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ABSTRACT

Background: Sit-to-stand (STS) is one of the most common fundamental activity in daily life. The pathology of
the neuromuscular control system in children with spastic diplegic cerebral palsy (SDCP) could contribute to
atypical movement patterns leading to the inefficiency performance including the STS task. However, there was
also a lack of evidence about kinematics, kinetics, and especially mechanical work during the STS task in
children with SDCP aged 7-12 years old.

Research question: What were the differences in mechanical work, kinematics and kinetics during STS task be-
tween children with SDCP and typically developing (TD) children?

Methods: Eleven children with SDCP (GMFCS I-II) and eleven age and gender-matched control TD children with
an age range of 7-12 years were enrolled. Motion analysis and force plate systems were used to collect data. All
participants performed the STS task from an adjustable chair. Independent sample t-test and two-way analysis of
variance were used in this study.

Results: The children with SDCP took a longer time and used more mechanical work during STS than TD chil-
dren. At the beginning of the STS task, children with SDCP showed more trunk flexion and posterior pelvic
tilting; in addition, during the STS task they also presented more trunk, hip, and knee flexion than TD children.
However, the children with SDCP showed less ankle dorsiflexion compared with TD children. For the kinetic
variables, asymmetry was found in children with SDCP. The maximum hip and knee extension moment, plantar
flexion moment, and peak vertical ground reaction force (GRF) of the non-dominant leg were higher than the
values of the dominant leg in these children.

Significance: Even though, children with SDCP who are able to independently STS. They were also a mechani-
cally less efficient performance during STS task. Therefore, this task still needs to be trained during rehabilitation
sessions.

1. Introduction

The sit-to-stand (STS) task has been reported as the most common
fundamental activity in daily life [9]. The ability to perform this task is

Cerebral palsy (CP) is a group of permanent disorders in children. It
is caused by a non-progressive brain injury or malformation in the brain
that arose in the developing fetus or infant [1]. The most common type
of CP is spastic diplegic CP (SDCP) [2]. These children present with
muscle weakness [3], lack of muscle coordination [4], and poor bal-
ance, postural control and postural alignment [5,6]. These impairments
can contribute to deviations of movement patterns leading to in-
efficiency of performance and the increasing energy expenditure while
performing functional activities [7,8]. One of the simplest functional
activities that children perform many times each day is standing up
from a chair.

a prerequisite for other activities of daily living such as walking [10].
The STS task is a demanding biomechanical task since it requires the
coordination of the neuromuscular systems to regulate the movement of
the center of mass into the horizontal and vertical direction and to
control postural alignment both in a static position and during move-
ment [11]. Additionally, this task requires greater hip and knee peak
joint moments than other tasks such as ascending stairs [12]. Further-
more, an efficient STS task requires the appropriate amount of the
energy to accelerate the center of mass from the sitting position to
standing position [13]. Generally, typically developing (TD) children
acquire the ability to perform the STS task at approximately 1 year of
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age [14], and it continues to develop as they mature. At approximately
6-7 years old, the kinematics of this task in TD children do not differ
from adults [15].

A previous study found that children with SDCP aged 2-6 years old
took a longer time to perform the STS task when compared with TD
children. The children with SDCP demonstrated an increase in anterior
pelvic tilting, and hip flexion angles during the task. Moreover, the
maximal power of the hip and knee joint and the maximal extension
moments of the knee joint were significantly reduced in these children,
and the maximal extension moments of the knee joint showed asym-
metry between the legs [16]. Even though, children with SDCP could
independently perform the STS, they presented atypical patterns during
the STS task [16]. These atypical patterns may increase the energy
expenditure in children with SDCP.

Previously, there was no evidence of energy expenditure used
during the STS. The direct method of measuring energy expenditure
during movement is not appropriate when applied to a non-continuous
movement such as STS. Therefore, an analysis of the energy change of
moving body segments or mechanical work was used in this study
[17,18]. This method showed acceptable sensitivity in analysis of en-
ergy expenditure during movement in children with CP [8].

There is a lack of evidence about kinematics, kinetics, and especially
energy expenditure during the STS task in children with SDCP.
Therefore, the purpose of this study was to investigate the differences in
mechanical work, kinematics, and kinetics of the STS task between
children with SDCP and TD children aged 7-12 years old. As the STS
task involves the performance of both lower extremities, the effects of
the dominant and non-dominant legs were also investigated in this
study.

2. Material and methods
2.1. Participants

Eleven children with diagnosed SDCP aged from 7 to 12 years and
11 aged and gender-matched TD children were recruited to the study
(Table 1). The inclusion criteria for children with SDCP were the fol-
lowing: GMFCS level I or II, able to independently sit to stand without
an assistive device, able to follow commands or instructions, and no
history of orthopedic surgery within one year or botulinum toxin
treatment within 6 months prior to the test. For the TD children, the
inclusion criteria were the following: age appropriate standard weight
and height based on the national growth chart, and no known neuro-
logical or musculoskeletal conditions that could affect the ability to
stand up or complete the tasks. Participants from either group were
excluded if they could not complete the task testing. Ethical approval
was received by the University Ethics Review Committee for Research
Involving Human Projects. Prior to the study, written informed consent
was obtained from all participants and their guardians.

Table 1
Demographic and anthropometric data of the enrolled children.

Variables TD children Children with SDCP
Age (y) 8.50 + 1.46 8.56 + 1.64
Gender 8(72.73) 8 (72.73)
Male 3(27.27) 3(27.27)
Female
GMFCS - 7 (63.64)
Level I 4 (36.36)
Level I
Weight (kg) 26.55 *+ 4.14 22.40 + 5.37
Height (cm) 128.52 + 8.22 118.85 + 8.24
Thigh length (cm) 28.73 £ 2.15 28.00 = 2.24
Lower leg length (cm) 35.68 + 2.95 32.14 = 2.70

NOTE. Values are mean = SD, n (%), or as otherwise indicated.
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2.2. Procedure

Prior to testing, all participants had demographic data collected,
were measured for anthropometric data, the dominant leg was de-
termined, and the markers were attached. The dominant leg was de-
termined by asking participants to kick a ball, pick up a small object
from the floor with a foot, and trace a shape on the floor with a foot.
The leg that was used to perform the tasks in at least 2 out of 3 tasks
was determined as the dominant leg [19]. Next, 29 reflective markers
were placed on the participant’s body as described by the Helen Hayes
marker set model, and two additional markers were placed on the right
and the left greater trochanter. The additional markers were used to
define the time when the buttock was off the chair. Eight cameras
(Raptor E, Motion Analysis Corporation, Santa Rosa, CA) with a sample
rate of 120 Hz and two force platforms (Bertec Corp., Columbus, OH)
with a sample rate of 1200 Hz were used to collect three-dimensional
marker trajectories and the ground reaction force (GRF).

To perform the STS task, the height of the chair was set at 100% of
the lower leg length of each participant. In the starting position, the
participants sat on the chair with arms crossed across the chest and
looking forward. Both feet were kept a shoulder width apart and placed
on the force platforms. The lateral malleolus was set to align with the
center of the knee joint. The seat depth was set at 30% of thigh length.

Participants were asked to maintain the trunk and head in an up-
right position and then to perform standing up at their preferred speed,
standing steady for 3s and then sitting down. A few trials of the STS
task were allowed to familiarize participants with the study protocol.
While performing the STS task, participants could do the task with self-
selected patterns, and the foot placement was not constrained except to
ensure that each foot was placed on each force platform. Three suc-
cessful trials of the STS task were collected and used for future analysis.

2.3. Data processing

The regression equations from a study by Jensen [20] was applied to
define the segment mass of body segments. These segmental masses and
radius of gyration were used to compute the kinematics and kinetics
from KinTools RT (Version 2.0, Motion Analysis Corporation, Santa
Rosa, CA). The kinematic and kinetic parameters were low-pass filtered
with the fourth order Butterworth filter with a cutoff frequency of 6 Hz.

Then, STS phases were categorized into three phases including
flexion-momentum, momentum-transfer, and extension phases [21].
First, the flexion-momentum phase (phase I), began with the initiation
point of trunk or feet movement (T0) and ended with seat-off (T1).
Second, the momentum-transfer phase (phase II), began with seat-off
(T1) and ended when the maximum vertical GRF occurred (T2). Third,
the extension phase (phase III), began with maximum vertical GRF (T2)
and ended with the end of the movement (T3) (Fig. 1). The time from
the beginning to the end of the movement was defined as the total
movement time. The total movement time and % of the time in each
phase were used for future analysis.

Analysis of the energy change of moving body segments, the kine-
matics, segmental masses, and radius of gyration around the center of
mass of each segment were used to calculate the mechanical work [17]
by MATLAB. The mechanical work was normalized by body weight for
each participant. This value is presented in joules per kilograms (J/kg).
The total mechanical work and % of the mechanical work in each phase
were used for future analysis.

For the kinematics, the five segments model consisting of trunk,
pelvis, thigh, shank, and foot was used in the present study. This model
was used to calculate the trunk, trunk-pelvis, pelvis, hip, knee and ankle
angles. Trunk and pelvis angles were expressed as the absolute angles of
the segments regarding the vertical line of a global reference coordinate
system. The trunk-pelvis, hip, knee and ankle angles were expressed as
the distal segment relative to the proximal segment. The angle at each
time point (TO, T1, T2, and T3) in the sagittal plane during the STS task



D. Suriyaamarit, S. Boonyong

Flexion-momentum

TO (Phase T) T1

The initiation point of

trunk or feet movement

{time at the horizontal

velocity of either shoulder

marker or ankle marker
was greater than 0.01

Seat-off

(time at the vertical
displacement of the
greater trochanter
marker moving 0.1 cm
away from the seat)

misec)

Momentum-transfer
(Phase IT)

L-4- <

Gait & Posture 67 (2019) 85-90

Extension

T2 (Phase T1T) T3

®
v

The maximum vertical
ground reaction force
occurred

End of the movement
(time at vertical
velocity of the shoulder

marker was less than
0.01 mssec)

Fig. 1. Sit-to-stand phases.

was calculated for further analysis.

For the kinetics, the inverse dynamics method was used to calculate
the maximal internal moments of trunk-pelvis, hip, and knee extension,
ankle plantar flexion after seat-off (T1). The peak vertical GRF at seat-
off were measured. These variables were normalized by the body
weight of each participant.

The kinematics and kinetics were normalized by time with initial
movement at 0%, and the end of the movement at 100% of the task and
are presented in the graph.

2.4. Statistical analysis

Data analyses were performed with SPSS 22.0 software. The in-
dependent t-test was used to compare the differences of movement
time, mechanical work, the kinematics of the trunk and pelvis, and the
kinetics of the trunk-pelvis between the groups. Two-way analysis of
variance with post hoc Bonferroni adjustment was used to compare the
differences of the kinematics and the kinetics of the lower extremities
between sides and groups. For all comparisons, the significance level
was set at p < 0.05.

3. Results
3.1. Movement time and mechanical work

Children with SDCP presented significantly longer total movement
time and a higher % of the time in phase I but a lower % of the time in
phase II when compared with TD children. Similar results were found
for mechanical work, where the children with SDCP used significantly
more total mechanical work and had a higher % of the mechanical work
in phase I, whereas they had a lower % of the mechanical work in phase
II when compared with TD children (Table 2).

3.2. Kinematics

The mean and SD of the trunk, pelvis, and trunk-pelvis angles at
each time point are shown in Table 2. Children with SDCP presented
significantly more trunk and trunk-pelvis flexion at TO, T1, T2, and T3
than TD children. For the pelvis angle, children with SDCP only showed
a significantly greater posterior pelvic tilt than TD children at TO
(Fig. 2).

Only group main effects for hip, knee, and ankle angles were found
in this study. There were significant group main effects for hip angle at
T1, T2, and T3. Pairwise comparison showed that children with SDCP
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Table 2
Movement time, mechanical work, trunk, pelvis, and trunk-pelvis angle, and
trunk moment during sit-to-stand task.

Variables TD children Children with SDCP

Movement time

- Total movement time (s) 1.15 = 0.22 3.47 = 1.79*

- Movement time in phase I (%) 47.05 + 5.85 63.47 £ 15.59*
- Movement time in phase II (%) 16.84 = 2.13 8.01 = 4.62*

- Movement time in phase III (%) 35.39 *+ 6.43 28.57 * 13.03
Mechanical work

- Total mechanical work (J/kg) 2.07 + 0.16 2.49 + 0.28*

- Mechanical work in phase I (%) 4.40 = 1.54 24.83 + 12.74*
- Mechanical work in phase II (%) 22.03 + 6.97 8.42 = 5.19*

- Mechanical work in phase III (%) 73.73 + 6.91 66.79 + 14.28
Trunk angle

- Angle at TO () 0.95 = 1.59 6.86 + 5.44*

- Angle at T1 (9) 19.31 = 6.08 40.64 = 12.27*
- Angle at T2 (%) 25.52 * 5.23 47.65 * 9.45*%

- Angle at T3 () 5.99 = 2.70 24.39 * 13.17*
Pelvis angle

- Angle at TO () -6.72 + 2.47 -14.36 * 11.11*
- Angle at T1 (%) 9.81 = 7.33 8.84 + 11.27

- Angle at T2 (°) 18.82 = 6.30 15.62 = 10.09

- Angle at T3 () 14.18 = 6.25 15.23 = 8.71
Trunk-pelvis angle

- Angle at TO (%) 175.11 * 6.03 160.39 + 12.18*
- Angle at T1 (%) 176.47 = 9.92 148.05 + 8.36*
- Angle at T2 (%) 177.84 + 8.92 147.77 * 6.85*
- Angle at T3 () 184.01 + 7.87 171.11 + 14.23*
Maximum trunk-pelvis extension 091 = 0.26 1.45 = 0.11*

moment (N.m/kg.)

NOTE. Values are mean + SD, *Significant difference between groups
(p < 0.05), TO = starting point, T1 = seat-off, T2 = the maximum vertical
ground reaction force occurred, T3 = the end of the movement.

showed greater hip flexion at all time points than TD children.
Significant group main effects were found for knee angle at T2, and T3.
Children with SDCP showed greater knee flexion at T2 and T3 than TD
children. There were significant group main effects for ankle angle at
T1, T2, and T3. Pairwise comparison showed that children with SDCP
showed lower ankle dorsiflexion at all time points than TD children
(Table 3) (Fig. 2).

3.3. Kinetics

The higher maximal trunk-pelvis extension moment was found in
children with SDCP as compared to TD children (Table 2). The
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Fig. 2. Sagittal plane trunk, pelvis, trunk-pelvis, hip, knee, ankle motions; and, trunk-pelvis, dominant and non-dominant hip, knee, and ankle moments in TD
children (solid line) and children with SDCP (dot line) during sit-to-stand. The symbol (@) represents T1 = seat-off, and (A) is T2 = the maximum vertical ground

reaction force occurred.

Table 3

Hip, knee and ankle angle during the sit-to-stand task.
Variables TD children Children with SDCP F 1,40, p-value
Hip angle
- Angle at TO () 64.69 + 4.07 62.97 + 11.89 0.39 0.53
- Angle at T1 (9) 72.99 + 6.88 78.79 = 10.85 4.27 0.04*
- Angle at T2 (%) 67.51 + 6.88 75.18 + 11.84 6.48 0.02*
- Angle at T3 (%) 18.85 = 5.59 30.29 + 11.75 16.59 0.01*
Knee angle
- Angle at TO (%) 67.70 = 4.94 68.77 + 13.23 0.12 0.73
- Angle at T1 (°) 81.64 + 8.28 84.04 + 15.79 0.38 0.54
- Angle at T2 (%) 67.15 + 5.54 77.30 = 16.13 7.45 0.01*
- Angle at T3 () 8.17 = 5.97 24.34 = 20.73 11.91 0.01*
Ankle angle
- Angle at TO (°) 73.18 = 4.71 67.66 = 12.48 3.73 0.06
- Angle at T1 (9) 90.88 + 7.19 78.47 + 15.67 11.63 0.01*
- Angle at T2 (%) 92.55 + 5.51 80.40 + 16.54 11.58 0.01*
- Angle at T3 (°) 78.02 + 3.89 70.49 + 12.32 4.49 0.04*

NOTE. Values are mean *+ SD, *Significant difference between groups main
effect, TO = starting point, T1 = seat-off, T2 = the maximum vertical ground
reaction force occurred, T3 = the end of the movement.

significant groups X sides interaction was found for maximal hip and
knee extension moments, maximal ankle plantar flexion moment, and
peak vertical GRF. The mean and SD of all moments and peak vertical
GRF for each leg is shown in Table 4. In TD children, maximum mo-
ments of all joints were not significantly different between dominant
and non-dominant legs. In contrast, these values in children with SDCP

Table 4

were greater for the non-dominant leg. Additionally, the maximal hip
extension and ankle plantar flexion moments and peak vertical GRF of
the non-dominant leg were greater in children with SDCP than in TD
children. Moreover, the maximal knee extension moment and peak
vertical GRF of the dominant leg in children with SDCP was lower than
in TD children (Fig. 2).

4. Discussion

The present study aimed to study the differences between children
with SDCP and TD children aged 7-12 years old in the mechanical
work, kinematics, and kinetics as well as the effects of the dominant and
non-dominant legs during the STS task. As expected, the results re-
vealed that children with SDCP spent more time completing the STS
task than did TD children. This result was in accordance with a previous
study done in young children with SDCP [16]. The pathology of the
brain leads to an alteration of the neuromuscular control system in
children with CP [3-5] resulting in the lower speed and longer time
spent performing the movement [22]. Besides the longer movement
time, our study found that children with SDCP used more mechanical
work than TD children during the STS. The plausible reasons would
come from their poor sitting position at the beginning of the movement
caused by tightness of hamstring muscle and the consequence of com-
pensatory movement. Children with SDCP sat with slight trunk flexion
and posterior pelvic tilting that induced the body vector line to be lo-
cated more posterior than usual [23]. To compensate for the poor sit-
ting position, children with SDCP showed greater trunk flexion at T2

Maximal moments of hip and knee extension, ankle plantar flexion and peak vertical ground reaction force.

Variables TD children Children with SDCP Interaction effect
Dominant leg Non-dominant leg Dominant leg Non-dominant leg F 1,40, p-value
Max. hip extension (N.m/kg.) 0.38 + 0.17 0.37 + 0.13 0.36 = 0.14 0.72 + 0.22" 13.07 0.01
Max. knee extension (N.m/kg.) 0.49 + 0.13 0.51 * 0.10 0.16 + 0.09% 0.41 * 0.25 6.54 0.01
Max. ankle plantarflexion (N.m/kg.) 0.12 = 0.05 0.11 = 0.06 0.17 = 0.10 0.27 + 0.08"" 5.59 0.04
Peak vertical GRF (N/kg.) 5.04 = 0.62 5.09 * 0.61 3.49 + 1.08" 6.74 = 1.72" 23.06 0.01

NOTE. Values are mean + SD, Max. = maximum moments.

* Significant difference between dominant and non-dominant leg in children with SDCP group (p < 0.05).
T Significant difference between non-dominant leg in children with SDCP and TD children groups (p < 0.05).
* Significant difference between dominant leg in children with SDCP CP and TD children groups (p < 0.05).
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and T3 compared to TD children.

To explain the characteristics of the STS task, the present study
divided the STS task into three phases. Typically, in the flexion-mo-
mentum phase, the trunk and pelvis need to move forward, and the feet
need to move backward to generate upper-body momentum in the
horizontal direction [24,25]. The results of this study revealed that
children with SDCP had a higher % of the time and more of the me-
chanical work in this phase than TD children. Furthermore, at the end
of this phase, children with SDCP showed more trunk and hip flexion
and less ankle dorsiflexion than TD children. Since children with SDCP
usually have tightness of the plantarflexor muscle that limits ankle
dorsiflexion, the generation of upper-body momentum could be re-
stricted. Hence, they increased trunk and hip flexion to bring them up at
the end of this phase.

For the momentum-transfer phase, this phase involves the transfer
of momentum from the upper body to the total body. This phase has
been considered as a critical transition phase due to the precise postural
control [24,25] and co-contraction of biarticular hamstrings and rectus
femoris [25] that are required. Our results found that children with
SDCP took less % of the time and used less mechanical work in this
phase than TD children. Besides, children with SDCP still had more
trunk, hip, and knee flexion and less ankle dorsiflexion compared with
TD children at the end of this phase. A previous study showed that
during STS, children with spastic CP presented poor postural control
[6]. Moreover, these children demonstrated excessive muscle co-con-
traction during movements such as higher hamstrings and quadriceps
co-contraction during walking [26]. Higher muscle co-contraction may
alter momentum transferring from the hip to the knee during STS. We
assumed that these children compensated for these impairments with
increased trunk, hip and knee flexion to place the body vector line
between the feet as a new narrower base of support as much as possible.

In the extension phase, the main goal is to move the body vertically
to the standing position [24,25]. The results revealed no significant
difference in % of the time or mechanical work between the groups.
However, at the end of this phase, children with SDCP showed more
trunk, hip, knee, and ankle plantar flexion than TD children. Pre-
dictably, this standing posture has generally been seen in children with
SDCP who have hamstrings and plantarflexor tightness. For the ki-
netics, the present study found that children with SDCP generated more
trunk-pelvis extension moments during STS. This would be another
strategy that they used to accomplish the task. Typically, children with
spastic CP have difficulty to move their body according to their im-
pairments. Therefore, the greater trunk-pelvis extension moment would
be required to lift the body into standing position. In addition, we found
an effect of dominant and non-dominant leg during STS, especially in
children with SDCP. Asymmetrical weight shifting was revealed at the
peak vertical GRF suggesting that children with SDCP took most of their
weight on the non-dominant leg, providing more stance stability.
Therefore, the moments of the hip, knee and ankle on the non-dominant
leg were greater than the dominant leg. Compared to TD children,
greater hip extension and plantar flexion moments of the non-dominant
leg in children with SDCP were found. This indicated that children with
SDCP relied more on hip extensors to bring themselves up into a
standing position. In addition, children with SDCP used more plantar-
flexor to stabilize their standing posture near the end of phase IIl. A
previous study found that the main role of ankle joint moment in the
STS task is the maintenance of an upright position [27]. The increased
maximum plantar flexion moment in children with SDCP found in this
study could be a strategy that was used to maintain the standing po-
sition as these children had poor postural control during standing [5].

However, the results of this study were obtained in the children
with SDCP in GMFCS level I-II who are able to independently STS. It is
important to note that even among these children, STS task still needs
to be trained during rehabilitation sessions to improve their quality of
life. Additionally, the further studies of the kinematics, kinetics, and
especially mechanical work during the STS task in children with SDCP
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GMEFCS level III would be needed.

In conclusion, to perform the STS task, children with SDCP took a
longer time and used more mechanical energy during STS than TD
children. In addition, children with SDCP presented more trunk, hip,
and knee flexion, and less ankle dorsiflexion during STS. Moreover, all
the kinetics including the peak vertical GRF, maximum hip, knee ex-
tension, and plantar flexion moments in children with SDCP were
asymmetrical between the dominant and non-dominant leg.

Declaration of interest

The authors declare that there is no conflict of interest in relation to
this article.

Acknowledgments

This research is supported by the Doctoral Degree Chulalongkorn
University 100th Year Birthday Anniversary for Doctoral Scholarship
and the 90th Anniversary of Chulalongkorn University Fund
(Ratchadaphiseksomphot Endowment Fund). The authors would like to
thank Mr. Vasapol teravanapanth for Matlab writing.

References

[1] P. Rosenbaum, N. Paneth, A. Leviton, M. Goldstein, M. Bax, D. Damiano, B. Dan,
B. Jacobsson, A report: the definition and classification of cerebral palsy April 2006,
Dev. Med. Child Neurol. Suppl. 109 (2007) 8-14.

M. Yeargin-Allsopp, K. Van Naarden Braun, N.S. Doernberg, R.E. Benedict,

R.S. Kirby, M.S. Durkin, Prevalence of cerebral palsy in 8-year-old children in three
areas of the United States in 2002: a multisite collaboration, Pediatrics 121 (2008)
547-554.

S.L. Reid, C.A. Pitcher, S.A. Williams, M.K. Licari, J.P. Valentine, P.J. Shipman,
C.M. Elliott, Does muscle size matter? The relationship between muscle size and
strength in children with cerebral palsy, Disabil. Rehabil. 37 (2015) 579-584.
L.A. Prosser, S.C.K. Lee, A.F. VanSant, M.F. Barbe, R.T. Lauer, Trunk and hip muscle
activation patterns are different during walking in young children with and without
cerebral palsy, Phys. Ther. 90 (2010) 986-997.

S.F. Donker, A. Ledebt, M. Roerdink, G.J.P. Savelsbergh, P.J. Beek, Children with
cerebral palsy exhibit greater and more regular postural sway than typically de-
veloping children, Exp. Brain Res. 184 (2008) 363-370.

D.L. de Medeiros, J.S. Conceicao, M.D. Graciosa, D.B. Koch, M.J. Dos Santos,
L.G.K. Ries, The influence of seat heights and foot placement positions on postural
control in children with cerebral palsy during a sit-to-stand task, Res. Dev. Disabil.
43-44 (2015) 1-10.

B.C. Bennett, M.F. Abel, A. Wolovick, T. Franklin, P.E. Allaire, D.C. Kerrigan, Center
of mass movement and energy transfer during walking in children with cerebral
palsy, Arch. Phys. Med. Rehabil. 86 (2005) 2189-2194.

P. Van de Walle, A. Hallemans, M. Schwartz, S. Truijen, R. Gosselink, K. Desloovere,
Mechanical energy estimation during walking: validity and sensitivity in typical
gait and in children with cerebral palsy, Gait Posture 35 (2012) 231-237.

A.N. dos Santos, S.L. Pavao, N.A.C.F. Rocha, Sit-to-stand movement in children with
cerebral palsy: a critical review, Res. Dev. Disabil. 32 (2011) 2243-2252.

S.-W. Chou, A.M.K. Wong, C.-P. Leong, W.-S. Hong, F.-T. Tang, T.-H. Lin, Postural
control during sit-to stand and gait in stroke patients, Am. J. Phys. Med. Rehabil. 82
(2003) 42-47.

A. Shumway-Cook, M.H. Woollacott, Motor Control: Translating Research Into
Clinical Practice, fifth ed., Wolters Kluwer, Philadelphia, 2017.

L.L. Ploutz-Snyder, T. Manini, R.J. Ploutz-Snyder, D.A. Wolf, Functionally relevant
thresholds of quadriceps femoris strength, J. Gerontol. A Biol. Sci. Med. Sci. 57
(2002) B144-152.

D.M. Cameron, R.W. Bohannon, G.E. Garrett, S.V. Owen, D.A. Cameron, Physical
impairments related to kinetic energy during sit-to-stand and curb-climbing fol-
lowing stroke, Clin. Biomech. (Bristol, Avon) 18 (2003) 332-340.

A.G. McMillan, J.P. Scholz, Early development of coordination for the sit-to-stand
task, Hum. Mov. Sci. 19 (2000) 21-57.

P.L. Guarrera-Bowlby, A.M. Gentile, Form and variability during sit-to-stand tran-
sitions: children versus adults, J. Mot. Behav. 36 (2004) 104-114.

E.S. Park, C. Park, H.J. Lee, D.Y. Kim, D.S. Lee, S.R. Cho, The characteristics of sit-
to-stand transfer in young children with spastic cerebral palsy based on kinematic
and kinetic data, Gait Posture 17 (2003) 43-49.

D.A. Winter, A new definition of mechanical work done in human movement, J.
Appl. Physiol. 46 (1979) 79-83.

P. Van de Walle, K. Desloovere, S. Truijen, R. Gosselink, P. Aerts, A. Hallemans,
Age-related changes in mechanical and metabolic energy during typical gait, Gait
Posture 31 (2010) 495-501.

A.G. Schneiders, S.J. Sullivan, K.J. O’Malley, S.V. Clarke, S.A. Knappstein,

L.J. Taylor, A valid and reliable clinical determination of footedness, PM R 2 (2010)
835-841.

[2]

[3

[4]

[5

[6]

[71

[8]

[91]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]


http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0005
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0005
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0005
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0010
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0010
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0010
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0010
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0020
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0020
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0020
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0025
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0025
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0025
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0030
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0030
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0030
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0030
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0035
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0035
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0035
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0040
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0040
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0040
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0045
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0045
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0055
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0055
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0060
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0060
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0060
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0065
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0065
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0065
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0070
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0070
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0080
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0080
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0080
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0085
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0085
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0095
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0095
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0095

D. Suriyaamarit, S. Boonyong

[20]

[21]

[22]

[23]

[24]

R.K. Jensen, Body segment mass, radius and radius of gyration proportions of
children, J. Biomech. 19 (1986) 359-368.

G. Hennington, J. Johnson, J. Penrose, K. Barr, M.L. McMulkin, D.W. Vander
Linden, Effect of bench height on sit-to-stand in children without disabilities and
children with cerebral palsy, Arch. Phys. Med. Rehabil. 85 (2004) 70-76.

K.J. Bell, S. Ounpuu, P.A. DeLuca, M.J. Romness, Natural progression of gait in
children with cerebral palsy, J. Pediatr. Orthop. 22 (2002) 677-682.

D.D. Harrison, S.0. Harrison, A.C. Croft, D.E. Harrison, S.J. Troyanovich, Sitting
biomechanics part I: review of the literature, J. Manipulative Physiol. Ther. 22
(1999) 594-609.

M. Schenkman, R.A. Berger, P.O. Riley, R.W. Mann, W.A. Hodge, Whole-body

90

[25]

[26]

[27]

Gait & Posture 67 (2019) 85-90

movements during rising to standing from sitting, Phys. Ther. 70 (1990) 638-651.
M.E. Roebroeck, C.A. Doorenbosch, J. Harlaar, R. Jacobs, G.J. Lankhorst,
Biomechanics and muscular activity during sit-to-stand transfer, Clin. Biomech.
(Bristol, Avon) 9 (1994) 235-244.

V.B. Unnithan, J.J. Dowling, G. Frost, B. Volpe Ayub, O. Bar-Or, Cocontraction and
phasic activity during GAIT in children with cerebral palsy, Electromyogr. Clin.
Neurophysiol. 36 (1996) 487-494.

S. Yoshioka, A. Nagano, D.C. Hay, S. Fukashiro, Peak hip and knee joint moments
during a sit-to-stand movement are invariant to the change of seat height within the
range of low to normal seat height, Biomed. Eng. Online 13 (2014) 27.


http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0110
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0110
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0115
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0115
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0115
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0120
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0120
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0125
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0125
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0125
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0130
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0130
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0130
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0135
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0135
http://refhub.elsevier.com/S0966-6362(18)31654-0/sbref0135

	Mechanical work, kinematics, and kinetics during sit-to-stand in children with and without spastic diplegic cerebral palsy
	Introduction
	Material and methods
	Participants
	Procedure
	Data processing
	Statistical analysis

	Results
	Movement time and mechanical work
	Kinematics
	Kinetics

	Discussion
	Declaration of interest
	Acknowledgments
	References




