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Abstract. [Purpose] The purpose of this study was to compare the center of mass during sit-to-stand and stand-
to-sit activities in the timed up and go test between healthy subjects and patients with stroke. [Subjects and Meth-
ods] Thirty healthy participants and thirty patients with stroke volunteered for this study. Acceleration of the center 
of mass was measured using a wireless tri-axial accelerometer during sit-to-stand and stand-to-sit activities in the 
timed up and go test. Accelerometer data were analyzed using BTS G-studio software. [Results] The phase duration 
was significantly longer and the anterior-posterior, mediolateral, and vertical acceleration ranges were significantly 
lower during sit-to-stand for patients with stroke than for healthy controls. Further, phase duration and the mediolat-
eral acceleration range during stand-to-sit differed significantly between healthy controls and subjects with stroke. 
[Conclusions] During training for the sit-to-stand activity, the focus should be all three balance dimensions, but dur-
ing training for the stand-to-sit activity, the focus should be on improving mediolateral balance and asymmetrical 
foot positioning should be recommended.
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INTRODUCTION

Stroke is one of the most common causes of death in Korea1), and most stroke patients experience difficulties with activities 
of daily living (ADLs) and have spatial and temporal cognitive impairment, communication impairment, and hemiplegia2). 
In stroke patients with lesions in one hemisphere, hemiplegia can result from weakness of the contralateral upper and lower 
extremities and weakness of the trunk muscles3). Weakness of the lower extremities hampers walking, and the ability to walk 
is a basic and essential need for conducting ADLs. Therefore, improving a patient’s walking ability is an important goal 
during rehabilitation following stroke4). When attempting to walk, hemiplegic patients have excessive lateral motion of their 
center of mass (COM) and experience a higher ground reaction force with a lower peak torque around the joints, compared 
to healthy subjects5). These characteristics restrict their participation in the community and limit their independence, which 
negatively affects quality of life6, 7).

Before they can begin to walk, patients with stroke must first stand from being seated and maintain balance. The COM 
must be maintained within the base of support (BOS) during mobility while conducting ADLs, but most patients have an 
asymmetrical posture, poorly performing extremities, and problems with coordination8). The timed up and go (TUG) test 
is commonly used to simultaneously evaluate abilities such as balancing and walking6). TUG was originally designed to 
evaluate balance in elderly people and to examine locomotion mobility for predicting the risk of fall injury, but it can be also 
used in patients with stroke or arthritis of the lower extremities9).
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In the present study, the acceleration of the COM during sit-to-stand and stand-to-sit in TUG tests was measured and the 
performance of healthy subjects was compared with that of patients with stroke.

SUBJECTS AND METHODS

A total of 60 participants (30 healthy subjects and 30 patients with stroke) were enrolled in this study; written informed 
consent was obtained from all participants. The 30 healthy subjects had no other musculoskeletal, cardiopulmonary, or 
neuromuscular disorders and no history of any physical therapy in the 6 months prior to recruitment. The following inclu-
sion criteria were set for the subjects with stroke: (1) at least 6 months had elapsed since the stroke, (2) the ability to walk 
independently for 10 m with supervision, (3) ability to communicate (score>24 on Mini-Mental State Examination), and (4) 
no secondary complications after the stroke. Prior to recruitment, the study protocol was approved by the Jeonju University 
Institutional Review Board (jjIRB-151209-HR-2015–1202).

Table 1 describes the general characteristics of the participants (Table 1). Acceleration of the COM was measured using a 
wireless tri-axial accelerometer (G-Walk; BTS Bioengineering S.p.A., Italy) that was attached to the 5th lumbar vertebra and 
tightened with Velcro™ while the participants performed sit-to-stand and stand-to-sit during a traditional TUG test before 
the participants made initial contact with the ground to start walking. The accelerometer data were wirelessly transferred 
via a Bluetooth system to a laptop computer and analyzed using BTS G-studio software (BTS Bioengineering S.p.A., Italy). 
The weight of the accelerometer was 37 g, and its dimensions were 70 × 40 × 18 mm. The mean value of three trials was 
used for data analysis. Phase duration (s), anterior-posterior (AP) acceleration range (m/s2), mediolateral (ML) acceleration 
range (m/s2), and vertical (VT) acceleration range (m/s2) were calculated on the basis of COM motion during sit-to-stand and 
stand-to-sit activities.

Descriptive and frequency statistics were used to compare the general characteristics of healthy subjects and patients with 
stroke, and the independent t-test was used to compare the accelerometer data obtained during sit-to-stand and stand-to-sit 
activities in the TUG test. The p value was set at 0.05 for all statistical tests.

RESULTS

The phase duration during sit-to-stand was significantly longer for the patients with stroke than for the healthy subjects 
(p<0.05). Further, the AP, ML, and VT acceleration ranges were significantly slower in patients with stroke during sit-to-stand 
than in the healthy controls (p<0.001) (Table 2). Phase duration (p<0.05) and the ML acceleration range (p<0.001) during 
stand-to-sit differed significantly between the healthy subjects and patients with stroke. However, no significant differences 
were found in the AP and VT acceleration ranges during stand-to-sit (p>0.05) (Table 3).

DISCUSSION

The purpose of this study was to compare the acceleration of the COM during sit-to-stand and stand-to-sit activities in 
patients with stroke and healthy subjects. According to the results, all parameters during sit-to-stand differed significantly 
between the participant groups; however, while phase duration and ML acceleration range during stand-to-sit differed signifi-
cantly between healthy subjects and those with stroke, the AP and VT acceleration ranges did not.

The phase duration during sit-to-stand was substantially longer in the patients with stroke than in healthy subjects. These 
results indicate that in patients with stroke, weakness in one leg did not allow for adequate contraction to complete the sit-to-
stand activity. Burnfield et al.10) reported that patients with stroke required more time during sit-to-stand, and by examining 
the sit-to-stand activity, Carr et al.11) found that these individuals have less paretic leg muscle power. In the present study, 
patients with stroke took long to complete the sit-to-stand activity because of weakened paretic leg muscles. The accelera-
tion ranges of AP, ML, and VT during sit-to-stand were significantly lower in patients with stroke than in healthy subjects. 
Roebroeck et al.12) reported that the maximal forward velocity is needed by healthy subjects during sit-to-stand, and that 
the vertical maximum velocity of COM is needed during the middle phase of sit-to-stand13). In the present study, all three-
dimensional acceleration parameters during sit-to-stand were lower in the patients with stroke than in the healthy subjects, 
even though patients with hemiplegia had unilateral body weakness. The ML acceleration range is known to be affected by 
unilateral body weakness, but the AP and VT acceleration ranges were also affected, because the subjects needed to balance 
in the ML direction of acceleration that defined as rate of changing in velocity during specified time14).

During stand-to-sit, the phase duration and ML acceleration range were significantly lower in patients with stroke than 
in healthy subjects, but the AP and VT acceleration ranges did not differ between the groups. Generally, stand-to-sit is per-
formed by both gravity and eccentric contraction of the muscles in order to lower the body mass6). The lower ML acceleration 
range and phase duration in the patients with stroke in the present study indicated that an important feature in patients with 
stroke is unilateral body weakness, which affects ML balancing during stand-to-sit and in turn affects performance time. 
However, AP and VT acceleration ranges were affected by the force of gravity during stand-to-sit. Chen et al.15) recommend 
that asymmetrical foot positioning during stand-to-sit is necessary to train the paretic leg muscles in patients with stroke, and 
that the paretic leg does not provide adequate power to control sitting down.
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In clinical settings, the generally recommended and reliable test to examine sit-to-stand ability in patients with stroke in-
volves performing five repetitions of 30-s sit-to-stand activities16). However, only the time taken to perform the activities was 
examined in this previous study. Considering the disturbed movement fluidity during sit-to-stand in patients with stroke17), 
analysis across all dimensions can easily be determined using an accelerometer, which is a useful instrument for measuring 
performance in rehabilitation medicine. Generally, accelerometers are used to evaluate walking performance18, 19), but they 
are also useful for examining sit-to-stand activities20).

One of the limitations of this study was that because sit-to-stand parameters were measured during the TUG test, it was 
difficult to separately measure them because of technical problems during walking and after standing. Therefore, there are 
some needs for technical supporting between them, but TUG naturally performed sit to standing rather than single sit to 
standing.

In conclusion, the findings of the present study indicate that all three balance dimensions must be taken into consideration 
during training for the sit-to-stand activity, but to train for the stand-to-sit activity, the focus should be on improving ML 
balance and asymmetrical foot positioning should be recommended.
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Table 1.  General characteristics of the participants (N=60)

Characteristics Healthy 
(n1=30)

Stroke  
(n2=30)

Gender (N, male/female) 15/15 17/13
Age (yrs) 22.7 ± 1.5 52.2 ± 9.7
Height (cm) 170.2 ± 8.4 166.1 ± 7.4
Weight (kg) 62.8 ± 14.6 65.8 ± 9.8
Onset (month) N/A 31.8 ± 23.1
Etiology (N, infract/hemorrhage) N/A 22/8
Affected side (N, left/right) N/A 16/14
BBS N/A 42.9 ± 6.7
TIS N/A 14.2 ± 3.3
FGA N/A 14.6 ± 6.3
Data are presented as mean ± standard deviation.
BBS: Berg Balance Scale; TIS: Trunk Impairment Scale; FGA: 
Functional Gait Assessment

Table 2. Comparison of acceleration of center of mass during 
the sit-to-stand activity between healthy subjects and 
patients with stroke

Healthy  
controls

Patients with 
stroke

Phase duration (s) 2.19 ± 0.39 2.50 ± 0.58*
AP acceleration range (m/s2) 8.02 ± 1.55 6.62 ± 1.12**
ML acceleration range (m/s2) 4.83 ± 1.68 3.25 ± 1.08**
VT acceleration  range (m/s2) 8.00 ± 2.01 4.49 ± 0.92**

Data are presented as mean ± standard deviation.
**p<0.001, *p<0.05.
AP: Anterior-posterior; ML: Mediolateral; VT: Vertical

Table 3. Comparison of acceleration of center of mass during 
the stand-to-sit activity between healthy controls and 
patients with stroke

Healthy  
subjects

Patients with 
stroke

Phase duration (s) 2.15 ± 0.42 2.49 ± 0.69*
AP acceleration range (m/s2) 7.44 ± 1.01 6.93 ± 1.19
ML acceleration range (m/s2) 5.97 ± 1.60 4.35 ± 1.47**
VT acceleration  range (m/s2) 6.43 ± 2.25 7.12 ± 2.51
Data are presented as mean ± standard deviation.
**p<0.001, *p<0.05.
AP: Anterior-posterior; ML: Mediolateral; VT: Vertical
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