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Abstract

Objectives: Chest wall deformities are a series of abnormalities that extend from the sternum to the vertebral column and often
cause aesthetic and psychological problems. Most chest wall deformities are caused by cartilaginous malformations such as pec-
tus excavatum and pectus carinatum. The aim of this study was to provide a detailed description of chest wall abnormalities in
young male athletes with no existing complaints.

Methods: A comprehensive health assessment was performed on 1600 young men at the Erzincan Police Vocational Training
Centre in March 2023. The evaluation included chest radiographs, pulmonary function tests, electrocardiography, transthoracic
echocardiography, haemogram, biochemical test findings and comorbidities. Haller index scale was used to grade the severity of
pectus deformity in individuals with pectus excavatum.

Results: Pectus excavatum deformity was detected in 16 individuals (1%). Pectus carinatum was detected in only one individual
(0.06%). Only one of the patients with chest wall deformity had an abnormal pulmonary function test, especially in the form of
a minor obstructive pattern. In addition, 11 individuals in this group had associated electrocardiographic abnormalities. These
abnormalities did not cause significant clinical findings.

Conclusion: Our study showed that the prevalence of chest wall deformities in physically active young men is comparable
to the prevalence of chest wall deformities reported for the general population in the available literature. Furthermore, this
study demonstrated a higher prevalence of electrocardiographic abnormalities in subjects with chest wall deformities.
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Introduction

Chest wall deformities (CWDs) cover a wide range of
abnormalities from the sternum to the vertebral column.
The main reasons why individuals seek medical advice are
usually related to aesthetic issues and psychological well-
being. A small proportion of those with deformities pre-
sent with clinically significant complaints. Depending on
the specific type of abnormality, its severity and associated
conditions, functional breathing problems and significant
cardiopulmonary consequences may occur.? Hence, it is
crucial for patients to accurately identify abnormalities and
determine any associated conditions.

The literature reports a frequency of 1% for chest
abnormalities in the general population.”! CWDs that
occur from the sternum to the vertebral column can be
categorised into five types based on their specific anatom-
ical region: cartilaginous, costal, combination of costo-
chondral, sternal, and costovertebral. The categorization
of CWDs developed by Acastello is shown in Table 1.1’

The majority of CWDs globally are caused by carti-
laginous malformations (pectus excavatum and pectus car-
inatum)." Pectus excavatum (PE) occurs in around 1 to 10
per 1000 live births and represents 90% of CWDs. This
deformity is defined by the existence of a sternal depres-
sion of varying depth caused by irregular growth of the
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Table 1
The Acastello classification of chest wall deformities based on the deformity region.

The anatomical region of deformity

Specific appearance

Type 1 Cartilaginous Pectus excavatum
Pectus carinatum
Type 2 Costal Simple or complex
(Agenesis, hypoplasia, bifid...)
Type 3 Combination of costochondral Poland’s syndrome
VACTER syndrome
Type 4 Sternal Sternal cleft (+/— ectopia cordis)
Currarino Silvermann syndrome
Type 5 Costovertebral Simple or syndromic

basal costal cartilage structures. PE, the exact etiology of
which remains unknown, usually appears as a congenital
disorder that arises throughout childhood or adolescence.
In moderate and severe cases, PE may force the heart to
rotate to the left, cause sternal depression, and reduce the
chest’s anteroposterior width."**! The Haller index (HI) is
used to determine the severity of the PE deformity. HI is
the ratio of the transverse diameter of the rib-cage to its
anteroposterior diameter. It is around 2.5 in a normal
chest, but in pectus excavatum the index is >3.25, it is nec-
essary to use radiological imaging techniques such as
radiography or computed tomography.”

Pectus carinatum (PC), the second most prevalent mal-
formation, results in significant physical, aesthetic, and
psychological issues as a result of the anterior protrusion of
the sternum and cartilaginous ribs. Prevalence of PC
among teenagers is around 1 in 1000. PC is less common
than PE, however in specific geographic regions, PC is
nearly the same or more common than PE. Just like PE
deformity, the exact cause of pectus carinatum is yet
unclear 1%

Pectus excavatum has been related to reduced exercise
capacity, pain in the chest, and a negative self-image.
Furthermore, as pectus excavatum and carinatum abnor-
malities are linked to hereditary disorders like Marfan
Syndrome, it is crucial to identify them early on for the
prompt detection of life-threatening aortic conditions,
particularly in those engaged in athletic activities.""

"The goal of our study was to provide a detailed descrip-
tion of chest wall abnormalities observed on chest radio-
graphs during health screening in young male persons who
practice sports without existing complaints, to establish
the incidence of these deformities, and to determine any
potential associated medical conditions.
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Materials and Methods

In March 2023, a comprehensive health assessment was
performed in our hospital for a group of 1600 young
men selected for training at the Erzincan Police
Vocational Training Centre. The retrospective evalua-
tion included chest radiographs, pulmonary function
tests, electrocardiography (ECQG), transthoracic echocar-
diography, haemogram, biochemical test findings and
analysis of comorbidities.

The study population consisted of 1600 individuals
screened for CWD by chest radiography. This study
cohort was compared with those diagnosed with CWD in
terms of abnormalities in pulmonary function tests, ECG,
transthoracic echocardiography findings and laboratory
test data. Chest radiographs were performed two-view,
posteroanterior and lateral. The x-ray scans were evaluat-
ed by a radiologist who has 10 years of expertise. Patients
with thoracic wall deformity detected using plain radiog-
raphy were recorded. The HI was computed for every per-
son with suspected PE in this study, using the formula sug-
gested by Haller et al."” The HI is calculated by dividing
the transverse diameter of the chest in PA radiographs by
the shortest width between the front edge of the vertebral
body and the posterior surface of the sternum measured in
lateral radiographs (Figure 1).

The HI scale was also used to grade pectus deformity
in patients with PE. During the grading process, we con-
sidered the study conducted by Daunt et al. In accor-
dance with their findings, instances with the HI ranging
from 2.7 to 3.2 were classified as mild PE, instances with
the HI between 3.2 and 3.5 were classified as moderate
PE, and those with the HI over 3.5 were classified as
severe PE.

"The study population’s respiratory function tests, elec-
trocardiography, and transthoracic echocardiography
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Figure 1. The figure shows how the measurements determining the Haller index were performed. Posteroanterior (a) and lateral (b) two-view chest
radiography of a 24-year-old male with pectus excavatum. A: the transverse diameter of the thorax is measured from the inner surface of the costae
on both sides, where the diameter is widest; B: measurement of the shortest distance between the anterior edge of the vertebral body and the pos-
terior surface of the sternum on lateral radiographs.

findings were acquired from the hospital information sys-
tem and recorded. Haemoglobin (Hb), hematocrit (Htc),
platelet count (Plt), white blood cell count (WBC), neu-
trophil count, lymphocyte count, and serum lactate dehy-
drogenase (LDH) levels were retrieved from the hospital’s
laboratory data.

IBM SPSS Statistics for Windows version 25.0 (IBM
Corp., Armonk, NY, USA) was used for all statistical anal-
yses. The normal distribution of the data was tested with
Kolmogorov-Smirnov test. Continuous parameters with-
out normal distribution were stated as median (minimum-
maximum). Categorical data were stated as frequencies (n)
and percentages (%). Mann-Whitney U test was used to
compare the median values of the age and the laboratory
parameters between chest wall deformity and healty
groups. Chi-Square test was used to compare the percent-
ages of ECG and respiratory function test abnormalities
between the groups. A two-tailed value of p<0.05 was con-
sidered statistically significant.

Results

The study population consists of 1600 people for whom
we conducted CWD screening by chest radiography.
The entire group consisted exclusively of male volun-
teers. Following the screening, CWD was identified in a

total of 17 (1.06%) individuals of the 1600 participants
tested. The overall age distribution of study population
was found to be a minimum of 20, a maximum of 30, and
a median age of 24. The age distribution of those diag-
nosed with CWD ranged from a minimum of 21 to a
maximum of 28, with a median age of 25 (p=0.28).

Pectus excavatum deformity was identified in 16 (1%)
individuals (Figure 2). According to the Haller index, 13
(0.81%) cases were categorised as mild excavatum, 2
(0.12%) cases as moderate excavatum, and 1(0.06%) case
as severe excavatum. The subtypes of CWD identified
throughout the screening are shown in Table 2. Out of
the total cases, one (0.06%) was diagnosed with pectus
carinatum (Figure 3).

Table 2
Types of chest wall deformities detected in the study.

Type of CWD n (%)

Pectus excavatum (PE) 16 (1%)
Mild PE 13 (0.81%)
Moderate PE 2 (0.12%)
Severe PE 1 (0.06%)

Pectus carinatum 1 (0.06%)
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63.50 mm

310.51 mm

Figure 2. Posteroanterior (a) and lateral (b) two-view chest radiography of a 25-year-old male with pectus excavatum. Haller index was calculated
as 4.89.

Mild obstructive abnormalities were detected in pul- The prevalence of test abnormality in PE has been
monary function test results in 26 out of 1600 partici- shown to be 6.2%.

pants (1.6%). CWD was detected in only 1 (0.06%) of ECG abnormalities, including T wave inversions,
them and this person had mild PE deformity (p=0.19).  bradycardia, tachycardia, arrhythmias, bundle branch

170.06 mm

Figure 3. Posteroanterior (a) and lateral (b) two-view chest radiography of a 21-year-old male with pectus carinatum. Haller index was calculat-
ed as 1.76.
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Table 3
Electrocardiography (ECG) abnormalities detected in the study population.

Type of ECG abnormality

n (%)

Study population

1600

T wave inversions

45 (2.81%)

Bradycardia 47 (2.942%)
Tachycardia 70 (4.38%)
Arrhythmias 7 (0.44%)
Bundle branch blocks 5(0.31%)
Ventricular extra beats 2 (0.12%)
Chest wall deformities 17
Mild PE T wave inversions 3(17.6%)
Bradycardia 3(17.6%)
Tachycardia 2 (11.8%)
Right bundle branch blocks 1(5.9%)
Moderate PE T wave inversions 1(5.9%)
Right bundle branch blocks 1(5.9%)

block and ventricular extrasystoles, were detected in 176
(11%) of the total 1600 participants (Table 3). Among
persons who have been diagnosed with CWD, 11
(67.7%) patients had specific abnormalities in their
ECGs. These abnormalities included T wave inversions
(V1-V4 leads) in 4 (23.5%), bradycardia in 3 (17.6%),
tachycardia in 2 (11.8%) and right bundle branch blocks
in 2 (11.8%) patients. Out of 11 particioants, 9 had a
mild excavatum deformity while 2 had a moderate exca-
vatum deformity. Individuals with CWD had a higher
occurrence of ECG abnormalities compared to the
research participants (p=0.01). However, these abnor-
malities did not cause significant clinical findings.

Transthoracic echocardiography was normal in all
individuals with thoracic deformity and no abnormality
was found in haemogram and biochemistry parameters
(Table 4). Furthermore, no other systemic or syndromic
disease was identified in the patients.

Discussion

For many years, most chest wall anomalies, such as pectus
excavatum, were considered an incidental finding with no
significant clinical consequences. In general, it does not
cause symptoms severe enough to require surgical inter-
vention. However, there is evidence in the literature that it
can lead to complaints and symptoms such as palpitations,

Table 4
The relationship between laboratory parameters and the presence of chest wall deformities.

CWD exist (n=17)

No CWD (n=1583)

M (min-max) M (min-max) p-value*
Age (years) 25 (21-28) 24 (20-30) 0.280
Hemoglobin (g/dL) 14.3 (13-16.8) 13.8(12.5-17.7) 0.341
WBC (x103/uL) 7.76 (6.45-9.53) 7.1 (4.75-10.59) 0.207
Platelet (x103/uL) 215.3(196.4-318) 231.1(178.2-364) 0.195
Lymphocyte (x103/uL) 3.21(2.76-4.24) 3.02 (1.96-5.75) 0.255
Neutrophil (x103/uL) 4.23 (3.48-7.45) 4.06 (3.05-8.18) 0.354
Hematocrit (%) 41.35 (38.3-44.6) 40.45 (36.7-48.7) 0.315
LDH (U/L) 215 (139-455) 239 (107-847) 0.169

*P-value was obtained from Mann-Whitney U test. CWD: chest wall deformity; LDH: lactate dehydrogenase; M: median.
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fatigue and exertional dyspnea.’”! In this study, the fre-
quency of chest wall deformities detected during health
screening in young male athletes without any complaints
was evaluated and possible related pathologies were tried
to be determined.

Aligned with the existing body of research, our findings
indicate that PE was the most commonly observed CWD,
with a prevalence rate of 88%. Fokin et al.”! revealed that
PE accounts for roughly 90% of all CWDs in their study.
In line with the findings reported by Fokin et al.,”) our
investigation revealed a prevalence rate of 1 in 1000 for

PE.

We conducted HI assessments using 2-way chest
radiographs to determine the severity of PE deformities.
There has been a growing difference of opinion in recent
years about the evaluation of individuals with PE defor-
mity using imaging techniques. There are two separate
groups that recommend evaluating the severity and mor-
phology of PE with conventional radiographs or thorax
CT. Studies have shown that there is no significant dif-
ference between the HI calculated from conventional
radiography and that from CT. Mueller et al."¥ con-
ducted a comparison between the Haller index acquired
from chest radiographs and the one obtained from CT
scans. The average HI among the 12 children was 3.97
in CT, whereas the chest X-ray HI was 4.08 (Pearson
correlation value: 0.984). Accordingly, they recommend
that performing chest CT scans on patients without
symptoms is unnecessary and that the level of radiation
exposure can be minimised by using chest X-rays to mea-
sure the HI. This study conducted by Mueller et al.
demonstrates that there is no significant difference in the
measurement of HI when using either chest CT or chest
X-ray. Therefore, the utilisation of chest CT is not
essential for accurately estimating HI. This literature
data confirms that not measuring the HI values from
chest CTs, as we did in our study by using chest radio-
graphs, will not result in a limitation.

The prevalence of PC detected in our study was
0.06%, which is similar to the rates reported by McHam
et al.”’ Nevertheless, in particular some geographic
regions and race, the prevalence of PC is nearly equiva-
lent to or greater than that of PE.I""*'®l Further radio-
graphic data reveals that minor subtypes of PC may be
present in around 5% of the population. Our study pop-
ulation did not include any patients with mild PC defor-
mity.

Malek et al.'”! supports that PE is associated with
reduced exercise capacity due to impaired cardiovascular

Anatomy e Volume 18 / Issue 1/ April 2024

performance rather than physiological disorders (physical
deconditioning) and respiratory dysfunction. We found
that individuals with PE deformity were more likely to
have electrocardiographic abnormalities rather than respi-
ratory problems, which supports this observation. Hence,
it is crucial to detect CWDs, particularly PE, as the exer-
cise capacity of individuals in our study population who
will be trained to work in security services should not be
low. Moreover, some case reports demonstrate how PE
deformity can lead to episodes of syncope in young ath-
letes due to compression of the right ventricle."® In addi-
tion, it is important to identify individuals with CWD
within our study population, as well as their decreased
capacity for exercise.

Existing studies demonstrates a positive correlation
between the degree of deformity in individuals with PE
and the occurrence of respiratory test abnormalities.
Patients with mild deformities often exhibit obstructive
type functional pathologies, however as the severity of
deformity grows, the prevalence of restrictive pathologies
has been seen to reach up to 14%."'” We noticed a minor
obstructive respiratory condition among one patient in the
deformity group, which is in alignment with existing
research on its prevalence. The absence of restrictive type
respiratory dysfunction can be attributed to the limited
number of individuals exhibiting moderate and severe PE
deformity. Furthermore, another contributing factor to
the low prevalence of spirometric test anomalies in our
study sample is the inclusion of persons who engage in
physical activities. Because previous studies have demon-
strated that physical activity improves respiratory func-
t101,1‘[17,20]

The prevalence of abnormal ECG findings in these
cases of CWD was discovered to be 47.8%, which close-
ly aligns with the values reported in existing litera-
ture.’?? Also, the ECG abnormalities we identified in
individuals with CWD correlate with the anomalies
often observed in existing literature. These abnormali-
ties included T wave inversions, bradycardia, tachycar-
dia, and right bundle branch blocks. Our idea suggests
that the abnormal ECG results, which often arise from
the right heart, are caused by mechanical compression of
the right ventricle due to pectus excavatum in the medi-
astinal area.

Our study has some strengths. Firstly, the assessment
of CWD was performed in an unbiased manner using
radiological images. Furthermore, data were collected by
documenting medical history, laboratory tests, pulmonary
function tests and analysing ECG and echocardiography
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data. Thus, cardiopulmonary function could also be objec-
tively assessed. To the best of our knowledge, there is no
study in the current literature examining the prevalence of
CWD in a population without any medical problems and
engaged in sports activities. Our study is unique in this
respect and in terms of reflecting this situation in the
Turkish population.

However, this study has some limitations. One of them
is that the study was conducted in a single centre in a spe-
cific geographical area and age range. Furthermore, the
study population included only male participants, thus
excluding prevalence data from females. Finally, as radio-
graphs were analysed by only one radiologist at a time,
there is a lack of information on both inter- and intra-
observer agreement.

Conclusion

The prevalence of CWD in young men who play sports
and have no other medical problems is similar to the
prevalence observed in the general population as docu-
mented in the available literature. Our study is the first
and largest study on this specific population in the liter-
ature. CWD has not been shown to increase the risk of
any comorbidities in this specific population, except for
ECG abnormalities that are not clinically significant.
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