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Abstract

We evaluated differences in CoP trajectories during quiet stance alone (QSA)
and quiet stance following sit to stand (STS) (QSFS) in typical children (TD) and
children with cerebral palsy (CP). Forth two TD, 23 spastic CP were evaluated.
The assessment during QSA occurred with the maintenance on a force plate
during 30 seconds. For evaluation in QSFS children were instructed to rising
from a bench and maintain stance for 30. We observed higher oscillation (AP
and ML Amplitude of CoP displacement, Velocity and Area of CoP oscillation) in
QSFS than in QSA. All the variables, except AP Amp, presented higher values
for the CP group compared with TD. With exception of the variable AP Amp, all
the other ones presented interaction between condition and group. CP group

present higher CoP oscillation than TD, these values were higher in QSFS.

Keywords: Children; Cerebral palsy; Sit-to-stance movement; Postural
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Introduction

Many of the activities performed by children in daily routine
demand the maintenance of quiet stance in order to reach adaptive
success [1]. Some examples include: the waiting time in lines,
activities involving washing hands and brushing teeth, as well as
social activities performed during stance [2]. The maintenance of
standing posture involves the ability to keep the center of pressure
(CoP) within the limits of the support base and suitable alignment
between body segments [3-5] to keep balance and avoid falls [6,7].

A literature review reveals a large amount of studies addressing
postural control during quiet stance in children with cerebral palsy
(CP) [8-13]. According to these studies children with mild motor
impairments present reduced\automaticity in postural sway [12] and
less adaptive patterns of postural control regulation in this posture
[3,8] than typical children. Nashner et al. [5] report an inverted
pattern of muscle activation in lower limbs (distal to proximal) to
keep balance during quiet stance. In addition, the crouch posture
often observed in these children contributes to the greater postural
sway that they present.

However, the experimental design of the existing studies is not
able to reproduce functional experienced circumstances in daily
life. In most of the studies children were instructed to keep standing
posture as static as possible by a limited period of time [13], and in
some cases they had to perform a concurrent cognitive task [12,14,15]
or sensory manipulations [8,11] were required while remaining static.

Nevertheless, daily routine tasks involving upright stance
maintenance commonly occur following functional movements,
such as postural transitions or body displacements. Sit-to-stand (STS)
movement is an example of a task that commonly precedes stance
maintenance. The sequence of muscle activation and the positioning

of the center of mass (CoM) occurring during the body movement
of rising from a chair modifies postural demands to keep stability
[4,7]. STS movement requires specific postural adjustments, such as,
muscle co-activation in lower limbs to decelerate CoM movement
[16,17], interjoint coordination in ankle, knee and hip joints to keep
body alignment and a stable base of support [18]. These adjustments
are believed to influence balance in the following quiet stance
maintenance.

In fact, when considering a sequence of motor tasks, the preceding
task exerts biomechanical influences on the following, since muscle
and joint receptors, as well as other sensory system organs, catch the
information coming from the movement in order to guide and correct
the performed action [19]. In addition, the body movement changes
the alignment between the segments creating specific demands for
postural control system [5]. In this context, the task preceding upright
stance maintenance seems to challenge postural control in a different
way than the upright stance maintenance alone [20].

Studies have addressed postural control in CP children during
dynamical circumstances such as, STS movement [16,21,22], gait
[23,24], gait initiation [6] and gait initiation following STS movement
[25]. These studies report a greater postural sway observed in CP
children, as well as a greater ankle excursion in frontal and transverse
planes during the movement [26], possibly due to the lack of
coordination of ankle muscles activation reported in CP [27].

Nevertheless, none of the above studies have addressed postural
control during quiet stance preceded by some of these functional body
movements that are so common in daily living. This lack of studies is
even more significant when considering the population of children
with CP. Addressing this gap would allow us to understand how body
movement and alignment might influence balance maintenance,
guiding rehabilitation professionals in the selection of the more
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challenging activities to improve balance and stability.

Thus, the aim of our study was to evaluate differences in patterns
of postural oscillation during quiet stance alone and quiet stance
following STS movement. For this purpose we evaluated children
with cerebral palsy and children with typical development.

We believe that postural demands in upright stance position
following STS movement are greater than the ones of keeping
stance alone. In this context we expected to find greater postural
oscillation in the former conditions than in the later one. Moreover,
despite children with mild CP were able to perform STS movement
independently and to keep stance following this postural transition
we believe that in stance maintenance following STS movement
children with CP will present greater postural oscillations compared
with children with typical development.

Methods

Participants

We evaluated three groups of participants. The typically-
developing group (TD) included 42 healthy children, 19 male and
23 female, with ages from 5 to 15 years (mean+SD; Age: 10£2.9
years; Height: 143+19.1cm; Weight: 41.5+17.2Kg). Participants
with current lower limb injuries, or who had any cardiovascular,
pulmonary, neurological, or systemic conditions that limited physical
activity were excluded from the study.

The other group included 23 children with spastic CP , 15 male
and 8 female, with ages from 5 to 15 years (mean + SD; Age: 9.8+3.3
years; Height: 129.7+33.4cm; Weight: 31.3+12.4Kg). The participants
were classified by Gross Motor Function Classification System
(GMFCS) as level I (15 children) or level IT (8 children). For statistical
analyses the CP group was divided according to the level of GMFCS.

The inclusion criteria for the CP group were as follows: (a)
ability to follow simple commands; (b) ability to come to a standing
position independently. Exclusion criteria were: (a) loss of passive
joint mobility in trunk or lower limbs, which may indicate presence
of deformities and contractures; (b) orthopedic surgery and/
or botulinum toxin injection in the previous 12 and 6 months,
respectively; (c) any muscle tone impairment other than spasticity,
such as ataxia, dystonia, and/or hypotonia.

The local Ethics Committee for Human Research approved the
study, which is in agreement with the Declaration of Helsinki and
the resolution 196/96 from National Health Council. Children were
admitted in the study following informed written parental consent.
Children were recruited in rehabilitation centers specialized in child
care and in regular schools.

Procedures

The anthropometric data of all the children were previously
collected.

For the assessment of postural control during quiet stance alone,
children were asked to assume upright standing posture standing on a
force platform (Bertec400) with their feet parallel to and aligned with
the side of their feet and to remain standing for 30 seconds. Following
this preceding time, we initiated our data collection instructing them
to remain on the force plate as quietly as possible for 30 seconds while

looking ahead at a fixed point located one meter away [28]. Each child
performed a total of three trials.

For postural control testing during quiet stance following STS
movement children were initially seated in a bench without trunk
or upper limbs support. Their hips, knees and ankles were flexed at
90° and their feet were positioned on a force plate, at an acquisition
rate of 100Hz. The participants were tested in barefoot. After a verbal
command, the children were asked to assume upright standing
position in a self-selected speed, keeping their arms folded across the
chest when they stood (to prevent them from using their upper limbs
to push up of the bench). Immediately after standing up, they were
instructed to remain in static stand up for 30 seconds. The task was
performed for a total of three times.

A circle was drawn at the center of the platform to orient feet
placement before each trial in both conditions, which provided
consistency of the initial position across trials. There was no
discrepancy of the support base adopted by the children among the
performed conditions. Children did not perform training tasks in
none of the conditions.

For analysis of body oscillations, in both conditions, we used the
mean of the three performed trials.

Data analysis

Data from the force platform were processed and filtered (4
order Butterworth filter, with a low pass frequency of 5Hz) on
Matlab (Mathworks Inc., Natick, MA, USA); outcome measures
were computed on the same software. Data were normalized by the
participants’ body weight.

STS movement can be divided into three different phases
[16,22]. The criteria for STS movement division into phases were:
preparation phase (F1) the beginning was determined by a decrease
in vertical force greater than 2.5% relative to the weight of the feet
on the platform, and the end was determined by the vertical peak
force; rising phase (F2), measurement began with the vertical peak
force on the platform and ended when the vertical force matched the
body weight; stabilization phase (F3) was determined by the point at
which the vertical force reached the body weight, and the end was
determined by a vertical force oscillation of approximately 2.5% of
the body weight [29]. The phase division of STS movement is shown
in Figure 1.

For postural oscillation analyses during quiet stance following
STS movement, in each trial, we cut of the trial as soon as F3 was
reached and conducted the data analysis in the remaining 30 seconds
of force plate capture.

The following variables of postural oscillation were analyzed in
each of the conditions: (1) anterior-posterior (AP Amp) and medial-
lateral (ML Amp) amplitude of CoP displacement: Correspond to
the variance of the CoP values between the maximum and minimum
displacement in these directions. Greater values of these variables
indicate balance difficulties; (2) Area of CoP oscillation (Area):
Corresponds to the dispersion of the oscillation considering the AP
and ML directions. This variable estimates the dispersion of CoP data
by the calculation of the statokinesiogram area. Area was calculated by
the main components analysis, which calculates an ellipse comprising
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Figure 1: Schematic representation of the division process of the three
different phases of the sit-to-stand movement. Preparation phase (T1-T2);
rising phase (T2-T3); and stabilization phase (T3-T4). BW, body weight;
MGRF (maximum ground reaction force); OS (overshoot); IC (incline);
WFL (weight of feet/legs at rest); T1 (start of movement); T2 (seat-off); T3
(extension of body); T4 (end of movement). Source: Kralj et al.

95% of the CoP data. The two axes of this ellipse are calculated from
the measures of dispersion of CoP signals. The higher their values, the
greater the balance deficits; (3) mean velocity (Vel) of CoP oscillation:
Reflects how fast the body oscillation occurred. Its calculation used
the following formula: d = \/(XZ -x)*+(y,-V,)*. The higher the
velocity of CoP oscillation, the greater the difficulties to keep balance

(4].
Statistical analysis

Descriptive values (means, standard deviations) across trials
were first obtained. Data distribution was tested for normality and
homoscedasticity, using the Kolmogorov-Smirnov and Levene tests,
respectively. The tests revealed a normal distribution of the data.

A two-way repeated measures MANOVA (Multivariate
Analysis Of Variance) was run to verify the effects of postural
condition (quiet stance alone and quiet stance following STS) and
group (typical, CP GMFCS I and CP GMFCS II) across postural
oscillation variables (AP Amp, ML Amp, Vel and Area). Tukey’s
post-hoc was used for multiple comparisons.

Results

We observed a main effect of postural oscillation in the performed
conditions of quiet stance (F(s,ss) = 82.8, p < 0.01). We also observed
within subjects effects of interaction between condition and group
(F 115 = 6,5, p < 0.01). In addition, between subjects effects of group
were observed (F(lo,ns) = 7,5, p < 0.01). The values of the mean and

interactions effects of each analyzed variable are shown in Table 1.

There was a significant interaction between condition and group
on the combined dependent variables, F | |, =6.914, p <0.01, Wilks’
A =0.393, partial n2 = 0.373. Follow up univariate two-way ANOV As
were run and showed a significant interaction effect between
condition and group for ML Amp (F, , = 12.582, p < 0.01, partial
N2 =0.289), Vel (F, , = 10.246, p <0.01, partial n2 =0.248) and Area
(F, ,=11.434,p <0.01, partial n2 = 0.269), but not for AP Amp (F

(2,62) (2,62)

Table 1: Main and interaction effects of group (between-subjectfactor,
three levels: Typical Development, Cerebral Palsy GMFCS | and Cerebral
Palsy GMFCS 1) and condition (within-subject factor, two levels: orthostatic
maintenance by itself and orthostatic maintenance following STS ) on Antero-
Posterior Amplitude (AP Amp), Medio-Lateral Amplitude (ML Amp), Velocity (Vel)
and Area of CoP oscillation.

Variable Condition Condition X Group
Y F P-value V F P-value
AP Amp | 0.8 | (1,62)=261,3 P<0.01 03 |(2,62)=0.971 0.384
MLAmp 0.6 (1,62)=134,1 P<0.01 0.2 (2,62)=125 P<0.01
Vel 0.8 | (1,62)=290.9 P<001 02 | (2 62)=102 P<0.01
Area 0.7 (1,62)=173.8 P<0.01 0.2 (2,62)=114 P<0.01

=0.971,p=0.384, partial n2= 0.030).

The means, standard error and confidence interval of the variables
for each of the groups in each of the conditions are shown in Table 2.

A simple main effects analysis was conducted for ML Amp, Vel
and Area. There was a statistically significant difference between
conditions for all groups for the variables Amp ML, Vel and Area, with
higher values observed in the condition of quiet standing following
STS. There was also a statistically significant difference between
typical children and children with CP, both level I and II (which did
not present differences) in both conditions for the variables Amp
ML, Area and Vel. Children with CP showed higher values in these
variables than typical ones.

For AP Amp there was no statistically significant difference
between groups (F, = 1.158, p = 0.321, partial n2 = 0.036). The
difference between conditions was significant (F , = 261.313, p <
0.001, partial 2 = 0.808), with higher values observed in the condition
of quiet standing following STS.

Discussion

Our study aimed to investigate differences in patterns of
postural oscillation in quiet stance alone and quiet stance following
STS movement. According to the results all the groups of children
presented a larger amount of postural oscillation for all the analyzed
variables in the condition of quiet stance following STS movement
than in quiet stance alone. Moreover, with the exception of AP Amp
of CoP displacement, that did not present differences between the
three groups, all the other variables showed group differences across
conditions.

We have no knowledge of studies addressing patterns of postural
oscillation in quiet stance following STS movement neither in children
with CP nor in other populations. Buckley et al. [25] evaluated
postural control during sit-to-walk transitions in individuals
with Parkinson disease. Nevertheless, although the authors have
considered a functional activity following STS movement (gait
initiation) they did not compare the results obtained with a control
condition (only STS movement, or only gait initiation, for example).
Even so, the authors verified that the limitations in proprioception,
movement speed, muscular strength, and reduced general mobility
observed in the patients with Parkinson disease, determined greater
time to complete the ascending phase of STS, as well as slower velocity
leading to shorter steps compared with the control group.
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Table 2: Values of means, Standard errors and confidence interval for all the analyzed variables in each of the groups and condition evaluated.

95% Confidencelnterval
Variable Group Condition Mean StanceardError
LowerBound UpperBound
QuietStance 3.1 0.2 2.6 3.6
CPI
QuietStancepost STS 7.6 0.4 6.7 8.4
AP Amp cpil QuietStance 3.6 0.3 2.9 4.2
(cm) QuietStance post STS 7.7 0.5 6.5 8.9
QuietStance 2.6 0.1 2.3 2.9
Typical
QuietStance post STS 7.6 0.2 7.1 8.1
QuietStance 3.6 0.2 3.1 4.1
CPI
QuietStance post STS 10.8 0.6 9.5 12.1
ML Amp . QuietStance 45 0.3 3.9 5.2
(cm) QuietStance post STS 8.06 0.9 6.2 9.8
QuietStance 25 0.1 2.2 2.7
Typical
QuietStance post STS 5.8 0.3 5.03 6.6
QuietStance 1.8 0.1 1.6 2.09
CP I
QuietStance post STS 34 0.1 3.1 3.8
Velocity .. QuietStance 1.9 0.1 1.6 2.3
(cm/s) QuietStance post STS 3.1 02 2.6 3.6
QuietStance 1.4 0.7 1.2 15
Typical
QuietStance post STS 2:3 0.1 2.1 25
QuietStance 4.6 0.5 3.5 5.7
CPI
QuietStance post STS 15.7 1.2 13.3 18.1
Area .. QuietStance 7.4 0.7 5.9 9
(cm?) QuietStance post STS 17.4 1.6 14.1 20.8
QuietStance 25 0.3 1.8 3.1
Typical
QuietStance post STS 7.9 0.7 6.4 9.3

The main point of our study is that the preceding motor task
exerts influence on balance maintenance. This is especially important
taking into account that balance maintenance during standing
posture is almost all the time proceeded by body movements, such
as STS movement. The postural demands observed in quiet stance
following STS movement are higher than the ones involved with the
maintenance of the body in static stand posture alone, since the former
condition involves the change of the body system from a movement
condition to a stationary state. This change requires deceleration of
the CoM to break the body motion and keep stability during standing
posture. Movement deceleration requires greater levels of concentric-
eccentric muscle control of the lower limbs for proper interjoint
coordination and muscular co-contraction to keep alignment
between body segments and to regulate CoM positioning within the
limits of support base [17,30], as well as refined neuromotor balance
strategies [31] such as hip and ankle strategies of stability [5]. These
previous postural adjustments influence and challenge the following
balance maintenance, placing greater difficulties to the task [19].

Previous studies have reported the high biomechanical demand
involved with rising from a chair [16,20,21,32]. Among the
requirements are the performance of the movement against the gravity
and a reduction in the base of support, demanding considerable

muscular strength, knee extensor torque and postural strategies
to keep the CoP within the limits of the base of support [24,26].
Moreover, the last phase of STS movement (stabilization phase — F3)
involves movement deceleration, which seems to create an additional
biomechanical demand [17] and greater postural instability [16,20].
Therefore, the STS movement as a preceding motor task seems to
influence the following balance maintenance in static posture, further
challenging the postural control system.

Despite the reduced stability we observed in children with CP
during the performed tasks, the mild motor impairment of the
participants in this study did not hinder the accomplishment of
stance maintenance after rising up from a bench. In fact, children
with CP, due to their muscular and proprioceptive impairments in
ankle joint [17,33], present increased trunk excursion during STS
movement compared with typical children [32]. However, the end of
the task (i.e. the braking of the movement) seems to lack stability due
to the neuromuscular deficits these children present.

Moreover, the differences in CoP sway observed among the two
conditions could be analyzed in the light of the effects of sensory
information in stance following STS movement. STS transition
involves body movement in space and changes in head position
[32], which affect the vestibular system [19]. This transition also
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challenges postural control because of the high anterior-posterior and
vertical velocities of movement and the large forward trunk flexion
that it involves [34]. These factors provide stimulation in vestibular
receptors [35], which may modify the coordination of motor
responses [19] challenging postural stability when stance posture is
attained. Based on these statements, stance maintenance following
STS movement can be expected to involve greater CoP displacement
and velocity of oscillation compared with stance maintenance alone
in order to explore the base of support, capturing additional sensory
information [17]. These increases observed in all analyzed variables
in the condition following STS movement might be consequences of
adopted postural strategies (ankle and hip strategies) which ensure
stability and avoid falls [5].

As could also be expected, the increases observed in CoP
trajectories following STS movement (ML Amp, Vel and Area)
were greater in children with CP than in TD children. In fact, when
considering simple task sequences, such as the ones addressed by our
study (STS — quiet stance), besides the fact that the preceding motor
task influences the following one, the motor system uses sensory
information coming from the movement to provide feedback in order
to control and correct potential movement errors [19]. Nevertheless,
children with CP present important deficits in sensory integration
[16,36,37], which can result in poorer balance control than typical
children.

Moreover, the maintenance of quiet stance following STS
movement demands anticipatory and compensatory postural
adjustments to keep stability after a dynamic activity [38].
Anticipatory postural adjustments are required in the beginning
of the movement in order to counteract the expected mechanical
effects of perturbation in a feed forward manner [10]. Compensatory
postural adjustments occur in the end of the movement reducing
the effects of postural perturbations during the movement [9].
Nevertheless, children with CP with GMFCS levels I and II present
high co-activation in lower limb muscles [1,5], as well as decreasing
anticipatory and compensatory postural adjustments [9,10] which
may have contributed to the greater postural oscillation during quiet
stance following STS movement in this study.

We did not find any differences between groups for the variable
AP Amp of CoP displacement. The muscle deficits in antigravity
musculature [10] as well as mechanical changes in posture observed in
children with CP, such as the adoption of crouch posture, may impair
their patterns of CoP oscillation and muscle recruitment in lower
limbs. These factors might have led them to use a stability strategy of
freezing their degrees of freedom in the ankle joint, using preferably
the hip strategy for stability [5], which involves greater displacements
in the ML axis [39]. Thus, these children may not present significant
differences in AP Amp, but significant ones in ML Amp, as we found
in our results.

No differences were found in postural oscillation between
children GMFCS levels level I and II in none of the conditions.
The main functional differences observed among level I and II are
related with the limitations in independent walking (level I are able
to perform it in internal and external environment, whereas level II
are not). This specific feature (ability to walk independently) was not
expected to interfere with the accomplishment of the tasks in this

study, since children of both levels were able to accomplish the tasks
without assistance. In addition, the motor impairments observed in
level I and II of GMFCS are considered mild ones [40], with some
studies even including these levels in the same group [2]. Anyway,
these results should be interpreted with caution taking into account
the small size of our sample.

The knowledge about the greater biomechanical demands
involving quiet stance following body movements draws attention
to professionals involved with rehabilitation about the importance of
training balance not only in static situations, but also during tasks
which movement the CoM, such as the STS movement. We believe
that balance training in such dynamical conditions would improve
postural control of children with CP [1,41], thus preparing them to
functional tasks of daily life.

In addition, according to our results it is also important to
point out that in balance assessments the preceding motor task
influences the outcomes. Therefore, it seems to be highly important
to standardize the preceding motor task prior to any balance
measurement to increase the precision of the studies. Moreover,
we suggest that a preceding STS will increase the sensitivity of the
balance test, although further studies are warranted.

Our study evaluated postural control of children with CP during
quiet stance considering classical descriptive parameters. Further
studies should address this topic using dynamic posturography, in
order to better comprehend the variability present in patterns of
motor behavior [42].

Conclusion

Quiet stance following STS movement involves greater postural
oscillation compared with quiet stance alone. Moreover, the structural
impairments present in children with CP makes these children
more susceptible to loss of stability when it is required to keep static
standing posture following STS movement.
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