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Abstract 
This study aimed (1) to investigate the relationship between segmental trunk control and motor, cognitive, and language 
development parameters in children with cerebral palsy (CP) and (2) to compare segmental trunk control levels and motor, 
language, and cognitive development in children with CP and typically developing (TD) peers. A cross-sectional observational 
study was conducted with 63 children aged between 24 and 42 months, including those with typical and atypical development. 
The atypical development group included 30 children with CP ranged from Gross Motor Function Classification System levels I 
to V (70.0% males, median age: 29 months, interquartile range: 25–36 months), and 33 children in the TD group (69.7% males, 
median age: 29 months, interquartile range: 26–36 months) included age-matched. Motor, language, and cognitive development 
domains were evaluated using the Bayley Scales of Infant and Toddler Development, Third Edition, and the level of trunk control 
was evaluated using the Segmental Assessment of Trunk Control. In children with CP, segmental trunk control was found to 
be strongly correlated with motor, cognitive, and language development (all P < .001, Spearman r ranged from 0.767–0.927). 
Furthermore, children with CP had lower segmental trunk control levels and cognitive, language, and motor development results 
than their TD peers (all P < .001). The strong relationship between segmental trunk control levels and developmental parameters 
can guide clinicians and therapists in planning and implementing intervention programs designed for children with CP who have 
difficulties in trunk control.

Abbreviations: Bayley-III = Bayley Scales of Infant and Toddler Development-Third Edition, CP = cerebral palsy, GMFCS = 
Gross Motor Function Classification System, SATCo = Segmental Assessment of Trunk Control, TD = typically developing.
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1. Introduction
Cerebral palsy (CP) is a group of persistent neurodevelopmen-
tal disorders affecting mobility and posture, resulting from 
a lesion in the developing fetal or infant brain.[1] Although 
motor and postural disorders are observed in children with 
CP, other developmental problems, including cognitive or 
communicative disorders, are accompanied by some of these 
children.[1,2]

Postural control is the ability to control the position of the 
body in space to maintain balance and orientation.[3] Children 

with CP have poor or impaired postural control compared to 
their typically developing (TD) peers due to spasticity, secondary 
musculoskeletal disorders, reduced muscle strength, abnormal 
timing, sensory loss, and reduced pelvic mobility.[4,5] Postural 
control disorders also frequently lead to motor dysfunction in 
children with CP[6] and affect the development of upper limb 
function, the ability to maintain upright posture, hand–eye 
coordination, as well as cognitive, perceptual, communicative, 
and social competencies.[7,8]

Trunk control, which involves stabilizing and selectively 
moving the trunk, provides an initial framework for postural 
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control.[3,9] In infants with TD, trunk control develops progres-
sively in a craniocaudal direction.[10] Infants first develop control 
of the head against gravity, then control of the upper, middle, 
and lower thoracic regions, and finally the upper and lower lum-
bar regions.[10] Atypical development in children with CP often 
disrupts or delays incremental craniocaudal progression, lead-
ing to deficits in segmental trunk control that can cause severe 
impairments in motor function.[11–13]

Sufficient trunk control is required for infants to sit inde-
pendently[2,14] and is an essential prerequisite for goal-oriented 
behavior and learning in the sitting position, such as visual 
exploration and reaching.[15] For instance, infants gain knowl-
edge regarding the properties of an object, such as its size, 
weight, shape, and function, by reaching and exploring it while 
sitting independently.[16] This knowledge of object properties 
can support problem-solving skills in the cognitive domain.[16,17] 
A study[18] supports these findings by demonstrating that the dis-
tinctiveness of the individual in the postural control of infants 
during exploratory tasks is a significant determinant of subse-
quent attention and cognitive development. Additionally, trunk 
control in a seated position forms the basis of communica-
tion.[19] The first steps in being able to communicate are being 
able to point, look around, and explore one’s environment.[20,21] 
Sitting provides new perceptual experiences by changing 
infants’ perspectives and encouraging face-to-face interactions 
with parents.[20,22] Consequently, the acquisition of trunk con-
trol and the ability to sit independently are likely to result in 
new learning opportunities, which may facilitate development 
in other domains, such as cognition and language.[22,23] In the 
above-mentioned framework, poor or impaired trunk control 
in children with CP might have cascading effects on cognitive 
and language development.[24,25] Previous studies[11,13,26] in chil-
dren with CP have reported that trunk control is associated 
with gross motor function, upper extremity function, reaching 
performance, and functionality in children with CP. There are 
studies that show relationship between motor function and seg-
mental trunk control in children with CP and TD peers,[11,12,27] 
but none have specifically examined the relationship between 
segmental trunk control and cognitive and language develop-
ment, which are different areas of development in children with 
CP besides motor development.

Given this background, the purposes of this study were (1) to 
explore the relationship between segmental trunk control and 
motor, language, and cognitive development parameters in chil-
dren with CP and (2) to compare segmental trunk control lev-
els and motor, language, and cognitive development in children 
with CP and TD peers.

2. Methods

2.1. Design and procedure

This observational cross-sectional study was performed 
at Hacettepe University, Faculty of Physical Therapy and 
Rehabilitation, Developmental and Early Physiotherapy Unit 
between December 2020 and September 2022. The atypical 
development group included children diagnosed with CP, and 
the comparison group included age-matched children with typ-
ical development. The Hacettepe University Non-Interventional 
Clinical Research Ethics Board approved this study on January 
9, 2020, with decision number 2020/20-43. The parents of all 
participants provided written informed consent. The study pro-
tocol adhered to the principles of the Declaration of Helsinki.

The demographic data of children with CP and TD children, 
including sex, age, height, weight, were obtained from the par-
ents and records, and descriptive characteristics of children 
with CP, including Gross Motor Function Classification System 
(GMFCS) levels and type of CP were noted. The Bayley Scales 
of Infant and Toddler Development-Third Edition (Bayley-III) 
and Segmental Assessment of Trunk Control (SATCo) were 

used to evaluate all children aged between 24 and 42 months 
on the same day. All assessments lasted between 60 and 90 min-
utes, depending on the state of cooperation and motivation of 
children. The SATCo assessments were performed by an expe-
rienced physical therapist (B.N.Y.L.) with more than 10 years of 
experience. An experienced physical therapist (E.K.B.) assisted 
in the administration of the SATCo. The assistant therapist 
stood in front of the child and demonstrated toys (e.g., ball, 
sound toys) to encourage the child to stand upright and turn 
the head and also applied gentle nudges on the manubrium/
sternum, the right and left acromion, and the seventh cervical 
vertebrae posteriorly. Bayley-III assessments were administered 
by a certified scorer with more than 5 years of experience (Z.A.). 
The Bayley-III was performed in a well-lit, quiet and large room 
to allow the child to show their abilities. The child was posi-
tioned in a chair or on the parent’s lap facing a suitable table. 
Assessors who applied the SATCo and Bayley-III were blind to 
each other’s scores.

2.2. Participants

This study included children aged between 24 and 42 months 
with typical and atypical development. The atypical devel-
opment group included children diagnosed with CP and the 
comparison group included age-matched children with typical 
development. Exclusion criteria for the atypical development 
group were a history of recurrent seizures, use of antiepileptic 
or antispastic medication, and any surgical procedure in the pre-
vious 6 months to correct congenital spinal deformity. Exclusion 
criteria for the typical development group were children with 
any developmental, neurologic, or genetic problems.

2.3. Outcome measures

2.3.1. SATCo.  The SATCo is a clinical tool used to evaluate a 
child’s trunk control level.[27] This tool is an ordinal scale that 
evaluates trunk control in 7 segments in the cephalocaudal 
direction.[27,28] The child’s static, active, and reactive trunk 
control was assessed at each segment, but not just the head 
segment, which was used to test the reactive control.[27]

Each child was seated on a customized bench with knees 
at 90° and feet supported.[27] The pelvis was maintained in a 
neutral alignment using a pelvic strapping technique.[27] At 
each designated level, the physical therapist used a horizontal 
manual support around the trunk to maintain an upright pos-
ture.[27] Trunk control level was represented by a score between 
1 and 8. The score reflects the segment in which children lose 
trunk control: head = 1, upper thoracic = 2, mid-thoracic = 3, 
lower thoracic = 4, upper lumbar = 5, lower lumbar = 6, full 
trunk control = 7, and no loss of trunk control = 8.[27–29] That is, 
while there was a postural control response above the specified 
segmental level, there was no response at that level or below. 
A score of 7 indicated that the child had not yet achieved the 
full mastery of trunk control necessary for independent sitting 
without hand support. Conversely, a score of 8 signified com-
plete trunk control, indicating the child’s ability to sit inde-
pendently. This format has been used in previous research on 
SATCo.[27–29] The SATCo is a valid and reliable assessment tool 
that can be utilized for TD infants and children with neuromo-
tor disabilities.[27]

2.3.2. Bayley-III.  The Bayley-III scale is an applied tool that 
evaluate the developmental parameters of infants and toddlers 
aged 1 to 42 months.[30] This scale includes 3 developmental 
domains: language (expressive and receptive), cognition, and 
motor (fine and gross).[30] A composite score was provided 
for each domain (mean = 100, SD = 15, range = 40–160).[30] 
The composite score was interpreted as follows: 85 and above 
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(within 1 SD of the mean) as normal, 85 to 70 (1 SD below the 
mean) as mild impairment, 70 to 55 (2 SD below the mean) as 
moderate impairment, and below 55 (3 SD below the mean) as 
severe impairment.[30]

2.4. Statistical analysis

Statistical analysis was conducted using the SPSS software for 
Macintosh, version 25.0 (SPSS Inc., Chicago, IL). Analytical 
methods (Shapiro–Wilk test) and visual techniques (probabil-
ity and histogram plots) were used to determine whether the 
data were normally distributed. Descriptive statistics were cal-
culated as numbers and percentages for categorical variables 
and medians and associated interquartile ranges (25th and 75th 
percentiles) for ordinal and non-normally distributed variables. 
Statistical results were interpreted at a 95% confidence interval 
with a P < .05 (two-tailed) significance level. Spearman rank cor-
relation (rho) was applied to analyze the correlations between 
the composite scores of Bayley-III’s language, motor, and cog-
nitive domains, and segmental trunk control in all conditions. 

The rho from 0.00 to 0.10 were insignificant correlation, from 
0.10 to 0.39 as weak correlation, from 0.40 to 0.69 as mod-
erate correlation, from 0.70 to 0.89 as strong correlation, and 
from 0.90 to1.00 as very strong correlation.[31] GraphPad Prism 
version 8.2.1 (GraphPad Software, San Diego, CA) was used to 
construct the correlation plots. The Mann–Whitney U test was 
used to analyze the differences between independent groups in 
the absence of parametric test assumptions. G*Power version 
3.1 was utilized to calculate the post hoc power. The post hoc 
power (1-β) was over 95% with an error of 0.05, and the effect 
size of the current study was 1.71.

3. Results
A total of 63 children were included in this study. This study 
included 30 children with CP (30.0% female, median age: 
29.0 months), and 33 age-matched TD children (30.3% 
female, median age: 29.0 months). The distribution of chil-
dren with CP according to GMFCS levels, type of CP (spas-
tic, dyskinetic, ataxic, or mixed), and distribution of SATCo 
scores in the 3 different conditions of children with CP and 
TD are shown in Table 1. Each child in the TD group com-
pleted the SATCo with the highest possible score (full trunk 
control achieved).

The Spearman correlation coefficients between the Bayley-
III and SATCo results in children with CP are summarized 
in Table 2 and Figure 1. There was a significant correlation 
between segmental trunk control in all 3 conditions and Bayley-
III results. A very strong positive correlation was found between 
all static, active, and reactive controls of the SATCo and the 
motor domain of Bayley-III, and a positive, strong correlation 
was found between all conditions of the SATCo and the cogni-
tive and language domains of Bayley-III (P < .001).

Comparisons of Bayley-III composite scores and SATCo 
scores for both groups are shown in Table 3. All Bayley-III com-
posite scores in children with CP were significantly lower than 
those in their TD peers (P < .001). In all static, active, and reac-
tive controls, children with CP segmental trunk control scores 
were significantly lower than those of their TD peers (P < .001). 
The reactive control group had the lowest median value com-
pared to the static and active controls in children with CP, with 
a median value of 3.

According to the GMFCS levels of children with CP, the 
SATCo static, active, and reactive control scores are shown 
in Figure 2, and the Bayley-III motor, cognitive, and language 
domain composite scores are shown in Figure 3. Children 
with CP with high functional levels (GMFCS I and II) had the 
highest static, active, and reactive control scores of the SATCo 
(Fig. 2) and cognitive, language, and motor domain compos-
ite scores of the Bayley-III (Fig. 3), whereas children with low 
functional levels (GMFCS IV and V) had the lowest scores 
(Figs. 2 and 3).

Table 1

Descriptive characteristics of all children.

Demographics Children with CP (n = 30) Children with TD (n = 33)

Age (months), median (IQR) 29.0 (25.0–36.0) 29.0 (26.0–36.0)
Height (cm), median (IQR) 87.5 (83.0–94.0) 90.0 (88.0–94.0)
Weight (kg), median (IQR) 13.0 (10.5–15.0) 13.0 (12.0–15.0)
Sex (male), n (%) 21 (70.0) 23 (69.7)
GMFCS levels, n (%)
 � Level I 5 (16.7)
 � Level II 5 (16.7)
 � Level III 4 (13.3)
 � Level IV 11 (36.7)
 � Level V 5 (16.7)
Type of CP, n (%)
 � Spastic 27 (90.0)
 � Dyskinetic 1 (3.3)
 � Ataxic 0 (0)
 � Mixed 2 (6.7)
SATCo static scores, n (%)
 � Head 7 (23.3) 0
 � Upper thoracic 1 (3.3) 0
 � Mid-thoracic 3 (10.0) 0
 � Lower thoracic 5 (16.7) 0
 � Upper lumbar 1 (3.3) 0
 � Lower lumbar 2 (6.7) 0
 � Full trunk control 2 (6.7) 0
 � No trunk control loss 9 (30.0) 33 (100.0)
SATCo active scores, n (%)
 � Head 8 (26.7) 0
 � Upper thoracic 2 (6.7) 0
 � Mid-thoracic 2 (6.7) 0
 � Lower thoracic 5 (16.7) 0
 � Upper lumbar 1 (3.3) 0
 � Lower lumbar 1 (3.3) 0
 � Full trunk control 6 (20.0) 0
 � No trunk control loss 5 (16.7) 33 (100.0)
SATCo reactive scores, 

n (%)
 � Upper thoracic 11 (36.7) 0
 � Mid-thoracic 6 (20.0) 0
 � Lower thoracic 1 (3.3) 0
 � Upper lumbar 1 (3.3) 0
 � Lower lumbar 4 (13.3) 0
 � Full trunk control 3 (10.0) 0
 � No trunk control loss 4 (13.3) 33 (100.0)

% = Percentage, CP = cerebral palsy, GMFCS = Gross Motor Function Classification System, IQR 
= interquartile range (25th and 75th percentile), n = number, SATCo = Segmental Assessment of 
Trunk Control, TD = typically developing.

Table 2

Spearman correlations between SATCo scores and Bayley-III 
composite scores in children with CP (n = 30).

Correlations coefficients (r)

SATCo

Static control Active control Reactive control

Bayley-III Motor domain 0.920** 0.927** 0.926**
Cognitive domain 0.800** 0.772** 0.767**
Language domain 0.839** 0.803** 0.815**

Bayley-III = Bayley Scales of Infant-Toddler Development-3rd Edition, SATCo = Segmental 
Assessment of Trunk Control.
** All values are significant at P < .001.
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4. Discussion
In our current study, segmental trunk control and devel-
opmental parameters of children with CP and TD children 
aged between 24 and 42 months were examined. In addition 
to the strong correlation between SATCo (static, active, and 
reactive control) and motor development, our study demon-
strated a strong correlation between SATCo and domains 
of cognitive and language development in children with CP. 
Furthermore, children with CP had lower segmental trunk 
control levels and cognitive, language, and motor develop-
ment results than their TD peers, consistent with our clinical 
observations.

Any problem in the neuromotor system may affect postural 
control, which is a significant element of motor development.[32] 
Trunk postural control is linked to the acquisition of upright 
gross motor abilities, including independent sitting and stand-
ing.[33] Butler et al[27] found a strong relationship between the sit-
ting component of the Gross Motor Function Measure (GMFM) 
and SATCo (R = 0.731–0.833) in 24 children with neuromotor 
disorders with an average age of 10 years and 4 months, 21 of 
whom had CP. Our present study showed a stronger correlation 
(R = 0.920–0.927) between motor development and trunk con-
trol in children with CP than that a previous study by Butler et 
al.[27] A possible explanation for this stronger correlation could 
be that this study included younger children with narrower age 
ranges. Montero-Mendoza et al conducted a study evaluating 
sitting skills requiring trunk control with the Level of Sitting 
Scale and gross motor functions with the GMFCS level in 139 
children with CP and found a strong correlation between the 
findings of the 2 assessments.[34] In another study, Curtis et al[11] 
reported that a one-level increase in SATCo can have an effect 
of approximately 0.5 to 11 points on the GMFM in children 

with CP between the ages of 1 and 14 years. As a different pop-
ulation, in a study[35] conducted on infants and toddlers with 
Down syndrome, the authors found a high relationship between 
SATCo and GMFM and stated that the trunk control is import-
ant in determining gross motor function. The significant correla-
tion we found between motor development and segmental trunk 
control in the current study aligns with the findings of previous 
studies[11,27,35] that evaluated only the gross motor function of 
developmental parameters. In contrast to these studies,[11,27,35] 
our study used the Bayley-III assessment tool, which assesses 
both gross and fine motor parameters. Therefore, our study 
showed that segmental trunk control might be related not only 
to gross motor development but also to fine motor development 
in children with CP.

A stable trunk helps the child develop language and cognitive 
skills, while also supporting adaptation to the environment.[3] 
Children with CP may not always be able to explore and interact 
with their environment like their TD peers because of impaired 
trunk control,[23] which may lead to delays in cognition and lan-
guage later in life.[25,36,37] An important finding of our study is 
that children with CP who have impaired or poor trunk control 
also have poor cognitive and language development, which con-
firms the information mentioned above.[3,23,25,36,37] One possible 
explanation for this may be that within the framework of the 
embodied cognition approach,[38] children’s poor trunk control 
while sitting may not allow them to receive and produce sen-
sory information that forms the basis of cognitive and language 
development.[36,39]

The development of independent sitting, which requires 
segmental trunk control, changes learning opportunities and 
may have cascading effects on cognitive and language devel-
opment.[25] Previous studies have reported a positive relation-
ship between sitting skills and attention-cognitive abilities in 

Figure 1.  Correlation graphs of SATCo (static, active, reactive condition) scores and Bayley-III (motor, cognitive, language development) scores. The numbers 
on the y-axis are the SATCo trunk segmental levels in which children lose trunk control: 1 = head, 2 = upper thoracic, 3 = mid-thoracic, 4 = lower thoracic, 
5 = upper lumbar, 6 = lower lumbar, 7 = full trunk control, and 8 = no loss of trunk control. Bayley-III = Bayley Scales of Infant-Toddler Development-3rd Edition; 
SATCo = Segmental Assessment of Trunk Control.

Table 3

Comparison of Bayley-III composite scores and SATCo scores of both groups.

Children with CP
(n = 30)

Median (IQR)

Children with TD
(n = 33)

Median (IQR) Z P

Bayley-III Cognitive domain 55.0 (55.0–95.0) 110.0 (105.0–120.0) −5.623 <.001
Language domain 66.5 (47.0–91.0) 106.0 (97.0–115.0) −5.590 <.001
Motor domain 52.0 (46.0–74.0) 100.0 (94.0–107.0) −6.353 <.001

SATCo Static control 4.0 (1.75–8.0) 8.0 (8.0–8.0) −5.692 <.001
Active control 4.0 (1.0–7.0) 8.0 (8.0–8.0) −6.439 <.001
Reactive control 3.0 (2.0–6.25) 8.0 (8.0–8.0) −6.638 <.001

Bayley-III = Bayley Scales of Infant-Toddler Development-3rd Edition, CP = cerebral palsy, IQR = interquartile range (25th and 75th percentile), n = number, P = statistical significance, SATCo = Segmental 
Assessment of Trunk Control, TD = typically developing.
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children with CP[24] and motor delay.[40] To our knowledge, 
there has been no research, apart from the results of our study, 
that explores the relationship between language development 
and segmental trunk control in children with CP. In contrast, 
Oudgenoeg-Paz et al[41] found a positive association between 
the age at which independent sitting skills were acquired and 
productive language skills from 16 to 28 months, and Libertus 
and Violi[22] found a positive correlation between increased sit-
ting time and receptive language skills at 10 and 14 months in 
children with TD. The current study did not directly investigate 
the relationship between developmental parameters and sitting 
skills, but it revealed an association between segmental trunk 
control, which affects sitting skills, and cognitive and language 
development. Impaired or poor trunk control in children with 
CP may lead to difficulties in cognitive and language develop-
ment, and this information may be valuable for clinicians and 
future studies.

Consistent with previous studies,[12,42] our study found that 
the level of segmental trunk control in children with CP var-
ied according to the severity of involvement, and these children 
had poor trunk control, as expected, compared to children with 
TD. A possible explanation for this may be that craniocaudal 
progression of trunk control during normal development[29] is 
impaired or delayed during atypical development in children 
with CP.[2]

Development is a multidimensional and dynamic pro-
cess that includes cognitive, language, and motor develop-
ment.[43] In this dynamic process, children with severe motor 
impairments have different experiential backgrounds than 
those whose movements are not restricted.[44] It is likely that 
there is an interaction between brain lesions and inadequacy 

of experience.[44,45] In addition, more than 1 developmental 
domain may be affected in children with CP due to general 
brain impairment.[37,46] Factors such as functional mobility 
and general brain impairment may result in children with CP 
performing lower in motor, language, and cognitive develop-
mental domains than their TD peers. Rich et al[47] reported 
that children with hemiparetic CP had lower performance in 
fine motor skills of the less affected hand than their TD peers, 
and Nyman et al[48] reported that a group with neurodevel-
opmental disabilities, 6 of whom had CP, had a significantly 
lower prevalence of canonical babbling than children with TD. 
A recent systematic review and meta-analysis[49] revealed that 
children with CP showed deficits in executive functioning, a 
component of the cognitive domain, compared to their TD 
peers. As expected, in line with the results of these studies,[47–49] 
we showed that children with CP showed lower performance 
in motor, cognitive, and language development domains than 
their TD peers.

4.1. Limitations

The present study had several limitations. First, the distribution 
according to the GMFCS levels was not homogeneous; there-
fore, we cannot generalize this relationship to all children with 
CP. Another limitation is that 90% of the children with CP 
included in our study had spastic-type CP; therefore, it may not 
be correct to generalize these results to dyskinetic, ataxic, and 
mixed clinical types. Therefore, future studies should be con-
ducted with a larger sample size to provide an even distribution 
across GMFCS levels and types of CP to support the current 
findings.

Figure 2.  SATCo scores (static, active, reactive) of children with CP according to the GMFCS levels. The solid line represents the medians of the group at each 
level. CP = cerebral palsy, GMFCS = Gross Motor Function Classification System, SATCo = Segmental Assessment of Trunk Control.
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5. Conclusion
In conclusion, this study revealed that segmental trunk control 
is strongly related to motor development as well as cognitive 
and language development in children with CP. In addition, seg-
mental trunk control levels and cognitive, language, and motor 
development results of children with CP were lower than those 
of their TD peers. We believe that this strong relationship will 
guide clinicians and therapists in planning and implementing 
intervention programs for children with CP who have difficul-
ties in trunk control.
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