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ABSTRACT

Background: Pectus excavatum (PE) is the most commonly seen chest wall deformity of childhood 

age. One of the most widely accepted methods in preoperative patient evaluation is the pectus index. 

In this study, it is aimed to measure the depth perception which is not aesthetic; aimed to establish an 

objective criteria which is simple, cheap, effective, and can be measured with physical examination or 

anthropometry instead of radiological examination dependent measurements.

Materials and Methods: 18 patients who were admitted to our clinic between May 2015 and August 

2016 with complaints of PE deformity and who were planned for surgical repair were included in the 

study. Sternal deformity’s depth, anthropometric measurements, pectus indexes, echocardiography, and 

pulmonary function test results and patient symptoms were classified. 

Results: 18 patients were included in the study. The mean patient age was 14.27 years. One patient had 

mild mitral insufficiency and a flappy mitral front leaflet. One patient had mitral valve prolapse. No 

restrictive or obstructive results were observed in the pulmonary function test. There was no significant 

differences between the pectus index and sternal depth. 

Conclusions: According to this study, there is a surgical indication in patients whose sternal depth is 1.2 

cm and higher, regardless of the pectus index.
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Introduction

The normally accepted body build involves a long chest 
wall and low anteroposterior depth in tall and slender 
people and deeper anteroposterior depth in short and 
bulky people. The replacement of cylindrical structures 
observed during childhood with the expansion of the 
chest in the transverse plane as age progresses is con-
sidered normal [1]. All other body build types are con-
sidered thoracic wall deformities.

There are various types of thoracic wall deformities, 
including the absence of one or more ribs, shortness of 
ribs, bifurcation of ribs, bridging, or posterior fusions of 
ribs, pectus excavatum (PE), pectus carinatum, sternal 
cleft, ectopia cordis, and Poland syndrome [2].

PE is a congenital chest wall deformity that presents 
with posterior depression of the middle and lower one-
third of the sternum and posterior curvature of the costal 
cartilages [3]. 

Patients may be asymptomatic or may present with 
esthetic concerns as well as exertional dyspnea, dys-
pnea at rest, chest pain, and palpitation [4]. 

Various methods have been proposed for the evalu-
ation and classification of these deformities. Thirty-two 
indexes have been defined for the degree of PE, treat-
ment planning, and postoperative evaluation [5]. How-
ever, the pectus index is the most preferred and is in-
cluded in the Kelly criterion.

This study aimed to determine whether the decision 
to perform surgery could be made by conducting a physi-
cal examination to quantitatively determine non-esthetic 
sternal depth measurements for pectus excavatum. 

Materials and Methods

This prospective, case-control study was approved by 
the ethics committee for non-interventional clinical re-
search of the Selçuk University Faculty of Medicine (ap-
proval number, 2015/222). Verbal and written informed 
consents were obtained from all patients. Further, this 
study was designed in accordance with the principles of 
the Declaration of Helsinki.

The study included total 18 patients who were admit-
ted to the Department of thoracic surgery of the Selçuk 

University Faculty of Medicine between May 2015 and 
August 2016 with complaints of PE deformity, who had 
no history of surgery due to PE, and who were exam-
ined by two thoracic surgeons and advised to undergo 
minimally invasive PE repair owing to a diagnosis of 
moderate-to-severe PE. Those patients who were not 
indicated for surgery, those who had previously under-
gone PE repair, and those with mild PE revealed upon 
physical examination were excluded from the study. 
Mild PE was evaluated based on the definition of the 
moderate and non-severe group of patients who did not 
require surgical intervention and could be treated using 
physical therapy or vacuum treatment [6].

Examinations

All patients underwent non-contrast computed tomog-
raphy (NCTT). The pectus index was calculated using 
computed tomography. The ratio of the horizontally 
longest distance through the rib cage to the distance be-
tween the sternum and vertebrae at the deepest point 
of the PE in the axial section of the NCTT was used to 
calculate the pectus index. We also calculated the ster-
nal depression index using computed tomography. This 
index was obtained by calculating the ratio of the maxi-
mum internal sagittal diameter of the left hemithorax to 
the distance between the anterior wall of the vertebral 
column and the posterior margin of the deepest part of 
the sternum [5].

The patients were enquired regarding any cardio-
pulmonary complaints they may have had during their 
initial visits. Pulmonary function test (PFT) and echo-
cardiography (ECHO) were performed for all patients. 
Besides, the presence of pathologies due to PE in ECHO 
and PFT was also assessed.

Anthropometric measurements

The parameters measured were as follows:

• Depth of the pectus deformity at the most collapsed 
area in the sternum (Figure 1a), 

• Depth of chest cavity (Figure 1b),

• Lateral diameter of the chest (Figure 1c),

• Distance between two arcus costarum (Figure 1d),

• Chest circumference (Figure 2a),
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• Distance between two shoulders (Figure 2b),

• Shoulder circumference (Figure 2c),

• Anthropometric index (the ratio of the depth of de-
formity in the sternum to the anterior–posterior dis-
tance of the rib cage).

Figure 1. (a) Depth of the pectus deformity at the most collapsed 

area in the sternum, (b) depth of chest cavity, (c) lateral diameter of 

the chest, (d) distance between two arcus costarum.

Figure 2. (a) Chest circumference, (b) distance between two shoul-

ders. (c) shoulder circumference.

Threshold and Statistical Analysis

The anthropometric index, sternal depression index, anthro-
pometric distances, and pectus index of the patients with 
PE deformities were statistically measured and compared.

Based on the sternal depression index, the severity 
of the PE deformity was considered mild when the in-
dex was <2.4, moderate when the index was 2.4 - 2.9, 
and severe when the index was >2.9.

Those patients with a pectus index >3.25, which 
is the limit value according to the Kelly criteria, were 
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grouped as having a positive pectus index PI (+), 
whereas those with a pectus index <3.25 were grouped 
as having a negative pectus index PI (−).

Homogeneity tests were performed, and both groups 
were compared using student’s t-test. The statistical 
package for the social sciences (SPSS) software v.16.0 
was used for statistical analysis.

Results

Total of 18 patients (5 females and 13 males) were included 
in the study. The mean patient age was 14.27 (7-24) years.

Measurement results by conventional indices

The mean pectus index of all patients was 3.51 (range, 
2.22 - 4.80). Of the 18 patients included in the study, 9 
were PI (+) and 9 others were PI (−). The mean pectus 

index of the patients in the PI (+) group was 4.19 (range, 
3.50 - 4.80), whereas that of the patients in the PI (−) 
group was 2.84 (2.22 - 3.17).

The total number of patients with mild PE based on 
the sternal depression index was 13. Based on this in-
dex, four patients had moderate PE and one had a severe 
deformity. The mean sternal depression index of all pa-
tients was 2.09 (range, 1.50 - 2.91).

The mean anthropometric index of all patients was 
0.13 (range, 0.07 - 0.29). 

The mean depth measurement of all patients was 2.2 
(range, 1 - 3.5) cm. The mean depth of the patients in 
the PI (+) group was 2.28 (range, 1 - 3.5) cm, whereas 
that of the patients in the PI (−) group was 2.11 (range, 
1.2 - 3) cm (Tables 1, 2).
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Table 1. Demographic characteristics and index results of the patients included in the study.

Patients
(n=18)

Age
(mean=14.27)

Gender
(F/M)

Pectus 
(Haller) 
index

Sternal 
depression 

index

Anthropometric
index

Depth measurement
(cm)

Pectus index 
group

1 16 M 3.50 1.97 0.07 1 PI (+)
2 18 M 2.50 1.77 0.15 3 PI (−)
3 11 F 3.96 2.16 0.13 1.5 PI (+)
4 11 M 3.96 1.58 0.08 1.2 PI (+)
5 9 M 2.22 1.50 0.08 1.2 PI (−)
6 18 F 3.08 1.82 0.07 1.4 PI (−)
7 14 M 3.09 1.85 0.08 1.4 PI (−)
8 22 M 4.50 2.72 0.29 3,5 PI (+)
9 10 F 4.44 2.91 0.15 2.4 PI (+)
10 14 M 3.17 2.03 0.12 2,5 PI (−)
11 16 M 4.80 2.60 0.17 3 PI (+)
12 9 F 4.37 2.50 0.16 2 PI (+)
13 7 M 2.77 1.90 0.11 1,7 PI (−)
14 13 M 2.69 1.69 0.17 3 PI (−)
15 13 M 3.08 1.99 0.20 3 PI (−)
16 15 F 4.33 2.39 0.14 2,5 PI (+)
17 17 M 3.87 2.52 0.20 3,5 PI (+)
18 24 M 2.97 1.76 0.11 1,8 PI (−)

Table 2. The means of PI (+) and PI (−) groups and all patients according to various indices.
PI (mean) SDI (mean) AI (mean) Depth (mean)

PI (+) 4.19 2.37 0.15 2.28 cm
PI (-) 2.84 1.81 0.12 2.11 cm
All patients 3.51 2.09 0.13 2.2 cm
Abbrev.; PI: pectus index, SDI: sternal depression index, AI: anthropometric index.
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Anthropometric measurement results

The mean shoulder circumference of all patients was 80.83 
(range, 61 - 102) cm. The mean distance between the two 
shoulders of all patients was 28.61 (range, 16 - 38) cm. 

The mean distance between the two arcus costarum 
of all patients was 12.16 (range, 5 - 22) cm. The mean 

chest circumference of all patients was 73.61 (range, 60 
- 96) cm. The mean lateral diameter of the chest of all 
patients was 24.94 (range, 12 - 31) cm.

The mean distance between the anterior–posterior 
thoracic diameter of all patients was 15.88 (range, 11 - 
20) cm. (Table 3).

Cardiopulmonary results

One patient experienced pain and constriction, another pa-
tient experienced only constriction. The remaining 16 pa-
tients did not experience any cardiac or pulmonary issues 
or discomfort. Echocardiography results were completely 
normal in 16 of the 18 patients (88.8%). One patient had 
mild mitral insufficiency and a flappy mitral front leaflet. 
One patient had mitral valve prolapse (MVP). No restric-
tive or obstructive results were observed in PFT.

Statistical results

The variance homogeneity test results of the groups 
with positive and negative pectus indexes were statis-
tically significant for all variables. The Levene’s test 
for equality of variances values was all greater than the 
p value (0.05). In other words, the variances of all the 
variables were equal, and the independent sample t-test 
(Student’s t-test), which is a paired comparison test, 
could be applied. When the groups with positive and 
negative pectus indexes were compared, a statistically 
significant difference was observed between the groups 
in terms of the mean sternal depression index, mean lat-
eral diameter of the chest, and mean distance between 
the anterior–posterior thoracic diameter (p < 0.05). No 
statistically significant difference was observed be-
tween the groups in terms of the anthropometric index, 
depth, shoulder circumference, the distance between 
two shoulders, the distance between two arcus costa-
rum, and mean chest circumference (p > 0.05) (Table 4).

Table 4. Statistical evaluation of the mean of anthro-
pometric measurement parameters.

Mean p
Sternal depression index PI (+) 2.37 0.001*
Anthropometric index PI (+) 0.15 0.224
Depth PI (+) 2.28 0.665
Shoulder circumference PI (+) 79.33 0.635
Distance between shoulders PI (+) 29.22 0.699
Distance between two arcus PI (+) 12.11 0.950
Chest circumference PI (+) 70.89 0.300
Lateral diameter of the chest PI (+) 22.78 0.041*
Anterior–posterior diameter 
of the thorax PI (+) 14.56 0.021*

Statistically significance is shown by*

Discussion

The PE is the most common congenital chest wall de-
formity observed during childhood, and it is more com-
mon in men with a ratio of 3 - 9:1 [7,8]. Of the 18 pa-
tients, 5 were female and 13 were male. With a ratio of 
3:1, the ratio of females in our study was lower than that 
reported in the literature but somewhat similar.

The pectus index, which defines the relationship be-
tween thoracic height and diameter, was defined by Haller 
in 1987. The index was used as a decision-making tool for 
managing PE. The pectus index is measured using thorax 
computed tomography of the axial section at the section 
with the maximum deformity of the thorax [9].

The generally accepted Kelly criteria for surgery in-
dication are as follows: 1; progressive and symptomatic 
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Table 3.  Mean values of anthropometric measurements of the PI (+) and PI (−) groups and all patients.
Shoulder Shoulder circumference Arcus Chest Lateral AP

PI (+) 29.22 cm 79.33 cm 12.11 cm 70.89 cm 22.78 cm 14.56 cm
PI (-) 28 cm 82.33 cm 12.22 cm 76.33 cm 27.11 cm 17.22 cm
All patients 28.61 cm 80.83 cm 12.16 cm 73.61 cm 24.94 cm 15.88 cm
Abbrev.; Shoulder: the distance between shoulders, the circumference of shoulders, Arcus: the distance between arcus costarum, Chest: 
chest circumference, Lateral: lateral diameter of chest, AP: anterior-posterior diameter of the chest.
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PE deformities, 2; restrictive and/or obstructive disease 
indicated by the PFT, 3; cardiac compression or dis-
placement, atelectasis in the lung, and a pectus index 
≥3.25 based on computed tomography 4; cardiac anom-
alies, such as MVP or branch block, and 5; recurrent PE 
after unsuccessful repair [10,11].

In the literature, severely decreased lung function 
and vital capacity have been defined in patients with a 
pectus index >3.6 [12]. In the present study, 8 patients 
had a pectus index >3.6, and their PFT results were nor-
mal. Further, the ECHO results of 7 of the 8 patients 
with a pectus index >3.6 were completely normal. In 
terms of cardiac results, our study is consistent with the 
reported literature. Seven of out 8 patients who were 
admitted to our clinic with esthetic concerns were de-
scribed as “operable” by the clinician.

Glinkowski et al emphasized that physiological and 
cosmetic indications for surgical treatment of PE have 
become more prominent, and they attributed it to the 
development of minimally invasive surgical techniques 
[13]. This study is one of the several studies associating 
PE surgeries to esthetic reasons. In our study, we ob-
served that the concept of depth that appears to the eye 
as “deep” was ≥1 cm. The smallest depth criterion in 
the study, i.e., 1cm, was observed in one patient, and the 
pathology in this patient was detected via ECHO. Of the 
17 patients admitted to the clinic with a depth of ≥1.2 
cm, 88.2% had only depth complaints and 82.3% had 
no findings on ECHO or PFT. Only 2 of the 18 patients 
had cardiopulmonary complaints. The sternal depth of 
these patients was measured as 1.8 and 3 cm. These re-
sults indicate that the patients’ complaints are mostly 
associated with depth or hollowness. All these data sug-
gest that esthetic reasons may be a new indication for 
surgery in patients with a depth of ≥1.2 cm who present 
only with sternal depression complaints.

The sternal depression index, a method defined in 
the literature, is used for classifying the pectus severity. 
The sternal depression index is the ratio of the maximal 
sagittal height of the left hemithorax to the minimum 
distance between the posterior wall of the sternum and 
the vertebral anterior surface of the same section at the 
point where the sternum is the narrowest. This index 
measures sternal depression, i.e., the severity of the PE. 

It is defined as mild PE if the ratio <2.4, moderate PE if 
it is between 2.4 - 2.9, and as severe PE if it is >2.9 [5].

According to this classification, 13 patients had 
mild, 4 had moderate, and 1 had a severe deformity. We 
also found that 72.2% of the patients for whom pectus 
deformity was planned to be corrected had a mild defor-
mity. This high rate indicates that there exist indications 
other than the sternal depression index that drive both 
the patient and clinician to surgery. One interpretation 
regarding this study suggests that the primary indication 
is “esthetic concerns of the patient” and the conclusion 
of the clinician regarding “the presence of PE.” Howev-
er, this evaluation may not be possible only by assessing 
the sternal depression index.

In this study, the mean sternal depression indexes in 
the PI (+) and (−) groups were 2.37 and 1.81, respec-
tively, and the difference was statistically significant (p 
= 0.001). This difference indicates that the sternal de-
pression index is correlated with the widely used pectus 
index, which is based on the Kelly criteria. However, the 
fact that the mean sternal depression index of all patients 
was <2.4 suggests that the positivity of the pectus index 
is not correlated with the severity of the PE. This signi-
fies that if the severity of the PE is used in determining 
the indication for surgery, patients other than those with 
severe deformity can also be operated based on the pa-
tient’s complaints or clinician’s evaluation, even if the 
pectus index is greater than the threshold value.

Anthropometric measurements are important for the 
accurate documentation and observation of patients. 
Štefánková et al reported that anthropometry offers ap-
plicable and noninvasive methods for the evaluation of 
the PE and emphasized that these methods should be 
performed before performing CT [14]. The anthropo-
metric index is a proportional value calculated through 
anthropometric measurements. It has been included in 
our study because it is an index that is based on the idea 
that an inexpensive and effective method, which is easy 
to learn and apply, may replace conventional methods. 
However, no statistically significant difference was ob-
served between the patient groups with PI (+) and (−) in 
terms of anthropometric measurements of the distance 
between the two arcus costarum, chest circumference, 
distance between the shoulders, and shoulder circumfer-
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ence. The reason for this result might be that age differ-
ences, muscle mass, and sex differences, and structural 
characteristics of patients might play an important role 
in the measurement of parameters related to body parts, 
such as shoulders and chest circumference. In terms of 
measurements of the anterior–posterior thoracic and 
lateral diameters of the chest, a statistically significant 
difference was found between patients with a positive 
and negative pectus index. No such studies have been 
reported yet; however, the differences between the two 
groups indicate that the measurement of these distances 
may be significant when deciding on surgery.

In this study, the depth of the deformity in the ster-
num was measured and the results were compared be-
tween the PI (+) and (−) groups in cm; however, no sta-
tistically significant difference was found. The threshold 
value of the anthropometric index is 0.12 [5,15]. In our 
study, the anthropometric indexes in the PI (+) and (−) 
groups were 0.15 and 0.12, respectively. Although no 
difference was observed between the two groups, the 
anthropometric and pectus indexes were correlated in 
terms of the threshold value. This signifies that a mea-
sure based on the metric measurements in the body cor-
relates with the pectus index. This correlation is not sur-
prising because the rationale behind this measurement 
is the ratio of the depth of the sternal deformity to the 
anterior–posterior thoracic diameter. A criterion that is 
correlated with the pectus index is more advantageous 
as it is easily applicable and does not require tomogra-
phy. However, the subcutaneous thickness, body mass 
index, and weight of the patient are thought to play an 
effective role in this ratio. The significant difference be-
tween the two groups in the measurement of the ante-
rior–posterior diameter of the thorax indicates that it is 
correlated with the calculation of this index.

The mean sternal depths in the PI (+) and (−) groups 
were 2.28 and 2.11, respectively, and the difference 
was not statistically significant. This result shows that 
the depth measurements between the PI (+) and PI (-) 
groups are not different. In the English literature, depth 
measurement in PE and the comparison of the pectus 
index have been very rarely reported. In the present 
study, the sternal depths were similar among patients 
who were admitted to our thoracic surgery outpatient 
clinic and indicated for surgery by the two clinicians.

The indication for surgery was based on the clini-
cian’s physical examination performed when the pa-
tient’s complaint was noteworthy or when a significant 
level of depression was revealed in the physical ex-
amination; therefore, the level of sternal depression in 
the patients was measured in cm. In the present study, 
there was no difference in the PI (+) and (−) groups in 
terms of depth; this was interpreted as a confirmation 
that depth measurement was an indication for surgery 
regardless of the pectus index. In the literature, accord-
ing to a survey conducted among thoracic surgeons, 
40.7% of the surgeons reported that thoracic indexes 
were “rarely necessary” or “unnecessary.” Further, 
13.6% of the surgeons stated that the pectus index was 
unnecessary and that 56.32% of the specialists stated 
that the threshold value of 3.25 was inaccurate for the 
pectus index [5]. These rates also indicate that thoracic 
surgeons use different criteria for surgical indications. 
Among the clinicians who determine the indication for 
surgery, a considerable number of specialists believe 
that the pectus index is unnecessary or the threshold 
value is inaccurate. In the present study, no association 
was observed between the pectus index and depth, and 
the use of the pectus index did not affect the indications 
for surgery and also showed that the requirement of tho-
rax computed tomography is minimal.

Daunt et al reported that the vertebral level was not 
always the same in all the definitions of “the largest di-
ameter” and “the height in the deepest place” used for 
calculating the pectus index [16]. Besides, Archer et al, 
through their study with 433 patients, reported that the 
diameter and height measurements at each vertebral 
level were different [9]. In the present study, we deter-
mined that the pectus index was correlated with neither 
the anthropometric indexes nor the patient’s depth mea-
surements. 

Mortellaro et al reported that the pectus index was an 
important factor in determining the anatomical severity 
of the defect in the PE; however, it is still insufficient to 
predict the intraoperative and postoperative results [17]. 
Birkemeier et al reported that although measurement of 
the pectus index is the most widely accepted method, 
it showed different rates during expiration, inspiration, 
and relaxation in NCTT [18]. Accordingly, the pectus 
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index was found to be significantly lower during inspi-
ration than during inspiration and relaxation. All these 
results affect the measurement of the pectus index and 
therefore the indication for surgery.

The limitation of our study is that it was a single-
center study. Involving more number of patients might 
provide stronger and better results.

In conclusion, although the pectus index is a general-
ly accepted method under the Kelly criteria for patients 
with PE in terms of determining the indications for sur-
gery, the results of this study indicate that the pectus 
index does not correlate with the main complaints and 
symptoms of the patients. No association could be es-
tablished between the pectus index and the clinician’s 
decision for surgery after the clinical evaluation of a 
patient. The calculation of the pectus index via NCTT 
scans should not be mandatory in determining the op-
erative criteria in patients with PE. In this context, the 
depth of the deformity as well as the depth of the ante-
rior–posterior diameter and lateral diameter of the chest 
determined via metric measurements to be performed 
during clinical visits of the patients, will be effective in 
the decision for surgery. It is recommended that NCTT, 
which has disadvantages like radiation and cost, should 
not be used in patients unless deemed extremely es-
sential, and patients should be evaluated using simple 
methods, such as two-way direct chest X-ray, echocar-
diography, PFTs, and sternal depth measurements.
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