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The aim of study is to investigate the biomechanical pattern of sit-to-stand and 
stand-to-sit movement in children aged 4 to 12 years and young adults. Seventy-six 
participants were separated into 4 groups as following: (1) 18 children aged 4-6 years; (2) 19 
children aged 7-9 years; (3) 20 children aged 10-12 years; (4) 19 adults aged 18-25 years. All 
participants performed their preferred pattern of sit-to-stand and stand-to-sit movement. 
The results showed that two patterns of sit-to-stand movement were found including sit-to-
stand with and without feet moving backward. Children performed sit-to-stand with and 
without feet moving backward while adults only performed sit-to-stand with feet moving 
backward. The proportion of children who did sit-to-stand with feet moving increased as the 
children were older. For sit-to-stand movement, children aged 4 to 9 years completed the 
task faster than children aged 10 to 12 years and adults. Children aged 4 to 9 years moved 
trunk forward faster and had more hip flexion than children aged 10 to 12 years and adults. 
Moreover, the maximum knee extension moments in children aged 4 to 9 years were less 
than adults. For stand-to-sit movement, children aged 4 to 9 years showed less knee flexion 
than adults. In addition, the children aged 4 to 9 years showed lower maximum knee 
extension and ankle dorsiflexion moments as compared to adults.  Therefore, the children 
aged 10 years and older would perform sit-to-stand and stand-to-sit movement like adults. 
This information was useful to help the clinicians to assess and interpret the sit-to-stand and 
stand–to-sit capability of the children to see how their performance deviated from the 
typical children. Moreover, this information can be used as the supporting document for 
clinical decision making in order to apply an appropriate treatment. 
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CHAPTER 1 
INTRODUCTION 

1.1 Background and rationale 

‘Sit-to-stand’ and ‘Stand-to-sit’ movement are the most common activities in 
daily life as they are transitional movements. They involved complex motor tasks 
characterized by transferring from one static posture to another. In motor 
development, the transitional movement is an important skill to enhance more 
complex mobility and functional skills (1, 2). To achieve the standing up and sitting 
down tasks, an individual requires a good coordination of movement, a good motor 
control, including (a) progression for desire directions and generate force, (b) postural 
control to keep his/her stability while performing the task, and (c) adaptation when 
the environmental is changed. 

The first performance of standing up in children was reported at about 1 year 
of age (3). Previous study reported that the pattern of standing up in children of age 
between 1 and 1.5 year showed a decreased peak trunk flexion and ankle dorsiflexion 
movement over months of age. A frequency of successful trails also increased over 
months of age. Consequently, the development of standing up has gradually improved 
with age (4). Children aged between 9-10 years, showed an increase in angular velocity 
of trunk flexion, and vertical ground reaction force during standing up compared with 
younger children (5). Furthermore, 5-6 years old children showed no difference in 
movement time of standing up when compared to adults. However, the angular 
displacement and velocity of standing up in 5-6 years old children was different from 
adults (6). Presently, there has not been study of the development of standing up in 
kinetics aspect. Furthermore, there is still a gap of the kinematic data of the 
development of standing up in some age range. 

For stand-to-sit movement, the previous studies had investigated the pattern 
of sitting down movement in adult population. The results showed that sitting down 
movement spent more time than standing up movement (7, 8). On the other hand, 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

2 

there is a lack of evidence in either kinematic or kinetic data in the development of 
the sitting down movement in children.  

Since the knowledge of standing up and sitting down movement in normal 
development are very important to help the clinician to understand how well children 
in different age can perform tasks. Then, clinicians can properly apply clinical 
assessment and clinical treatment in children with delayed development. Therefore, 
this study aims to investigate the kinematic and kinetic pattern of standing up and 
sitting down in typical children age between 4 – 12 years old and also comparing these 
patterns with young adults. 

 

1.2 Objective of this study 

To study the kinematic and kinetic pattern of sit-to-stand and stand-to-sit 
movement in typical children with different age groups and young adults. 

 

1.3 Hypothesis of the study 

Typical children of different age groups and young adults would be performing 
sit-to-stand and stand-to-sit movement with different the kinematic and kinetic 
pattern.  

 

1.4 Scope of the study 

 This study investigated the kinematic and kinetic pattern of sit-to-stand and 
stand-to-sit movement in healthy typical children aged between 4 – 12 years and 
adults aged between 18 -25 years in Bangkok metropolitan area. 

 

1.5 Brief method 

 Sixty typical children aged 4 to 12 years old and twenty healthy young adults 
aged 18 to 25 years old who were eligible in this study. They and their parents (for 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3 

children participants) were signed the consent form. Firstly, the anthropometrics were 
assessed by researcher who is a physical therapist. Secondly, they were asked to attach 
thirty markers on their skin. Finally, they were asked to perform sit to stand to sit 
movement while recording by the motion analysis systems. 

 

1.6 Advantage of the study 

Knowing normal pattern of sit to stand to sit movements in children may 
provide an important knowledge of normal development of sit-to-stand and stand-to-
sit. The results from this study, thus, may help the clinicians to assess sit to stand to 
sit capability of the children or apply appropriate treatments in the clinic. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2 
LITERATURE REVIEW 

2.1 Introduction 

 The literatures were reviewed to support the study that associate of aged with 
sit-to-stand and stand-to-sit movements. Basic knowledge and other important details 
are explained following the topics. 

1. Gross motor development in typical children 

2. Motor control 

3. Sit-to-stand movement 

- Phases of sit-to-stand 

- Biomechanics of sit-to-stand movement 

4. Stand-to-sit movement 

- Phases of stand-to-sit movement 

- Biomechanics of stand-to-sit movement 

5. Development of sit-to-stand and stand-to-sit movement 

6. Factor influencing sit-to-stand and stand-to-sit movement 

- Intrinsic factors 

- Extrinsic factors 

 

2.2 Gross motor development in typical children 

The development in the first year of life, the infants learn how to upright the 
posture. The first year development has been described into four periods. First period 
is when the infant’s age between 1 to 3 months old. The infants develop the ability 
to control their head in midline and in antigravity position. Second period is when the 
infant’s age between 4 to 6 months old. The infants develop forearm and arm support 
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as well as upper trunk control. They learn to prone with hand support and shift weight 
in several directions. They are able to maintain themselves in sitting with propped arm. 
Third period is when the infant’s age between 7 to 9 months old. The infants learn to 
control lower trunk and pelvis in an upright position. The infants use hands to pull 
themselves to stand up. However, in sitting down, their eccentric control does not 
develop to control the lowering part that is why they drop into sitting position. In 
addition, the infants are able to crawl in this period.  Final period is when the infant’s 
age between 10 to 12 months old. The infants learn to control lower extremities and 
they are able to get up into an upright position, standing, and further cruising, walking, 
and squatting down with guarding of upper extremities.  

During the second year of life, the functional motor skills are more specifically 
developed to an anthropometric characteristics and individual’s play and work (9). 
Children aged between 2 and 3 years are able to walk well, kick a ball, run, climb up 
and downstairs and jump off the bottom step (9, 10). In 3 years old children, the skills 
of these movements are increasing. When the children are ascending stairs, they can 
alternate their feet and control the speed. The running movement would be 
developed to be true running that is characterized by having both feet off the ground 
simultaneously at the short period of time. In this year of life, children are able to ride 
a tricycle. Four years old children can walk downstairs with reciprocal feet and hold 
rail. Five years old children can skip, jump, rope and long jump about 2 feet. After 6 
years old, children are constantly developing the motor skills. They try activities 
exceeding their ability. They can climb, dance, hop, push, and pull safely. Sports and 
playground games become the important roles to improve child’s motor skills 
especially speed, agility and precision (9, 10). 

Movement abilities associated with developmental sequence are the results of 
motor control (9-11). The performance of movement such as sitting, standing, walking 
and moving from sitting to standing and standing to sitting were developed as nonlinear 
and interaction between intrinsic and extrinsic factors (1, 9, 11).  
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2.3 Motor control 

The definition of motor control is an ability to direct the mechanism essential 
to movement. The movements were emerged from interaction between three factors: 
the individual, the task, and the environment factors. The individual factors were 
related to perception, action, and cognition. The perceptual system provided the 
body’s position and movement in space with respect to environment. For action, the 
movement was described with in particular actions or activities. The understanding of 
the nervous system such as motor cortex, brainstem, cerebellum, and basal ganglia, 
which able to know the interaction of movement and action. The coordination 
between the nervous system, muscular system and sensory system were help to desire 
map of body in space and plan of movement to specific muscles for produce forces 
that effective to control the body position. The cognitive process was related to 
perception and action. The cognitive included attention, planning, problem solving, 
motivation, and emotion (1).  

The task factors were described by considering the tasks in 5 groups. First, 
grouping by the movement of the base of support that stay still or in motion: stability 
task such as sitting or standing, quasimobile task such as standing up or sitting down 
and mobility task such as walking or running. Second, grouping by clinical environment, 
the tasks were routine grouping consisting of bed mobility, transferring task, and 
activities of daily living. Third, grouping by the regulation of neural control mechanism, 
there were discrete movement tasks and continuous movement tasks. Forth, tasks 
were grouped by its manipulation. The task manipulation was demanded for stability 
while performing the same task but in different situations. For examples, standing, 
standing and lifting heavy load, or standing and lifting light load (1).  

The environment factors have been divided into regulatory and non-regulatory 
features. The regulatory features were a specific environment that could be known the 
size, shape, weight, and characteristics. The non-regulatory features were nonspecific 
environment such as background noise and moving environment.  The environment 
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factors could either support or obstruct while did the task. Therefore, the 
understandings of environment features were essential to movement performance. (1) 

Furthermore, the essential requirement for successful standing up and sitting 
down was consisted of progression, postural control, and adaptability. The progression 
was an ability to desire direction of movement generated force, and coordinate 
rhythmic pattern of muscles during movement by coordination between the 
neuromuscular system and musculoskeletal system. The anticipatory mechanism or 
the feed forward strategies was the mechanism that body used to control the body 
prior to doing the task (12). The requirement of postural control was an ability to keep 
his/her stability and appropriate posture while performing the task. The information 
from individual sensory system can determine the body’s position and movement in 
space with respect to environment. They are consisted of visual, vestibular, and 
somatosensory systems. For the sensory strategies is an organization of information 
from the sensory system to control the posture in difference tasks.  In standing on the 
firm surface, they required a feedback control from somatosensory system 70%, visual 
system 20% and vestibular system 10% (1, 13). In other movements or situations, the 
sensory reweighting was used to adaptive the individual sensory proportion (14). For 
the adaptation was an ability to modify movement interaction of environment such as 
chair height, or support surface alignment (15-17). 

Therefore, the present study aimed to investigated in standing up and sitting 
down task performed with environmental control. Therefore, the individual factor was 
the main factor which interaction for motor control. 

  

2.4 Sit-to-stand movement 

2.4.1 Phases of sit-to-stand  

Movement analysis of standing up was described in two different perspectives 
such as kinematics and kinetics. In order to make the analysis of movement more 
clearly, the task has been divided into several events or phases depending on the 
outcome measurements (18). 
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For kinematic measurement, the study of Alexander and associate (19) (19) 
divided sit to stand movement into two phases. The first phase started by trunk moving 
away from a backrest until the head reached its maximum anterior position. The 
second phase, then, started after the end of first phase until fully standing upright 
position. Meanwhile, Schenkanman (20), Ikeda (21) and Nikfekr (22) and their 
association (20-22) divided sit to stand movement into four phases by trunk movement 
and ankle movement. The first phase is a flexion phase of standing up. It started from 
trunk forward flexion to seat off. The second phase is a transition phase started from 
seat off and ended at either maximum ankle dorsiflexion or trunk flexion. The third 
phase was an extension phase. It was started after the end of second phase until 
standing steady. Lastly, stabilization phase was a maintaining in standing steady for a 
while. In the study of children, Park eun sook and associate (23) had divided standing 
up movement into five phases by trunk movement and ankle movement. Phase I, 
forward trunk flexion begun at initiation of trunk flexion. The ending of Phase I and 
start of Phase II were at the point of the maximal hip flexion. The end of phase II was 
at the point of knee abruptly extended and the hip lifting off the chair. In phase III, 
started right at the end of phase II until the maximal ankle dorsiflexion. In phase VI, 
this phase started at the maximal ankle dorsiflexion and ended at standing up with 
trunk and knee fully extend. Phase V is a stable standing phase. It started right after 
the end of the fourth phase and ended when an individual in stable standing pose.  

For kinetic measurement, the study of Hirschfeld and associate (24)  (24) 
divided sit to stand task in two phases by using the force obtained from seat sensors. 
The first phase started at the beginning of sitting and ended when the force 
disappeared at the seat off. In studies of Roebroeck (25), Riley (26) and their associate 
(25, 26), they also divided phase of sit to stand into three phases; flexion, transition, 
and extension phases. They use center of mass movement to divide phases. When 
center of mass moves in forward direction, it was defied as flexion phase. However, 
there was an unclear definition of the ending point of the flexion phase.  For extension 
phase, it started at the center of mass move in vertical direction. For transition phase, 
it was between flexion and extension phase. In addition, in 1990, Kralj and associate 
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(8) divided standing up movement pattern  into four phases of movement by using 
the changing of momentum and the components of ground reaction force in Fig 2.1 
as criteria. The first phase was the initiation phase that began with a rapid change of 
momentum until vertical ground reaction force had positive change. The second phase 
was seat unloading phase. It started out at the end of the initiation phase to seat off 
when the anterior shear force reached to maximum. The third phase is ascending 
phase. After seat off, the ascending phase started. When the knee was fully extended, 
it indicated either the end of the ascending phase or the beginning of the stabilization 
phase. When the vertical ground reaction force was equal to the body weight, it was 
defied as the end of stabilization phase.  

Accordingly, the present study used kinematic and kinetic measurement for 
phase dividing. Therefore, the event of sit to stand movement was divided into 4 
phases by trunk movement and ankle movement. Firstly, flexion phase began with the 
trunk forward flexion to prior seat off. Secondly, transition phase started at seat off 
and end at maximum vertical ground reaction force. Thirdly, extension phase, this 
phase started after ending of second phase to quiet standing. Lastly, stabilization 
phase, it began after hip extension velocity reached 0°/sec. 

 

2.4.2 Biomechanics of sit-to-stand movement  

In the previous studies, the standing up movement started from quiet sitting 
position. The beginning of the task began when the trunk initiation moved. The trunk 
flexion was increased while thigh, shank and foot performed like a remained stationary 
(25) until the trunk reached to maximum flexion. Then, knee slightly extended, 
followed by, the buttocks moved up from a chair and the ankle reached to the 
maximum dorsiflexion. The trunk and knee further extended into upright standing 
position.  

When the trunk was flexed, the upper body momentum and the center of 
mass (COM) were generated and move in forward direction (7, 20, 25). The COM 
horizontal velocity increased and reached to the maximum prior seat off. At the 
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maximum ankle dorsiflexion, the COM was moved to the maximum anterior point (20). 
The body weight was transferred from a chair to feet (27). The flexion momentum of 
the upper body was changed to be the flexion momentum of the total body and led 
to upwardly and anteriorly moving of the total body. Consequently, the COM velocity 
was decelerated in horizontal direction and accelerated in vertical direction (20). When 
the vertical velocity of COM reached to the maximum, the velocity was performed 
deceleration (25). 

The lower extremity muscle activities which activated during standing up 
movement. Tibialis anterior were activated first at the beginning of the sit to stand 
movement. Before seat off, biceps femoris, rectus femoris, vastus medialis, vastus 
lateralis, and soleus muscles were begun to activate (25, 28). The EMG activity level of 
these muscles were increased and reached to maximum at seat off except the tibialis 
anterior muscle, which the EMG activity level were decreased (25, 28). In addition, 
when trunk and knee were extend, the EMG activity level of rectus femoris, vastus 
medialis, and vastus lateralis were decreased, except the soleus and gastrocnemius 
muscles, their EMG activity level were similar (25, 28). 

 

  

2.5 Stand-to-sit movement 

2.5.1 Phases of stand-to-sit movement 

There have been a few biomechanical studies focusing on sitting down 
movement (2, 7, 8, 29-33). For describing the phases of the sitting down movement, 
two different perspectives such as kinematics and kinetics have been described.  

For kinematic measurement, Wang (30) and Ashford (33) and their association 
have divided sitting down movement into two phases such as trunk flexion and trunk 
extension phases (30, 33). The trunk flexion phase started at the beginning of trunk 
flexion. When the trunk was beginning to extend, it was defined as ending of the flexion 
phase and the beginning of the extension phase. Moreover, the study of Manckoundia 
and associates (2) (2) has divided sitting down movement in two phases: downward 
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phase and backward phase by the movement of shoulder. The downward phase 
started at the initiation of shoulder movement and ended when the vertical 
component of shoulder was dropped less than 5% of its maximum value. The 
backward phase was started after ending of downward phase until shoulder velocity 
decreased below 5% of its maximum value. However, the study of Dubost (29) and 
Mourey (31) and their associate did not describe phase of sitting down. They described 
only when the seat on occurring (29, 31).  

For kinetic measurement, Kralj and associate (8) has separated sitting down 
movement in four phases by using the changing of momentum and the components 
of ground reaction force (8). The first phase was the initiation phase that began with 
posture that chages into stooping posture and ended with the vertical ground reation 
force lower than 98% of body weight. The second phase was descending phase. It 
started from the ending of the initiation phase until the buttock contacted the chair. 
The third phase was seat loading phase. It started when the buttock contacted the 
chair. The body weight was transfer from legs to the seat. The ending of this phase 
defied as anterior-posterior shear force reached its minimum. The last phase is 
stabilization phase, when the trunk bended back to quiet sitting position. 

Accordingly, the present study used kinematic measurement to define two 
phases of sitting down movement: flexion and extension phases. The trunk movement 
and buttock seat on chair were used as a criteria. Firstly, flexion phase began from 
initiation of trunk movement until seat on that buttock down initial contact on chair. 
Secondly, extension phase, this phase was right after seat on and upright sitting 
posture. 

 

2.5.2 Biomechanics of stand-to-sit movement 

For described the biomechanics of stand-to-sit movement, the phases of stand-
to-sit movement were categorized into two phase: flexion and extension phase. The 
flexion phase began from initiation of trunk movement until seated that buttock down 
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on initial contact to the chair. The extension phase, the definition of this phase was 
after seat on and upright sitting posture.  

In the flexion phase, the starting movement was quiet standing. The standing 
posture was transferred to stoop posture. Trunk and knee movement were increased 
in flexion (7, 8). In this phase, forward trunk flexion was contributed to stability control 
along the antero-posterior axis (29). Maximum trunk flexion was occurred at the time 
of seat on, while maximum ankle dorsiflexion occurred just before the seat on (29, 33). 
When buttock contacted to the seat, the body weight was transfered to seat. Then, 
trunk was extended to upright sitting posture. 

The muscle activation in flexion phase consisted of hamstring, gluteus 
maximus, erector spinae, and rectus abdominis muscles. These muscles activation 
happened throughout this phase. Tibialis anterior was activated after beginning of 
flexion phase and activated throughout the phase. However, quadriceps muscles was 
activated at the beginning of this phase and deactivated just over half way of the 
flexion phase. After the buttock contacted the seat, gluteus maximus and rectus 
abdominis remain active during this phase. Meanwhile, hamstrings and tibialis anterior 
were activated throughout flexion phase until there were deactivated just after the 
middle of extension phase (33).  

 

2.6. Development of standing up and sitting down movement 

The first performance of standing up were occurred children around 12 months 
old (4). During the development of standing up movement, the number of successful 
trials and the movement pattern were gradually improve with age (3, 4).  

Previous study reported that the pattern of sit to stand was different in children 
with different age groups and also in children who have less and more time to practice 
skills. McMillan and Scholz (3) (3) studied in infants post acquisition time of sit to stand 
(12 – 16 months old). Infants 2 weeks post acquisitions used forward up pattern, which 
occurs when infants slide the buttocks forward on seat with minimal trunk flexion and 
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then stand. In contrast, infants 18 weeks post acquisition were developed to use 
diagonal up pattern that infant flexes trunk prior to lift off.  

Movement times of sit to stand were increased with age until 6-7 years old. 
The movement time in 6-7 years old children were similar as it was in adults. However, 
children aged 4-5 years old have more variability of movement time than younger and 
older age group (5, 6). In 9-10 years old children, they showed an increase in angles 
displacement, the angular velocity of trunk flexion, and vertical ground reaction force 
during standing up compared with young children (5). Furthermore, 5-6 years old 
children showed no difference in movement time of standing up compared to the 
adults (6). 

Moreover, the movement of sitting down spent more time than standing up 
movement (7, 8). Meanwhile, there has not been any study reported the development 
of the sitting down in children.  

Therefore, the performance of standing up and sitting down movement were 
related to age. The present study investigated how the children learn to perform the 
standing up and sitting down movement while dealing with gravity or other forces 
related to movements. 

 

2.7 Factor influencing sit-to-stand and stand-to-sit movement 

During standing up and sitting down movement, children must control center 
of mass within the base of support (1). If they have an impairment of postural control 
during standing up and sitting down movement, they would fall down (28). There have 
been 2 factors that affect standing up and sitting down movement which consist of 
intrinsic and extrinsic factor (34, 35).  

 

2.7.1 Intrinsic factors 

The intrinsic factors that consist of individual factor and strategy of 
movement. In the example of individual factor are age, and obesity (4-6, 34).  
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Strategy of movement is an individual movement such as speed, foot position, trunk 
or knee position, and movement (3, 28). 

 

2.7.1.1 Age 

Development of standing up and sitting down movement were associated 
with the postural control development. For children aged 3 three years old, the 
sensory predominance was shifted from visual sensory to somatosensory.  The sensory 
integration was completely developed at 7 years old (1).   

Previous studies reported that the pattern of standing up was different with 
age (3, 5, 6). McMillan and Scholz (3) (3) studied in infants post acquisition time of sit 
to stand (12 – 16 months old). The results showed that the infants had used different 
pattern in standing up. In the first period of performance, children performed forward 
up pattern to stand up. After the first period, children performed diagonal up pattern 
to stand up.   

The trunk forward flexion displacement and velocity were increased in 9-
10 years old children when compared with 4-5 years old children. The vertical ground 
reaction force during standing up in children aged 9-10 years had greater than younger 
children (5).  

Therefore, this study separated children in three different age groups. The 
youngest children would be age between four and six years old, a period of transition 
in balance, the children were learning to control balance by sensory reweighting. They 
used too much of visual orientation to control their posture and undeveloped reweight 
process of sensory information(36, 37). The second group would be age from seven to 
nine years old (1). By seven years old, the children had completely developed the 
postural control like adults (1, 5). In contrast, the reweighting process of 
visual/somatosensory inputs was also maturing. The third group, the children aged 
between ten and twelve would have more experiences of standing up and sitting down 
movement (5). Meanwhile, the inter-modal reweighting process and forward direction 
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of balance were fully developed(38, 39). Maybe the patterns of the movements will 
be developed as adult performance.           

 

2.7.1.2 Obesity 

In obese populations, the biomechanics of standing up movement was 
different from normal populations. They moved the feet more backward and 
minimally flexed the trunk. Relatively, the moment were load on knee joint more than 
hip joint (40). In frontal plane, obese increased movement of hip abduction during 
standing up resulting in an increased hip abduction moment (41).  

 

2.7.1.3 Strategy of movement 

The different foot positions were affected movement of standing up 
movement. The anterior and posterior foot position were investigated in previous study 
(28, 42). The anterior foot position placed the foot align below to knee joint (reduce 
knee flexion). The posterior foot position is foot placed aligned posteriorly to knee 
joint (increased knee flexion). When the foot placement with reducing knee flexion, 
the movement time of standing up task was more than the foot placement with 
increasing knee flexion (28). The hip extension moment were increased when foot 
placement with reducing knee flexion as compare to foot placement with increasing 
knee flexion. The ankle plantar flexion moment was increased when foot placement 
with increasing knee flexion as compare to foot placement with reducing knee flexion 
(28, 42). 
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2.7.2 Extrinsic factors 

The extrinsic factors are different in environment such as chair characteristics 
(a type of chair, the height of the chair, back rest and arm rest), floor, footwear, and 
external loading (35, 43, 44). 

  

2.7.2.1 Chair characteristics 

Most researchers investigated the impact of using different chair and how it 
affected the standing up movement such as height of the seat, armrest, backrest, and 
chair type. The height of chair was focused on a lower chair (the height less than 100% 
of lower leg length) and a higher chair (the height more than 100% of lower leg length) 
(16, 17). The range of hip, knee, and ankle motion was decreased maximum flexion 
when standing up from higher chair (16). The peak vertical ground reaction forces were 
greater during standing up from lower chair than from higher chair (17). 

The effect of armrest related the standing up movement occurred when 
used the armrest. The study of Alexander et al (1991) reported that healthy young 
participants and healthy older participants performed similar movement of trunk 
flexion while used or did not use hand (19). The lower moment of hip and knee 
extension moment were reduced when performing standing up task (35). 

The influence of backrest of chair were not concerned in previous study of 
standing up and sitting down movement (16, 31). The backrest was used to manage 
starting position of standing up task. These studies were not comparable the trunk 
position with or without backrest. 

  

2.7.2.2 Supporting surface alignment  

Assaiante et al (2013) (15) studied standing up and sitting down movement 
in three different support surfaces with two visual conditions. The supporting surfaces 
were horizontal support surface (H), support surface tilted 10° to right in medial lateral 
direction (LAT), and tilted forwardly in the antero-posterior direction (AP). The visual 
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conditions were eyes opened and eyes closed. The result showed that there was no 
effect of vision on standing up and sitting down movement in children aged 7-10 years 
old and adults. However, there were the effects of support surface inclination. Adults 
performed decreased trunk flexion during standing up in AP condition when compared 
with H condition. In contrast, children did not change in trunk flexion movement during 
standing up in AP condition. For standing up movement, both children and adults 
showed decreased trunk extension when the support surface was tilted forwardly. For 
sitting down movement, both children and adults were decreased trunk flexion and 
extension during sitting down with the surface that was tilted forwardly. 

 

2.7.2.3 External forces  

The external forces that affected standing up movement such as back 
loading was investigated by Seven et al (2008) (43). When standing up with carrying a 
backpack weighted 20% of participants’ body weight, the ankle dorsiflexion at the 
initiation of movement and the maximum ankle dorsiflexion were significantly 
increased with respect to standing up without adding an external load. The hip flexion 
at the initiation of movement and the maximum hip flexion were significantly increased 
with respect to standing up without external loading. The ankle plantar flexor and knee 
extensor moment were significantly increased for standing up with external loading as 
compared to standing up without external loading. 

 

The influence factors that affected standing up and sitting down movement 
were consisted of intrinsic factors: age, obesity (4-6, 34), and strategy of movement (3, 
28)  and extrinsic factors: chair characteristics (a type of chair, the height of the chair, 
back rest and arm rest), supporting surface alignment, and external loading (35, 43, 44). 
In this study, age was investigated whether it would be a factor that affects standing 
up and sitting down movement while the other factors were controlled, as they are 
confounding factors. 
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2.8 Framework of this study 

 This study focuses on the development of sit-to-stand and stand-to-sit 
movement in typical children. Figure 1 shows factors that affects biomechanics of sit-
to-stand and stand-to-sit movements. A summary for this study can be described as 
followed: 

 The influence factors of sit-to-stand and stand-to-sit consist of intrinsic and 
extrinsic factors. The intrinsic factors consist of age, anthropometrics, and dynamic 
postural control. The extrinsic factors consist of chair characteristics, supporting surface, 
and external forces. This study focused on the development of sit-to-stand and stand-
to-sit movement. Accordingly, the factor of age was a main effect of this study. The 
other factors were confounding factors that were controlled. Biomechanical analysis 
was used to explain the pattern of the sit-to-stand and stand-to-sit movement. 
Therefore, the outcome measurements were as follow: 1) kinematic variables: total 
time of movement, movement time in each phase, joint angle position and velocity, 
2) kinetic variables: joint moment.    
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Figure 2.1Framework of the study 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3 
MATERIALS AND METHOD 

3.1 Introduction 

 This chapter describes the study design, sample size, participants’ 
characteristics, screening tools, instrumentations, study outcomes, procedure, data 
processing and data analysis. 

 

3.2 Study design 

A cross – sectional study 

 

3.3 Sample size 

The number of sample size was calculated from G*Power program version 
3.1.9.2 based on the result of the pilot study (Appendix E). Total sample size was eighty 
participants. The study was separated in to 4 groups, twenty participants in each group. 

 

3.4 Participants 

Sixty typical children and twenty adults who are eligible for this study were 
recruited from Bangkok metropolitan area by leaflets and social networks. The 
volunteers who are interested to join the study were interviewed by telephone about 
health history, weight and height. The researcher made an appointment with the 
volunteers who passes the inclusion criteria by phone interview for testing. 

All participants were informed about the testing procedure before participating in the 
study. Participants who were eligible to the study and their parents had read and 
signed the consent form before participating in the study (Appendix A). Participants 
were separated into 4 groups. For each group, the number of participants were in equal 
proportion for both male and female. The groups are consisted of 
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Group 1: Children aged between 4 and 6 years old. 

Group 2: Children aged between 7 and 9 years old. 

Group 3: Children aged between 10 and 12 years old. 

Group 4: young adult aged between 18 and 25 years old. 

 

3.4.1 Inclusion criteria for healthy children 

1. Children participants aged between 4 and 12 years old  

2. Aged appropriate standard weight and height, based on the growth chart 
from Thailand ministry of republic health department of health (45) 

3. Able to follow commands or instructions 

4. Do not have allergic reaction to adhesive tape 

5. No history of obvious musculoskeletal disorders which affect ability to 
stand or complete the tasks such as pain, limited range of motion 
fracture, deformity, noticeable scoliosis, and leg discrepancy different 
more than 2 centimeters 

6. No history of obvious neurological disorders such as seizure, numbness, 
or muscles weakness 

7. Do not have a visual problems or participants who could be corrected 
with eyeglasses or contact lens. 

 

3.4.2 Inclusion criteria for healthy young adults 

1. Adult participants aged between 18-25 years old 

2. Body mass index ≤ 23.0 kg/m2 (46) 

3. Able to follow commands or instructions 

4. Do not have allergic reaction to adhesive tape 

5. No history of obvious musculoskeletal which affect ability to stand or 
complete the tasks disorders such as pain, limited range of motion 
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fracture, deformity, noticeable scoliosis, and leg discrepancy different 
more than 2 centimeters 

6. No history of obvious neurological disorders such as seizure, numbness, 
or muscles weakness  

7. Do not have a visual problems (except for participants who could be 
corrected with eyeglasses or contact lens) 

 

3.4.3 Exclusion criteria 

1. Taking the medicines that affect to their ability of postural control 
within 24 hours prior to testing 

2. Unable to complete the task  

 

3.5 Screening tools  

3.5.1 Screening forms 

Two screening forms created by researcher for children participants and young 
adult participants, respectively (Appendix A & B) were used to screen for the eligible 
participants. The forms consist of 2 parts to obtain about health history and 
anthropometric data (Appendix F and appendix G). In the part of health history, the 
researcher interviewed each participant about aged, weight, height and inclusion 
criteria by phone. For the anthropometric data, physical examinations were performed 
in the experiment day. 
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3.5.2 Obesity screening tools 

3.5.2.1 Thai children’s growth chart 

The Thai children’s growth chart was developed by the Department of 
Health, the Thai Ministry of Public Health (45). This chart was used to classify whether 
children have height and weight appropriated to aged and gender (Appendix I). 

3.5.2.2 Body mass index classification 

The body mass index for Asian populations was developed by World 
Health Organization in the Western Pacific Region. They suggested that the cut offs for 
over weight in Asian-Pacific regions were more than or equal to 23.00 kg/m2(46). This 
was used to indicate whether adult participants have normal weight.   

 

3.6 Instrumentation  

3.6.1 Motion analysis system (Motion Analysis Crop., Santa Rosa, CA). 

Eight video cameras (Raptor E) (Figure 3.1.), Frame rate was set at 120 Hz and 
speed shutter was set at 1/1000 sec. Cortex software version 2.6.2 was used to collect 
the movement data. 

 

3.6.2 Force platforms  

Two Bertec force plates model (Bertec Crop., Columbus, OH) were used in this 
study. The size of force plate is 600 × 400 mm. The sampling rate was set at 1200 Hz 
(Figure 3.2). 

 

3.6.3 Reflective markers  

Thirty reflective markers were placed on participant’s body. Other two 
reflective markers were placed on adjustable bench (Figure 3.3). The size of markers 
was 12.5 mm. The twenty-four markers were marker on base pad. The other six markers 
were marker on pedestal.   
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3.6.4 Adjustable bench  

The adjustable bench was made from metal without backrest and arm rest. 
(Figure 3.4). 

3.6.5 Measuring tape  

The measuring tape was used to measure anthropometric data of participants 
(Figure 3.5). 

 

3.6.6 Adhesive tapes 

Two types of adhesive tapes were used in this study: double side tape, and 
microporous surgical tape (Figure 3.6). 

 

 
Figure 3.1 video cameras (Raptor E) 
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\ 

Figure 3.2 Two Bertec force plates model (Bertec Crop., Columbus, OH) 
 

 

Figure 3.3 Twenty-four markers on base pad and six markers with pedestal 
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Figure 3.4 Adjustable chair 
 

 

 
 

Figure 3.5 Measuring tape 
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Figure 3.6 Adhesive tapes  
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3.7 Motion Analysis System Procedure 

 The system calibration was the most important step in the process of 
preparation system. The process in calibration system can be separated into two steps. 
The first step is static calibration which uses L-frame with precisely four located 
markers. In the process, the L-frame is placed on the corner of the force plate and all 
the cameras detected all of markers on the L-frame. This corner of force plate was 
designed as an origin of the global coordination system (0,0,0). This calibration step 
was exacted the position of each cameras in x,y,z coordinates. The second step of 
calibration system is dynamic calibration which uses wand with precisely three located 
markers. The length of wand was set at 500 millimeter measuring from end marker to 
end marker. The process of wand calibration is waved the wand up and down and side 
to side through the volume for 60 seconds. If the results of wand length is between 
499.98 and 500.02 millimeter. It was accepted because the wand length is very close 
to original wand length.      

    

3.8 The study outcomes  

The independent variable in this study was age. Four different age groups 
consist of three groups of children and a group of adults.   

The primary dependent variables in this study were kinematic and kinetic 
variables. The kinematic variables consist of total time movement, movement time in 
each phase, the pattern of joint movement: hip, knee, and ankle joint displacement 
and velocity. The kinetic variables consist of peak moment of joint angle: hip, knee, 
and ankle joint after seat off in standing up movement and before seat on in sitting 
down movement. 
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3.9 Testing procedures 

3.9.1 Participant preparation 

All participants were asked to change the clothes to tank top, shorts and swim 
cap that the researcher has prepared for them. Each type of clothes (three type; tank 
top, shorts and swim cap) is made from the same materials. Then, the physical 
therapist asked participants to test their dominant stance leg by following activities; 
kick a ball, picking up a small object from floor, and tracing shape on the floor. The 
side of leg that used to stand at least two out of three task was determined as a 
dominant stance leg (47). Then their height, weight, sitting height, leg length (ASIS to 
medial malleolus), thigh length (greater trochanter to lateral femoral condyle), lower 
leg length (joint space of knee to floor), foot length and foot width were measured by 
the researcher who is a physical therapist (Appendix H). On the lower limb, there were 
measured on the dominant stance leg. 

Thirty reflective markers were placed on participant’s body as described by 
Helen Hays marker set model (Figure 3.7) (Table 3.1) (48). And additional marker was 
place on right greater trochanter for measure the time when the buttock is on/off the 
chair. To establish accuracy of marker positions, the researcher was trained and then 
tested the intra-rater reliability before data collection (Appendix K).    
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Figure 3.7 Marker positions 
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Table 3.1 Marker positions (Helen Hays marker set model and additional marker) 

Marker position Placement 

1. Top of the head On  the center top of the head, in line with the back 
and front markers 

2. Back of the head 

3. Front of the head 

On the front and back of the head at same height 
above the floor 

4. Left shoulder 

5. Right shoulder 

Tip of the Acromion Process 

6. Left elbow 

7. Right elbow 

Lateral Epicondyle of the Humerus 

8. Left wrist 

9. Right wrist 

Centered between the styloid Processes of the Radius 
and ulna 

10. Offset Right scapular 

11. Left ASIS 

12. Right ASIS 

Anterior Superior Illiac Spine 

13. Sacrum Superior Aspect at the L5-sacral interface  

14. Left thigh  

15. Right thigh  

On lower thigh below the mid-point, for greatest 
visibility by all camera 

16. Left lateral knee 

17. Right lateral knee 

Along the flexion/extension axis of rotation at lateral 
femoral condyle 

18. Left shank 

19. Right shank 

On lower shank below the midpoint, for greatest 
visibility by all cameras 

20. Left lateral ankle 

21. Right lateral ankle  

Along the flexion/extension axis of rotation at lateral 
malleolus 

22. Left heel 

23. Right heel 

Posterior calcaneus at same height from floor as toe 
marker 

24. Left toe Center of the foot between the 2nd and 3rd 
metatarsals 
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Marker position Placement 

25. Right toe 

26. Left medial ankle 

27. Right medial ankle 

Medial malleolus 

28. Left medial knee 

29. Right medial knee 

Medial femoral condyle 

30. Right Greater 
trochanter 

Right greater trochanter  

 

3.9.2 Data collection 

Sit-to-stand and stand-to-sit movements were recorded by the motion analysis 
system and the two force platforms. Two reflective markers were placed on the right 
side at each end of the seat to create a reference line for indicating when seat on and 
off occurred.  An adjustable chair without backrest and armrest was used. The height 
of bench was set at 100% of lower leg length in each participant (Measure from lateral 
knee joint space to the floor in standing position).  The seat depth was set at 25% of 
thigh length (42). 

The starting position was sitting on the adjustable bench and arms cross the 
chest. Both feet placed at the feet mark position on force platforms that feet  keep 
shoulder width apart and the lateral malleolus was align with the center of knee joint 
(Figure 3.8) (28). The participant was asked to perform standing up with preferred 
speed, standing steady for 5 seconds and then, sitting down. The verbal command is 
“ready and standing up” for starting a movement and after quiet standing 5 seconds 
the verbal command is “ready and sitting down up” 

While performing the sit-to-stand and stand-to-sit movement, participants were 
asked to perform the task with self-select pattern that the foot placement was not 
constrained except to ensure that each foot was placed on each force plate. A few 
trials of sit to stand to sit movement were allowed through the participants familiar 
with study protocol. The three successful trials of each standing up and sitting down 
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task was collected(4, 17). For the children aged between 4 and 6 years old, their parent 
able to standing in front of their child and encourage them. 

 

 

 
 

 

 

 

 
 

Figure 3.8 The sit-to-stand and stand-to-sit position. (A.) The starting position of sit-to-

stand movement. (B.) The end of sit-to-stand movement and the starting position of 

stand-to-sit movement. 

A. 

B. 
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3.10 Data processing 

The three complete data of each movement were used to analyze movement. 
The fourth order Butterworth digital filter at cut off frequency 6 Hz was used to clean 
up and smooth data. The four segment model included foot, shank, thigh, and trunk. 
The positions of segment orientation were defined by lines connecting the head of 
third metatarsal and ankle, ankle and knee, knee and hip, hip and shoulder 
respectively (Figure 3.9). 

Sit-to-stand movement was separated into 4 phases of movement by five 
transitional points (TU0-TU4) as following: TU0, the initiation point of trunk flexion or 
feet slight backward (time at horizontal velocity of shoulder marker or ankle marker ≥ 
0.1 m/sec); TU1, the point at knee joint abruptly extension occurring (the right grater 
trochanter marker move up from a reference line formed by two markers placed on 
seat); TU2, the point at the vertical ground reaction forces reached to maximum on 
both of force plates; TU3; shoulder move highest; TU4 end of standing up (time at 
vertical and horizontal velocity of right greater trochanter marker ≤ 0.1 m/sec).      

Stand-to-sit movement was divided into two phases of movement by three 
transitional points (TD0-TD2) as follow: TD0, the point at the initiation of hip or knee 
flexion (time at vertical and horizontal velocity of shoulder or right greater trochanter 
marker ≥ 0.1 m/sec); TD1, the point at seat on when the buttock contacts on the 
bench (the right grater trochanter marker move down close to a reference line formed 
by seat markers); TD2, the point at the end of stand-to-sit (horizontal velocity of 
shoulder marker ≤ 0.1 m/sec.).  

Total movement time of sit-to-stand and stand-to-sit were converted to 100% 
and average kinematic and kinetic curves were used to plot graph. MATLAB software 
and Motion Analysis KinTools RT were performed to calculate the values of the 
dependent variables and plot graph.   
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Figure 3.9 The five body segment and the angle, a) is trunk angle; b) is pelvis angle; c) 
is hip angle; d) is knee angle, and d) is ankle angle 

 

  3.10.1 Total movement time 

 Sit-to-stand movement, the total time movement was recorded between 
starting at TU0 and ending at TU4. For stand-to-sit movement, the total time of 
movement was between starting of flexion phase (TD0) and ending of extension phase 
(TD2). The total time of each movement was presented in second (s). 

  

3.10.2 Times at transition point 

 For sit-to-stand movement, movement time was measured at TU1, TU2, and 
TU3. For stand-to-sit movement, movement time was measured at TD1. The times at 
transition point was presented in percentage (%). 
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3.10.3 Joint angular position 

Five body segments model was used to contribute the angles. The joints angle 
was consisted of trunk, pelvis, hip, knee, and ankle angle. For trunk and pelvis angle 
were measure angle between segments and the vertical line of global reference 
coordinate system. The hip, knee and ankle angle was measure angle between 
longitudinal axes of two segments in sagittal plane (Figure 3.9).The hip joint angle was 
defined by the angle between trunk axis and the thigh axis. The knee ankle joint was 
defined by the angle between thigh axis and shank axis. The ankle joint angle was 
defined by the angle between shank axis and foot axis. The relative angle is usually 
used to calculate in clinical situations because it provides a more practical indicator of 
joint position and function  (49). For sit-to-stand, the joint angular position of trunk, 
pelvis, hip, knee, and ankle were measured at the three transition points (TU1, TU2, 
and TU3). For stand-to-sit movement, the joint angular position of trunk, pelvis, hip, 
knee, and ankle were measured at the TD1 transition point. The joint angular position 
was presented in degree (°). 

 

3.10.4 Joint angular velocity 

Joint angular velocity or speed is a vector that describes the time rate of change 
of angular position. In generally, the angular velocity presents in degree per second 
(°/s).  For sit-to-stand and stand-to-sit movement, peak flexion angular velocity of trunk 
during each movement was calculated. 

 

3.10.5 Joint moment  

In children age between 4 and 12 years old, fifteen body segment masses and 
radius of gyration that estimated by Jensen’s formula were used (50). For adults age 
between 18 and 25 years old were used Winter’s formula of masses and radius gyration 
(51). The joint moments were normalized by body weight for each subject and 
presented in newton meter per kilogram (N m/kg) 
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For sit-to-stand movement, peak moment of hip and knee extension was 
measured. Peak ankle joint plantar flexion was measured after the time transitional 
point at TU1 was occurred. 

For stand-to-sit movement, joint moment was measure at peak moment of hip 
and knee joint flexion and peak ankle joint dorsiflexion. There were measured when 
the task was occurred until TD1.  

 

3.11 Data analysis 

Data analysis was performed with the SPSS version 17.0 software for windows. 
The significant level was set at less than 0.05. Descriptive statistic was used to report 
participant’s characteristics in each group. All data presented as mean and SD. The 
one-way ANOVA was used to compare the demographic data, total time of movement, 
times at transition point, joint angular position of trunk and pelvis, and trunk velocity. 
For joint moment and joint angular position of hip, knee, and ankle were used two-
way ANOVA to examine main effects and interaction effects; group (four different aged 
group) X side (dominant and non-dominant stance leg). Pairwise comparison was 
carried out using Bonferroni corrections to compare joint moment and joint angular 
position of hip, knee, and ankle. 
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CHAPTER 4 
RESULTS 

4.1 Introduction 

 This study investigated the kinematic and kinetic patterns of sit-to-stand and 
stand-to-sit movement in three-age groups of children and adults by using 3D motion 
analysis system. Time of the movement, kinematics variables, trunk angular velocity 
and moment were used to describe the different pattern of sit-to-stand and stand-to-
sit movement between age groups.   

 

4.2 Participants  

 Eighty participants who were recruited in this study were separated into 4 
groups based on the following age: (1) children aged 4-6 years (n = 20); (2) children 
aged 7-9 years (n = 20); (3) children aged 10-12 years (n = 20); and (4) adults aged 18-
25 years (n = 20). Unfortunately, two participants in group 1, one participant in group 
2 and one participant in group 4 had no ground reaction force data which was used to 
indicate the phases of movement. Therefore, their kinematic and kinetic data were not 
obtained from data processing. Hence, the results of the study came from 18 children 
in group 1, 19 children in group 2, 20 children in group 3 and 19 adults in group 4. 
Group characteristics including aged, gender, and dominant stance leg was described 
in Table 4.1. Most participants showed dominant stance leg on the left side except for 
2 participants in group 2 and group 3. The anthropometric data of participants including 
weight, height, upper leg length, lower leg length, ASIS width, sitting height, foot length, 
foot width, and also bench height were showed in Table 4.2. Most variables significantly 
increased with increasing age.        
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Table 4.1 Characteristics of the participants in this study (n=77) 

 Group 1 

(n = 18) 

Group 2 

(n = 19) 

Group 3 

(n = 20) 

Group 4 

(n = 19) 

Age  

(Years : Mean ± SD) 
5.8±0.90 8.56±0.73 11.66±0.70 22.41±1.98 

Gender (Female : Male) 9 : 9 10 : 9 10 : 10 10 : 9 

Dominant leg stance 

(Right : Left) 
0 : 18 1 : 18 1 : 19 0 : 19 

Abbreviation: SD, standard deviation; n, Number of participants 

 
Table 4.2 Anthropometric characteristics of participants (Mean ± SD) 

 Group 1 

(n = 18) 

Group 2 

(n = 19) 

Group 3 

(n = 20) 

Group 4 

(n = 19) 

Weight, kg 20.53±3.28 26.50±4.66a 39.47±8.56b,d 56.42±5.36c,e,f 

Height, cm 112.40±7.10 126.95±4.78a 146.01±9.67b,d 165.68±6.79c,e,f 

Upper leg length, cm 31.41±2.43 36.35±2.23a 42.90±3.50b,d 48.60±3.43c,e,f 

Lower leg length, cm 25.25±2.01 29.15±2.22a 34.38±2.94b,d 38.82±2.31c,e,f 

ASIS width, cm 17.75±1.37 18.12±2.72 21.38±1.90b,d 24.08±1.38c,e,f 

Sitting height, cm 70.64±6.87 76.58±5.41a 87.29±4.94b,d 98.20±4.02c,e,f 

Foot length, cm 16.93±2.82 19.73±1.63a 22.22±1.47b,d 24.03±1.45c,e,f 

Foot width, cm 7.90±2.45 8.08±0.49 8.95±0.72 9.67±0.68c,e,f 

bench height, cm 29.42±2.68 34.45±2.03a 40.50±2.87b,d 45.08±2.67c,e,f 

Abbreviation: SD, standard deviation; n, Number of participants; kg, kilograms; cm, centimeter 
aSignificant different between group 1 and group 2 (p < 0.05), bSignificant different between group 1 and group 3 
(p < 0.05), cSignificant different between group 1 and group 4 (p < 0.05), dSignificant different between group 2 
and group 3 (p < 0.05), eSignificant different between group 2 and group 4 (p < 0.05), fSignificant different between 
group 3 and group 4 (p < 0.05) 
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4.3 Sit-to-stand and stand-to-sit movement strategies 

 Two strategies of sit-to-stand were found in this study including sit-to-stand 
with and without moving feet. Sixty-nine out of eighty participants performed sit-to-
stand with moving feet backward. The number of participants who used each strategy 
were illustrate in Table 4.3. In this study, stand-to-sit movement was consequently 
performed following the two sit-to-stand strategies since all participants were asked to 
perform sit-to-stand and then, from that standing position, they were asked to perform 
stand-to-sit without resetting the starting position like the distance between the seat 
and the feet. Therefore, the kinematic and kinetic patterns of sit-to-stand and stand-
to-sit were evaluated according to the strategies that the participant had used in sit-
to-stand task.  

 

Table 4.3 The number of participants who performed sit-to-stand and stand-to-sit 
with and without moving feet strategies in each group. 

 Group 1 

(n = 18) 

Group 2 

(n = 19) 

Group 3 

(n = 20) 

Group 4 

(n = 19) 

Sit-to-stand     

With moving feet: n (%) 13 (72.22%) 15(78.95%) 18 (90%) 19 (100%) 

Without moving feet: n (%) 5 (27.78%) 4 (21.05%) 2 (10%) 0 (0%) 

Stand-to-sit     

With moving feet: n (%) 13 (72.22%) 15(78.95%) 18 (90%) 19 (100%) 

Without moving feet: n (%) 5 (27.78%) 4 (21.05%) 2 (10%) 0 (0%) 

   Abbreviation: n, Number of participants; %, percent 
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4.4 Kinematic pattern of sit-to-stand movement 

4.4.1 Times of sit-to-stand movement 

Time of the movement included total movement time and percent of the total 
movement time at each transitional point (TU1, TU2, and TU3). TU1 indicated when 
abrupt knee joint extension occurring was confirmed by the right grater trochanter 
marker moved up from a reference line which formed by two markers placed on seat. 
TU2 was the point where the vertical ground reaction forces reached to the maximum 
on both force plates. TU3 indicated when shoulders were moved at the highest level. 
The results were illustrated in Figure 4.1 and Table 4.4. 

For sit-to-stand movement with moving feet backward, One-way ANOVA 
analysis revealed that the total time of movement proved significant differences 
between groups (p < 0.05). Group 1 and 2 had similar the total movement. Meanwhile, 
TU1 and TU2 time spent in Group 1 and 2 were less than in group 3 and group 4 (p < 
0.05).  Besides, percent of the total movement time at each transitional point (TU1, 
TU2, and TU3) showed significant differences between groups (p < 0.05) as shown in 
Table 4.4. Group 1 and 2 had similar percent of the total movement time at TU1 and 
TU2. Meanwhile, TU1 and TU2 occurred earlier in Group 1 and 2 as compared to group 
3 and group 4 (p < 0.05). The total movement time at TU3 in group 1 occurred earlier 
than group 4. In contrast, sit-to-stand without feet moving backward, the total time of 
movement and percentage of times at transitional point were no significant differences 
among groups (p > 0.05). 
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 4.4.2 Joint angle position at each transitional point of sit-to-stand 
movement 

The joint angle positions of trunk, pelvis, hip, knee, and ankle joints at each 
transitional point of sit-to-stand movement were illustrated in Table 4.5, Table 4.8, 
Table 4.9, Figure 4.10, Figure 4.11, Figure 4.12, Figure 4.13, and Figure 4.14. In sit-to-
stand with moving feet, the position of the trunk was not significantly different among 
groups at TU1 of sit-to-stand movement (p > 0.05). At TU2, the significant differences 
among groups were found that group 2 had greater trunk flexion than group 3 had. For 
the pelvis position, the significant differences among groups were found at TU1 and 
TU2. Group 1 had more anterior pelvic tilt than group 3 and group 4 had (p < 0.05).   

For hip, knee, and ankle joint positions, two-way ANOVA analysis demonstrated 
that there were group main effects for hip, knee, and ankle joint positions at TU1, TU2 
and TU3 (Table 4.6, Figure 4.1, Figure 4.2, and Figure 4.3). However, the side main 
effects were found for knee and ankle joint positions at TU1, TU2, but not TU3 (Table 
4.6, Figure 4.4, Figure 4.5, and Figure 4.6). Group x side interaction effects were not 
found for any parameters. 

Figure 4.1 This graph showed percentage of the movement times in four phases of 
sit-to-stand movement. 
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At TU1 and TU2, post hoc analysis revealed that the position of hip and knee 
joints  in group 1 and group 2 were significantly less in flexion than group 3 and group 
4 (p < 0.05). However, the position of the ankle joint in group 1 and group 2 was 
significantly greater in plantarflexion than group 3 and group 4 (p < 0.05).  

At TU3, the position of the hip joint in group 1 was greater in extension than 
that in group 3 (p = 0.02). The position of the knee joint in group 1 was significantly 
less in flexion as compared to group 2 (p = 0.02). The less knee flexion position was 
also found in group 2 as compared to group 3 and group 4 (p < 0.05). Furthermore, 
the greatest dorsiflexion position of the ankle joint was found in group 4 (p < 0.05). 

In sit-to-stand without foot moving, the position of the trunk and pelvis at TU1, 
TU2, and TU3 were not found significant differences among groups (p > 0.05). In 
addition, two-way ANOVA analysis revealed that there was no significant group and 
group x side interaction effects for any parameters (p > 0.05). However, the side main 
effects were found for hip joint position at TU3, knee and ankle joint positions at TU1, 
TU2 and TU3 (Table 4.7, Figure 4.7, Figure 4.8, and Figure 4.9). 

 

 4.4.3 Trunk angular velocities 

The maximum trunk angular velocity occurred during the beginning of the 
movement, TU0, and TU1 in both patterns of sit-to-stand. The results were illustrated 
in Table 4.10 and Figure 4.15. For sit-to-stand with moving feet, the maximum of trunk 
angular velocity were significantly different between groups 1 and group 4. In group 1, 
the maximum trunk angular velocity was the highest as compared to the other groups. 
Conversely, in sit-to-stand without feet moving, the maximum trunk angular velocities 
were not significantly different among groups (p > 0.05). 
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Table 4.5 Trunk and pelvis angle position at each transitional point in sit-to-stand 
with and without moving feet pattern 

. Joint angle displacement  

(degrees: Mean±SD) 
Group 1 Group 2 Group 3 Group 4 

With moving feet pattern (n = 13) (n = 15) (n = 18) (n = 19) 

    Trunk      

      - TU1 35.50±4.03 36.90±8.90 30.53±9.01 31.27±7.55 

      - TU2 42.54±6.32 43.50±9.94 33.72±10.70c 37.10±8.65 

      - TU3 7.83±2.89 7.29±4.26 4.59±3.69 5.08±3.07 

    Pelvis     

      - TU1 24.57±6.70 23.18±8.84 15.61±10.23a 14.59±7.88b,d 

      - TU2 31.68±8.92 29.56±8.98 20.83±11.38a 21.48±7.93b 

      - TU3 18.88±7.63 18.78±5.74 15.30±4.50 15.31±4.96 

Without moving feet pattern (n = 5) (n = 4) (n = 2) (n = 0) 

    Trunk      

      - TU1 38.76±6.41 44.18±3.53 38.33±1.98  

      - TU2 45.03±6.29 44.65±20.23 50.07±6.13  

      - TU3 6.74±2.76 6.35±4.10 5.00±6.93  

    Pelvis     

      - TU1 21.91±4.94 24.91±4.17 22.83±10.76  

      - TU2 27.95±2.87 28.27±11.19 34.29±4.34  

      - TU3 15.36±6.85 11.12±7.51 13.66±15.34  

Abbreviation: SD, standard deviation 

aSignificant different between group 1 and group 3 (p < 0.05) , bSignificant different between group 1 and group 4 
(p < 0.05), cSignificant different between group 2 and group 3 (p < 0.05), dSignificant different between group 2 
and group 4 (p < 0.05)  
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Table 4.6 F-test and p-value of angle joint position in sit-to-stand with moving feet 
pattern. 

 F p 

TU1   

- hip   

    Groups F(3,122) = 13.06 0.00 

    Sides F(1,122)
 = 0.00 0.97 

    Groups × Sides F(3,122) = 0.01 1.00 

- knee   

    Groups F(3,122) = 29.13 0.00 

    Sides F(1,122)
 = 11.46 0.00 

    Groups × Sides F(3,122) = 0.24 0.89 

- ankle   

    Groups F(3,122) = 25.93 0.00 

    Sides F(1,122)
 = 15.09 0.00 

    Groups × Sides F(3,122) = 0.17 0.92 

TU2   

- hip   

    Groups F(3,122) = 12.94 0.00 

    Sides F(1,122)
 = 0.01 0.91 

    Groups × Sides F(3,122) = 0.01 1.00 

- knee   

    Groups F(3,122) = 15.20 0.00 

    Sides F(1,122)
 = 11.83 0.00 

    Groups × Sides F(3,122) = 0.08 0.97 

- ankle   

    Groups F(3,122) = 21.20 0.00 

    Sides F(1,122)
 = 19.11 0.00 

    Groups × Sides F(3,122) = 0.19 0.90 
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 F p 

   
TU3   

- hip   

    Groups F(3,122) = 3.10 0.03 

    Sides F(1,122)
 = 3.19 0.08 

    Groups × Sides F(3,122) = 0.02 1.00 

- knee   

    Groups F(3,122) = 8.186 0.00 

    Sides F(1,122)
 = 23.58 0.00 

    Groups × Sides F(3,122) = 0.06 0.98 

- ankle   

    Groups F(3,122) = 6.05 0.00 

    Sides F(1,122)
 = 14.36 0.00 

    Groups × Sides F(3,122) = 1.02 0.39 

 

Table 4.7 F-test and p-value of angle joint position in sit-to-stand without moving 
feet 

 F p 

TU1   

- hip   

    Groups F(2,16) = 12.20 0.11 

    Sides F(1,16)
 = 0.00 0.99 

    Groups × Sides F(2,16) = 0.01 0.99 

- knee   

    Groups F(2,16) = 1.83 0.19 

    Sides F(1,16)
 = 5.47 0.03 

    Groups × Sides F(2,16) = 0.16 0.85 

- ankle   

    Groups F(2,16) = 4.73 0.02 
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 F p 

    Sides F(1,16)
 = 7.90 0.01 

    Groups × Sides F(2,16) = 0.07 0.93 

TU2   

- hip   

    Groups F(2,16) = 1.49 0.26 

    Sides F(1,16)
 = 0.00 0.94 

    Groups × Sides F(2,16) = 0.00 1.00 

- knee   

    Groups F(2,16) = 2.07 0.16 

    Sides F(1,16)
 = 1.14 0.30 

    Groups × Sides F(2,16) = 0.03 0.97 

- ankle   

    Groups F(2,16) = 2.22 0.14 

    Sides F(1,16)
 = 9.27 0.01 

    Groups × Sides F(2,16) = 0.02 0.98 

TU3   

- hip   

    Groups F(2,16) = 1.11 0.35 

    Sides F(1,16)
 = 0.52 0.48 

    Groups × Sides F(2,16) = 0.00 1.00 

- knee   

    Groups F(2,16) = 1.33 0.29 

    Sides F(1,16)
 = 7.07 0.02 

    Groups × Sides F(2,16) = 0.08 0.93 

- ankle   

    Groups F(2,16) = 1.11 0.35 

    Sides F(1,16)
 = 7.66 0.01 

    Groups × Sides F(2,16) = 0.06 0.95 
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Figure 4.5 The graph show main side effect of joint angle in sit-to-stand with 
moving feet at TU1 as following; A, knee; B, ankle  

Figure 4.6 The graph show main side effect of joint angle in sit-to-stand with 
moving feet at TU2 as following; A, knee; B, ankle 

*, significant different between dominant and non dominant stance leg 

*, significant different between dominant and non dominant stance leg 
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Figure 4.8 The graph show main side effect of joint angle in sit-to-stand without 
moving feet at TU1 as following; A, knee; B, ankle 

Figure 4.9 The graph show main side effect of joint angle in sit-to-stand without 
moving feet at TU2 as following; A, ankle 

*, significant different between dominant and non dominant stance leg 

*, significant different between dominant and non dominant stance leg 
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Figure 4.10 The graph show main side effect of joint angle in sit-to-stand 
without moving feet at TU3 as following; A, knee; B, ankle 
*, significant different between dominant and non dominant stance leg 
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Figure 4.11 Mean of trunk angle during sit-to-stand movement with moving feet in 
different age groups. (∆ = TU1, o = TU2, * = TU3) 

Figure 4.12 Mean of pelvis angle during sit-to-stand movement with moving feet 
in different age groups. (∆ = TU1, o = TU2, * = TU3) 
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Figure 4.13 Mean of Hip angle during sit-to-stand movement with moving feet in 
different age groups. (∆ = TU1, o = TU2, * = TU3) 

Figure 4.14 Mean of knee angle during sit-to-stand movement with moving feet 
in different age groups. (∆ = TU1, o = TU2, * = TU3) 
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Figure 4.15 Mean of knee angle during sit-to-stand movement with moving feet in 
different age groups. (∆ = TU1, o = TU2, * = TU3) 

Figure 4.16 Mean of trunk velocity during sit-to-stand movement with moving 
feet in different age groups. (∆ = TU1, o = TU2, * = TU3) 
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Table 4.10 The maximum of trunk angular velocity of sit-to-stand with and without 
moving feet (degree/second: Mean±SD). 

 Group 1 Group 2 Group 3 Group 4 

With feet moving 125.45±15.35 117.58±18.76 105.69±22.74 100.90±21.13a 

Without feet moving 55.74±7.96 64.07±7.36 48.78±11.37  

Abbreviation: SD, standard deviation 
aSignificant different between group 1 and group 4 (p < 0.05)   

 

4.5 Kinematic pattern of stand-to-sit movement 

4.5.1 Times of movement 

The time of movement in stand-to-sit movement included total movement 
time and percent of the total movement time at each transitional point (TD1) were 
illustrated in Figure 4.17 and Table 4.11. TD1 indicated when the buttock contacts on 
the bench. For stand-to-sit with feet moving pattern, the total time of movement and 
percent time at TD1 were shown no significant differences between groups (p > 0.05). 
Moreover, the total time of movement and percent time atTD1 in stand-to-sit without 
moving feet showed no significant different between groups (p > 0.05).    

 

 

 

 

 

 

 

  Figure 4.17 This graph showed percentage of the movement times in four phases 
of stand-to-sit movement. 
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 4.5.2 Joint angle position at each transitional point 

The results of joint angle position at each transitional of stand-to-sit movement 
were illustration in Table 4.12, Table 4.14, Table 4.15, Figure 4.19, Figure 4.20, Figure 
4.21, Figure 4.22, and Figure 4.23. Trunk and pelvis angle at TD1 transitional point of 
group 2 were shown significant different between group 4 when perform stand-to-sit 
with moving feet (p < 0.05) as shown in Table 4.12.  

Moreover, two-way ANOVA analysis demonstrated that there were group main 
effects for hip, knee, and ankle joint positions at TD1 (Table 4.13 and Figure 4.16). 
There were significant different between groups as following: group 1 and group 3; 
group 1 and group 4; group 2 and 3; and group 2 and group 4 (p < 0.05). In group 3 
and group 4 hip and knee were more flexed than group 1 and group 2. For ankle joint, 
group 1 and group 2 were more dorsiflex than group 3 and group 4. Moreover, the side 
main effects were found for knee and ankle joint at TD1 (Table 4.13 and Figure 4.17). 

In additional, stand-to-sit without moving feet was illustration at Table 4.12 and 
Table 4.15. There were no significant differences between group both of trunk and 
pelvis angle at TD1.  

At TD1, two-way ANOVA analysis demonstrated that there were group main 
effects for hip angle displacement (Table 4.13 and Figure 4.18). The result shown, group 
3 was significantly different from group 1 and group 2. However, two-way ANOVA 
analysis showed that there was no significant group, side, and group x side interaction 
effect for other parameters as shown in Table 4.13.     
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 4.5.3 Trunk angular velocities   

For stand-to-sit movement, the maximum trunk angular velocity occurred 
during the first phase of the movement.  The results were illustrated Table 4.16 and 
Figure 4.24. For stand-to-sit with moving feet, the significant different among group 
were found that group 1 had faster maximum of trunk angular velocity than group 3 
and group 4. Moreover, group 2 had faster maximum of trunk angular velocity than 
group 4 had. (p < 0.05).  

 

Table 4.11 Times of movement in stand-to-sit with and without moving feet pattern 
(Mean±SD).  
 Group 1 Group 2 Group 3 Group 4 

With moving feet pattern (n = 13) (n = 15) (n = 18) (n = 19) 

  - Total time of movement (sec.) 1.81±0.52 1.98±0.40 2.16±0.77 2.01±0.22 

  - Percent times at TD1 (%) 52.81±14.35 49.92±8.15 51.80±14.27 58.41±6.98 

Without moving feet pattern (n = 5) (n = 4) (n = 2) (n = 0) 

  - Total time of movement (sec.) 1.62±0.32 168±0.23 2.18±0.20  

  - Percent times at TD1 (%) 50.91±13.67 58.63±10.68 49.59±1.53  

Abbreviation: n, Number of participants; SD, standard deviation; sec, seconds; %, percent 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

64 

Table 4.12 Trunk and pelvis angle position at each transitional in stand-to-sit with 
and without moving feet pattern.  

Joint angle position 
(degrees: Mean±SD) 

Group 1 Group 2 Group 3 Group 4 

With moving feet pattern (n = 13) (n = 15) (n = 18) (n = 19) 

    Trunk      

      - TD1 31.69±11.44 37.25±7.17 29.53±12.16 27.35±8.24a 

    Pelvis     

      - TD1 20.09±10.74 22.86±8.43 14.91±6.07 14.59±8.39a 

Without moving feet pattern (n = 5) (n = 4) (n = 2) (n = 0) 

    Trunk      

      - TD1 33.74±10.17 34.73±4.35 47.45±8.14  

    Pelvis     

      - TD1 18.31±6.43 14.63±2.92 27.03±1.87  
 

Abbreviation: SD, standard deviation 

aSignificant different between group 2 and group 4 (p < 0.05) 
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Table 4.13 F-test and p-value of angle joint position in stand-to-sit with and without 
moving feet 

 F p 

With moving feet   
- TD1   
   - hip   
       Groups F(3,122) = 6.97 0.00 
       Sides F(1,122)

 = 0.02 0.90 
       Groups × Sides F(3,122) = 0.07 0.98 
   - knee   
       Groups F(3,122) = 34.44 0.00 
       Sides F(1,122)

 = 8.35 0.01 
       Groups × Sides F(3,122) = 0.32 0.81 
   - ankle   
       Groups F(3,122) = 19.28 0.00 
       Sides F(1,122)

 = 12.19 0.00 
       Groups × Sides F(3,122) = 0.12 0.95 

Without moving feet   
- TD1   
   - hip   
       Groups F(2,16) = 7.39 0.01 
       Sides F(1,16)

 = 0.02 0.90 
       Groups × Sides F(2,16) = 0.02 0.98 
   - knee   
       Groups F(2,16) = 0.72 0.50 
       Sides F(1,16)

 = 1.99 0.18 
       Groups × Sides F(2,16) = 0.01 0.99 
   - ankle   
       Groups F(2,16) = 1.69 0.22 
       Sides F(1,16)

 = 2.67 0.12 
       Groups × Sides F(2,16) = 0.15 0.86 
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Figure 4.20 The graph show main side effect of joint angle in stand-to-sit with 
moving feet at TD1 as following; A, knee; B, ankle 

*, significant different between dominant and non dominant stance leg 

Figure 4.19 The graph show main group effect of hip joint angle in stand-to-sit 
movement without moving feet. 
*, significant different between group 1 and group 3; **, significant different 
between group 2 and group 3. 
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Figure 4.21 Mean of trunk angle during stand-to-sit movement with moving feet in 
different age groups. (o = TD1) 

Figure 4.22 Mean of pelvis angle during stand-to-sit movement with moving feet in 
different age groups. (o = TD1) 
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Figure 4.23 Mean of hip angle during stand-to-sit movement with moving feet in 
different age groups. (o = TD1) 

Figure 4.24 Mean of knee angle during stand-to-sit movement with moving feet in 
different age groups. (o = TD1) 
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Figure 4.25 Mean of ankle angle during stand-to-sit movement with moving feet in 
different age groups. (o = TD1) 

Figure 4.26 Mean of trunk velocity during stand-to-sit movement with moving feet 
in different age groups. (o = TD1) 
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Table 4.16 the maximum of trunk angular velocity of stand-to-sit with and without 
moving feet (degree/second: Mean±SD). 

 Group 1 Group 2 Group 3 Group 4 

With feet moving 135.22±28.27 113.73±17.68 97.22±30.38a 88.33±25.51b, c 

Without feet moving 135.79±48.81 131.28±25.25 106.74±18.75  

Abbreviation: SD, standard deviation, aSignificant different between group 1 and group 3 (p < 0.05), bSignificant 
different between group 1 and group 4 (p < 0.05), cSignificant different between group 2 and group 4 (p < 0.05), 

 

4.6 Kinetic pattern of sit-to-stand movement 

For sit-to-stand movement, the peak moments of hip and knee extension and 
ankle plantar flexion were measured as shown in Table 4.18 and Table 4.19. In sit-to-
stand with moving feet, the peak hip and knee extension moments occurred between 
TU2 and TU3. Then, the peak ankle dorsiflexion occurred between TU3 and TU4. For 
sit-to-stand with moving feet, two-way ANOVA analysis demonstrated that there were 
group main effects for peak knee extension and ankle dorsiflexion (Table 4.17 and 
Figure 4.25). As a result, the peak knee extension moment, in group 1 and group 2 
were significantly greater than group 4 (p < 0.05). Beside, group 1 was significant greater 
than group 3 (p < 0.05). For the peak ankle dorsiflexion moment, group 1 and group 2 
were significantly less than group 3 (p < 0.05). However, two-way ANOVA analysis 
shown that there was found sides main effects for only peak ankle moment (Table 
4.17 and Figure 4.27). Peak ankle moment was significantly greater in dominant leg 
than non-dominant leg. 

Furthermore, sit-to-stand without moving feet, two-way ANOVA analysis 
demonstrated that there were group main effects of peak knee extension and ankle 
plantar flexion (Table 4.17 and Figure 4.26). The peak knee flexion in group 1 and group 
2 was significantly greater than groups 3. Moreover, the peak ankle plantar flexion was 
significantly different between groups as following: group 1 and group 2; group 1 and 
group 3; and group 2 and group 3 (p < 0.05). The peak ankle plantar flexion in group 2 
had shown the least among groups. Beside, group 2 was significant less than group 3. 
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Moreover, two-way ANOVA analysis demonstrated that sides main effects were found 
for only hip and knee maximum moment (Table 4.17 and 4.28). Peak hip and knee 
moment were greater in non-dominant leg stance. 

 

Table 4.17 F-test and p-value of maximum joint moment in sit-to-stand with and 
without moving feet 

 F p 

With moving feet   
- Maximum hip moment   
    Groups F(3,122) = 2.75 0.05 
    Sides F(1,122)

 = 0.37 0.54 
    Groups × Sides F(3,122) = 0.06 0.98 
- Maximum knee moment   
    Groups F(3,122) = 6.08 0.00 
    Sides F(1,122)

 = 0.78 0.38 
    Groups × Sides F(3,122) = 0.08 0.97 
- Maximum ankle moment   
    Groups F(3,122) = 104.26 0.00 
    Sides F(1,122)

 = 15.98 0.00 
    Groups × Sides F(3,122) = 0.43 0.73 

Without moving feet   
- Maximum hip moment   
    Groups F(2,16) = 6.29 0.01 
    Sides F(1,16)

 = 4.39 0.05 
    Groups × Sides F(2,16) = 2.04 0.16 
- Maximum knee moment   
    Groups F(2,16) = 1.44 0.27 
    Sides F(1,16)

 = 7.17 0.02 
    Groups × Sides F(2,16) = 0.05 0.96 
- Maximum ankle moment   
    Groups F(2,16) = 82.58 0.00 
    Sides F(1,16)

 = 0.72 0.41 
    Groups × Sides F(2,16) = 0.07 0.93 
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*, significant different between group 1 and group 4; **, significant different 
between group 1 and group 3; *** significant different between group 2 and 
group 4; ****, significant different between group 3 and group 4; *****, significant 
different between group 1 and group 4 

Figure 4.27 The graph show main group effect of joint moment in sit- to-stand 
movement with moving feet as following; A, knee; B, ankle  
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Figure 4.28 The graph show main group effect of joint moment in sit- to-stand 
movement without moving feet as following; A, hip; B, ankle 

*, significant different between group 2 and group 3; **, significant different 
between group 1 and group 3; *** significant different between group 1 and 
group 2 
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Figure 4.29 The graph show main side effect of maximum ankle joint moments 
in sit-to-stand with moving feet  

Figure 4.30 The graph show main side effect of maximum ankle joint moments 
in sit-to-stand without moving feet as following; A, hip; B, knee 

*, significant different between dominant and non dominant stance leg 

*, significant different between dominant and non dominant stance leg 
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Table 4.20 The contribution of maximum hip extension, knee extension, and ankle 
plantar flexion moments in sit-to-stand movement (%: Mean±SD) 

 Group 1 
(n = 13) 

Group 2 
(n = 15) 

Group 3 
(n = 18) 

Group 4 
(n = 19) 

Hip extension 60.27±6.94 56.87±7.48 43.98±12.03 41.95±6.50 
Knee  extension 20.63±7.21 26.96±10.16 43.03±14.81 48.40±7.46 

Ankle plantarflexion 19.10±3.41 16.17±4.63 12.99±4.46 9.64±4.28 
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4.7 Kinetic pattern of stand-to-sit movement 

For stand-to-sit movement, joint moments consisted of peak moment of hip 
and knee joint flexion and peak ankle joint dorsiflexion. These had occurred before 
the buttock contact the bench. The results were shown in Table 4.21 and Table 4.22. 
In stand-to-sit with moving feet, two-way ANOVA analysis, group main effects of peak 
knee flexion and ankle dorsiflexion were demonstrated (Table 4.20 and Figure 
4.29).The peak knee flexion and ankle dorsiflexion moment had significantly increased 
with increasing age group (p < 0.05) as shown in Table 4.21. Moreover, two-way ANOVA 
analysis demonstrated that sides main effects were found for hip and knee maximum 
moment as illustration Table 4.20 and Figure 4.31.  

Moreover, in stand-to-sit without moving feet, two-way ANOVA analysis 
demonstrated that there were group main effects of peak moments of knee flexion 
and ankle dorsiflexion (Table 4.20 and Figure 4.30). The peak moments of knee flexion 
and ankle dorsiflexion in group 3 were significantly more than in group 1 and group 2 
(p < 0.05) as illustration in Table 4.21. However, two-way ANOVA analysis demonstrated 
that there were no side main effects for any parameter (Table 4.20). 
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Table 4.21 F-test and p-value of maximum joint moments in stand-to- sit with and 
without moving feet 

 F p 

With moving feet   
- Maximum hip moment   
    Groups F(3,122) = 3.06 0.03 
    Sides F(1,122)

 = 4.99 0.03 
    Groups × Sides F(3,122) = 129 0.28 
- Maximum knee moment   
    Groups F(3,122) = 81.35 0.00 
    Sides F(1,122)

 = 19.62 0.00 
    Groups × Sides F(3,122) = 0.39 0.76 
- Maximum ankle moment   
    Groups F(3,122) = 46.03 0.00 
    Sides F(1,122)

 = 2.65 0.11 
    Groups × Sides F(3,122) = 0.34 0.80 

Without moving feet   
- Maximum hip moment   
    Groups F(2,16) = 1.26 0.31 
    Sides F(1,16)

 = 3.10 0.10 
    Groups × Sides F(2,16) = 1.09 0.36 
- Maximum knee moment   
    Groups F(2,16) = 48.95 0.00 
    Sides F(1,16)

 = 2.36 0.14 
    Groups × Sides F(2,16) = 1.10 0.36 
- Maximum ankle moment   
    Groups F(2,16) = 14.43 0.00 
    Sides F(1,16)

 = 0.97 0.34 
    Groups × Sides F(2,16) = 0.96 0.41 
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Figure 4.31 The graph show main group effect of joint moment in stand-to-sit 
movement with moving feet as following; A, knee; B, ankle 

Figure 4.32 The graph show main group effect of joint moment in stand-to-sit 
movement without moving feet as following; A, knee; B, ankle 
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Figure 4.33 The graph show main side effect of maximum ankle joint moments in 
stand-to-sit with moving feet as following; A, hip; B, knee 

*, significant different between dominant and non dominant stance leg 
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Table 4.24 The contribution of maximum hip extension, knee extension, and ankle 
plantar flexion moments in stand-to-sit movement (%: Mean±SD) 

 Group 1 
(n = 13) 

Group 2 
(n = 15) 

Group 3 
(n = 18) 

Group 4 
(n = 19) 

Hip extension 71.11±11.74 59.90±11.09 40.44±13.73 38.98±7.63 
Knee  extension 21.28±9.32 26.54±8.57 43.88±9.91 44.28±6.24 
Ankle dorsiflexion 7.61±4.35 13.55±3.22 15.68±5.21 16.74±3.06 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 5 
DISCUSSION 

 

5.1 Introduction 

This chapter presented a study discussing about participant’s characteristic, 
pattern of movement, and times of movement, joint angle displacement, trunk 
velocity, and joint moment in participants four age group. Furthermore, implication of 
study for clinical practice, limitation of this study, and further study suggestion were 
presented 

 

5.2 Participants’ characteristics 

 In this study seventy seven participants were divided into four groups according 
to their age: group 1, aged between 4 and 6 years; group 2, aged between 7 and 9 
years; group 3, aged between 10 and 12 years; group 4, aged between 18 and 25 years. 
The anthropometric characteristics including, weight, height, upper and lower leg 
length, sitting height, and foot length were steadily increase with aged. The children 
were properly grown with increasing age. In addition, the dominance stance leg was 
found most on the left side in every group. 

 

5.3 Synergies pattern of sit-to-stand and stand-to-sit movement 

  In this study, participants were allowed to perform their preferred sit-to-stand 
movement. Sit-to-stand with and without feet moving backward was found among 
participants. Sit-to-stand with feet moving was found in older children and all adults.  
The numbers of children who performed sit-to-stand without feet moving were high 
in the youngest children (group 1).The proportion of the sit-to-stand with and without 
feet moving increased when the children grew older. The younger children have more 
variable movement and they are in the period of postural control adjustment (36, 37). 
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Therefore, patterns of movement were generally in various patterns. In contrast, adults 
group had various experience performing movement so they were chosen the simple 
pattern.  In previous study, to sit-to-stand with feet backward was easier pattern than 
sit-to-stand with feet align to knee joint (3, 42).  

 

5.4 Age-related differences in sit-to-stand biomechanics 

Although, two patterns of sit-to-stand movements were found in this study, the 
number of participants who performed sit-to-stand movements without moving feet 
was not enough to prove the kinematic and kinetic pattern of the movement. 
Therefore, only the sit-to-stand movement with moving feet was emphasized in this 
part of the discussion.        

The total time of sit-to-stand with moving feet in children aged 4 to 6 and 
children aged 7 to 9 was similar. In addition, both of them performed less time to 
accomplish the sit-to-stand task as compared to adults. The result was similar to 
previous study illustrating that the children at the age of 5 to 6 years old and 7 to 8 
years old spent time to complete each task less than adults did (5, 6). In older children 
and adults, they were taller than younger children. Moreover, the proportions of body 
segment were differences between children and adults (50). Hence, the whole body 
displacement during sit-to-stand in older children and adults were larger than the 
younger children.  

In this study, the sit-to-stand movement was described as 5 transitional points 
(TU0 – TU4) and four phases as following: phase I, between TU0 (initiation of sit-to-
stand movement) and TU1 (the point at knee joint abruptly extension occurring); phase 
II, between TU1 and TU2 (the point at the vertical ground reaction forces); phase III, 
between TU2 and TU3 (shoulder move at highest level); phase IV, between TU3 and 
TU4 (end of standing up). Overall, the pattern of sit-to-stand movement as considering 
from the transitional point was not mature in children as young as 9 years. In children 
aged 4 to 9 years, they moved their buttock out of the bench (TU1) and took weight 
on their feet as the ground reaction force reached to maximum (TU2) earlier than 
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children aged 10 to 12 years and adults did. Although, only the children aged 4 to 6 
years were found that they moved their shoulder to the highest level (TU3) earlier 
than adults did. The results suggested that children who were older than 9 years 
maturely performed sit-to-stand when considering of the total time of movement.  

In phase I, the flexion phase, it has required forward trunk movement with the 
maximum angular velocity. Then, forward trunk velocity would generate the forward 
momentum for preparing to transfer center of mass from siting position to standing 
position (7, 8, 20, 25, 52). To accomplish this task, children aged 4 to 9 years moved 
more at hip and pelvic, but moved less at their knee and ankle as compared to older 
children and adults. Moreover, the trunk angular velocity in younger children was faster 
than adults. Since younger children moved feet backward less than the older ones 
and adults, the younger children used the strategy of the greater hip flexion and pelvis 
anterior tilting with faster trunk angular velocity to efficiently generate the forward 
momentum. This result was relevant to the previous study that sit-to-stand with feet 
placed align to knee joint, the amplitude of hip flexion and peak hip angular velocity 
were increased when compared to sit-to-stand with feet moving backward (28). The 
results suggested that younger children used more hip flexion to move upper body 
out of the bench.  

In phase II, the base of support are changing from the wide base of support 
(buttock and two feet) in sitting to narrow base of support (two feet) in standing (27). 
In previous study, during this phase the trunk was flexed and pelvic rotated anteriorly 
to generate upper body momentum. The participant’s femur, shank, and feet 
remained stationary (20, 26). In this study, during this phase, the hip flexion 
continuously increased and reached to maximum at the end of this phase (TU2). 
However, knee and ankle angle are not much different to phase I. Similar results from 
the passive force from the momentum that occurred in the previous phase.   

In phase III, an extension phase, all joints of interest are extended to the upright 
position (23). In this study, the maximum moment of hip and knee extension occurred. 
These patterns were also found in all groups. However, the children age 4 to 9 years 
had less knee extension moments than children aged 10 to 12 and adults. Moreover, 
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the children age 4 to 9 years were increasing plantar flexion more than children age 
10 to 12 and adults. In previous studies, they found that sit-to-stand with excessive 
trunk flexion was increased hip extension moment and ankle plantarflexion moment 
and decreased knee extension moment (53). In addition, the children age 4 to 9 years 
shown greater hip flexion during flexion phase (phase I) and transitional phase (phase 
II) than children age 10 to 12 years and adults did. The children aged 4 to 9 years were 
generated more hip flexion to move their mass on to their feet phase I and Phase II. 
This made the lever of arm at the knee decreased and the lever of arm at the hip and 
the ankle increased. Then, children aged 4 to 9 years used more the maximum 
moments at the hip extension and ankle plantar flexion to get their body into the 
upright position.  

In phase IV, a stabilization phase was formed. Stabilization began when the 
balance was adjust to make the body to stand steady (7, 8). This phase of sit-to-stand 
movement required a good postural control to control the center of mass within the 
base of support (1, 13, 15). In this study, the children age 4 to 6 years spend more time 
to stand steadily. The postural control development in children younger than 7 years 
old relied more on visual orientation to control their posture and undeveloped 
reweight process of sensory information (36, 37). When they grew up, at about 7 to 10 
years old, the reweighting process of visual/somatosensory inputs were also maturing. 
After 10 years of age, the inter-modal reweighting process and forward direction of 
balance were fully developed (38, 39). Therefore, the children who are younger than 
6 years do not developed in postural control. The results suggested that children 
younger than 6 years old required certain period of time to adjust position to control 
their balance after standing up. 
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5.5 Age-related differences in stand-to-sit biomechanics 

In this study, stand-to-sit movement was orderly performed after sit-to-stand 
movement. Therefore, the stand-to-sit movement with moving feet was used to 
expand the pattern of movement in difference aged groups as same as sit-to-stand 
movement. 

The total time and the percent times at the buttock contact on the bench 
(TD1) of stand-to-sit movement were similarly to adults since 4 years of age.  

In this study, the stand-to-sit movement was described in 2 phases according 
to 3 transitional points: TD0, TD1, and TD2. Phase I was began from TD0 (initiation of 
stand-to-sit movement) to TD1 (the buttock contact on the bench) and phase II was 
at TD1 and ended at TD2 (ending of stand-to-sit movement). 

In phase I, there was a trunk flexion phase. The trunk and knee were increased 
in flexion (7, 8). The trunk flexion may contribute to stability control along the anterio-
posterior axis (31).  In this study, the children who older than 4 years were flexed trunk 
with the same velocity as adults. However, the children aged 4 to 9 years had hip 
flexion, knee flexion and dorsiflexion less than adults. The results were shown as same 
as previous study that were study in older adults. The older adults used a smaller 
trunk flexion stand-to-sit (29).     Moreover, the children aged 4 to 9 years showed 
maximum knee extension and ankle dorsiflexion moment less than adults. Although, 
children aged 10 to 12 years had maximum knee extension and ankle dorsiflexion 
moments more than younger children. Their maximum knee extension and ankle 
dorsiflexion moments were still less than adults. 

In phase II, there was a trunk extension phase. The base of support is changing 
from the narrow base of support (two feet) in standing to wider base of support 
(buttock and two feet) in sitting. The trunk was extended after buttock contact the 
chair (8, 30, 32). In this study, the children aged 4 to 12 years spent time during this 
phase as same as adults. The results suggested that children who younger than 9 years 
were not maturely perform stand-to-sit movement considering of the joints angle 
movement and the maximum moments that they were used. However, the children 
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aged 10 to 12 years were nearly mature to perform stand-to-sit movement. They move 
their joints angle as same as adults but the maximum moments also different.   

 

5.6 Implication of study for clinical practice 

This study provided the kinematic and kinetic pattern of sit-to-stand–to-sit 
movement in typical children. Younger children did not perform the same amount of 
joint range of motion, moments, and trunk velocity as compared to older children and 
adults. Hence, clinicians should be careful to diagnose children with delayed 
development.  

This information was useful to help the clinicians to assess and interpret the 
sit-to-stand–to-sit capability of the children to see how their performance deviated 
from the typical children. Moreover, this information can be used as the supporting 
document for clinical decision making for clinicians in order to apply appropriate 
treatments in the clinic. 

 

5.7 Limitation of this study 

 In this study, participants performed sit-to-stand movement with preferred 
pattern. Hence, the patterns were divided into moving feet and not moving feet. There 
were less of participants performed sit-to-stand and stand-to-sit without moving feet. 
Therefore, the patterns of sit-to-stand and stand-to-sit without moving feet were not 
described the pattern of movement between aged groups. 

 Moreover, in this study, participants were sit-to-stand and stand-to-sit with arm 
crossing on their chest. Therefore, there was marked that the different of hand free 
and arm crossing on their chest during sit-to-stand and stand-to-sit movement.  
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5.8 Further study 

 To know the different pattern in different age group, the procedure would need 
to collect two pattern of movement. Furthermore, the movement of center of mass 
(COM) should be measured because it may help to expand understanding about the 
different in postural control among group.  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 6 
CONCLUSION 

The present study determined the development of sit-to-stand and stand-to-
sit movement in typical children and adults. Four differences age group were recruited 
in this study. The results show that two patterns of sit-to-stand movement were found 
including sit-to-stand with and without moving feet. The proportion of sit-to-stand with 
and without moving feet was increasing with aged. In sit-to-stand with moving feet, 
children aged 4 to 9 years spent less time to accomplish the task. They slightly moved 
their feet backward and more flexed their hip with faster moving trunk forward to 
generate the momentum for driven themselves into upright position with more hip 
extension and ankle plantar flexion moments and less knee extension moment. In 
stabilization phase, children 4 to 9 years were spend more time to balance themselves 
after ending of getting up. For stand-to-sit movement, children aged 4 to 9 years used 
less motion of hip flexion, knee flexion and ankle dorsiflexion with less of maximum 
knee extension and ankle dorsiflexion moments to lower down their body. These 
results suggested that children showed the sit-to-stand and stand-to-sit movement 
patterns like adults when they were older than 10years.    
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APPENDIX A 
ETHICAL APPROVAL 
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APPENDIX B 
PARTICIPANT’ INFORMATION SCREENING SHEET (PARENT) 
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APPENDIX C 
PARTICIPANT’ INFORMATION SCREENING SHEET (ADULT) 
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APPENDIX D 
INFORM CONSENT FORM (PARENT) 
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APPENDIX E 
INFORM CONSENT FORM (ADULT) 
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APPENDIX F 
SCREENING QUESTIONAIRE FOR CHILDREN 
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APPENDIX G 
SCREENING QUESTIONAIRE FOR ADULTS 
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APPENDIX H 

DATA CILLECTION SHEET 
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APPENDIX I 

THAI CHILDREN’S GROWTH CHART 

The Thai children’s growth chart boys aged between 2-7 years old was 
developed by Department of Health, the Thai Ministry of Public Health 
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The Thai children’s growth chart girls aged between 2-7 years old was 
developed by Department of Health, the Thai Ministry of Public Health 
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The Thai children’s growth chart boys aged between 5-18 years old was 
developed by Department of Health, the Thai Ministry of Public Health 
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The Thai children’s growth chart for girls aged between 5-18 years old was 
developed by Department of Health, the Thai Ministry of Public Health 
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APPENDIX J 
SAMPLE SIZE CALCULATION 

The sample size was calculated by G*Power version 3.1.9.2. The calculation 

of sample size based on the result from the pilot study. The power (1-β err prob) 
was set at 80%. The alpha (err prob) was set at 0.05. The effect size was calculated 
from mean of each independent variable. The independent variable of sit-to-stand 
and stand-to-sit movement was described as followed: 

 

Table j.1 Sample size of the study in each parameter 

Independent variable 
Effect 
size 

Total 
sample 

size 

Sit-to-stand movement 

- Total time of movement 0.225 36 

- The hip joint angular position: the point at 
maximal hip flexion 

11.525 84 

- The ankle joint angular position: the point at 
maximal ankle dorsiflexion 

6.354 36 

- The peak hip flexion angular velocity 27.429 80 

- The peak hip extension angular velocity 65.568 36 

- The peak knee extension angular velocity 53.920 32 

- The peak ankle dorsiflexion angular velocity 52.929 40 

- The peak ankle plantarflexion angular velocity 46.678 88 

Stand-to-sit movement 
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Independent variable 
Effect 
size 

Total 
sample 

size 

- Total time of movement 0.2153 48 

- The hip joint angular position: the point at 
maximal hip flexion 

11.197 120 

- The ankle joint angular position: the point at 
maximal ankle dorsiflexion 

6.874 40 

- The peak hip flexion angular velocity 46.089 32 

- The peak hip extension angular velocity 40.964 92 

- The peak knee flexion angular velocity 42.156 60 

- The peak knee extension angular velocity 32.877 56 

- The peak ankle dorsiflexion angular velocity 16.158 88 

- The peak ankle plantarflexion angular velocity 29.287 36 
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APPENDIX K 
RELIABILITY 
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