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Abstract 

Strengthening exercise for lower limbs is required in elderly. Repeated sit to stands could improve 
lower limbs strength, reduce limitations, and fall. The researchers developed a Sit to Stand Trainer, a 
device that assists and offers variable levels of weight support for users to stand. It was validated by 
comparing the kinematics and the kinetics between 2 experimental conditions; the movement that was 
assisted by Sit to Stand Trainer (STST) and the natural movement that was unassisted by Sit to Stand 
Trainer (No STST). This study is an Experimental Design using Pearson Correlation Coefficient. The 
time span of the observed movement was 2.5 s for all trials. The results in kinematics showed significant 
similarity in trunk, hip, knee, ankle angles and angular velocities including speed and distance of head 
between No STST to STST (P = 0.000). However, in kinetics, the maximum of vGRFs showed significant 
decrease in STST compared to No STST (P = 0.000). This represent that this device produces natural 
movement and speed. It also supports and helps to reduce the body weight that contacted to the ground in 
order to stand up easier. Thus, therapists could possibly consider this device for training in clinical 
practice. This research was studied within 6 weeks into training with Sit to Stand Trainer. This part of the 
study is a Quasi-Experimental Designs using Paired Samples T-tests. The results of the T-tests were 
compared before and after the training. The results showed a significant improvement in physical 
outcomes measurement tests; Berg Balance Scale (P = 0.000), 30-second Chair Stand (P = 0.001) and 4-
meter Gait Speed (P = 0.000) among the elderly. 
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Introduction 

Muscle weakness in lower limbs leads to poor functional abilities, increased risk of fall, recurrent 
falls [1] and mortality [2]. Strengthening exercise for lower limbs is required in elderly. Repeated sit to 
stands without assistance from the upper limbs could improve lower limbs strength and reduce functional 
limitations [3,4]. In clinical practice, sit to stand training among frail elderly is performed by using arms 
or being supported by 1 or 2 therapists [5-7]. However, the movement is slow as compared to normal 
movement and physically fatigue for therapists [7]. Nowadays, various medical devices are designed to 
assist elderly and patients in clinical practice [8]. Nevertheless, these devices are unnatural of movement 
and speed. [9-11]. Additionally, several devices are not adequately and scientifically tested in kinematic, 
kinetic, and physical outcome measurement after a long period of training. Therefore, therapists feel 
hesitated to use due to a concern about their unnatural movement and speed which may promote injury. 
Thus, the researchers have developed a Sit to Stand Trainer, a device that helps to produce a natural 
movement and speed that can assist users to stand with variable levels of weight support. 
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(a)                                                                    (b) 

Figure 1 Mechanical design of the Sit to Stand Trainer (a) 1) armrest, 2) safety belt, 3) base frame. (b) 4) 
trunk support, 5) chair mechanism, 6) tension spring and actuator, 7) parallel links. 
 
 

The development of sit to stand trainer  
The new design of Sit to Stand Trainer (Figure 1), a device that assists user to stand, can support 

between 20 - 50 kg. The mechanism of the Sit to Stand Trainer is the parallel links and chair mechanism. 
The parallel links may push the chair mechanism pivot from the sitting to standing position (Figure 2). 
We can adjust the weight support by prolonging the linear actuator to stretch the spring. The longer the 
spring, the more weight it can support. The linear actuator could prolong by using a remote-control. The 
Sit to Stand Trainer has 9 levels; the first level assists 20 kg and increases every 4 kg in each level. 
Accordingly, we can calculate and adjust the support level depending on the users’ ability and their body 
weight. The safety of factor of Sit to Stand Trainer is 7. The specification of the linear actuator is 6,000 N 
load capacity and 80 mm stroke length. The physical data of the spring are 6 mm of wire-diameter, 45 
mm of outer diameter, 270 mm length and the spring rate (k) is 6.5 N/mm. 
 
 

 
                (a)                                               (b) 

 
Figure 2 Parallel links and chair mechanisms from (a) sitting position to (b) standing position. 
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This research validated the device by comparing both kinematics and kinetics between 2 
experimental conditions; the movement that was assisted by Sit to Stand Trainer experimental condition 
(STST) and the natural movement that was unassisted by Sit to Stand Trainer experimental condition (No 
STST). The was done to see if it could be considered to be used in clinical practice and also to evaluate 
the physical outcome measurement tests after 6 weeks of training with the Sit to Stand Trainer among the 
elderly. This research was approved by the Ethics Review Sub-Committee for Research Involving Human 
Research Subjects of Thammasat University, No.3, protocol number 040/2561. All the subjects signed the 
informed consent forms. 
 
Device validation 

Methods  
Subjects 
Four adults (2 males and 2 females), no musculoskeletal and neurological impairment (age 21.5 ± 

2.38 years, body mass index 22.3 ± 2.1, weight 63.13 ± 8.78 kg, height 168.5 ± 6.4 cm) participated in 
this study. The researchers sent information sheets to the dweller individually in the communities nearby 
Thammasat University to promote, invite, and give the details about this study. The participants, who 
were supervised in this study, spent approximately 1 h at Faculty of Allied Health Sciences, Thammasat 
University. The data were collected by the physiotherapists and sport scientists. 

 
Experimental protocol and data collection 
Kinematics and kinetics patterns were recorded while all the subjects performed sit to stand under 2 

experimental conditions (No STST and STST). 
NO STST: The subject stood on the standing area of the Sit to Stand Trainer. The researcher helped 

to adjust the height of the seat to reach at the level of the subject’s knees height. Then, the subject sat 
down. However, in this experimental condition, the mechanism of the Sit to Stand Trainer did not move 
to assist the subject who did not fasten the safety belt. Therefore, the subject could perform natural sit to 
stand. The subject was instructed to stand and sit down comfortably and was asked to perform the sitting 
and standing position. 

STST: The subject stood on the standing area of the Sit to Stand Trainer. The subject fastened the 
safety belt. Then, he was asked to sit down. When subject was ready, the researcher adjusted the support 
level at 50 % of the body weight. The subject was instructed to stand and sit down comfortably and was 
asked to perform the sitting and standing position. 

The subject performed 5 times in each experimental condition (all subjects were convinced to 
practice 3 times of sit to stand movement before each experimental condition). The beginning of sit to 
stand movement could not be controlled as it depended on subjects' nature of movement. Thus, the time 
of movement was completed by a time marker, which was designed when the hip marker touched half 
way between sitting and standing posture. The time span of the movement was 2.5 s (1.25 s prior and 1.25 
s post to time marker). The mean and the standard deviations from 4 subjects (5 trials in each subject) 
under No STST and STST were calculated for angles, angular velocities, speed and distance of head 
including vGRFs.  

 

Instrumentation  
Kinovea (0.8.15) is a software used as a tool for movement analysis of the right lower limb, trunk 

and head. The reflective markers were placed over selected anatomical joints and segment angles (Figure 
3) and a single AMTI force plate (AMTIOR-6-5-1000) imbedded in the floor was used to record vGRFs 
under the feet. Force data were sampled at 100 Hz which is appropriate for standing posture [12]. 
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                                  (a)                          (b)                         (c)                           (d) 
 
Figure 3 Represents (a) locations of the markers in the sagittal plane, (b) lines linked between markers, 
(c) degree of each angle (trunk segment angles are relative to horizontal plane), (d) drawing of angles 
(trunk, hip, knee and ankle joint angles). 
 
 

Statistics analysis 
The pearson correlation coefficient was calculated to quantify similarity in kinematics (angles, 

angular velocities, speed and distance of head). Paired Samples T-tests was used to measure the 
differences in kinetics (vGRFs) between No STST and STST. 

 
Results and discussion in kinematics 

Table 1 presents the Pearson correlation coefficient values of angles comparing between No STST 
to STST of 4 subjects. This research shows a strong correlation for hip angle (r = 0.832), knee angle (r = 
0.978), ankle angle (r = 0.955) and a moderate correlation for trunk angle (r = 0.697) which all have a 
significant similarity of sit to stand movement patterns between No STST to STST at P = 0.000. These 
results show that standing up with the Sit to Stand Trainer produces natural movement patterns without 
the limitation of lower limbs joints and trunk. 

 
 

Table 1 Values of correlation coefficients quantifying similarity in kinematics (angles) of No STST to 
STST are given (n = 4). 
    

 Angle (deg) 
  

corr. coeff r 
 

P value 
 

Trunk  

Hip  

Knee  

Ankle  

 

0.697  

0.832  

0.978  

0.955  

 

0.000** 

0.000** 

0.000** 

0.000** 

**Correlation is significant at the 0.01 level (2-tailed). 
 
 

As in the Figure 4(a) the first column shows movement patterns of No STST and the second 
column shows movement patterns of STST for 4 subjects. As in the Figure 4(b) the first column shows 
movement patterns of No STST and the second column shows movement patterns of STST for a 
representative subject in 5 repetitions. In the start phase of both experimental conditions, hip angle and 
knee angle were slightly bigger than perpendicular angle; while the trunk angle was slightly bigger than 
the perpendicular angle with the horizontal plane in sitting position. The rising phase of both 
experimental conditions resulted to a decreased in the trunk angle and hip angle. However, the knee angle 
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increased (trunk and hip joint bent upward and forward and knee joint outstretched). The terminal phase 
of both experimental conditions; hip angle and knee angle increased almost to parallel with the vertical 
plane in standing position; while the trunk angle was approximately perpendicular to horizontal plane in 
standing position. Although, in both experimental conditions, in the start phase, the ankle angle was 
slightly bigger than the perpendicular angle and had a very slight decreased in the rising phase and 
terminal phase. 
 
 

 

 No STST                                                                         STST                        
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               (a)  

                                                                               
(b) 

 
Figure 4 (a) Trunk, hip, knee, ankle joint angles of No STST and STST (mean and standard deviations of 
4 subjects), (b) Trunk, hip, knee, ankle joint angles of No STST and STST (mean and standard deviations 
for a representative of 5 repetitions). 

      No STST                                                                     STST                        
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 Table 2 presents the Pearson correlation coefficient values comparing the angular velocities 
between No STST to STST of 4 subjects. However, this study shows moderate correlation for trunk 
angular velocity (r = 0.569) and hip angular velocity (r = 0.662) and shows strong correlation for knee 
angular velocity (r = 0.927) and ankle angular velocity (r = 0.878). These are all significantly similar in 
angular velocities (trunk, hip, knee and ankle) between No STST to STST at P = 0.000. 
 
 
Table 2 Values of correlation coefficients quantifying similarity in kinematics (angular velocities) of No 
STST to STST are given (n = 4). 
 

Angular velocity (deg/s) corr. coeff r P value 
Trunk 

Hip 

Knee 

Ankle 

0.569  

0.662  

0.927 

0.878  

0.000** 

0.000** 

0.000** 

0.000** 
 
**Correlation is significant at the 0.01 level (2-tailed). 
 
 
 As in the Figure 5(a) the first column shows angular velocities of No STST and the second column 
shows angular velocities of STST for 4 subjects. As in the Figure 5(b) the first columns show angular 
velocities of No STST and the second columns show angular velocities of STST for a representative 
subject in 5 repetitions. In the start phase of both experimental conditions, the velocity in all angles were 
slow. Angular velocity of trunk, hip and ankle started to move to an anterior direction, in contrast to 
angular velocity of knee which started with a posterior direction. In the rising phase of both experimental 
conditions, the velocity in all angles raised faster. Angular velocity of trunk, hip and ankle changed to a 
posterior direction; however, angular velocity of knee still moved to a posterior direction. In the terminal 
phase of both experimental conditions, velocity in all angles tended to reach their peak in the posterior 
direction and then slightly moved to an anterior position while completely standing. 
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Angular Velocity (deg/s) 

 

 No STST                                                                        STST                        



Sit to Stand Trainer for Elderly Sairag SA-ADPRAI and Bunyong RUNGROUNGDOUYBOON 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2020; 17(8) 
 
768 

    (b) 
 
Figure 5 (a) Trunk, hip, knee and ankle joint angular velocities of No STST and STST (mean and 
standard deviations of 4 subjects), (b) Trunk, hip, knee and ankle joint angular velocities of No STST and 
STST (mean and standard deviations for a representative of 5 repetitions). 
 

 

 No STST                                                             STST                        
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Table 3 presents the Pearson correlation coefficient values comparing between No STST to STST 
of 4 subjects which shows moderate correlation in speed of head (r = 0.635) and shows strong correlation 
in distance of head (r = 0.971). It is significantly similar in speed and distance of head between No STST 
and STST at P = 0.000. 
 
 
Table 3 Values of correlation coefficients quantifying similarity in kinematics (speed and distance of 
head) of No STST and STST (n = 4). 
 

 

Head 
 

corr. coeff r 
 

P value 
 

Speed of head (m/s) 

Total distance of head (m) 

 

0.635  

0.971  

 

0.000** 

0.000** 
 
**Correlation is significant at the 0.01 level (2-tailed).  
 
 

As in the Figure 6(a) the first column shows speed and distance of head of No STST and the second 
column shows speed and distance of head of STST for 4 subjects. As in the Figure 6(b) the first column 
shows speed and distance of head of No STST and the second column shows speed and distance of head 
of STST for a representative subject in 5 repetitions. The speed of head in both experimental conditions 
started rising in the start phase and raised highest in the second phase and dropped in the terminal phase. 
In the rising phase of No STST experimental condition, the speed of head raised higher than in STST 
experimental condition. Moreover, the distance of head in both experimental conditions was continuously 
raised from the start phase to the terminal phase. And the distance of head movement in the terminal 
phase of No STST was slightly raised higher than in the terminal phase of STST. 

 

               (a) 
 

 No STST                                                                STST                        
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          (b) 
 
Figure 6 (a) Speed and distance of head of No STST and STST (mean and standard deviations of 4 
subjects), (b) Speed and distance of head of No STST and STST (mean and standard deviations for a 
representative of 5 repetitions). 
 
 

The kinematics between No STST and STST in this study are significantly similar. However, this 
study discusses 3 points; first, in No STST; trunk and hip angles were slightly smaller in the rising phase 
as compared to the STST. Second, in No STST; the velocity in all angles and the speed of head were 
slightly faster as compared to the STST. And third, in No STST; the distance of head movement was 
slightly longer as compared to the STST. The reason for this is in natural movement of sit to stand (No 
STST), the subjects probably have to use their force to keep balance and control their body center of mass 
momentum more than in the STST on which the subjects were dependent on the assisting device [13,14]. 
 
Results and discussion in kinetics 

As in Table 4 shows the significant difference of the maximum of vGRFs between No STST and 
STST at P = 0.007 and shows the significant difference of mean values of rising vGRFs between No 
STST and STST at P = 0.000. Based on these results, the Sit to Stand Trainer can reduce the body weight 
that contacted to the ground during the start and rising phase which helps the users to stand up easier. 
This was noted as the start phase and the rising phase of sit to stand movement are the most difficult 
phases to stand up among elderly which is related to Quadricep and Hamstring muscles weakness [15]. 
 
 
 
 
 
 
 

 

          No STST                                                                     STST                        
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Table 4 Means, standard deviation of maximum and mean of rising GRFs of all subjects as compared 
between No STST to STST (n = 4). 
 

 

 

GRF (BW) 
 

No STST  
 

STST  
 

 

P value  

Mean 
 

SD 
 

Mean 
 

SD 
 

Maximum  

Mean of Rising  

 

1.09 

0.22 

 

0.02 

0.31 

 

0.99 

0.17 

 

0.05 

0.28 

 

0.007* 

0.000* 
 
*Significant at P ≤ 0.05 
 
 

As in the Figure 7(a) the first column shows vGRFs of No STST and the second column shows 
vGRFs of STST for 4 subjects. As in the Figure 7(b) the first column shows vGRFs of No STST and the 
second column shows vGRFs of STST for a representative in 5 repetitions. vGRFs were normalized by 
bodyweight (BW). In No STST, it shows the maximum of vGRFs coinciding with the peak flexion in hip 
joint, like in normal of sit to stand movement pattern in which the maximum of vGRFs is approximately 
10 % above the body weight in the rising phase [16,17]. However, in STST, it shows smaller maximum 
of vGRFs and it also shows smaller in mean values of rising vGRFs as compared to No STST. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

              (a) 
 

    (b) 
Figure 7 (a) GRFs of No STST and STST (mean and standard deviations of 4 subjects), (b) GRFs of No 
STST and STST (mean and standard deviations for a representative of 5 repetitions). 
 

MAX 

RISE 

        No STST                                                                STST                        

        No STST                                                                STST                        

Time (s)                      
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Physical outcome measurement tests evaluation 

Methods  
Subjects 
Twenty-seven older adults (14 males and 13 females), who have no musculoskeletal and 

neurological impairment (age 67.3 ± 6.16 years, body mass index 26.48 ± 6.76 weight 64.91 ± 11.58 
kilograms, height 160.15 ± 9.28 centimeters) participated in this study. The researchers sent information 
sheets to the elderly individually in the communities nearby Thammasat University to promote, invite, 
and give the details about this study. The participants in this study spent 6 weeks at Romyen-Roongsin 
community, Pathumthani. All the participants performed the tests under the supervision by the 
physiotherapists and sport scientists who also collected the data. (Although this device has not been 
validated with elderly subjects since they are vulnerable persons, this device has been previously 
validated in biomechanics laboratory by healthy subjects. The results proved that it is safe and it produces 
natural movement and speed which can also support and help to reduce the body weight. Thus, the users 
can stand up easier which is safe, suitable, and supportable for the elderly). 

 
Experimental protocol  
The researchers delivered the Sit to Stand Trainers to the community’s Multipurpose Hall. Then, the 

researchers collected the anthropometrics and health history. The subjects’ physical outcome 
measurement data (4 m Gait Speed Test, 30 s Chair Stand Test, Berg Balance Scale (BBS), 15 cm Step 
Test) were also collected in 3 times. The first outcome measurement tests were collected 4 weeks before 
the training program (week -4). The second outcome measurement tests were collected before the first 
day of the training program (week 0). The third outcome measurement tests were collected after 6 weeks 
of training program (week 6). The six weeks of resistance and functional exercise program have been 
shown to be effective among elderly [18,19]. The subjects were provided with an exercise books to record 
the quantity and quality of exercise each day. The exercise improvement and the details of any problems 
were discussed each time.  

Control Period (week -4 to 0): The subjects could not have participated in any exercise programs or 
any kind of systematized trainings. 

Intervention Period (week 0 to 6): The subjects were instructed to perform the sit to stand by using 
the Sit to Stand Trainer without hands as possible. The researchers adjusted the seat height as subject’s 
knees height and adjusted the weight support at 50 % of subject’s body weight. The subjects started with 
10 repetitions of sit to stand and they were instructed to increase by 5 as they were able, until each of 
them reached the number of repetitions exercise for elderly with a maximum of 50 repetitions [20]. All 
the subjects performed over 6 weeks (5 days a week; Monday to Friday). 
 

Statistics analysis 
Paired samples T-tests was used to measure the difference before and after of each test in each 

period. 
 

Results and discussion in outcome measurement tests evaluation 

Table 5 presents physical outcome measurement tests in week -4 and 0. The results show significant 
decrease in BBS (P = 0.000) and 4-meter Gait Speed Test (P = 0.000). These results show that elderly 
without exercise in 4 weeks can decrease balance and gait speed. However, there is a significant increase 
in 30-second Chair Stand Test (P = 0.05), though, the mean of numbers of sit to stand had increased 
approximately to 1. Likewise, there is no significant difference in 15-cm Step Test (P = 0.408), though, 
the scores had decreased. This show that elderly without exercise in 4 weeks might not always decrease 
strength and aerobic capacity. 
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Table 5 Mean and standard deviations of the outcome measurement tests between week -4 and week 0 (n 
= 27). 
 

 

Physical outcome measurement tests 

 

Week -4 
 

Week 0  

 

P value  

Mean 
 

SD 
 

Mean 
 

SD 
 

BBS (scores) 

15 cm Step Test (ml/kg/min) 

30 s Chair Stand Test (times) 

4 m Gait Speed Test (s) 

 

33.41   

51.81 

13.59 

2.88 

 

7.28 

12.36 

2.98 

0.43 

 

23.22 

49.63 

15 

3.26 

 

3.9 

12.43 

3.2 

0.51 

 

0.000 

0.408 

0.05* 

0.000* 
 
*Significant at P ≤ 0.05  

 
 
Table 6 presents physical outcome measurement tests in week 0 and 6 which shows significant 

improvement in BBS Test (P = 0.000), 30-second Chair Stand Test (P = 0.001) and 4 m Gait Speed Test 
(P = 0.000). This study also finds that a short period of minimal help in sit-to-stand training can progress 
in balance, strength, and gait speed. The improvement in BBS score is similar to the 6 months of high-
intensity of functional training [21]. Sit to stand is a whole-body action, requiring body mass control and 
other sensorimotor systems including strength and agility [22]. Therefore, repetitions of sit-to-stand could 
improve results on physical outcome measurements. This study may be clinically significant in place of 
reduced falls risk. However, training with Sit to Stand Trainer in 6 weeks is no significant difference in 
15 cm Step Test (P = 0.586) which shows that this intervention program may not suitable to improve 
aerobic capacity among the elderly. Thus, future research for aerobic capacity should increase the 
repetition, duration or intensity such as decrease the support level of the device or extent the intervention 
period or combined an anaerobic training program.  
 
 
Table 6 Mean and standard deviations of the outcome measurement tests between week 0 and week 6 (n 
= 27). 
 

Physical outcome measurement tests 
 

Week 0 
 

Week 6 
 
 

P value  

Mean  
 

SD 
 

Mean  
 

SD 
 

BBS (scores) 

15 cm Step Test (ml/kg/min) 

30 s Chair Stand Test (times) 

4 m Gait Speed Test (s) 

 

23.22 

49.63 

15 

3.26 

 

3.9 

12.43 

3.2 

0.51 

 

46.04 

48.89 

17.63 

2.37 

 

6.75 

11.74 

2.39 

0.43 

 

0.000* 

0.586 

0.001* 

0.000* 
 
*Significant at P ≤ 0.05  
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Conclusions 

The Sit to Stand Trainer promotes natural movement in kinematics (similarity in trunk, hip, knee 
and ankle angles, including trunk, hip, knee and ankle angular velocities and speed and distance of head) 
which reduces the body weight that contacted to the ground (decreasing in kinetics - rising and peak of 
vGRFs during the start phase and rising phase). This helps the users to stand up easier. The results of this 
study could inform therapists to possibly consider this device for training in clinical practice. 
Furthermore, 6 weeks of training with Sit to Stand Trainer could improve muscle strength, balance and 
gait speed among elderly. 
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