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Abstract  The aim of the study is to improve the results of pectus excavatum correction due to a differentiated approach to 

each patient and the choice of the optimal treatment method. Background. The article reveals the problem of treating pectus 

excavatum. The historical facts on the correction of the pectus excavatum have been given. Modern treatment options were 

described, advantages and disadvantages of each method were noted, directions for the development of thoracic and plastic 

surgery for pectus excavatum in the near future were outlined. A large own material on the correction of this deformity using 

Vacuum Bell was presented for the first time. Material and methods. 2002 patients with pectus excavatum were corrected in 

the Zdrav clinics, the TS-clinic in Krasnodar and the Surgemed clinic (Uzbekistan, Urgench) for the period 2019-2022. 156 

patients of them were citizens of Uzbekistan. There were 1352 males and 650 females. The age of patients ranged from 3   

to 52 years. 250 (12.48%) patients were performed the Nuss surgery, in the remaining 1752 (87.52%) cases, the pectus 

excavatum was corrected using Vacuum Bell. Results. The original method of monitoring the treatment and supervision of 

the patient until full recovery was described. A universal unified algorithm for collecting information about the patient was 

developed. The following data are needed to fully understand the essence of the deformation of the child's chest: full name, 

date of birth, height, weight, chest circumference at the level of the funnel, the distance between the areoles. The duration of 

wearing the bell varied from 9 months to 36 months. Maceration of the skin during prolonged wearing of the bell is developed 

in 70% of patients. However, a method of protecting the skin from the edge of the vacuum bell has been developed for this 

purpose. Conclusion. A comprehensive examination of the patient with an individual approach and determination of the 

optimal treatment tactics is necessary in the case of pectus excavatum. With timely treatment of patients, especially before the 

complete formation of the skeleton and the development of gross deformation, Vacuum Bell can completely correct the 

anomaly that has arisen, relieve a person from both physical illness and psychological problems. The Nuss surgery is 

necessary for patients with a Haller Index of more than 3.5; older age group (=22 years); lack of efficiency from Vacuum 

Bell. 
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1. Introduction 

Pectus excavatum and Pectus carinatum are the most 

common chest deformities. However, the pathogenesis   

has been poorly studied and the research results remain 

contradictory. Particular attention is paid to the embryonic 

and intrauterine development of the ribs and sternum, based 

on the understanding that the origin of these deformities is 

due to a violation of the maturation of the parasternal region. 

Congenital chest deformities can be divided into rare   

forms such as cleft sternum, Pentalogy of Cantrell (POC), 

asphyxiating thoracic dystrophy (Jeune syndrome), Poland 

syndrome and spondylothoracic dysplasia (Jarcho-Levin 

Syndrome), which account for approximately 3-4% of all 

cases. Pectus excavatum (PE) and pectus carinatum (PC) 

account for 95-97% of all chest wall deformities [1]. PE is an 

indentation in the anterior chest wall resulting from a dorsal 

deviation of  the sternum and third to  seventh rib or costal  
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cartilage and is the most common chest deformity 

accounting for 90% of all cases. Depending on the severity 

of the PE, deviations of the chest organs and spinal 

deformities are known. Although PE in most cases 

practically does not affect the function of internal organs, the 

cosmetic appearance of patients leads to psychological 

disorders requiring therapy. Surgical interventions are the 

most recognized methods of treatment. Various methods of 

work have been developed. There are several hypotheses 

regarding the formal pathogenesis of PE, although the 

underlying pathomechanisms are completely unclear. In 

addition, questions about the role of development processes 

in the formation of PE arise.  

The first description of the pectus excavatum was made  

by Bauhinus J. in the seventeenth century [2]. Another 

documented description of the chest appearance can be 

found in 1860 in Woillez [3]. Von Luschka H. reported a 6 

cm deep depression in the chest wall of a 24-year-old man in 

1863 [4]. In 1870, Eggel published the first comprehensive 

report on a patient with funnel-shaped depression in the chest, 

calling it a "miracle of nature" [5]. He suggested that the 



368 V. A. Markushin et al.:  Options for Pectus Excavatum Correction  

 

 

cause of the deformity may be weakness and abnormal 

flexibility of the sternum caused by a nutritional disorder or 

developmental delay. Individual case reports were submitted 

by Williams CT., Flash M. and Hagmann [6-8]. Hagmann 

believed that the overgrowth of the ribs causes chest 

depression. On the contrary, Langer and Zuckerkandel 

supported the hypothesis of a developmental disorder 

occurring in utero, in which the lower jaw of the embryo 

(fetal mandible) is responsible for deformation by pressing 

on the sternum as a result of too high intrauterine pressure [9]. 

As for surgical correction, Meyer L. performed the first   

PE operation in 1911 with the removal of the costal cartilage 

[10]. He also analyzed the removed cartilage under a 

microscope and revealed nonspecific degeneration. However, 

he did not associate histological data with the pathogenesis 

of PE. 

The morbidity of PE has a ratio between 0.1 and 0.8 per 

100 people [11]. Interestingly, males suffer more often, with 

a gender distribution ranging from 2:1 to 9:1. Even if PE 

occurs sporadically, a genetic predisposition is likely, as a 

positive family history can be detected in 43% of PE cases. 

However, a specific genetic defect has not been detected yet. 

Most cases of PE could be noted clinically during the first 

year of life, but the primary occurrence during puberty was 

also described. Most often chest deformities are a single 

anomaly, but they can also be one of the manifestations of 

various genetic disorders. 

Clinically, PE is associated with a typical posture:     

thin, tall patients with a large abdomen and shoulders  

pushed forward, which can lead to permanent scoliosis. 

Compression of the sternum can lead to displacement of the 

heart and a decrease in lung volume. Anatomical changes 

occur in chest pain, fatigue, shortness of breath on exertion, 

respiratory infections, asthma symptoms, palpitations [12]. 

Coln et al. demonstrated that 95% of 123 patients had cardiac 

compression. Even one case of syncopal symptoms has   

been reported [13]. Fonkalsrud EW, et al. reported that the 

symptoms of many untreated PE patients progress with age 

and he recommended surgery for both young and adult 

patients [14]. 

An improvement of pulmonary and/or cardiovascular 

symptoms and an improvement in subjective well-being  

after surgical correction were described in the numerous 

clinical studies. Many authors identify psychological  

factors due to the physiognomic features of chest deformity. 

It is believed that deformities cause appropriate social 

discrimination, especially in adolescence, which leads to 

socio-psychological problems [15]. A multicenter study 

showed that surgical treatment of patients with PE improves 

these socio-psychological issues [16]. 

There are several hypotheses regarding its pathogenesis. 

Bauhinus put forward the first pathophysiological hypothesis, 

indicating hypertension of the diaphragm during embryonic 

development as a pathophysiological factor [2]. In the    

late nineteenth and early twentieth centuries, one of the 

leading views on pathogenesis was intrauterine pressure on 

the sternum due to the abnormal position of the embryo [17]. 

An alternative idea was in acquired damage caused by 

constant mechanical stress, which was often found in 

shoemakers, so the term "shoemaker's chest" appeared. 

Further hypotheses highlighted other diseases such as 

syphilis or rickets as the cause of PE. Today's leading 

hypotheses focus on metabolic disorders in the sternocostal 

cartilage, which leads to biomechanical weakness and 

proliferation of sternocostal cartilage. The latter hypothesis 

was proved by Fokin et al., who found variable cellularity 

and matrix disorganization in the cartilage of patients with 

PE [18]. However, Nakaoka et al. demonstrated that the 

costal cartilage on the side of the deepest impression no 

longer compared with the cartilage on the opposite side [19]. 

Systematic analysis of histological changes in sternocostal 

cartilage in patients with PE revealed premature aging     

of cartilage. Ultrastructural and biochemical studies 

demonstrated trace element abnormalities in costal cartilage 

in patients with PE, namely a decrease in zinc levels and   

an increase in magnesium and calcium levels, which 

demonstrated that a lack of zinc in the diet leads to a decrease 

in the metabolic activity of chondrocytes [18]. Feng J, et al. 

were able to demonstrate a deficiency of biomechanical 

qualities of cartilage in patients with PE [20]. These data 

provide interesting information about the correlation of 

metabolic disorders and mechanical properties of cartilage  

in PE. Finally, there are two main hypotheses of PE 

pathogenesis: impaired development or overgrowth of 

cartilage. Excessive growth caused by maturation disorders 

is discussed in the last one. Taking into account these two 

aspects, a potential connection with the development of ribs 

and the sternocostal joint is of interest. 

After the first documented surgical correction of PE 

performed by Meyer, in 1949 Ravitch performed an 

advanced technique of open intervention [21-22]. Six years 

later, Rehbein and Wernicke used crossed metal blades 

during chest stabilization surgery [23]. Open access 

subperichondrial resection of all deformed costal cartilages, 

resection of the xiphoid process, and sternal osteotomy with 

anterior fixation of the sternum with predominantly multiple 

rod implantation represented the gold standard until the 

beginning of the last decade. The procedure consists of a 

median longitudinal incision along the sternum in men and 

inframammary skin incision in women, resection of the 

deformed costal cartilages, and complete mobilization of  

the sternum, which usually requires excessive retrosternal 

dissection and transverse osteotomy of the sternum. The 

final shape of the ventral thorax correction is fixed and 

stabilized with various forms of metal bars in a different 

number of implanted bars and their positioning, longitudinal 

and/or transverse, depending on the preference of the 

surgeon. The surgery time required for open correction 

ranges from 2 to 5 hours, and perioperative blood transfusion 

is often required. Besides, pleural drains and multiple wound 

drains are used in most cases. Patients are discharged from 

the hospital after 6-8 days.  The implanted rods are removed 
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1 year after surgery during a short stay in the hospital for 2-3 

days.  

In 1998, Nuss et al. introduced a minimally invasive 

technique as an alternative to standard open repair, the 

so-called minimally invasive pectus excavatum repair   

[24]. The Nuss surgery, in which the sternum is lifted with a 

metal rod behind the sternum under thoracoscopic control, 

relies on the flexibility of the chest in young patients, 

allowing effective correction without the need for extensive 

resection of the costal cartilage or osteotomy of the sternum. 

Previously, the rod was removed 2 years after the surgery, 

although in recent years it has been recommended to leave it 

in place for 3 years. 

Various minimally invasive approaches are the so-called 

Erlangen technique and the magnetic mini-motion procedure: 

the surgery using the "Erlangen technique" is characterized 

by minimal cartilage resection and reduced anterolateral 

mobilization. The sternum is mobilized by retrosternal 

dissection through an anterior incision, and an elastic metal 

rod is implanted transsternally through suture incisions. 

Minimal cartilage resection is provided by intraoperative 

tensiometry. This method measures the forces at regular 

intervals required to lift the chest and determines if complete 

separation is necessary. The metal rod will be removed after 

1 year [25]. 

Most of PE surgeries methods are based on a stabilizing 

metal material, which must be removed during the second 

intervention and it entails several complications. First of all, 

it is necessary to perform a second intervention. Besides, 

metal devices can shift and migrate to neighboring tissues.  

In addition, the injected material can also cause problems 

such as postoperative chronic pain. From the point of view  

of the development of new biomedical materials, the use   

of absorbable materials is of interest, because repeated 

intervention is not required. Several approaches were 

performed using absorbable material to correct chest 

deformities. Torre M. described the use of stabilizers made 

from Poly(lactic-co-glycolic acid) (PLGA) [26]. Однако 

Pilegaard HK et Licht PB. published unsatisfactory results 

with this device: they found a higher complication rate with 

absorbable stabilizers for the Nuss technique [27]. 

A non-surgical alternative in the treatment of PE is a 

vacuum bell of various sizes and shapes placed on       

the patient's chest, negative pressure is applied under the  

bell using a hand pump every day for several months. Schier 

F, et al. demonstrated that the vacuum bell may be an 

alternative to surgical treatment in less severe cases and in 

preoperative preparation. Haecker published data on 133 

patients and confirmed Schier's findings. However, there are 

no long-term results yet.  

The aim of the study was to improve the results of pectus 

excavatum correction due to a differentiated approach to 

each patient and the choice of the optimal treatment method. 

2. Material and Methods 

2002 patients with pectus excavatum were corrected in the 

Zdrav clinics, the TS-clinic in Krasnodar and the Surgemed 

clinic (Uzbekistan, Urgench) for the period 2019-2022. 156 

patients of them were citizens of Uzbekistan. There were 

1352 males and 650 females. The age of patients ranged 

from 3 to 52 years. 250 (12.48%) patients were performed 

the Nuss surgery, in the remaining 1752 (87.52%) cases, the 

pectus excavatum was corrected using Vacuum Bell (Fig. 1).  

Minimally invasive surgical reconstruction pectus 

excavatum of the chest wall is indicated for patients with 

severe deformity and concomitant physiological disorders. 

The specific inclusion criteria originally established for   

the Nuss procedure, but also related to the patient's choice  

for open surgery, include two or more of the following: 

computed tomography index (the Haller index) ≥3.3-3.5  

with concomitant cardiac or pulmonary compression;    

lung function studies demonstrating restrictive and/or 

obstructive disorders; cardiac evaluation demonstrating 

cardiac compression, displacement, mitral valve prolapse, 

murmurs, or conduction abnormalities; documenting     

the progression of the deformity with age due to the 

development or worsening of physiological symptoms. 

 

  

Figure 1.  Vacuum Bell (there are different sizes of bells on the right) 
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An increase in the number of patients admitted for 

recovery allowed to conduct studies of cardiopulmonary 

function, which showed that patients with severe PE have 

significant compression of the heart, a decrease in filling  

and a decrease in stroke volume. The degree of pulmonary 

restriction and obstruction is associated with the degree    

of deformation and the degree of displacement of the heart 

into the left pleural cavity. Indications for surgical treatment 

are clearly outlined, the procedure is standardized. Before 

the patient is included in the surgical treatment plan for 

funnel-shaped deformity of the chest, it is necessary to 

evaluate the following patient data: date of birth, height, 

weight, depth of the funnel, MSCT of the chest organs   

with recording on a disk; echocardioscopy; spirometry; 

consultation of a geneticist (in case of genetic diseases). 

Only after a careful study of all the patient's data, the absence 

of contraindications to the Nuss surgery, an explanation of 

the surgery features in this patient is carried out. For a more 

specific assessment of the situation in the case of remote 

consultation, some photographs are required (without a face 

for confidentiality) according to the following instructions: 

front view, right view 45 degrees, left view 45 degrees, 

profile view on the right, profile view on the left, top-down 

view from the jugular notch, bottom-up view from the navel 

and above. All photos should be taken on a gray or dark 

monotonous background with good lighting.  

The most important study is the MSCT of the chest organs, 

which allows to calculate the Haller index, the correction 

index, as well as perform 3D modeling of the chest 

deformation and provides information about the size and 

shape of the corrective metal plate that will be used during 

the Nuss surgery (Fig. 2). 

3. Results 

A universal unified algorithm for collecting information 

about a patient has been developed in the following format. 

The following data are needed to fully understand the 

essence of the deformation of the child's chest: full name, 

date of birth, height, weight, chest circumference at the level 

of the funnel, the distance between the areoles, MSCT of the 

chest organs with recording on a disk. Below are examples of 

photos of a girl with PE before the start of treatment and 

while wearing a bell (Fig. 3), as well as after 6 months of 

treatment (Fig. 4). 

The duration of wearing the bell varied from 9 months to 

36 months. Maceration of the skin during prolonged wearing 

of the bell is developed in 70% of patients. However, for this 

purpose we developed a method of protecting the skin from 

the edge of the vacuum bell. 14 patients who refused to wear 

the bell from the first days were excluded from observation. 

The following algorithm was developed at the selection 

stage to include each patient in the treatment. Before the start 

of treatment, the bell wearing regime was discussed with 

each patient or parent: The principle of wearing a vacuum 

bell is as follows: wearing begins from 2 hours a day and 

then adds 20 minutes a day every day until the wearing time 

reaches 18 hours a day. And then the bell is worn for 18 

hours a day every day for 14-15 months. Then 2 months of 

gradual weaning from the impact of the bell on the chest with 

a gradual reduction in the time of wearing the bell per day by 

20 minutes every day to 0. Wearing a bell in the first days is a 

painful process that requires appropriate patience on the part 

of the child, bringing to your attention to the child the 

importance of regularly wearing the bell.  

Figure 5 shows dynamic MSCT scans of the patient before 

and after applying the bell.  

 

 

Figure 2.  An example of a MSCT-scan of a patient with PE 
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Figure 3.  Photo of a girl with PE before and while wearing a bell 

   

Figure 4.  Photo of a girl with PE after wearing a bell 

Once you start wearing a vacuum bell, the process of 

wearing it cannot be interrupted, you can only do the 

operation if the patient does not want to continue wearing a 

vacuum bell. If the patient stops wearing the bell, then you 

can expect a worsening of the chest deformation. Optimal 

wearing is from 6 am to 24.00 at night. The regime is tougher 

than that of a soldier in the army, but 99% of patients cope. 

The bell is a medical device, the wearing of which must be 

supervised by a doctor with relevant experience. There have 

been 5 patients who could not wear the bell since then. 2 

months later they were performed the Nuss surgery.  

 



372 V. A. Markushin et al.:  Options for Pectus Excavatum Correction  

 

 

 

Figure 5.  MSCT-scans before wearing the bell and during the procedure 

4. Conclusions 

At the present stage of the development of medicine, a 

differentiated approach to the choice of a treatment method 

for a particular disease is maintained.  

In the case of Pectus excavatum, a comprehensive 

examination of the patient with an individual approach and 

determination of the optimal treatment tactics is necessary.  

Uncorrected pectus excavatum leads to scoliosis, kyphosis, 

and cardiorespiratory disorders. 

With timely treatment of patients, especially before the 

complete formation of the skeleton and the development of 

gross deformation, Vacuum Bell can completely correct the 

anomaly that has arisen, relieve a person from both physical 

illness and psychological problems.  

The Nuss surgery is necessary for patients with a Haller 

Index of more than 3.5; older age group (=22 years); lack of 

efficiency from Vacuum Bell. 

In other cases, it is possible to use a bell if the age of the 

patients does not exceed 25 years.  

The authors declare no conflict of interest.  

This study does not include the involvement of any 

budgetary, grant or other funds.  

The article is published for the first time and is part of a 

scientific work. 
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