemiplegic patients. The X-axis of
the graph shows the SIAS lower extremity total score
(maximum score: 15). Dotted lines denote mean ± two
standard deviations (2SD) of normal adults. Six right
hemiplegic and 9 left hemiplegic patients are outside
the mean ± 2SD.

Figure 4. Stand-to-sit duration in right hemiplegic and
left hemiplegic patients.
The upper panel shows the stand-to-sit duration in
right hemiplegic patients, and the lower panel shows
the duration in left hemiplegic patients. The X-axis of
the graph shows the SIAS lower extremity total score
(maximum score: 15). Dotted lines denote mean ± two
standard deviations (2SD) of normal adults. Ten right
hemiplegic and 13 left hemiplegic patients are outside
the mean ± 2SD.

Results
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Table 2. Two-group comparison of normal (within mean ± 2SD of normal subjects) versus abnormal (outside
mean ± 2SD of normal subjects) sit-to-stand and stand-to-sit durations in patients with left or right hemiplegia.
SIAS
AI

HipFlexion

KneeExtension

Foot-Pat

FIM
Position

Visuospatial

MAS

Motor

Cognitive

Right
hemiplegia

Normal
Abnormal
P

2.0±2.7
1.9±1.1
0.887

3.6±1.5
3.8±1.0
0.678

3.5±1.3
3.7±1.0
0.809

3.3±1.6
2.7±2.2
0.514

1.9±1.0
2.0±0.9
0.771

2.9±0.3
2.8±0.4
0.505

1.5±1.1
1.2±0.8
0.479

80.0± 8.6
78.0± 3.9
0.593

30.6±5.6
34.5±0.5
0.112

Left
hemiplegia

Normal
Abnormal
P

1.0±2.0
4.4±1.4
0.001＊＊

4.0±1.0
3.1±1.1
0.043＊

4.1±0.8
3.0±0.6
0.001＊＊

3.3±1.4
2.0±1.1
0.010＊＊

2.6±0.7
2.1±0.9
0.103

3.0±0.0
2.8±0.4
0.060

1.6±1.0
1.7±0.7
0.849

76.7± 9.5
74.8± 9.7
0.610

32.9±3.0
33.4±3.0
0.692

Right
hemiplegia

Normal
Abnormal
P

1.7±2.2
0.7±2.4
0.334

3.6±1.4
3.7±1.3
0.915

3.5±1.2
3.6±1.3
0.921

3.4±1.4
2.9±2.1
0.556

1.7±1.0
2.1±0.9
0.376

2.9±0.3
2.9±0.3
0.947

1.6±1.0
1.1±0.9
0.212

82.0± 7.9
76.6± 6.1
0.096

30.7±6.4
32.8±2.9
0.362

Left
hemiplegia

Normal
Abnormal
P

1.6±2.5
3.9±2.0
0.024＊

3.8±1.0
3.5±1.3
0.446

3.8±0.8
3.5±1.1
0.344

3.0±1.5
2.6±1.5
0.536

2.5±0.8
2.2±0.8
0.363

3.0±0.0
2.8±0.4
0.190

1.5±0.9
1.8±0.8
0.398

76.2±10.7
75.6± 8.6
0.889

32.5±3.4
33.6±2.6
0.401

Sit to
stand

Stand
to sit

Data are expressed as mean ± standard deviation. AI, asymmetry index; SIAS, Stroke Impairment Assessment Set; FIM, Functional Independence Measure.
＊
p<0.05, ＊＊p<0.01, normal duration versus abnormal duration

(p=0.043), knee-extension (p=0.001) and foot-pat
(p=0.010) were observed for abnormal duration
compared to normal duration in left hemiplegic
patients, whereas no significant differences in these
parameters were observed between normal and
abnormal duration in right hemiplegic patients. For
stand-to-sit movement, a significant increase in AI
(p=0.024) was observed for abnormal duration
compared to normal duration in left hemiplegic
patients. For both sit-to-stand and stand-to-sit
movements, no differences in SIAS scores for lower
extremity position sensation and visuospatial
perception, MAS scores, and FIM motor and cognitive
scores were found between normal and abnormal
duration in both left and right hemiplegic patients.
Discussion
In this study, patients with right hemiplegia showed
no significant differences in AI and SIAS scores of
lower extremity motor function (affected side) between
normal and abnormal duration for both sit-to-stand
and stand-to-sit movements. These results suggest that
in patients with right hemiplegia, side-to-side
asymmetry and motor function of the affected lower
extremity are not the cause of the prolonged duration
of sit-to-stand and stand-to-sit movements. In patients
with left hemiplegia, however, AI was significantly
higher in those with abnormal duration compared to
normal duration for both sit-to-stand and stand-to-sit
movements, while hip-flexion, knee-extension and
foot-pat scores were significantly lower only for sit-tostand movement. Lomaglio et al. [14] reported that
since the right hemisphere plays a dominant role in
postural control and balance, individuals with left
hemiplegia show greater lateral displacement of the
foot pressure toward the unaffected side compared to
individuals with right hemiplegia, and patients with
Jpn J Compr Rehabil Sci Vol 3, 2012

right hemiplegia may have better postural control than
those with left hemiplegia. In a study of the recovery
pattern of pushing behavior (PB), which is a
characteristic example of impaired postural control,
Abe et al. [15] reported that more patients with right
cerebral hemisphere damage exhibited PB, and that
the duration of recovery from PB was longer with right
cerebral hemisphere damage than with left cerebral
hemisphere damage. In the present study, patients with
left hemiplegia showed displacement of AI to the
unaffected side, which prolonged the sit-to-stand and
stand-to-sit duration; thus, instruction on rising and
sitting, taking into consideration compensation and
environment adaptation, would be required to activate
the postural control function in these patients.
Furthermore, the sit-to-stand duration was prolonged
in patients with poorer motor function in the affected
lower extremity. One possible explanation is that since
the postural control function is worse in left hemiplegia
than in right hemiplegia, increased asymmetry is
probably not adequately compensated and influences
the motor function of the affected lower extremity in
patients with left hemiplegia.
Duclos et al. [7] analyzed the sit-to-stand transfer
from a horizontal level in hemiplegic patients, and
reported a decrease in lateral instability towards the
unaffected side when the two feet were placed
spontaneously, and towards the affected side when the
affected foot was positioned behind the unaffected
foot. They concluded that lower extremity motor
function and lateral displacement are good clinical
indicators as a warning to the risk of falling. Our
results also indicate that AI and motor function of the
affected lower extremity impact the sit-to-stand and
stand-to-sit duration in patients with left hemiplegia,
suggesting that these two parameters may also be
useful clinical indicators.
Our study demonstrated that the duration of sit-to-
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stand and stand-to-sit movements was significantly
longer in patients with hemiplegia. Roy et al. [9]
reported that efferent muscle contraction is necessary
during sitting even in hemiplegic patients, and others
have reported that during sitting, greater attention is
required for seat-on when there is no visual guide,
thereby lengthening the movement duration [8, 16]
The above factors probably contribute to the prolonged
stand-to-sit duration. Moreover, while AI and motor
function of the affected lower extremity influenced
movement duration in left hemiplegia, these factors
had no significant effect in right hemiplegia. Despite
this fact, there were no significant differences in the
duration of sit-to-stand and stand-to-sit movements
between left and right hemiplegia. In the present series,
the SIAS score for quadriceps strength of the unaffected
side was 3 in both left and right hemiplegia. The same
strength level on the unaffected side among left and
right hemiplegic patients is probably why there is no
difference in movement duration between the two
groups.
There are some limitations to this study. First, all
the patients studied were able to execute sit-to-stand
and stand-to-sit tasks independently or under
observation, and did not require the use of a handrail
or lower extremity orthosis. The present results thus
cannot be extrapolated to suggest whether or not there
is a relationship between asymmetry and sit-to-stand
and stand-to-sit duration in patients with more serious
disabilities, who have to use a handrail or lower
extremity orthosis. For such studies, identification of
the phases in the sit-to-stand and stand-to-sit
movements that show increased asymmetry, and
investigation of trial-to-trial variability would be
useful. Future studies with a larger number of cases to
investigate the effects of using a handrail or lower
extremity orthosis on the sit-to-stand and stand-to-sit
movements will be useful for the development of
effective rising and sitting instruction from an early
stage.
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