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I. Summary 

Sit-to-stand (STS) movements are a common skill in daily living, as well as being 

important measures of physical function that require adequate postural control to 

transfer the center of mass over the feet and to maintain the alignment of both the 

upper and lower body segments. However, children with cerebral palsy (CP) have 

difficulty in performing STS movements effectively, as they often have deficits in 

both movement and postural control. Therefore, improvement of STS performance 

plays a crucial role in the advancement of the social participation of these children. 

Previous studies have demonstrated the beneficial effects of interventions aimed at 

improving STS movements in children with CP. However, the main focus of these 

interventions was on lower limb impairment, with less consideration for the key role 

played by trunk control during STS movements and its deficit in children with CP. 

We are interested in understanding whether quick trunk movements could improve 

trunk control in children with CP, and therefore allow them to perform STS 

movements more efficiently. Thus, the aim of this research study was to assess the 

immediate effects of quick-seated trunk movement exercises (QSTE) on STS 

movements in children with CP.  

In the first study (Research Study 1), the study participants included five children 

with spastic CP (aged 6–17 years). All participants received five sessions of natural 

seated trunk exercises (NSTE) at a self-selected speed, as a control intervention. 

Following a 50-min rest period, five sessions of the QSTE were conducted as an 

experimental intervention for each child. Assessments were performed before and 

after each intervention in a single day. To assess STS movements, a motion analysis 

system with four cameras that were synchronized with a pressure-sensitive trigger 

device, was used. Both the sagittal and angular movements of the trunk, hip, knee, 

and ankle were calculated, along with the total STS task duration, the maximum 

trunk forward tilt, and the ankle dorsiflexion angle. 

The results of this research indicated a significant difference in the total duration of 

STS movements before and after both NSTE (2.40 ± 0.67 s vs. 2.24 ± 0.44 s) and 

QSTE (2.41 ± 0.54 s vs. 2.06 ± 0.45 s) interventions. However, there was no 



 

- 2 - 

 

significant difference in the kinematic parameters after either intervention. The fact 

that all measurements occurred in a single day, may limit the generalization of the 

results of this research. 

In order to address this limitation, measurements were taken over multiples days 

during a second research study (Research Study II). A total of seven children with 

spastic diplegia CP (aged 4–13 years) participated in this study. All subjects 

participated in both the experimental and control interventions. First, participants 

were assessed before the start of the experimental intervention (pre-test), followed 

by a 3–5 day washout period, after which they were reassessed (post-test) 

immediately after receiving five sessions of QSTE for the experimental intervention. 

Second, after a 2-4 week interval, all participants were assessed before the start of 

the control intervention (pre-test). Following a 3–5 day washout period, they were 

reassessed immediately after the control intervention (post-test), in which all 

participants sat for 10 minutes on a stool. A conventional video recording camera 

was used to record STS movements. The sagittal and angular movements of the trunk, 

hip, knee, and ankle were calculated for each lower limb using Image-J. 

Subsequently, the total STS task duration was calculated. 

The results of Research Study II indicated that both the starting position and STS 

movement duration of the pre-test data were not significantly different between the 

experimental and control interventions. A significant difference was observed in the 

total duration of the STS movements before and after QSTE (2.67 ± 0.34 s vs. 1.69 

± 0.11 s). However, no significant change was found between the total duration of 

the STS movements before and after the control interventions (2.49 ± 0.25 s vs. 2.41 

± 0.18 s). 

The total duration of the STS movements significantly decreased after QSTE in both 

studies. Although QSTE did not change the abnormal kinematic patterns of the STS 

movements, QSTE may improve trunk control, which in turn would help children 

with CP perform STS movements faster. These improvements would facilitate their 

social participation and lead to better performances during daily activities.  

Keys Words: Fast trunk exercise, Sit-to-stand, Cerebral palsy  
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II. Cerebral palsy  

1. Definition 

Cerebral palsy (CP), which describes a group of permanent, non-progressive, 

neurological disorders with varying etiologies and levels of severity, is the most 

common cause of physical disability in children. Children with CP are recognized 

by limitations in their movement development and posture 1. The worldwide 

incidence of CP is approximately 2 to 2.5/1000 live births 2. CP is also more 

prevalent in more adverse socioeconomic populations 3, 4. The motor disorders 

associated with CP are frequently accompanied by epilepsy and other secondary 

disabling conditions, such as musculoskeletal problems. Individuals with CP may 

also experience disturbances in sensation, perception, cognition, communication, 

and behavior 1. This group of disorders results in activity limitations in affected 

children and interferes with their interactions with their environment. 

Although CP is considered a non-progressive disorder, individuals with CP often 

experience progressive changes in both postural control and functional mobility 

throughout their lifespan 5. Therefore, lifelong care and rehabilitation programs are 

necessary for individuals with CP to reach their maximum independency in 

performing daily activities and to prevent secondary impairments, both of which 

would facilitate more effective social participation. 

 

2. Classification 

CP is commonly classified based on both anatomic or topographic considerations 

and movement abnormalities 1. The typology of the motor disorders includes 

spasticity, dyskinesia, and ataxia. Spasticity, the most common type of motor 

dysfunction, refers to a velocity-dependent increase in the muscle tone in resistance 

to stretching 6. Dyskinesia refers to irregular, spasmodic, involuntary movements of 

the limbs or facial muscles. Ataxia refers to a loss of muscle coordination. 

Anatomical distribution refers to the observed paralytic part of the body, including 

hemiplegia, diplegia, and quadriplegia 7.  

Generally, the severity of CP has been described by the interpretation of mild, 
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moderate, and severe cases. However, the most objective scale to classify CP is based 

on functional motor abilities 8. The Gross Motor Function Classification System 

(GMFCS) was developed to classify the amount of activity limitation seen in 

children with CP, and describes their activity in relation to walking. According to 

this classification system, five levels were defined to represent the child’s physical 

activity and mobility in their home, school, and community settings. 

 Level I - Walks without limitations  

 Level II - Walks with limitations   

 Level III - Walks using a handheld mobility device   

 Level IV - Self-mobility with limitations; may use powered mobility   

 Level V - Transported in a manual wheelchair 

The GMFCS has been widely adopted for use in both research and clinical settings 
9. 

The most common type of CP is the spastic form 10. The motor disorder most 

associated with spasticity is abnormal tonic stretch reflex 11, 12, accompanied by an 

unusual increase in both muscle tone and tendon reflexes, leading to abnormal 

movements and posture of the body in both the static and dynamic positions. 

Spasticity during growth would cause to deformities due to muscle contractures, and 

may cause joint dislocations 11.  

Children with spastic CP are characterized by the following:  

 Loss of selective muscle control 

 Dependence on primitive reflex patterns for ambulation  

 Abnormal muscle tone 

 Relative imbalance between muscle agonists and antagonists 

 Deficient equilibrium reactions 13 

The spastic form of CP could be further subdivided into spastic hemiplegia, diplegia, 

and quadriplegia types 14, 15. Spastic hemiplegia is defined as the involvement of the 

ipsilateral trunk and upper and lower limbs, with the upper limbs more severely 

affected, and presents as equinovarus of the foot and ankle; flexion of the elbow, 

wrist, and fingers; and adduction of the thumb 14, 15. Most of the children with the 
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spastic hemiplegia type of CP can walk independently, but often use assistive devices 

for everyday locomotion 14. 

Spastic diplegia mostly affects the legs, with little or no symptoms in the upper 

extremities 10, 16. Contractures are often seen in the following muscle groups:  

 Hip flexors 

 Hip adductors 

 Hamstrings  

 Triceps surae (tight Achilles tendon) 

This group of muscle contractures results in a crouch gait, which is characterized by 

excessive movement of the head, neck, trunk, and upper extremities in order to 

compensate for the lack of mobility in the lower extremities. 

In the spastic quadriplegia form, all four limbs are symptomatic, with the upper limbs 

being the most affected. Therefore, this type of spastic CP presents as a lack of 

coordination or voluntary movement of the hands and arms 14. Because of severe 

upper limb impairment, children with spastic quadriplegia need support from parents 

or caregivers for daily routine activities, such as feeding and self-care. 
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3. Motor Development  

The clinical diagnosis of CP is based on the presence of permanent developmental 

impairments of motor function 17. CP affects both muscle tone and movement 

coordination, which cause awkward gross and fine motor skills. Children with CP 

exhibit a delay in the expected age of attainment of motor development milestones 

compared to their unaffected peers. They have difficulty in controlling their head, 

neck, trunk, and upper and lower limbs, as well as both immature grasp-release and 

finger pinch functions. Physical therapists help these children to reach the milestones 

of gross motor skill development, such as rolling, crawling, standing, and walking 

depending on their level of GMFCS.  
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III. Sit-to-stand movements  

1. Healthy adults 

The ability to rise from a chair is one of the most commonly executed movements 

and is both a fundamental and essential activity for upright mobility and daily living 
18-20. Rising from a seated position requires both the forward and upward 

displacement of the body’s center of mass (CoM) in order to transfer the body mass 

over the feet 21, 22. As the body’s support base is narrowed down to the area of the 

feet, adequate body balance and equilibrium reactions are required to maintain an 

upright posture 23, 24. Additionally, the central nervous system is challenged to 

control both whole-body movements and body equilibrium simultaneously 19. 

In sit-to-stand (STS) movements of healthy adults, the trunk has the major 

responsibility to bring the CoM forward, within the area supported by the feet 20, 25, 

26. The trunk both accelerates and generates the horizontal momentum of the CoM. 

Additionally, the ankle contributes to the forward displacement of the CoM and also 

indirectly imparts horizontal momentum to the trunk 27, 28. In this manner, the 

interaction of trunk motion with both the stability and mobility of the ankle is an 

important factor in achieving effective lift-off (LO). This inter-segmental 

coordination between the trunk and ankle motions is necessary to reach adequate 

standing balance after LO. Moreover, healthy adults leave the seat effectively with 

the interaction of the knees and hip, which lock together and extend in the same 

linear pattern 29, 30. 
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2. Spastic cerebral palsy 

Children with CP show a wide variety of abnormalities of postural control and 

movement patterns that interfere with the development of functional tasks, such as 

walking, standing from a seated position, and the ability to participate normally in 

home, school, and community life 1.  

With specific regard to STS tasks in particular, children with spastic CP have 

difficulty in performing this balance-threatening task 18, 19, since they often show 

deficits in movement and postural control. Impairments in muscle function including 

weakness, spasticity, lack of coordination, and reduced selective motor control , 

result in various abnormal movement patterns during STS tasks in children with 

spastic CP compared with normally developing children 31. The patterns of STS 

transfer in spastic diplegia were characterized by the following: 

 Slow speed 

 Increased anterior pelvic tilt 

 Early abrupt knee extension 

 Decreased knee extensor moment 

 Decreased extensor power generation of the hip and knee joints 31 

Therefore, improvement of STS performance is important to allow children with CP 

to independently function in the environment in which they live.  
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IV. Treatment to facilitate sit-to-sand movements in children with spastic 

cerebral palsy  

1. Literature review 

Over the years, CP has been widely discussed, and despite the long history of 

investigations and scientific research, new interventions and treatments are still 

required. In fact, the complexity of this neurodevelopmental disorder requires a 

variety of interventions from multiple rehabilitation resources, such as physical and 

occupational therapists. Physical therapists play a critical role in the management of 

movement and posture disorders in children with CP, and in the improvement of 

functional mobility skills in these children. In general, physical therapists conduct 

different interventions to enhance a child’s ability to perform everyday movements. 

However, these interventions are mostly targeted at the level of body structure and 

function, such as range of motion and strength 32. For this reason, both activity levels 

and participation rates in activates 33, 34 of children with CP remain lower than their 

typically developing peers.  

Although improvement in activity level is an optimal outcome, in most interventions, 

the activities are not the main target. Indeed, physical therapists aim to reduce a 

specific impairment, which is likely to be a limitation for a specific activity. For 

example, increasing ankle range of motion could promote STS ability in a child with 

CP, which is generalized to greater functional activity when the child stands up from 

the chair to reach his/her book on the shelf. 

In recent years, a few studies have investigated the effectiveness of STS 

interventions in children with CP 35-37. After these children used both ankle and foot 

orthoses and underwent a botulinum toxin injection in the ankle plantar flexor 

muscle, increased ankle dorsiflexion was observed during STS movement 35, 36. 

Additionally, children with spastic diplegia underwent a neurodevelopmental 

treatment in which they performed STS movements. Not only was the ankle 

dorsiflexion increased, but the forward tilt of the trunk also decreased 37. However, 

despite having beneficial effects, these interventions mainly focused on lower limb 

impairment, with less consideration for the key role of trunk control during STS 
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movements 26, 38, and its deficit in children with CP 39. Moreover, altered trunk 

movements by children with CP during walking reflect a true underlying trunk deficit, 

but the compensatory role of trunk movements with respect to lower limb 

impairments might be quite limited 39. According to this viewpoint, further 

interventions that target trunk control deficits in children with CP might facilitate 

STS movements more effectively. 
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2. New trunk training method  

To improve trunk control in children with CP, focusing on trunk control exercises 

during conventional therapy is difficult. Some evidence exists that hippotherapy, or 

simulators, have a positive effect on trunk stability in children with CP 40, 41. 

However, the inevitable risk of falling, high cost of equipment, and need for the 

active involvement of a therapist, limit the wide feasibility of these interventions. 

Therefore, employing a new, simple, and safe exercise regime is necessary. Exercises 

that emphasize speed have been shown to be an important predictor of balance and 

functional mobility 42, 43. Moreover, several studies indicated that velocity is an 

essential component of muscle power during functional movements 42, 44. Gray et al. 

reported that performing an exercise that comprised of fast, functional movements 

improved muscle activation and postural responses in people suffering from strokes 
45, 46. However, this exercise was not always safe, as the participants performed it in 

a standing position. To reduce the risk of falling, Iwata et al. suggested that a quick 

exercise should be performed with the patient in a more stable position  47, 48. They 

used quick trunk movements to assess the mobility of frail, elderly people while they 

sat on a chair. These studies found that the quickness of trunk movements is related 

to functional performance such as gait and STS movement. Based on these studies, 

we are interested in understanding whether quick trunk movements could be 

performed safely, and could lead to an improved trunk control in children with CP. 

Therefore, if their trunk control ability could be improved, STS exercises could also 

be performed efficiently. 
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V. Objective 

These studies aimed to examine the immediate effects of quick-seated trunk 

movement exercises (STE) on STS movements in children with spastic CP. 
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VI. Research Study I 

Immediate effects of quick trunk movement exercises on the temporal and 

kinematic parameters of sit-to-stand movements in children with spastic 

cerebral palsy  

 

1. Methods 

1. 1. Participants 

The study participants included five children with spastic CP who received regular 

physical therapy (Table 1). The inclusion criteria were children with spastic diplegia 

or hemiplegia CP, age ranging between 4 and 18 years, GMFCS 49 level of I or II 

(able to perform STS exercises independently), modified Ashworth scale grade 1–2 
50, those without deformities in the lower limbs and who did not undergo any 

orthopedic procedures within the past 6 months, and those with the ability to 

understand simple commands.  

This study was conducted in accordance with the ethical standards of the Declaration 

of Helsinki. The purpose of this study was explained to the participants’ parents, and 

written consent was obtained. This research study was conducted with the approval 

of the ethics committee of Osaka Prefecture University (2015–118).  

 

Table 1 General characteristics of the participants  

Participant Age (year) Sex Height (cm) Weight (kg) GMFCS Type 

A 6 Male 124 30 I SH 

B 8 Female 120 21 I SH 

C 8 Male 129 25 II SD 

D 8 Male 132 30 I SH 

E 17 Male 169 49 II SD 

GMFCS: Gross Motor Function Classification System, SH: spastic hemiplegia, SD: spastic diplegia 
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1. 2. Study Design 

All participants received five sessions of natural seated trunk exercise (NSTE) at a 

self-selected speed, as the control intervention. Following a 50-min rest period 35, 

five sessions of the quick-seated trunk exercise (QSTE) were conducted, as the 

experimental intervention for each child. Each STE session included 10 repetitions 

each in the anterior-posterior and lateral directions. The duration of each intervention 

was 5–10 min. The participants were assessed before and after each intervention. All 

measurements were performed in a single day (Fig. 1). 

 

 

Fig. 1 Flow chart for the study design 
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2. 3. Intervention procedure 

The children with CP were required to sit on a stool that was placed in front of a 

wall, with a gap of approximately 5 cm between the children’s backs and the wall. 

The trunk was upright, and the feet were kept shoulder-width apart. The children 

raised both of their arms to shoulder height in front and laterally, with the elbows 

extended as far as they could extend them (Fig. 2). For children with spastic 

hemiplegia, a wooden cylinder block or a small-sized ball was used to allow them to 

achieve symmetric, bimanual reach. Targets (physio rolls) were placed at a distance 

of approximately 10 cm from the tips of their fingers. The children were asked to tap 

the targets by moving their trunk, and they repeated this movement while looking 

forward and without changing the position of their feet. The therapist fixed the 

child’s feet on the floor if he or she tried to widen the area supported by the feet 

during the exercise. Then, the STE was performed at a self-selected speed, and 

therapists encourage the child to move as quickly as possible 48. The STE session 

was performed 10 times in the anterior-posterior and lateral directions each. A 20-

sec rest time was set between each session.  

 

 

 

Fig. 2 Schematic view for intervention procedure   
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1. 4. Data analysis 

To assess STS movements, a motion analysis system (Kinema Tracer, Kissei Comtec, 

Matsumoto, Japan), with four cameras (30 Hz) that were synchronized with a 

pressure-sensitive trigger device (100 Hz), was used. Two cameras were placed on 

each side of the participant: one perpendicular and one oblique to the sagittal plane 

of their body (Fig. 3). Ten markers were placed bilaterally at the acromion process, 

greater trochanter, lateral tibial condyle, lateral malleolus, and lateral aspect of the 

fifth metatarsal. 

 

 

Fig. 3 Schematic view of the subject's position relative to the cameras and force 

plate 

The participants sat on a hard-surface stool that was set at the height of their knee 

joint in the sitting position. Each participant performed the STS tasks at a self-

selected speed while barefoot, with the soles of their feet on the floor and their hands 

placed on their chest. Both feet were kept shoulder-width apart. The task began with 

the participant’s trunk positioned as upright as possible and their knees bent at 

approximately 90˚ by the therapist. The participants were asked to look forward and 

start the task without changing the position of their feet. Then, five trials were 

recorded for each child. Among the five trials for each participant, three smooth 
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trials were selected for data analysis. 

The sagittal and angular movements of the trunk, hip, knee, and ankle were 

calculated for a total of seven lower limbs, including the affected side, in three 

children with spastic hemiplegia and two with spastic diplegia. All these data were 

normalized from the beginning of the STS task (0%) to the end of the STS task 

(100%). The beginning of the STS task was the time when the magnitude of the 

horizontal velocity at the midpoint between the acromion markers was >5% of its 

peak value 27. The time when the magnitude of the horizontal velocity of the midpoint 

between the hip markers was ≤0.10 m/s, was considered the endpoint of STS task 27. 

The time at which the electrical waveform that was derived from the trigger device 

reached its initial lowest electrical voltage was defined as lift-off (LO). The STS 

movement was divided into two phases, before and after LO. The total duration of 

the STS movement and the durations of the two phases were assessed. 
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Angular movements were defined similarly to those reported in a previous study (Fig. 

4) 37. The angular movement of the trunk (A) was defined as the angle between the 

imaginary line from the acromion process to the greater trochanter and the vertical 

line through the greater trochanter. Similarly, the angular movement of the hip (B) 

was defined as the angle between the line extended from the acromion to the greater 

trochanter and a line connecting the greater trochanter and the lateral femoral 

condyle. The angular movement of the knee (C) was defined as the angle between 

the line extended from the greater trochanter to the lateral femoral condyle and a line 

connecting the lateral femoral condyle and the lateral malleolus. The angular 

movement of the ankle (D) was defined as the angle between a vertical line extended 

from the lateral femoral condyle to the lateral malleolus and a line connecting the 

lateral malleolus and the lateral aspect of the fifth metatarsal head. 

Finally, the total STS task duration and the maximum trunk forward tilt and ankle 

dorsiflexion angle were calculated. 

 

 

Fig. 4 The angular movement definition for each joint   
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1. 5. Statistical analysis 

The data were analyzed using SPSS version 23 (SPSS Inc.). Data are expressed as 

the mean ± standard deviation. Nonparametric tests were used for all outcomes. The 

differences of variables within and between the experimental and control 

interventions were assessed using the Wilcoxon signed-rank test. A p value of < 0.05 

was considered to be statistically significant. 
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2. Results 

2. 1. Difference in start position in the pre-test data 

No significant difference was observed between the pre-test data for angular 

movement in the starting position before the NSTE and QSTE (Table 2).  

 

Table 2 Differences in the start position in the pre-test data (n=5) 

Joint angle (˚) NSTE QSTE p-value 

Trunk FT 5.5±2.1 5.6±2.3 n.s 

Hip flexion 95.4±8.4 94.1±10.4 n.s 

Knee flexion 87.2±8.2 85.2±10.4 n.s 

Ankle DF -1.1±4.5 1.4±4.2 n.s 

NSTE: natural seated trunk exercise, QSTE: quick seated trunk exercise, FT: forward tilt, DF: 

dorsiflexion, n.s: not significant, Data are presented as a mean ± standard deviation. 
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2. 2. Difference in the temporal and kinematic parameters in the pre-test 

data 

There were no significant differences in the temporal and kinematic parameters for 

all pre-test data (Table 3). 

 

Table 3 Differences in the temporal and kinematic parameters in the pre-test data 

(n=5) 

 NSTE QSTE  p-value 

Temporal    

Duration (s) 2.40±0.67 2.41±0.54 n.s 

Before LO (s) 0.85±0.13 0.88±0.17 n.s 

After LO (s) 1.61±0.55 1.54±0.49 n.s 

LO (%) 35.9±6.5 37.6±6.5 n.s 

Kinematic (˚)    

Max trunk FT  47.5±8.9 49.9±6.5 n.s 

Max ankle DF 9.3±6.7 8.8±5.7 n.s 

NSTE: natural seated trunk exercise, QSTE: quick seated trunk exercise , LO: lift off, FT: forward 

tilt, DF: dorsiflexion, n.s: not significant, Data are presented as a mean ± standard deviation. 
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2. 3. Differences in the start position pre-test and post-test data for each 

intervention 

The pre-test and post-test starting position data was not significantly different for 

each intervention (Table 4).  

 

Table 4 Differences in the start position in the pre-test and post-test data for each 

intervention (n=5) 

 

Joint angle (˚) 

NSTE    QSTE  

Pre Post p-value  Pre Post p-value 

Trunk FT 5.5±2.1 5.6±1.8 n.s  5.6±2.3 5.1±2.4 n.s 

Hip flexion 95.4±8.4 94.3±4.6 n.s  94.1±10.4 92.5±6.4 n.s 

Knee flexion 87.2±8.2 85.5±9.5 n.s  85.2±10.4 86.3±9.9 n.s 

Ankle DF -1.1±4.5 -2.2±5.1 n.s  1.4±4.2 1.6±5.0 n.s 

NSTE: natural seated trunk exercise, QSTE: quick seated trunk exercise, FT: forward tilt, DF: 

dorsiflexion, n.s: not significant, Data are presented as a mean ± standard deviation. 
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2. 4. Differences in the temporal and kinematic parameters in the pre-

test and post-test data for each intervention 

A significant difference was observed in the total duration of the pre and post STS 

movements for both the NSTE and QSTE interventions (p<0.05). However, no 

significant change was found in angular movements with either of the interventions 

(Table 5). 

 

Table 5 Differences in the temporal and kinematic parameters in the pre-test and 

post-test data for each intervention (n=5) 

 NSTE  QSTE 

Pre Post p-value  Pre Post p-value 

Temporal        

Duration (s) 2.40±0.67 2.24±0.44 ⃰  2.41±0.54 2.06±0.45 ⃰ 
Before LO (s) 0.85±0.13 0.83±0.13 n.s  0.88±0.17 0.80±0.13 n.s 

After LO (s) 1.61±0.55 1.41±0.36 n.s  1.54±0.49 1.27±0.44 n.s 

LO (%) 35.9±6.5 37.7±4.5 n.s  37.6±6.5 39.8±7.9 n.s 

Kinematic (˚)        

Max trunk FT 47.5±8.9 49.0±5.3 n.s  49.9±6.5 49.1±7.5 n.s 

Max ankle DF 9.3±6.7 4.1±6.4 n.s  8.8±5.7 9.9±6.2 n.s 

NSTE: natural seated trunk exercise, QSTE: quick seated trunk exercise, LO: lift-off, max: 

maximum, FT: forward tilt, DF: dorsiflexion, n.s: not significance, Data are presented as a mean ± 

standard deviation, *:p<0.05 
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The total duration of STS tasks increased after the NSTE in one subject while they 

decreased after QSTE in all subjects (Fig. 5). 

 

 

 

Fig. 5 Total duration of STS for each participant  
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3. Discussion  

This study was conducted to examine the immediate effect of QSTE on STS 

movements in children with spastic CP. The temporal parameters of the STS 

movement improved immediately after implementing the QSTE. The aim of this 

study was to alleviate the abnormal kinematic patterns of the upper body during the 

STS movement, which has not been the focus of previous studies 35, 37. For this 

purpose, trunk-targeted exercises with an emphasis on speed 45, 46 were chosen, so 

that participants with CP could perform them safely in a seated position  47, 48 to 

improve trunk control. Therefore, QSTE could facilitate the STS movement by 

improving trunk control. The exercises may decrease the total duration of STS 

movements, reduce maximum trunk forward tilt, and allow greater ankle dorsiflexion.  

 

3. 1. Validity of assessments 

Several studies demonstrated that changing the initial position of the trunk and ankle, 

affects both the temporal and kinematic parameters of the STS movement 27, 51, 52. 

With regard to the present study design, before and after each intervention, the STS 

movement was performed from the same initial position. The findings of the present 

study showed that there was a similar angular movement in the start ing position 

before the NSTE and QSTE. Thus, the same STS performance was expected.  

Although the design of this study was only applicable to a small population size, the 

possibility of carryover effects should be considered carefully. For this reason, a 50-

min rest time was set between the NSTE and QSTE 35. As a result, the STS movement 

had similar temporal and kinematic parameters before both NSTE and QSTE, 

indicating a lack of carryover effect. These findings demonstrated that the present 

study design could clarify the immediate effect of QSTE on STS movements in 

children with CP.  
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3. 2. Improvement in temporal parameters of STS after quick-seated 

trunk exercise 

The total duration of the STS movements significantly decreased after both 

interventions, which was similar to the results of previous studies 35, 37. STE may 

improve trunk control, which in turn would help children with CP to rise faster. 

Although the total duration of the STS tasks decreased after both interventions, in 

one participant, the total duration of the STS movements increased after NSTE while 

after QSTE they decreased in all participants. Therefore, a greater improvement in 

STS duration was found after QSTE. As demonstrated previously, fast movements 

improved muscle activation and postural responses  45, 46. Thus, QSTE helps children 

with CP to rise from a seat position faster.  

 

3. 3 Immediate effects of quick trunk movement exercise on the kinematic 

parameters of the sit-to-stand movement 

According to the hypothesis of this study, both temporal and kinematic parameters 

might improve after QSTE. However, unlike the results of previous interventions to 

facilitate STS movements in children with CP, in this study, QSTE did not effectively 

alleviate abnormal movement patterns. Children with CP are known to exhibit 

various impairments in muscle activity and movement coordination  18. Therefore, 

these children have difficulty performing effective STS movements, which requires 

intersegmental interaction between the upper body and lower limbs  53. A lack of 

intersegmental interaction during the QSTE may have led to insufficient changes in 

the abnormal kinematic patterns of STS. Therefore, further studies are needed to 

examine the beneficial effects of fast movements that involve the interaction between 

the upper body and lower limbs, on improving both the temporal and kinematic 

parameters of the STS movements in children with CP. 

 

 

 

 



 

- 27 - 

 

3. 4. Limitation of the present study 

This study has some limitations. First, the temporal parameters of the STS 

movements after the control intervention improved similar to experimental 

intervention. Therefore, it can be said that the lack of rest time after the pre-test 

assessments before both interventions may increase the possibility of learning effects, 

which affect the results of post-test assessments after the NSTE and QSTE. 

Second, despite the same STS performances before the natural and quick STE, 

carryover effects are still controversial. Although, the washout period in this study 

was similar to the pervious study by Park et al. 35, unlike their study, this present 

study consisted of four measurements to compare the pre-test and post-test data for 

the two different interventions. Thus, because of insufficient washout time 54, 55, the 

possibility of carryover effects from the control intervention, could affect the results 

of experimental intervention. 

Third, there was a difficulty in defining a natural speed of STE and instructing the 

children thusly. Therefore, STE using a self-selected speed was set first, to help the 

children understand the difference between NSTE and QSTE. Thus, improvement in 

STS duration could not only be considered as a result of the quickness of the trunk 

exercises.  

Finally, the sample size was both small and heterogeneous, with both spastic diplegia 

and hemiplegia children included. Thus, generalizing the results is difficult.  For this 

reason, a different study design with a larger and homogenous patient population, is 

suggested to support the results of the improvement in the temporal parameters of 

STS tasks after QSTE, with less learning effects. 
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VII. Research Study II 

Immediate effects of quick trunk movements exercise to improve the temporal 

parameters of sit-to-stand movements in children with spastic cerebral palsy 

(using 2-dimensional video recording) 

 

In our previous study 30, performing a QSTE in a seated position resulted in the 

immediate improvement of the temporal parameters of STS in children with spastic 

CP.  

In addition, similar results were found after natural STE, the control intervention. It 

can be said that, the learning effects of the STS tasks might result in similar findings 

after both the control and experimental interventions in Research Study I. 

Therefore, a new study design in which the measurement procedures were conducted 

over a 3-5 day interval, was chosen to weaken the learning effects. Moreover, the 

addition of 2-4 week washout could decline the possibility of carryover effects. 

Additionally, Research Study II had a different control intervention and a larger, 

homogenous, study population.  

The aim of this new study was to clarify the immediate effects of quick trunk 

movement exercises to improve the temporal parameters of STS tasks in children 

with spastic diplegia using portable (2-dimensional) video recording. 
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1. Methods 

1. 1. Participants 

Seven children with spastic diplegia CP were recruited to participate in this study 

(Table 6). The inclusion criteria were children with spastic diplegia CP, age ranging 

between 4 and 18 years, GMFCS 49 level of I or II (able to perform STS exercises 

independently), modified Ashworth scale grade 1–2 50, those without deformities in 

the lower limbs, who did not undergo any orthopedic procedures within the past 6 

months, and those with the ability to understand simple commands.  

The purpose of this study was explained to the participants’ parents, and written 

consent was obtained. This research study was conducted with the approval of the 

ethics committee of Osaka Prefecture University (2015–118). 

  



 

- 30 - 

 

Table 6 General characteristics of the participants 

Participant Age (year) Sex Height (cm) Weight (kg) GMFCS 

A 4 Male 100 14 I 

B 6 Male 116 18 II 

C 6 Female 112 16 I 

D 6 Female 110 18 I 

E 8 Female 120 20 I 

F 13 Female 148 33 I 

G 13 Female 160 46 I 

GMFCS: Gross Motor Function Classification System 
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1. 2. Study design 

A nonrandomized study design was used, where all subjects performed both the 

experimental and control interventions.  

First, participants were assessed before the experimental intervention (pre-test). 

Then, after a 3–5 day interval, they were reassessed (post-test) immediately after 

receiving five sessions of QSTE as the experimental intervention.  

Second, after a 2-4 week washout period, all participants were assessed before the 

control intervention (pre-test). Following a 3–5 day interval, they were reassessed 

immediately after the control intervention (post-test) (Fig. 6). The participants sat 

for 10 minutes on a stool for control intervention. 

 

 

 

Fig. 6 Flow chart for the design of the study 
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2. 3. Intervention procedure 

The QSTE procedures were the same as described in Research Study 1 (Fig. 2). 

Each QSTE session included 10 repetitions in the anterior-posterior and lateral 

directions. The duration of each QSTE was 5–10 minutes. 

 

1. 4. Data analysis 

A conventional video recording camera (30 Hz) was used to record STS 

movements. The camera was placed on the right side of the participants, 

perpendicular to the hip joint in seated position, and 3m away (Fig. 7) 56. 

 

 

Fig. 7 Schematic view of camera relative to the subject's position  

 

All of the measurement procedures for STS movements were similar to those 

described in Research Study 1. Each participant performed the STS tasks at a 

self-selected speed. Five trials were recorded for each child. Among the five trials 

for each participant, the three smoothest trials were selected for data analysis.  

The start and end points of the STS tasks were defined by the movie maker 

software by clicking forward. The beginning of the STS task was the time when 

the acromion marker first moved forward. The time when the acromion marker 

reached the last backward point after standing, was considered as the endpoint of 

the STS task 53. The sagittal and angular movements of the trunk, hip, knee, and 
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ankle were all calculated for each lower limb using ImageJ. Angular movements 

were defined similarly to those reported in a previous study 37. The total STS task 

duration was calculated, along with the rate of change percentage before and after 

each intervention. 

 

1. 5. Statistical analysis 

The data were analyzed using SPSS version 23 (SPSS Inc.). Data are expressed 

as the mean ± standard deviation. Nonparametric tests were used for all outcomes. 

The differences of the variables both within and between the experimental and 

control interventions were assessed using the Wilcoxon signed-rank test. A 

paired-t test was used to determine the rate of change percentage before and after 

each intervention. A p-value of < 0.05 was considered statistically significant. 
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2. Results 

2. 1. Differences in start positions in the pre-test data 

No significant differences were observed between the pre-test data for angular 

movement in the starting position before both the experimental and control 

interventions (Table 7). 

 

Table 7 Differences in the start position in the pre-test data (n=8)   

Joint angle (˚) Experimental Int.  Control Int. p-value 

Trunk FT 0.8±1.7 2.2±2.1 n.s 

Hip flexion 90.3±4.1 88.4±4.3 n.s 

Knee flexion 86.9±2.3 86.9±3.9 n.s 

Ankle DF 3.0±3.4 2.0±2.9 n.s 

Int. : intervention, FT: forward tilt, DF: dorsiflexion, n.s: not significance, Data 

are presented as a mean ± standard deviation. 
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2. 2. Differences in the starting position in the pre-test and post-test data 

for each intervention 

The starting position between the pre-test and post-test data was not significantly 

different for the experimental and control interventions (Table 8). 

 

Table 8 Differences in the start position in the pre-test and post-test data for each 

intervention (n=8) 

 

Joint angle (˚) 

Experimental Int.   Control Int.  

Pre Post p-value  Pre Post p-value 

Trunk FT 0.8±1.7 1.8±3.4 n.s  2.2±2.1 2.6±2.1 n.s 

Hip flexion 90.3±4.1 89.2±3.5 n.s  88.4±4.3 90.3±3.6 n.s 

Knee flexion  86.9±2.3 87.0±3.8 n.s  86.9±3.9 87.3±11.4 n.s 

Ankle DF 3.0±3.4 1.8±4.0 n.s  2.0±2.9 1.0±5.1 n.s 

Int. : intervention, FT: forward tilt, DF: dorsiflexion, n.s: not significance, Data are presented as 

a mean ± standard deviation. 

 

 

2. 3. Difference in STS duration in the pre-test data 

There were no significant differences in the total duration of the STS tasks for pre-

test data between the experimental (2.67±0.34 s) and control (2.49±0.25 s) 

interventions. 
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2. 4. STS duration before and after each intervention 

The total duration of the STS movements before and after each intervention for each 

subject is depicted in Fig. 8. 

 

 

Fig. 8 Mean and standard deviation of STS duration before (Pre-test) and after 

(Post-test) the experimental and control interventions (black line) and for each 

subject (gray line) 
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2. 5. Differences in the rate of change percentages before and after each 

intervention 

A significant difference was observed between the rate of change percentages for the 

STS duration before and after the experimental and control interventions (Fig. 9). 

 

 

Fig. 9 Mean and standard deviation of the rate of change percentages before and 

after each intervention. *p-value<0.05 
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3. Discussion 

The purpose of this research was to clarify the immediate effects of quick trunk 

movement exercises on improving the temporal parameters of STS movements in 

children with spastic CP, using conventional video recording. The findings of the 

previous study 30 (Research Study I) showed improvements in the STS durations after 

QSTE. However, the decreasing STS durations of some of the participants after the 

control intervention, were considered as a possible learning effects. Thus, to resolve 

the possibility of learning effects and reduce other limitations, such as small sample 

size and short washout time, a new study design, with measurement procedures over 

multiple days was suggested. 

In the new study design, there was a 3-5 day interval period before the experimental 

and control interventions and a 2-5 week washout period between the two 

interventions. In addition, the different method was chosen for the control 

intervention. Therefore, in this study, the effect of QSTE and a seated position, on 

STS duration was investigated. 

The results of this study indicated that the total duration of STS in children with CP 

immediately decreased after QSTE but did not changed after the seated position 

control. 

 

3. 1. Validity of assessments 

Similar to the results of Research Study I, the findings of the present study indicated 

that no significant difference was observed between the angular movements in the 

starting position before both the QSTE and control interventions. Moreover, the long 

washout period in this study declined the possibility of carryover effects, a possible 

issue with Research Study I. This is supported by the findings that there were no 

significant differences in the total duration of the STS movements prior to the 

experimental and control interventions. Thus, the assessment procedures in the 

present study may have some validity in determining the improvements of the 

temporal parameters of STS movements after QSTE. 
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3. 2. Improvement in the temporal parameters of STS movements after 

quick-seated trunk exercise 

The total duration of the STS movements improved after QSTE, while there was no 

significant change after the control interventions. Because of the 3-5 day interval 

after the pre-test assessment, the improvement in temporal parameters of STS after 

QSTE likely occurred without the learning effects of the STS movements.  

QSTE had a beneficial effect on improving the STS duration in both research studies.. 

As reported in a previous study, trunk control in children with spastic CP was 

impaired, which caused abnormal trunk movements during gait and other functional 

mobility activities, such as STS tasks 39. Therefore, trunk exercises emphasizing 

quick movements might improve trunk control in these children and help them to 

rise from a seated position faster.  
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3. 3. Limitation for Research Study II 

Despite the fact that the new study design of Research Study II rectified the 

limitations of Research Study I, this current study also has some limitations. 

One limitation could be the lack of randomization in the study design. 

Another limitation could be the affects of natural development and/or some learning 

effects. In this new study design, the same group of children with CP participated in 

both the experimental and control interventions. After completing Step I (pre-test 

and post-test of the experimental intervention), a 2-4 week washout period was set 

between the experimental and control interventions. Although there was no 

significant difference in the duration of the STS movements before both the 

experimental and control interventions, after this longer interval, natural 

developments may have affected the STS movements of the participants. Finally, the 

small increase in the sample size leads to difficulty in generalizing the results of this 

study.  
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VIII. Conclusion 

Although QSTE did not change the abnormal kinematic patterns of the STS 

movements, it improved the temporal parameters of the STS movements in children 

with CP. QSTE is simple and can be performed without specific equipment. 

Moreover, this trunk exercise is safe because it can be performed in a seated position, 

and does not require supervision from a therapist to conduct it properly. Thus, QSTE 

could be implemented by parents or caregivers at home, to facilitate the STS 

movements of children with CP. These developed interventions could help these 

children to lead to better performance during daily activities, thus facilitating their 

social participation. 
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