
 
 

 
MEASUREMENT SCIENCE REVIEW, 22, (2022), No. 1, 50-57 

_________________ 
DOI: 10.2478/msr-2022-0006 

50 

 

 

 
 

The Role of Anthropologic Measurements in Pectus Carinatum 
Brace Treatment Evaluation  

Pavol Omaník1, Katarína Kozlíková2, Natália Daumová1, Veronika Schmidtová1, Igor Béder1 

1Paediatric Surgery Department, National Institute of Childrenʼs Diseases, Faculty of Medicine, Comenius University in    
 Bratislava, Limbová 1, 833 40 Bratislava, Slovak Republic, pavol.omanik@gmail.com  
2Institute of Medical Physics, Biophysics, Informatics and Telemedicine, Faculty of Medicine, Comenius University in 
Bratislava, Sasinkova 4, 813 72 Bratislava, Slovak Republic 

 

Objectives: Brace treatment in children with pectus carinatum has become the method of choice during the last decade. The authors evaluate 
the role of anthropometric measurements in diagnostic and treatment processes. 
Methods: A prospective study, analysing a compressive brace treatment for pectus carinatum, performed between January 2018 and 
September 2020.  Demographic data, anthropometric dimensions and indexes of the chest, data connected to an orthosis usage, as well as 
ongoing treatment outcomes were analysed. 
Results: Forty-seven consecutive patients aged between 10 to 18 years with pectus carinatum were prescribed a compressive brace. Thirty-
nine of them (83 %) reached clinically positive results while wearing the orthosis for 6 ± 3 months. An improvement in the sagittal chest 
diameter was 0.5 cm – 2.8 cm (mean 1.0 cm ± 0.5 cm) and an improvement of the Thoracic Index was 0.8 % – 25.1 % (6.4 % ± 4.5 %) by 
using the brace on average for (6 ± 2) hours a day. 
Conclusion: Clinical anthropometric measurements can evaluate the dimensions of chest wall and treatment progress in patients with pectus 
carinatum precisely and thus replace the need for more complex examinations requiring X-rays. 
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1.  INTRODUCTION 

Pectus carinatum (PC) is a congenital deformity of the 
anterior chest wall with an incidence described in a relatively 
wide range, from 1 : 1,500 to 1 : 10,000 [1], [2], [3]. Despite 
being a congenital malformation, it most often manifests 
itself clinically at a later age (typically - preschool or at the 
onset of puberty), and tends to worsen with age [4], [5]. Boys 
are affected 4 to 5 times more often than girls [6]. The exact 
aetiology is still unknown, although it is considered to result 
from abnormal idiopathic rib cartilage growth, causing an 
anterior chest wall protrusion of varying severity [3]. Unlike 
pectus excavatum, which is often associated with clinical 
signs resulting from dislocation and compression of the heart 
and compression of the lungs, PC was believed not to affect 
the cardio-respiratory system. However, recent 
echocardiographic studies have revealed an increased number 
of heart abnormalities compared to general population [7]. 

PC causes mainly psychological problems, making patients 
seek outpatient care with a paediatrician, paediatric surgeon, 
paediatric orthopaedist, or physiotherapist. Emotions of 
discomfort, shame, embarrassment, anxiety and even 
depression may result in social isolation and reduced quality 
of life both in the mental and physical domain [8], [9]. 

Psychological and social aspects of deformity are also 
considered to be the main criteria in the indication of 
treatment [10]. PC occurs either isolated or in association 
with spinal deformities, possibly within specific syndromes 
(e.g., Marfan syndrome, Noonan syndrome, Loeys-Dietz 
syndrome, or several forms of skeletal dysplasia) [11].  

Two forms of PC can be distinguished: chondrogladiolar, 
accounting for 92 % – 95 % of all cases, and 
chondromanubrial [2]. In chondrogladiolar PC, the anterior 
chest wall is flexible, whereas the chondromanubrial form 
shows signs of increased rigidity [10]. For years, the Ravitch 
procedure (conventional surgical approach), or several types 
of mini-invasive reconstruction techniques have been 
considered the method of choice for patients with PC [12]. 
However, surgical interventions are associated with potential 
risks, such as the risk of surgery, general anaesthesia, or 
undesirable skin healing (keloids, atrophic scars) [12]. 
Following previous Ravitch-type corrections, postoperative 
decreased  anterior  chest  wall  compliance was observed  as  
a result of an extensive cartilaginous resection in a significant 
percentage of patients [1], [10]. This adverse effect can lead 
to a deterioration in respiratory functions, and thus tolerance 
to exercise in the future. 
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At the beginning of the millennium, Martinez-Ferro et al. 
presented  a  non-operative  method of  PC  treatment  using 
a dynamic compression system [13]. This approach has 
provided the basis for the development of numerous 
modifications of the compressive bracing therapy. The 
concept of compressive bracing is based on the relative 
flexibility of the anterior chest wall in children, which allows 
the remodelling of the sternum and adjacent ribs through an 
external     compression  [14].    It   has  been   shown   that   
a conservative approach (as opposed to surgical treatment) 
does not impair respiratory functions [10], [15]. In the last 
two decades, a gradual shift from different types of surgical 
correction to a non-operative solution has been observed [14]. 
Nowadays, the compressive brace treatment of flexible PC is 
progressively becoming the first-line treatment option [15], 
[16]. Based on several years of experience in many 
specialized centres, it can be said that it is an effective 
method, with confirmed favourable therapeutic results, not 
requiring any surgical procedure and anaesthesia, and thus 
eliminating the potential risks associated therewith.  

In terms of diagnostics, there are several methods used in 
PC patients, performed as a single procedure or in 
combination. Computer tomography (CT) or X-ray of the 
chest, optical 3-dimensional (3D) scan or clinical 
anthropometry are the most commonly used modalities [1]. 
CT and X-ray are gradually replaced by magnetic resonance 
imaging or 3D scanning, due to the reduction of examinations 
associated with ionizing radiation. Magnetic resonance 
imaging and 3D scanning are examinations with high 
sensitivity, but they need special equipment and they are 
time-consuming. On the other side, anthropometry is reliable, 
non-invasive, inexpensive and a time-saving objective 
method [17]. 

The development of a proprietary compressive brace began 
in the Paediatric Surgery Department, National Institute of 
Children’s Diseases in Bratislava, Slovakia, in the summer of 
2017. The period between the prototype stage and the final, 
clinically  applicable  version of the orthosis took a total of 
12 weeks of testing and respective improvements. 
Consequently, treatment with a locally made chest 
compressive brace has been available to Slovak PC sufferers 
since early 2018.  

This prospective study aims to document the contribution 
of anthropological measurements in the diagnostics and 
treatment progress monitoring in PC patients using the 
described type of orthosis. 
 
2.  SUBJECT & METHODS 

A prospective study analysing a group of 47 patients with 
chondrogladiolar PC treated in a specialized outpatient clinic 
of the Paediatric Surgery Department in the National Institute 
of Children’s Diseases in Bratislava, using a custom-made 
chest compressive brace. The study was approved by the 
National Institute’s Ethics Committee, in accordance with the 
Helsinki Declaration. The period between January 2018 and 
September 2020 was evaluated. The outbreak of the second 
wave of the COVID-19 pandemic has prevented further 
continuation of the study. During this period, it was not 
possible to ensure a regular follow-up of the patients in the 
outpatient clinic and to obtain further consistent data.  

The cohort included 45 boys and 2 girls aged 10 - 18 years. 
Thirty-six patients showed an asymmetric PC deformity of 
the  anterior   chest   wall,   while   11   patients  manifested  
a symmetric deformity. The majority of all evaluated patients 
(85 %) were without any clinical symptomatology. Seven 
patients (15 %) complained about occasional pain in the 
precordial area, or a decreased tolerance of physical exertion 
compared to peers. Cardiac examination (including 
echocardiography) excluded cardiac abnormalities in all 
patients. Patients with the chondromanubrial PC, as well as 
patients with syndromic PC, were not included in the 
analysis. 

Each patient was initially examined by a paediatric surgeon, 
clinical anthropologist, and a cardiologist (to exclude organic 
heart failure contraindicating compressive brace treatment). 
The morphological documentation consisted in taking frontal, 
oblique and lateral photographs of the chest (following a prior 
approval from the patient’s parent).  
 
A.  Anthropometric measurements 

An examination by a clinical anthropologist is an essential 
part of the diagnostics and treatment in patients suffering 
from anterior chest wall deformities in our specialized 
outpatient clinic. The objective of anthropometry is to 
evaluate the metric parameters of the patient’s chest and to 
quantify the degree of deformity.  

Measurements are taken of the patient’s height, weight, 
sagittal and transverse chest diameters. Body mass index 
(BMI) and Thoracic Index (TI) are evaluated. TI is evaluated 
from the sagittal and transverse diameters of the chest. The 
transverse diameter of the chest (TDCH) is obtained at the 
level of the nipples, exactly in mid-axillary lines. The ends of 
a pelvimeter are attached to the ribs with slight pressure for 
accurate measurement. Anthropometric points for the sagittal 
diameter of the chest (SDCH) are located on the nipples level 
as well. When measuring the sagittal diameter, the ends of the 
pelvimeter are attached between scapulae in spinous process 
point [17], [18]. 

 
𝑇𝐼 =  𝑆𝐷𝐶𝐻/𝑇𝐷𝐶𝐻 × 100   

 

 
 

Fig.1.  Measuring of sagittal diameter of the chest a) and 
transversal diameter of the chest b) [18]. 

  
Thoracic index from 71 to 77 corresponds to 

a physiologically bulging chest. Higher values correspond to 
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a circular configuration of the chest and are characteristic of 
PC sufferers [17].  It is possible to evaluate the development 
of the chest configuration over time by longitudinal 
outpatient evaluation: stationary status or worsening before 
the start of the treatment or deformity improvement during 
the treatment.  

If only anthropometric TI was considered, not all the 
patients with PC meet the criteria of the circular chest 
characteristic of this deformity. This applies to the patients 
whose transverse diameter of the chest is relatively large in 
correlation with the sagittal diameter. This represents a type 
of chest wall deformity called PC with platythorax 
configuration, where the TI can show values corresponding to 
a bulging or flat shape of the chest [19]. This 
anthropometrical and clinical discrepancy does not affect the 
actual presence of the disease.  

 
B.  Therapeutic protocol 

Treatment options were explained to each patient following 
the initial examination – i.e. a conservative therapy mode 
using a compressive brace, or a surgical correction of the 
deformity. When deciding between the conservative or 
surgical treatment, all patients chose the former. The patients 
were sent to a specialized orthopaedic-prosthetic company, 
where a custom-fitted compressive brace was made. 

 

 
Fig.2.  Custom made compressive brace (front at the bottom). 

 
The compressive brace used in our conditions consists of 

two components: a dorsal and a ventral part. The dorsal 
component is made of surgical steel coated with plastic and 
padded with a poretene tape. The patient’s body is touched by 
a vertically oriented plate in the thoracic spine area. The 
frontal  component  is  made  of  an  aluminium  alloy  with  
a compressive plate riveted to it, corresponding to the size and 
location of maximum prominence in the deformity area. 
These  two  components  are  connected  on  both  sides  by  
a plastic clip mechanism, through which the optimal pressure 
acting on the deformity can be set. The compressible brace is 
paid by health insurance companies as a custom-made 
orthotic device.  

Each patient with a manufactured compressive brace was 
scheduled for an outpatient check. The principles of the 
treatment were explained, and an optimal pressure adjustment 
needed for correction of the deformity was marked with an 
indelible marker on the orthosis. By tightening the lateral 

clips, the adjustment of the compressive brace must not limit 
the patient’s resting breathing. It was recommended to apply 
the compressive brace under clothing or on a tight-fitting      
T-shirt to minimize any adverse effects of long-term pressure. 
At the same time, improvement of the configuration of the 
anterior chest wall was visually assessed (Fig.3.).  

 

 
 

Fig.3.  Compressive brace - the mode of application  
in a patient with asymmetric pectus carinatum. 

 
Patients were instructed to wear the brace daily - initially 

for several minutes with a gradual increase of the interval to 
up to 8 hours per day. Patients sleeping predominantly lying 
on their back or stomach, who preferred nocturnal 
application, used their orthosis during the night.  

Based on the published favourable treatment results from 
several specialized centres, a less intensive treatment protocol 
(8 hours per day) was adopted for clinical practice [13], [20]. 
Regular  outpatient  check-ups  were  performed once every 
3 months during which the following parameters were 
evaluated:  
 anthropometric characteristics of the chest throughout 

the treatment: the thoracic index TI, absolute and 
relative changes of the thoracic index TI and TIrel 

[%], respectively, and the change in sagittal diameter of 
the chest SDCH [cm];  

 data related to individual use of the orthosis: duration of 
treatment DoT [month], daily application DA [h], and 
the total time of application DoT · DA [month · h];  

 patients’ adherence to the treatment regime and 
treatment outcomes. 

We were also interested in treatment differences between 
cooperating and non-cooperating patients, between patients 
with symmetric and asymmetric deformity, respectively, as 
well as the treatment differences according to the initial value 
of TI (physiological or non-physiological).  

 
C.  Statistical evaluation of data 

All data, regardless whether total or divided into subgroups, 
were tested using the Shapiro-Wilk test whether they could 
be accepted to be normally distributed [21]. For normally 
distributed data, mean ± 1 sample standard deviation was 
reported. The means were compared using Student’s t-test 
(comparison of 2 groups) or one factor ANOVA (comparison 
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of 3 groups) [21]. In this case, any of the compared groups 
was not normally distributed, median and 95 % confidence 
interval of median was reported [22]. The medians were 
compared using the Mann-Whitney U test (comparison of 
2 groups) or the Kruskal-Wallis test (comparison of 3 groups) 
[23]. This procedure was applied because parametric tests, 
which can be used only for normally distributed data 
(Gaussian distribution), have a higher informative value than 
non-parametric tests, which are used when the data cannot be 
considered normally distributed. For more illustrative 
comparison, we present both means and medians in the tables.  

In all statistical tests, the p < 0.05 value was taken as 
statistically significant difference, and the 0.05 < p < 0.10 
was taken as borderline statistically significant difference. All 
calculations were performed and all graphs were drawn in 
MS Excel 2019. 

 
3.  RESULTS 

Data characterising all included patients, as well as 
subgroups of patients, are presented in Table 1. and Table 2.  

Cooperating 39 patients (83 %) achieved clinically 
verifiable results by using the compressive brace (Table 1.). 
They were followed up from 3 to 15 months. The daily 
duration of wearing the compressive brace ranged from 2 to 
10 hours.  An improvement in  the SDCH  in the maximum 

prominence spot ranged from 0.5 to 2.8 cm. The thoracic 
index changed during the treatment from TIinit = 76.4 ± 7.2 to 
TIend = 71.4 ± 6.7. The change of TI ranged from 0.6 to 20.2, 
corresponding to a relative change of TIrel from 0.8 % to 
25.1 %.  

Eight insufficiently cooperating patients (17 %) did not 
follow the prescribed treatment regimen (e.g., insufficient 
duration of daily application of the device, irregular use of the 
device or failure to show up for a planned outpatient 
examination) (Table 1.). On average, the patients were 
followed up from 1 to 18 months. The daily duration of 
wearing the compressive brace was from 1 to 8 hours. The 
analysed patients achieved a change in the SDCH in the 
maximum prominence spot from a deterioration of -1.5 cm to 
an improvement of 0.4 cm. The thoracic index changed 
during the treatment from TIinit = 81.1 ± 7.0 to 
TIend = 80.5 ± 7.1. The TI ranged from -8.9 (deterioration) 
to 11.0 (improvement), corresponding to a relative change of 
TIrel from -10.1 % to 13.4 %.  

Comparison between the groups of cooperating and non-
cooperating patients (Table 1.) revealed statistically 
significant difference in improvement of TI and SDCH and in 
the terms of daily application of the device. There were no 
statistical differences between patient groups with symmetric 
and asymmetric deformity.  

 
 

Table 1.  Anthropometric comparison of groups of patients according to treatment cooperation and symmetry of deformity. 
 

Group 
Parameter 

All 
n = 47 

Cooperating 
n = 39 

Non-Cooperating 
n = 8 

Symmetric  
deformity  

n = 11 

Asymmetric 
deformity  

n = 36 
Age [y] 15 ± 2 

(15; 14 – 16) NN 
15 ± 2 

(15; 14 – 15) NN 
14 ± 1 

(14; 12 – 16) 
15 ± 2 

(16; 13 – 17) 
15 ± 2 

(15; 14 – 16) 
Height  
h [cm] 

176 ± 10 a 
(176; 174 – 179) 

175 ± 10 c 
(176; 171 – 177) 

176 ± 10 
(175; 160 – 193) 

180 ± 9 
(179; 172 – 191) 

174 ± 10 e 
(175; 171 – 179) 

Mass  
m [kg] 

59 ± 10 b 
(58; 54 – 63) 

59 ± 11 c 
(59; 52 – 60) 

56 ± 9 d 
(53; 43 – 70) 

62 ± 13 
(61; 51 – 77) 

57 ± 10 f 
(58; 53 – 63) 

Body mass index BMI 
[kg/m2] 

18.8 ± 1.9 b 
(18.8; 18.1 – 20.1) 

19.0 ± 1.9 c 
(19.1; 17.5 – 19.2) 

17.8 ± 1.2 d 
(17.4; 16.6 – 20.3) 

19.1 ± 2.3 
(20.0; 16.1 – 21.9) 

18.7 ± 1.8 f 
(18.6; 17.5 – 20.1) 

TIinit 77.2 ± 7.3 
(78.4; 74.3 – 80.6) 

76.4 ± 7.2 
(77.2; 72.4 – 79.2) 

81.1 ± 7.0 # 
(81.1; 69.3 – 93.0) 

79.7 ± 5.9 
(79.6; 73.0 – 86.0) 

76.5 ± 7.6 
(76.7; 72.4 – 80.6) 

TIend 72.9 ± 7.5 
(72.1; 69.6 – 74.8) 

71.4 ± 6.7 
(71.8; 67.3 – 73.3) 

80.5 ± 7.1 * 
(83.0; 67.6 – 88.0) 

74.9 ± 6.9 
(74.0; 69.6 – 81.7) 

72.3 ± 7.7 
(71.8; 67.3 – 74.8) 

TI 4.3 ± 4.3 
(3.7; 2.9 – 5.5) NN 

5.0 ± 3.7 
(4.6; 2.1 – 4.6) NN 

0.7 ± 5.5 * 
(0.6; -8.9 – 11.0) 

4.8 ± 3.0 
(5.5; 1.4 – 7.4) 

4.1 ± 4.7 
(3.5; 2.8 – 5.3) NN 

TIrel [%] 5.5 ± 5.3 
(5.1; 3.7 – 6.6) NN 

6.4 ± 4.5 
(6.3; 2.8 – 6.3) NN 

0.7 ± 6.5 * 
(0.8; -11.3 – 11.8) 

6.0 ± 3.7 
(6.3; 1.7 – 9.8) 

5.3 ± 5.7 
(4.6; 3.3 – 6.6) NN 

SDCH [cm]  0.8 ± 0.8 
(0.8; 0.8 – 1.0) NN 

1.0 ± 0.5 
(0.9; 0.5 – 0.9) NN 

-0.5 ± 0.7 * 
(-0.5; -1.5 – 0.4) 

0.8 ± 1.0 
(0.8; 0.5 – 1.0) NN 

0.8 ± 0.8 
(0.8; 0.8 – 1.0) NN 

Duration of treatment 
DoT [month] 

7 ± 4 
(6; 4 – 8) NN 

6 ± 3 
(5; 4 – 7) NN 

9 ± 5 
(9; 1 – 18) 

7 ± 4 
(6; 3 – 9) 

7 ± 4 
(6; 4 – 9) NN 

Daily application  
DA [h] 

6 ± 2 
(6; 6 – 7) NN 

6 ± 2 
(6; 4 – 6) NN 

4 ± 2 * 
(4; 1 – 8) 

6 ± 2 
(6; 4 – 8) 

6 ± 2 
(6; 4 – 8) NN 

DoT · DA  
[month · h] 

40 ± 28 
(30; 24 – 40) NN 

41 ± 29 
(30; 21 – 36) NN 

31 ± 19  
(29; 6 – 64) 

40 ± 27 
(30; 21 – 72) NN 

40 ± 29 
(31; 21 – 48) NN 

 
Data are given as mean ± 1 standard deviation (median; 95 % confidence interval of median) 

a n = 46  b n = 45  c n = 38  d n = 7  e n = 35  f n = 34 
NN data were not distributed normally 

* statistically significant difference against cooperating patients (p < 0.05) 
#  borderline statistically significant difference against cooperating patients (0.05 < p < 0.10). 
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Fig.4.  Anthropometric change of sagittal diameter of the chest in 
groups of patients according to treatment cooperation and symmetry 
of deformity. 

 

 
 

Fig.5.  Anthropometric change of Thoracic Index in groups of 
patients according to treatment cooperation and symmetry of 
deformity. 

 
Table 2.  Anthropometric comparison of groups of patients according to chest configuration (platythorax, normal, circular). 

 
Group 

Parameter 
TIinit < 71 

n = 10 
71 < TIinit < 77  

n = 9 
TIinit > 77 

 n = 20 
Age [y] 16 ± 2 

(16; 13 – 17) 
15 ± 2 

(15; 14 – 17) NN 
15 ± 2 

(16; 14 – 16) NN 
Height  
h [cm] 

171 ± 9 a 
(174; 160 – 180) 

178 ± 12 
(182; 152 – 189) NN 

176 ± 10  
(177; 173 – 179) 

Mass  
m [kg] 

53 ± 8 a 
(52; 46 – 64) 

61 ± 11 
(63; 38 – 73) NN 

61 ± 11  
(60; 56 – 66) 

Body mass index BMI 
[kg/m2] 

18.1 ± 1.7 a  
(18.0; 16.3 – 20.5) 

19.1 ± 1.5 
(19.4; 16.2 – 20.7) 

19.4 ± 2.1 
(19.7; 18.2 – 21.3) 

TIinit 66.9 ± 3.0  
(68.4; 65.0 – 69.0) NN ** 

74.0 ± 1.4 
(74.1; 72.4 – 75.4) ** 

82.2 ± 3.5 
(81.0; 79.6 – 84.7) ** 

TIend 63.7 ± 2.7 ** 
(64.7; 60.9 – 66.1) 

70.5 ± 2.8 ** 
(69.6; 67.3 –74.0) 

75.6 ± 5.7 **  
(74.7; 72.1 – 79.5) 

TI 3.2 ± 1.9  
(3.2; 0.7 – 5.3) 

3.5 ± 1.4 
(3.4; 2.1 – 6.2) 

6.6 ± 4.3 
(6.0; 4.6 – 7.0) NN **  

TIrel [%] 4.7 ± 2.8  
(4.7; 1.1 – 7.8) 

4.8 ± 2.5 
(4.6; 2.8 – 8.0) 

8.0 ± 5.3 
(7.7; 5.9 – 8.7) NN ## 

SDCH [cm] 0.8 ± 0.2  
(0.8; 0.5 – 1.0) NN 

0.9 ± 0.6 
(0.8; 0.5 – 1.0) NN  

1.2 ± 0.6 
(1.0; 0.8 – 1.2) NN 

Duration of treatment 
DoT [month] 

5 ± 3 
(4; 3 – 7) NN 

8 ± 3 
(9; 4 – 10) 

7 ± 4 
(5; 4 – 9) NN 

Daily application DA 
[h] 

5 ± 2  
(5; 2 – 8) NN 

6 ± 2 
(6; 4 – 8) 

7 ± 2  
(8; 6 – 8) & 

DoT · DA  
[month · h] 

24 ± 15  
(24; 8 – 36) 

46 ± 27 
(45; 18 – 72)  

48 ± 33 
(35; 24 – 72) NN 

 
Data are given as mean ± 1 standard deviation (median; 95 % confidence interval of median) 

a n = 8   NN data were not distributed normally 
* statistically significant difference against group TIinit < 71 (p < 0.05) 

** statistically significant difference against next two groups (p < 0.05) 
& borderline statistically significant difference against group TIinit < 71 (0.05 < p < 0.10) 

##  borderline statistically significant difference against next two groups (0.05 < p < 0.10). 
 
 

For more illustrative comparison, selected data are 
displayed as box-and-whiskers plots (Fig.4. and Fig.5.). Each 
box represents the interquartile range with median (horizontal 
bar within the box) and the arithmetic mean (oblique cross ). 
If there are no outliers, the upper and lower whiskers depict 
the maximal and the minimal value, respectively. Else, the 

length of the upper whisker is the largest value that is not 
greater than the third quartile plus 1.5 times the interquartile 
range, and the length of the lower whisker is the smallest 
value that is not smaller than the first quartile minus 1.5 times 
the interquartile range. The outliers are depicted as empty 
circles () [22].   
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The patients with circular chest configuration (TIinit  77) 
reached statistically significant better improvement of 
thoracic index values (TI ranged from 1.2 to 20.2) in 
comparison with patients with normal chest configuration 
(71 < TIinit < 77; TI ranged from 0.6 to 6.2) or platythorax 
chest configuration (TIinit < 71; TI ranged from 0.6 to 6.6) 
(Table 2.). Improvement in the SDCH was not statistically 
significant. 

An illustration of the change in chest configuration during 
the treatment recorded by photographs in lateral positions in 
one of the patients is displayed in Fig.6.  

 

 
 

Fig.6.  Pectus carinatum patient before and after treatment  
(sagittal chest diameter improvement of 2.6 cm). 

 
4.  DISCUSSION 

Anthropometry is an inexpensive, reliable, non-invasive 
and time-saving objective method in many areas of clinical 
medicine. In children, it is used as a part of the diagnostics of 
cranial deformities, anterior chest wall deformities, and in 
patients with growth disorders [17]. The goal of this 
prospective study was therefore the medium-term outcome 
evaluation of the PC treatment with locally manufactured 
orthosis employing clinical anthropometric measurements. 

Although the positive effect of the compressive bracing in 
PC treatment has been proven for years, there are still no 
uniform criteria regarding the selection of patients for 
conservative treatment, the daily duration of wearing the 
device, the total duration of the therapy and long-term 
outcomes after the treatment [13], [14]. Better and faster 
results are seen in younger patients older age and an 
asymmetrical configuration of the anterior chest wall are 
factors that can lead to a treatment failure [16], [24]. In 
contrast, our experience has not confirmed the differences 
between the treatment success in patients with symmetric and 
asymmetric deformity. In addition, our study revealed that 
patients with the so-called platythorax achieved inferior 
treatment outcomes in terms of both absolute and percentage 
improvement in the TI. These are the patients with PC who 
also have an enlarged transverse diameter of the chest 
compared to their peers. In other words, patients with PC and 
circular configuration of the chest measured by 
anthropometry have a higher probability to reach positive 
treatment outcomes. This finding is the original outcome of 
our study, a similar result has not been published in the 
available literature yet.  

Most of the centres applying brace treatment recommend 
daily  use  of   the device for 12 to 23 hours [10], [25]. Such 
a long time can bring discomfort, pain, skin irritation or even 
social anxiety, which ultimately reduces the willingness to 
cooperate during the treatment in some patients. On the other 
hand, Wahba et al. recommend daily use in the range 8 – 12 
hours, with comparable treatment success rates, while 
increasing the patient’s compliance [20]. Similarly, Martinez-
Ferro et al. achieved significant results in 88.4 % of patients, 
with a mean bracing duration of 7.2 hours per day [13]. These 
data document that an intensive treatment protocol may not 
be necessary to achieve favourable therapeutic outcomes.  

The treatment protocol used by the Paediatric Surgery 
Department in Bratislava is based on the following findings. 
A clinically demonstrable positive effect of the treatment was 
observed in 83 % of patients. The average daily use of the 
compressive brace in the analysed group was 6 hours. 
Patients were monitored on an outpatient basis for  a mean 
period of 6 months. Published results indicate the average 
time required to achieve a complete correction is in the range 
of 5.5 months to 18 months [14], [20]. All the conservatively 
treated patients in our study are still in the correction phase, 
which means that they wear the orthosis regularly on an 
everyday basis. Achieving a bulging anterior chest wall 
during PC bracing does not mean the termination of 
treatment. It is necessary to continue in the maintenance 
phase of deformity correction until the patient’s growth is 
complete, optimally confirmed by an anthropological 
examination [2]. All the patients in our prospective study will 
be gradually adjusted to the maintenance treatment, where the 
treatment regime is modified to a shorter daily application or 
bracing every other day. Only after the end of this stage (after 
an anthropometric verification of completed growth) can the 
results be considered permanent. 

Similarly to PC treatment, PC diagnostics has undergone 
substantial changes. Until recently, CT examination of the 
chest was considered as a standard for morphological 
assessment of deformity and the Haller Index was 
subsequently calculated (a ratio of the maximum internal 
transverse diameter of the chest divided by the minimum 
anteroposterior diameter) [26]. This procedure (connected 
with X-ray use) can be replaced by anthropometric 
examination, as demonstrated by Štefánková et al. in pectus 
excavatum patients, while the correlation analysis between 
the TI and the Haller Index shows a strong inverse 
dependence [17]. Diagnostics of patients with anterior chest 
wall deformities, as well as monitoring of treatment results 
by means of CT scan is associated with the use of ionizing 
radiation. Especially a child-growing organism has an 
increased tissue sensitivity to X-rays. Therefore, the use of 
radiologically-free   diagnostic   methods    appears   to   be    
a significant benefit. Due to this fact, a CT scan was 
abandoned in our diagnostic protocol.  

Moreover, CT can be reliably replaced by optical 3D 
scanning [1], [17]. 3D scanning is increasingly used in 
medicine: in plastic and reconstructive surgery, orthopaedics, 
diagnostics and treatment of cranial deformities, as well as 
deformities of the anterior chest wall [27], [28]. LED 3D 
scanners provide a fast, inexpensive and ionizing radiation-
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free way to obtain a three-dimensional view of anterior chest 
wall deformities. They are also used in diagnostics, as well as 
in the longitudinal monitoring of the treatment progress [29].  

Adequate motivation is the most important factor in the 
treatment success [15]. We recorded a relatively small 
percentage (17 %) of non-compliant patients. Studies with 
a large number of participants describe 12 % to 30 % of non-
cooperating patients [30], and 75 % to 80 % cooperating ones 
[14]. The patient’s involvement in the therapeutic process 
may be affected by various circumstances. A visible 
correction during the first weeks and months of the treatment 
appears to be a strong motivator to continue the treatment [1], 
[24]. The reasons for treatment discontinuity may include 
social discomfort related to the use of the orthosis, or adverse 
skin reactions [2], [5], [25]. 

In our department, examination by a clinical anthropologist 
has become an essential part of the diagnostic and therapeutic 
process in patients with anterior chest wall deformities. 
Repeated anthropometric measurements may detect discrete 
changes in the shape of the chest during outpatient check-ups.  
Positive results seem to give patients sufficient motivation to 
continue the treatment. These findings, similarly to the 3D 
imaging, appear to be an effective way to maintain the 
patient’s motivation, and to receive objective information 
before the patient can subjectively notice any improvement in 
chest configuration [2], [27], [31].  

 
5.  CONCLUSION 

Compressive bracing in PC treatment using a locally 
produced orthosis using a less intensive treatment protocol 
may be sufficiently effective compared to more sophisticated 
systems with an intensive treatment regimen. Considering the 
current knowledge, it is advisable to avoid the routine of 
obtaining chest X-ray and CT scans in patients with PC before 
referring them to a specialized centre. These diagnostic 
examinations can be completely replaced with 
anthropometric measurements - in the diagnostic process, and 
in the subsequent monitoring of treatment progress. Ensuring 
the patient’s sufficient cooperation is the biggest challenge 
for the therapeutic team managing children and adolescents 
suffering from PC. 
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