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MAIN POINTS

• Thoracic deformities in cerebral
palsy are very important because
they are life-threatening.

• In thoracic deformities, PE defor-
mity was the most common in the
anterior chest wall, while scoliosis
was seen in spinal deformities.

• In CP, chest deformity evaluation
should be done at an early age.
Measurements should be evaluated
by comparing over the years.

Cite this article as: Solgun Dag S, Ozbag D,
Kizilay E, Canbay Durmaz S. Examination
of thoracic deformities in patients with dif-
ferent clinical types of cerebral palsy. Ann
Med Res. 2025;32(12):521--527. doi:
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ABSTRACT

Aim: Cerebral Palsy is a clinical condition that causes permanent but non-progressive damage to
the developing brain and can affect multiple systems. This study aimed to evaluate functional
levels by assessing thoracic deformities across different clinical types of cerebral palsy (CP)
and by gender, while also comparing anthropometric measurements between individuals with
CP and a healthy control group.
Materials and Methods: Between the ages of 6 and 12 years, a total of 154 patients diagnosed
with cerebral palsy (91 males, 63 females) and 40 healthy individuals (20 males, 20 females)
were included in the study. Demographic characteristics, clinical type of CP, secondary findings,
thoracic deformity, anthropometric measurements, and functionality levels were obtained from
the patients. A tape measure and caliper were used for anthropometric measurements.
Results: The results indicated that the spastic type was the most prevalent clinical presentation
of CP, with intellectual disability being the most common secondary problem. Among thoracic
deformities, pectus excavatum was the most frequent anterior chest wall deformity, observed
in 9.52% of females and 16.48% of males. Scoliosis was the most common spinal deformity,
affecting 26.98% of females and 21.98% of males. Functionally, most patients were classified
at GMFCS level II and Ambulation Group 1, although thoracic deformities were more prevalent in
Group 2 patients. Furthermore, anthropometric measurements of patients with CP were signifi-
cantly lower than those of healthy individuals, with statistically significant differences observed
between Group 1, Group 2, and the healthy control group (p<0.05).
Conclusion: Cerebral palsy has a substantial impact on anthropometric measurements, mus-
culoskeletal integrity, and the functional performance of the patients. Consequently, regular
monitoring of the thoracic area is essential. The inclusion of thoracic evaluations in routine
follow-up and treatment plans will likely have a positive impact on the disease's progression.
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INTRODUCTION

Cerebral Palsy (CP) is a group of permanent disorders associ-
ated with non-progressive issues in the developing fetal or in-
fant brain, leading to activity limitations that persist through-
out life in movement and posture development [1]. Children
with CP are generally classified into pyramidal (spastic) and
extrapyramidal (non-spastic) types, based on the location and
nature of neurological damage. Spastic CP results from corti-
cospinal tract injury and is characterized by increased muscle

tone and stiffness, while extrapyramidal CP involves damage
to the basal ganglia or cerebellum, causing movement disor-
ders. The non-spastic subgroup includes dyskinetic, ataxic,
and hypotonic types. This classification supports individu-
alized assessment and guides functional and therapeutic plan-
ning. Spasticity is very common inCP, accounting for 70-80%
of cases [2].

The etiology is unknown in 30-40% of CP cases. It has been
observed that the most significant cause of CP is prenatal
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pathologies in 70-80% of cases. Among these, prematurity is
the most common [3]. Motor disorders are often accompa-
nied by secondary problems in CP. A heterogeneous picture
emerges, as it may include neurological, psychological, behav-
ioral, social, nutritional, and other issues [4].
The healthy growth and development of the spine happen
alongside well-coordinated systems. If the spine experiences
uneven muscle strength during growth, deformity can occur
[5]. In neuromuscular diseases, abnormal loads result from
muscle imbalance in the spine. This imbalance causes asym-
metric growth of the vertebral bodies in individuals with im-
mature skeletal systems. Spinal deformity occurs more fre-
quently in CP patients than in the general population. The
rate varies depending on the severity of the neurological con-
dition. The incidence of spinal deformity in all CP patients is
25% [6].
Anterior chest wall deformities result from the abnormal
development or deformation of the thoracic skeleton. In
most cases, these deformities do not cause significant or life-
threatening functional impairment of intrathoracic organs
[7].
The primary objective of this study is to evaluate thoracic de-
formities and functional levels in children diagnosedwith var-
ious clinical types of cerebral palsy—a condition known to
affect multiple physiological systems—while examining vari-
ations based on gender. A secondary objective is to compare
anthropometric measurements between the cerebral palsy
group and a healthy control cohort to identify significant dis-
parities.

MATERIALS ANDMETHODS
Study design and ethical approval

This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. Ethical approval was
obtained from the Inonu University Health Sciences Non-
Interventional Clinical Research Ethics Committee (decision
no. 2021/1001). The study is based on a doctoral thesis
completed at Inönü University. After providing comprehen-
sive information about the study’s objectives and procedures,
written informed consent was obtained from the parents or
legal guardians of all participants.

Participants and recruitment

This study included 154 children (91 male, 63 female) aged
6-12 years with a diagnosis of cerebral palsy (CP) and 40
age-matched healthy controls (20 male, 20 female). Partici-
pants with CP were recruited from five different rehabilita-
tion centers in Malatya using a purposive sampling method.
This non-probability technique allowed for the targeted en-
rollment of individuals whomet the specific inclusion criteria
for the study.
Individuals were excluded from the study if they had received
botulinum toxin injections within the last six months, had a

(a) Round Back: Characterized by an exaggerated thoracic kyphosis,
leading to a posterior convex curvature of the upper spine and slouched

posture.

(b) Pectus Carinatum: Also known as “keel chest,” this deformity involves
anterior protrusion of the sternum and costal cartilages, resulting in a

rigid and elevated chest wall appearance.

Figure 1. Visual representation of two distinct thoracic deformities com-
monly encountered in children with spastic CP.

co-existing lung disease, a history of thoracic surgery, or short-
extremity stature.

Data collection and assessments
For each patient with CP, the following data were collected:
demographic information, clinical type of CP, secondary
medical findings, and Gross Motor Function Classification
System (GMFCS) level.

• Thoracic Deformity Assessment: The presence of tho-
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racic deformities (Figure 1a, 1b) was determined by a
physical therapy doctor through a comprehensive clin-
ical protocol that combined visual inspection with radi-
ological imaging to ensure diagnostic accuracy.

• GrossMotor FunctionClassificationSystem (GMFCS):
The GMFCS scale for the 6-12 age range was used to
classify the functional mobility of the patients. The
scale consists of five levels, with Level I representing the
highest level of function and Level V representing the
most limited. For analytical purposes, patients were di-
vided into two groups based on their ambulation capac-
ity: Group1 (GMFCS levels I-III), consisting of patients
who can walk, and Group 2 (GMFCS levels IV-V), con-
sisting of patients who cannot walk [8].

• Anthropometric Measurements: To enhance reliabil-
ity and minimize observational bias, all anthropometric
measurements were conducted by two independent ob-
servers using a standard 1.5-meter tape measure and a
Harpenden caliper.

Anthropometric measurement procedures

• Chest Circumference: Measured with a tape measure
passing horizontally at the level of the xiphoid process
and below the axilla during normal, quiet breathing [9].

• Abdominal Circumference: Measured at the level of the
umbilicus with the participant in a supine position.

• Shoulder Circumference: Measured around the shoul-
der at the most prominent point of the deltoid muscle,
passing under the acromion [10].

• ThoraxWidth: Measured from the anterior aspect at the
level of the angulus costae of the 6th rib using a digital
caliper.

• Shoulder Width: Measured from the posterior aspect,
with the caliper endsplacedon themostprominentparts
of the deltoid muscles while the arms were relaxed at the
sides [11].

• Biacromial Width: Measured from the posterior aspect,
with the caliper ends placed on themost lateral points of
the acromion processes [10].

Statistical analysis

All statistical analyses were performed using IBMSPSS Statis-
tics (version 26.0).
Quantitative data were summarized as mean ± standard de-
viation for normally distributed variables and as median
(minimum–maximum) for non-normally distributed data.
Qualitative variables were expressed as frequencies and per-
centages. The Shapiro-Wilk and Kolmogorov-Smirnov tests

(a) Female.

(b)Male.

Figure 2. GMFCS Group 1 and Group 2 distributions of the patient group
by gender. (Group 1 includes children with higher functional mobility
(Levels I and II), while Group 2 represents those with greater motor limi-
tations (Levels III to V). Notable differences in subgroup prevalence may
reflect gender-based variation in clinical presentation and severity).

were used to assess the normality of data distribution. For
comparing two groups, the Independent Samples t-test was
used for normally distributed variables, while the Mann-
Whitney U test was used for non-parametric data. For cate-
gorical variables, the Pearson Chi-square test was used; if ex-
pected cell counts were low, Fisher’s exact test was applied.
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Table 1. Distribution of thoracic deformities in the patient group by gender.

Thoracic Deformity Female n(%) Male n(%) p-value
Spastic Dyskinetic Ataxic Hypotonic Spastic Dyskinetic Ataxic Hypotonic

Kyphosis 1 (3.13) 0 (0.00) 0 (0.00) 0 (0.00) 5 (8.20) 2 (20.00) 0 (0.00) 0 (0.00) 0.048
Scoliosis 10 (31.25) 3 (27.27) 2 (20.00) 2 (20.00) 12 (19.67) 2 (20.00) 2 (20.00) 4 (40.00) 0.037
Hyperlordosis 3 (9.38) 0 (0.00) 0 (0.00) 0 (0.00) 6 (9.84) 0 (0.00) 0 (0.00) 0 (0.00) 0.092
Round Back 2 (6.25) 0 (0.00) 0 (0.00) 1 (10.00) 4 (6.56) 0 (0.00) 2 (20.00) 2 (20.00) 0.066
Flat Back 2 (6.25) 0 (0.00) 0 (0.00) 1 (10.00) 3 (4.92) 2 (20.00) 0 (0.00) 1 (10.00) 0.085
Pectus Excavatum 3 (9.38) 1 (9.09) 0 (0.00) 2 (20.00) 11 (18.03) 0 (0.00) 1 (10.00) 3 (30.00) 0.022*
Pectus Carinatum 2 (6.25) 0 (0.00) 0 (0.00) 1 (10.00) 6 (9.84) 1 (10.00) 2 (20.00) 1 (10.00) 0.059
*Calculated using Pearson Chi-square or Fisher’s exact test depending on expected cell counts. Values in bold indicate statistically significant group differences (p = 0.022).

Table 2. Distribution of Gross Motor Function Classification System (GMFCS) levels by gender in the patient group.

GMFCS Female n(%) Male n(%) p-value
Spastic Dyskinetic Ataxic Hypotonic Spastic Dyskinetic Ataxic Hypotonic

Level I 4 (12.50) 0 (0.00) 0 (0.00) 3 (30.00) 18 (29.51) 0 (0.00) 0 (0.00) 0 (0.00) 0.021*
Level II 11 (34.38) 2 (18.18) 3 (30.00) 3 (30.00) 18 (29.51) 3 (30.00) 2 (20.00) 1 (10.00) 0.133
Level III 6 (18.75) 5 (45.45) 6 (60.00) 2 (20.00) 6 (9.84) 5 (50.00) 4 (40.00) 1 (10.00) 0.038*
Level IV 3 (9.38) 2 (18.18) 1 (10.00) 0 (0.00) 4 (6.56) 1 (10.00) 3 (30.00) 1 (10.00) 0.092
Level V 8 (25.00) 2 (18.18) 0 (0.00) 2 (20.00) 15 (24.59) 1 (10.00) 1 (10.00) 7 (70.00) 0.011*
* Derived using Pearson Chi-square or Fisher’s exact test depending on cell frequencies. Bold values indicate statistically significant differences (p<0.05) across gender and
clinical types.

Table 3. Thoracic deformity distribution of patients in Group 1 and Group 2 by gender.

Thoracic Deformity Female n(%) Male n(%) p-value
Group 1 Group 2 Group 1 Group 2

Kyphosis 0 (0.00) 1 (5.56) 4 (6.90) 3 (9.09) 0.291
Scoliosis 9 (20.00) 8 (44.44) 5 (8.62) 15 (45.45) 0.014*
Hyperlordosis 2 (4.44) 1 (5.56) 6 (10.34) 0 (0.00) 0.036*
Round Back 2 (4.44) 1 (5.56) 0 (0.00) 8 (24.24) 0.019*
Flat Back 2 (4.44) 1 (5.56) 4 (6.90) 2 (6.06) 0.837
Pectus Excavatum 1 (2.22) 5 (27.78) 6 (10.34) 9 (27.27) 0.022*
Pectus Carinatum 1 (2.22) 2 (11.11) 3 (5.17) 7 (21.21) 0.038*
*Indicates the statistical significance of deformity distribution between Group 1 and Group 2 (by gender), calculated using Pearson Chi-square or Fisher’s exact tests. Bold
values denote statistical significance (p<0.05).

Table 4. Anthropometric measurements and significance values of female Group 1 and Group 2 patients and the healthy group.

Anthropometric Axillar Xiphoid Subcostal Abdominal Shoulder Thorax Shoulder Biacromial
Measurements Circumference Circumference Circumference Circumference Circumference Width Width Circumference

Group 1 63ab* 63ab 57ab 57ab 24b 16ab 25ab 19ab
(52-95)** (54-86) (45-86) (42-95) (15-33) (11-24) (18-37) (14-30)

Group 2 58.50b 58b 52b 49.50b 21b 14b 22b 17b
(48-71) (48-72) (43-63) (42-63) (7-28) (11-19) (18-28) (12-24)

Healthy 69.50 67.50 62.50 66 26.50 18 27.50 23
(58-96) (58-89) (52-86) (53-90) (21-42) (14-27) (22-40) (18-29)

p*** <0.001 <0.001 <0.001 <0.001 0.00334 <0.001 <0.001 <0.001

*a: Different according to the dyskinetic group, b: Different according to the ataxic group, c: Different according to the hypotony group, d: Different according to the healthy
group. **: Variables, ’median (min.-max.)’ ***:Kruskal Wallis test.

TheKruskal-Wallis test was used for comparisons acrossmore
than two independent groups. A p-value of less than 0.05was
considered statistically significant. An a priori power analysis
indicated that a minimum of 64 participants per group was
required to achieve 80% power with amedium effect size (Co-

hen’s d = 0.5) at a significance level of α = 0.05. The sample
sizewas increased to ensure adequate statistical power for sub-
group analyses. Prior to analysis, all data were pre-processed
to identify and handle outliers, missing values, and inconsis-
tencies
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Table 5. Anthropometric measurements and significance values of male Group 1 and Group 2 patients and the healthy group.

Anthropometric Axillar Xiphoid Subcostal Abdominal Shoulder Thorax Shoulder Biacromial
Measurements Circumference Circumference Circumference Circumference Circumference Width Width Circumference

Group 1 64.50b* 63.50b 57b 56.50ab 23b 16b 24b 18.50b
(53-91)** (53-88) (42-85) (46-90) (16-35) (11-24) (19-35) (13-27)

Group 2 61b 62b 56b 52b 21b 15b 24b 18b
(49-78) (47-78) (42-75) (39-73) (12-34) (10-25) (17-35) (14-31)

Healthy 72.50 69.50 65.50 66.50 25.50 18.50 29 23
(59-90) (61-89) (53-84) (51-87) (21-33) (16-28) (24-36) (18-27)

p*** <0.001 <0.001 <0.001 <0.001 0.00379 <0.001 <0.001 <0.001

*a: Different according to the dyskinetic group, b: Different according to the ataxic group, c: Different according to the hypotony group, d: Different according to the healthy
group. **: Variables, ’median (min.-max.)’ ***:Kruskal Wallis test.

RESULTS
A total of 154 CP patients (41% female, 59% male) and 40
healthy individuals (50% female, 50% male) were included in
the present study. The CP patients comprised the “patient
group,”while healthy individuals formed the “control group.”
According to GMFCS classifications, Levels I–III (Group 1)
included ambulatory patients, and Levels IV–V (Group 2)
comprised non-ambulatory individuals.
Height and weight were significantly lower in the patient
group compared to the control group. Although BMI values
were also lower in the patient group, the difference did not
reach statistical significance.
Distribution of CP clinical subtypes among females included
spastic (n = 32), dyskinetic (n = 11), ataxic (n = 10), and hy-
potonic (n = 10) presentations. Among males, subtypes were
spastic (n = 61), dyskinetic (n = 10), ataxic (n = 10), and hy-
potonic (n = 10). Secondary conditions frequently observed
in CP patients included intellectual disability, speech impair-
ment, behavioral problems, swallowing and drooling difficul-
ties, epilepsy, and visual impairments.
Thoracic deformity distribution by gender is shown in Table
1, while GMFCS levels are provided in Table 2. The distribu-
tion of Group 1 and Group 2 patients by gender is visualized
in Figure 2, and Table 3 details thoracic deformity distribu-
tions across these functional groups. Anthropometric mea-
surements and their statistical comparisons by gender are pre-
sented in Tables 4 and 5.

DISCUSSION
This study provided a comprehensive evaluation of thoracic
deformities, functional capacity, and anthropometric charac-
teristics in children with various clinical subtypes of cerebral
palsy (CP), with a specific focus on gender differences. Un-
like previous research that has concentrated primarily on ex-
tremity deformities, our study emphasized structural devia-
tions in the spinal and anterior chest wall—areas often over-
looked in routine clinical evaluations. Our findings confirm
that children with CP exhibit significantly altered anthropo-
metric profiles and a high prevalence of thoracic deformities,
the severity of which correlates with functional impairment.

In our cohort, height and weight were significantly lower in
individuals with CP compared to healthy controls, a finding
consistentwith thework ofUygur et al. [12]. However, while
we observed lower (BMI) values in the patient group, the dif-
ference did not achieve statistical significance. The prevalence
of secondary conditions in our sample—such as intellectual
disability, speech difficulties, and epilepsy—alignswith trends
reported by Durmaz et al., reinforcing the multi-systemic na-
ture of CP. These comorbidities likely compound muscu-
loskeletal dysfunction, limiting growth and contributing to
the development of thoracic deformities [13-15].
The rate of thoracic and spinal deformities in our study was
notable. We identified pectus excavatum (PE) in 9.52% of fe-
males and 16.48% of males, and scoliosis was the most com-
mon spinal deformity. This contrasts with earlier studies,
such as by Ersöz et al. [16], who found no anterior chest
wall deformities, and Öneş et al. [17], who reported a lower
overall rate of spinal deformities. We attribute the develop-
ment of these deformities to a combination of factors inher-
ent toCP, including biomechanical imbalances, asymmetrical
muscle tone, impaired proprioception, and postural instabil-
ity against gravity.
Functionally, our patient cohort demonstrated a higher level
of motor ability compared to those in previous Turkish stud-
ies. While Karabay et al. [9] and Atay et al. [18] reported
a majority of patients in GMFCS Levels III–V, our study
found that most participants (71.43% of females and 63.74%
of males) were classified in Group 1 (GMFCS Levels I–II).
This encouraging trend may reflect advancements in early di-
agnosis and rehabilitation services. As expected and consis-
tent with the literature [8], our results confirmed a strong re-
lationship between functional level and deformity prevalence;
both anterior chest wall and spinal deformities were signif-
icantly more common in non-ambulatory Group 2 patients
(GMFCS IV-V). As patients’ motor independence decreased,
the rates of deformity increased.
Our anthropometric findings largely support previous re-
search showing reduced growth parameters in children with
CP [10,14]. We observed significantly lower chest (axillary,
xiphoid, subcostal), abdominal, and shoulder circumferences,
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as well as reduced thorax, shoulder, and biacromial widths.
These results expand on the findings of Uygur et al. [12], as
we also identified significant reductions in xiphoid and sub-
costal circumferences, which they did not. This discrepancy
may be due to our inclusion of more severely affected spastic
and dyskinetic subtypes. Furthermore, contrary to the find-
ings of Kosif et al. [19], who reported no significant differ-
ences in girls, our study found lower anthropometric values in
bothmales and females. An exceptionwas observed in females
with ataxic CP, whose measurements were closer to controls.
This can likely be explained by their high functional status,
as 90% of them were in GMFCS Level I. This highlights the
critical role that motor function plays in musculoskeletal de-
velopment.

Limitations

This study has certain limitations that should be acknowl-
edged. The sample size, while substantial,may limit the gener-
alizability of our findings to the broader CP population. Ad-
ditionally, some observed thoracic deformities were complex
and could not be classified into standard categories, which
may have influenced our reported prevalence rates. Future
longitudinal studies are warranted to track the progression of
these deformities over time and to assess their impact on res-
piratory function and quality of life.

CONCLUSION
Cerebral palsy significantly impactsmusculoskeletal integrity,
anthropometric development, and functional capacity. Our
findings underscore the high prevalence of thoracic defor-
mities in this population and their strong correlation with
motor impairment. Therefore, routine thoracic evaluation
should be integrated into standard physiotherapy assessments
for children with CP. Regular monitoring can aid in the early
detection of deformities, allowing for timely interventions
that may positively influence the disease trajectory and im-
prove long-term outcomes.
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