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Objective. To improve the outcomes in patients with asymmetric pectus excavatum (APE) by developing and
implementing our own differentiated modified Nuss procedure to correct different variants of this deformity; to
analyse the treatment outcomes.

Materials and methods. An original modified Nuss procedure to correct the following pectus excavatum (PE)
types is described: asymmetric eccentric focal (IIA1 according to Park) type; asymmetric eccentric broad-flat (Park
ITA2) type; asymmetric eccentric long canal (the Grand Canyon type or Park IIA3) type; asymmetric unbalanced
(Park IIB) type; asymmetric combined (Park IIC) type. The essence of the proposed technique is that at the begin-
ning of the operation, a gradual elevation of the anterior chest wall is carried out to a maximally approximated
physiological position using two or more traction ligatures applied to the sternum and ribs. In the future, a horizon-
tal position of the fixation bar is used for asymmetric eccentric focal, asymmetric eccentric broad-flat, and asym-
metric eccentric long canal types; and an oblique position with a more dorsal location of the bar end on the less
depressed side is used for asymmetric unbalanced and asymmetric combined types. In both bar position variants,
the rigid subperiosteal fixation of the bar stabilizers to two ribs bilaterally is used. The results of treatment according
to this modification were analysed in 24 patients with different variants of asymmetric PE.

Results. The proposed differentiated approaches to performing the Nuss procedure made it possible to obtain
excellent and good cosmetic and functional results. There were three postoperative complications: one case of de-
layed pneumothorax and two cases of asymmetric manubriocostal pectus carinatum: one case after treatment of an
asymmetric unbalanced PE (Park IIB) type and one - after correction of an asymmetric combined (Park IIC) type.
Both patients with pectus carinatum underwent non-surgical treatment using an individually tailored dynamic
compression brace system with excellent cosmetic and functional outcomes.

Conclusions. The several-point traction of the anterior chest wall allows to shape its physiological form in most
cases; the rigid bar fixation according to the proposed schemes ensures the retention of the chest wall shape. In the
vast majority of cases, the placement of one corrective bar is sufficient. For the asymmetric combined (Park IIC)
type correction, the implantation of two corrective bars or the «<sandwich technique» is indicated if the defect is
significant. In case of postoperative pectus carinatum, successful non-surgical treatment using an individually tai-
lored dynamic compression brace system is possible.

Keywords: Nuss procedure, asymmetric pectus excavatum, sternum elevation.

TaKTuKa XipypriyHoro nikyBaHHA acuMeTpUYHUX GopMm niikonoaibHoi aedopmalii rpyaHOI KNiTKK B aiTeit
B. P. 3apemba?, 0. A. jaHunoe?

IKHIM « *Kumomupcoka 0baacHa umaYa KAiHivHa aikapHa» umomupcokoi 06aacHoi padu, YkpaiHa

’HauyjioHanbHuli yHisepcumem oxopoHu 300poe’s YkpaiHu imeHi 1. /1. LLynuka, m. Kuie

MeTta — noAinwWm1TH pe3ynsLTaTh NikyBaHHA NaLiEHTIB i3 acMMeTpMUHO Gopmoto NilikonoaibHoT aedopmaii rpyaHoi knitku (JIANK) wasxom
pO3pobaeHHsA Ta BNPOBaAKEHHS BNACHOT AndepeHLiioBaHoi moandikaLii onepauii 3a Nuss ansa KopekLii pi3Hux BapiaHTiB Liei aedopmalii;
NpoaHani3yBaTh Pe3ynbTaTy NiKyBaHHA.
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Martepianu T1a metoau. OnncaHo opuriHanbHy mogudikauito onepauii Nuss 418 KOpeKLii Takux TMNis gedopmaliii: aCUMeTpUYHOro
eKCLEHTpUYHOro okanbHoro T1ny (IIA1 3a Park); acMMeTpMYHOro eKCLEeHTPMYHOTO WKpokoro naackoro Tuny (I1A2 3a Park); acumeTpuyHoro
€KCLLeHTpUYHOro aosroro rmmbokoro Tmny (Grand Canyon, I1A3 3a Park); acumeTpuyHoro HesbanaHcosaHoro tuny (IIB 3a Park);
acumeTpuyHoro kombiHosaHoro Tuny (IIC 3a Park). CyTb 3anponoHoBaHOI METOAMKM NOATAE B TOMY, O HA NOYaTKy onepaL;ii NpoBoANUTbCS
MOCTYNOBE BUTATHEHHA NEPeAHbOI IPYAHOIT CTIHKM B MOJIOXKEHHSA, MaKCMMa/bHO Hab/iKeHe 40 ¢isionoriyHoro 3a Agi 1 Ginblie TpaKkLinHi
niraTypy, HakNageHi Ha rpyauHy Ta pebpa. Y nofanbllomMy 3a aCUMETPUYHOTO EKCLLEHTPUYHOTO IOKANIbHOTO, aCUMETPUYHOTO EKCLEHTPUYHOO
LUIMPOKOTO NNACKOr0, aCUMETPUYHOTO EKCLIEHTPUYHOTO A0Broro rnbokoro Tunis JIAMK BUKOPUCTOBYETLCA TOPU30OHTANbHE PO3TALLYBAHHS
OiKcytouoi N1acTUHK, @ 338 aCUMETPUYHOTO He36aNaHCOBAHOIO Ta aCUMETPUYHOTO KOMBIHOBAHOrO TUNIB — KOCe ii NON0KEHHSA 3 LOPCANbHILIUM
PO3TalyBaHHAM KiHLLA NAACTUHM Ha MEeHLL 3ananomy boLi. B 060ox BapiaHTax po3TallyBaHHA NAaCTUHW 3aCTOCOBYETLCA KOPCTKA CyDOKiCTHA
dikcauis cTabinizaTopis nnacTuHM fo ABOX pebep 3 060x bokiB. [poaHani3oBaHO PesyIbTaTH NiKyBaHHS 3a L€t Moandikallieto 24 nawieHTis
i3 pi3HMMM BapiaHTamu acumeTpuyHoi 141K,

Pe3ynbTaTi. 3anponoHoBaHi AndepeHLjiitoBaHi NigXxoam A0 BUKOHaHHsA onepauii Nuss ganu 3mory oTpumaty BigmiHHI M1 £06pi KOCMeTUYHI
Ta QYHKLjiOHanbHi pe3ynbTaTi. Cnoctepiranncs Tpu nicasonepaLiiHi yCKNagHEeHHA: OAMH BiACTPOYEHUIA MHEBMOTOPAKC Ta ABa aCUMETPUYHI
KinenogibHi gedopmauii 3a MaHybPiOKOCTaNbHUM TUNOM: OAWH BUNAJOK — NiCAA NiKyBaHHA aCUMeTPUYHOI He3banaHcoBaHoi Gopmu
Aedopmadii (11B 3a Park) Ta oguH — nicns nikyBaHHA acMMeTpuyHoro kombiHosaHoro Tny (IIC 3a Park). O6vaga nauieHTy 3 KinenogioHMMu
AebopmaLismu NposikoBaHi KOHCEPBATMBHO 3 BUKOPUCTAHHAM iHAMBIAYaNbHOT AMHAMIYHOT KOMNpPECiiHOT bpelic-cucTemm 3 BigMiHHUMM
KOCMETUYHMMM Ta GYHKLIOHAIbHUMM pesy/ibTaTamm.

BucHOBKM. KinlbKaToYKOBa TPaKLif NepesHbOi rpyAHOT CTIHKKM Aa€ 3mory cdopMyBaTH B binbLIOCTi BUNaAKiB ii disionoriuHy Gopmy; *opcTka
dikcauin nnacTMHM 3a 3aNPONOHOBAHUMM cxeMamu 3abesneuye 36epeeHHA GopMM rPyAHOI CTIHKK. B abcontoTHil BinbliocTi BUNagKis
[LOCTaTHbO BCTAaHOBUTM OAHY KOPUTYBa/bHY NAACTUHY. 115 KopekLii acumeTpuyHoro kombiHosaHoro Tuny (IIC 3a Park) 3a 3HayHoi nowmpeHocTi
PEKOMEHA0BaHa iMNAaHTaLif BOX KOPUryBaNbHUX NACTUH ab0 BUKOPUCTAHHA «CaHABIY-TEXHIKMY». 33 pOopMyBaHHA nicasonepauiiHoi
KinenogibHoi aedopmalii MOXKAMBE YCNiLUHE KOHCEPBATMBHE NiKYBaHHA B iHAMBIAYabHIM AMHAMIYHI KOMNPECIHIN bpeic-cuctemi.
JocniaxeHHA BUKOHAHO BigNOBIAHO A0 NpUHUMNIB [eNbCiHCbKOT AeKnapauii. MpoToKoN AoCAiAXKEHHA yXBaNeHO JIOKaNbHUM ETUYHUM

KOMITETOM YCiX 3a3HaueHux y poboTi ycTaHOB. Ha npoBefeHHA AOC/iIAXKEHb OTPUMAHO iHpOpMOBaHy 3rogy 6aTbkis AiTel.

ABTOpPY 33ABIAKOTb MPO BiACYTHICTb KOHDAIKTY iHTEpPECIB.

Kntouosi cnosa: onepauis 3a Nuss, acMMeTpuyHa NikonogibHa gedbopmavis rpy4HOi KNiTKK, enesauis rpyanHu.

Introduction

Pectus excavatum (PE) is a fairly common malforma-
tion of the chest wall. The disease incidence is from
0.1 to 0.8 per 100 children and is a manifestation of con-
nective tissue dysplasia. PE is characterized by function-
al and organic disorders of the cardiovascular and respi-
ratory systems, namely: restrictive ventilatory
insufficiency, frequent respiratory infections, cardiac
compression signs, decreased exercise tolerance, and
physical developmental delay [1-7]. In addition to or-
ganic and functional disorders, this malformation is
significantly associated with frequent psychological dis-
turbances, including problems in relations with the op-
posite sex, social adaptation deterioration, decreased
socialization level, and in some cases it can lead to sui-
cide [8,9]. Given the above reasons, the indications for
the PE treatment are not only medical, associated with
the cardiorespiratory and musculoskeletal system disor-
ders, but also cosmetic and psychological ones.

In the 21st century, the PE treatment gold standard is
the Nuss procedure. This operation and its modifications
are widely used because of their low surgical injury, rela-
tive simplicity and short operation time, and good cos-
metic and functional outcomes [2,3,10-19]. However, the
treatment outcomes of patients with asymmetric pectus
excavatum (APE) are not always perfect — often there is
a residual deformity or pectus carinatum, as well as a

high incidence of postoperative complications, related
re-operations, and chronic chest pain [6,7,16,18-24].

Objective. To improve the outcomes in patients with
asymmetric PE by developing and implementing our
own differentiated modified Nuss procedure to correct
different variants of this deformity; to analyse the treat-
ment outcomes.

Compliance with bioethical norms. The study was
carried out in accordance with the principles of the Dec-
laration of Helsinki. The study protocol was approved by
the Ethics Commission of the Municipal Non-profit In-
stitution Zhytomyr Regional Children’s Clinical Hospital
of Zhytomyr Regional Council, Ukraine.

Materials and methods

During the period from 2018 to 2020, the corrective
operations for pectus excavatum according to the origi-
nal modified Nuss procedure were performed in 76 pa-
tients. Among operated patients, asymmetric PE was
diagnosed in 24 cases (31.6%). To assess the type, shape,
degree and other characteristics of the deformity, we
used the morphological classification of pectus excava-
tum proposed by H. J. Park. The distribution of patients
is shown in Table 1.

Spirography, chest X-ray with determination of the de-
formity degree by Gizycka methods were used among the
methods of examination. Native spiral computed tomog-
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Table 1
Distribution of patients according to the Park classification
. g Average age Average age
Defo.rmlty type ac Quantity | Percent | Degree Il | of patients Percent | Degree lll | of patients Percent
cording to Park . . . .
with deformity with deformity
. 13.0£0.47 13.31£2.16
IIA1 according to Park |7 29.2 3 (12.4,13.6) 42.9 4 (10.7,15.8) 57.1
. 15.7+0.72
IIA2 according to Park |3 12.5 3 (14.7,16.7) 100.0 0 - 0.0
. 15.3+0.42
IIA3 according to Park |4 16.7 0 - 0.0 4 (14.7,15.8) 100.0
. 11.840.2 14.0£0.7
IIB accordingto Park |6 25.0 4 (11.5,12.0) 66.7 2 (13.0, 15.0) 33.3
. 12.8+0.7
lICaccordingto Park |4 16.7 4 (11.9, 13.6) 100.0 0 - 0.0
13.1+1.8 14.2+3.1
Total 24 100 14 (115, 16.7) 58.3 10 (10.7, 15.8) 41.7

Note: IIA1 according to Park —asymmetric eccentric focal type; Park IIA2 — asymmetric eccentric broad-flat type; IIA3 or the Grand Canyon
type Park —asymmetric eccentric long canal type; Park |IB—asymmetric unbalanced type; Park IIC—asymmetric combined type.

raphy of the thoracic organs was performed to determine
the degree of mediastinal displacement, indices of asym-
metry, unbalance, eccentricity, and the Haller index.

An original modification of the Nuss procedure and
its options for the treatment of various anatomical vari-
ants of APE were developed. The first stage of surgical
intervention consisted of the application of ligatures
(2-4) to the lower third of the sternum and adjacent ribs
followed by gradual traction for 10-15 minutes until the
anterior chest wall was positioned in the moderate hy-
percorrection. Recently, instead of a ligature, we have
used a single-prong Volkmann retractor. The traction
points were chosen at the greatest depression sites of the
chest wall. The number of such points depends on the
anatomical deformity variant, the chest wall rigidity and
the thoracic cage size. The chest wall traction was per-
formed by gradually tightening the stretching screw.

As arule, bilateral three-centimetre transverse skin inci-
sions at the level of the fifth intercostal space, anteriorly
from the midaxillary line, with subperiosteal mobilization
of the 5th and 6th ribs were made. The next step was tun-
nelling under the greater pectoral muscles and inserting
an optical port on the right into the 6th or 4th intercostal
space on the anterior axillary line. A working port was in-
troduced through the right main access and a tunnel under
the right greater pectoral muscle to the point of the bar
entry into the pleural cavity. A 5-mm endoscopic dissector
was inserted through the working port and the retrosternal
tunnellization was performed. The next step was to intro-
duce a guideband and a bar. After rotation of the bar, a
bilateral rigid subperiosteal fixation of the bar stabilizers to
two mobilized ribs was performed with a 5-mm lavsan
band. This bar fixation technique transforms the construc-
tion into a monolithic metal arched structure with fixed

ends, which reduces the bar width and the pain syndrome
severity in the points of bar entry into the pleural cavity, as
well as levels out the rib deformation in these points.

The main difference in our approach to APE correc-
tion is traction of the anterior chest wall in its most con-
cave areas, elevating the anterior chest wall to the posi-
tion of hypercorrection first, after which a corrective bar
with tightening of its ends (stabilizers) is introduced and
fixed according to the deformity type. A prerequisite of
this approach is a clear marking of the operating field,
especially the points of bar entry into the pleural cavity.

Variants of the original technique

The explanations of symbols are shown in Figure 1.

1. To correct the asymmetric eccentric focal type
(ITA1 according to Park), the traction points were ap-
plied at the area of the corpus sterni transition into the
xiphoid process along the edge, which is the closest to
the deformity, and at the part of the rib, which is the
closest to the deepest point of the deformity. The points
of bar entry into the pleural cavity were planned along
the edge of the deformity as in the conventional Nuss
procedure. The bar was positioned horizontally (Fig. 2).

2. To correct the asymmetric eccentric broad-flat
type (IIA2 according to Park), two traction points were
used. The first one was along the lower border of the cor-
pus sterni and along its edge, closer to the depression, and
the second one was in the area of the rib part closest to the
deepest point of deformity. The points of bar entry into
the pleural cavity were projected according to the defor-
mity; the correction was made using two bars. The sternal
traction was performed until significant hypercorrection
position. This allowed the upper bar to be freely intro-
duced after the lower one was inserted and rotated. The
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4 _ Pointof bar entry into the pleural cavity
Q - Bar stabilizer
ﬂ - Vector of traction
B - Sternum
- Rib

- Stabilizer traction direction during fixation

-
ﬂ = Vector of compression of the keeled portion

of the deformity.
Fig. 1. Symbols

Fig. 4. Scheme of asymmetric eccentric long canal (the Grand
Canyon type or IIA3 according to Park) type correction

Fig. 2. Scheme of asymmetric eccentric focal (II1A according
to Park) type correction

Fig. 3. Scheme of asymmetric eccentric broad-flat (I1A2 ac-
cording to Park) type correction

Fig. 5. Scheme of asymmetric unbalanced (Il B according to
Park) type correction

upper bar was placed in accordance with the points of bar
entry into the pleural cavity in the third intercostal space
using the Pilegaard technique, or this bar was placed with
one nonremovable stabilizer. After positioning both bars,
the sternum was reversed from the hypercorrection posi-
tion to the physiological one. Then we fixed them to the
ribs (Fig. 3).

3. Surgical treatment of the asymmetric eccentric long
canal type (the Grand Canyon type or IIA3 according to

Fig. 6. Scheme of asymmetric combined (Il C according
to Park) type correction

Park). Three traction points were used at the lower edge
level of corpus sterni: the middle of the sternum, the edge
of the sternum close to the deformity, and the rib slightly
laterally to the deepest point of the deformity. Two bars
were used. Optionally, the fixation was provided using si-
multaneously lavsan band and steel ligature No.7 USP. The
sequence of insertion and bar fixation were similar to those
performed for the correction of asymmetric eccentric
broad-flat (ITA2 according to Park) type (Fig. 4).
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4. Correction of asymmetric unbalanced (IIB accord-
ing to Park) type. Two traction points were made at the
level of the lower edge of the sternal body along its edge
closer to the deformity and 2-3 cm lateral to this point on
the rib. The latter was given special attention during trac-
tion. In this operation variant, there was used an oblique
course of the corrective bar with the lower bar side placed
on the concave side. It is crucial to place the bar accurately,
which is as follows: from the convex side of the chest, the
bar enters into the pleural cavity along the edge of the de-
formity, and on the concave side, it is introduced in the
middle between the anterior axillary and medioclavicular
lines. In this type of deformity, it is important that the sta-
bilizers are properly fixed to the ribs, namely:

a) on the concave side, the fixation points are pulled as
far forward as possible, elevating the chest wall to the phy-
siological position;

b) on the concave side, three points of subperiosteal fixa-
tion to the ribs are used: at both ends of the stabilizer and
the bar ends;

c) the bar should be placed so that the removable stabi-
lizer is positioned on the concave chest side;

d) a combination of suture materials, both steel ligature
and lavsan band on the concave side, should be preferred.

The oblique bar course allows 3-4 ribs of the concave
side of the chest (almost the entire concave surface) to lean
on the bar (Fig. 5).

5. The asymmetric combined type (IIC according to
Park) was corrected using one bar. First, traction ligatures
were applied at the level of the lower edge of the corpus sterni
and 2-3 cm laterally to the rib on the funnel-shaped defor-
mity side. The funnel-shaped part of the deformity was ele-
vated into a position close to the contralateral side. The bar
position was horizontal or oblique (usually oblique). It was
inserted so that the bar entry point into the pleural cavity
from the keeled side was somewhat medial to the top of the
keeled portion of the deformity, and on the funnel-shaped
side — along the border of the funnel-shaped deformity.

The rules for the bar fixation to the ribs were as follows:

a) on the funnel-shaped side, the fixation points were
pulled as far forward as possible, elevating the chest wall to
the physiological position;

b) there were three points of subperiosteal fixation bila-
terally: at both ends of the stabilizer and the bar ends;

¢) a bar with two removable stabilizers was used;

d) a combination of suture materials, both steel ligature
and lavsan band, was preferred on both sides;

e) the bar was fixed to the ribs on the funnel-shaped side
first, trying to fasten the stabilizer as ventrally as possible, after
which the bar was fixed from the keeled side by pressing on
the top of the keeled portion of the deformity until it was cor-
rected, but the stabilizer should be fixed as dorsally as possible.

We consider it appropriate to introduce two bars with a
significant upper-lower size of the keeled portion in the IIC
type according to Park (Fig. 6).

Results
An analysis of the surgical treatment results in the pa-
tients with APE using the modified Nuss procedure
showed that 23 out of 24 patients (95.8%) had good and
excellent surgical treatment outcomes. The majority of
patients were males (62.5%). It was found a tendency for
the third-stage deformity percentage to increase with the
child’s age (from 27.2% at the age of 10-13 years to 38.4%
at the age of 14-18 years). Two corrective bars were used
in all patients with asymmetric eccentric long canal (the
Grand Canyon type or Park ITA3) type (4 cases) and
asymmetric eccentric broad-flat (Park IIA2) type (3 cases)
(in 29.17% of all patients with APE). The correction using
one bar was provided in the other 17 patients (70.83%).
The duration of the operation ranged from 55 to
100 minutes when one fixation bar was placed (on aver-
age — 78 minutes) and from 100 to 130 minutes (on aver-
age — 108 minutes) with two fixation bars placed. The
intraoperative blood loss was less than 30 ml in all cases.
There were three postoperative complications (12.5%)
registered: delayed simple right-sided pneumothorax (diag-
nosed 1.5 days post surgery) in one case and two cases of
recurrence in the form of pectus carinatum in 3 and
6 months post surgery for an asymmetric unbalanced (Park
IIB) type and for an asymmetric combined (Park IIC) type.
The length of hospital stay post surgery was 3-7 days
(on average 4.2 days). In 23 cases (95.8%), good and ex-
cellent treatment outcomes were noted. There were no
cases of bar displacement or penetration through the
anterior chest wall. The examples of treatment outcomes
are shown in Figures 7-10.

Discussion

Most authors believe that the Nuss procedure is effective
in symmetrical PE. Moreover, it is possible to limit the
placement of a single bar to complete deformity correction
(2,3,6,12,14,15,18]. It has been reported the minimum
number of intra- and postoperative complications in these
cases [2,3,6,12,14]. However, asymmetric PEs pose consi-
derable difficulties when performing PE correction accord-
ing to Nuss [6,13,22-24]. Taking this into account, a place-
ment of two or more bars, including bridge structures, have
been suggested by a number of authors [10,16,23,25]. This
approach is more often accompanied by intra- and postop-
erative complications, decreased respiratory capacity be-
cause of reduced chest wall mobility [6,22-24]. There are
very few studies on the methods and results of the APE
treatment. The Park’s work [26] is of the greatest interest
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because of the approaches used and the results obtained. In
particular, H. J. Park has suggested the use of an original
approach - MM-MT TERCOM (multiple-momentum
based multitarget «Terrain Contour Matching System»). In
this approach, the first step is to establish the deformity por-
tions that need to be corrected surgically. After establishing
the goals of correction, the bar contour, which would be
anti-congruent to the deformation, is carried out for such
correction. To achieve this goal, H. ]. Park recommends the
«deformity contour matching», which is essentially a mir-
ror-image fitting of the bar curvature to the chest wall cur-
vature. Techniques have been described for introducing
bridge structures consisting of two fixation bars, in particu-
lar, the «sandwich technique», to correct the asymmetric
combined PE (Park IIC) type [16,23,25,26]. In addition,
there have been anecdotal studies on the use of several fixa-
tion bars to correct the Grand Canyon deformity type and
extended deformity variants [10,11]. Thus, no systematic
approach to surgical treatment of different asymmetric PE
variants has been proposed so far. In our opinion, the main
cause of complications is the lack of proper attention to the
deformity type and nature. H. J. Park has identified the main
types of asymmetric pectus excavatum. The classification
was developed taking into account the position of the ster-
num and the changes in the shape of ribs and costal arches
[27]. The most common cause of intraoperative complica-
tions is the narrow space or its absence between the anterior
mediastinal organs and the anterior chest wall, as well as the
mediastinal displacement, since this significantly impairs
the safety of manipulations in the retrosternal space
(6,10,11,19,22,24]. The anterior chest wall elevation, per-
formed in the operation debut in different ways, can reduce
the risk of complications [10,11,17,19]. However, the au-
thors do not take into account the location of traction points
depending on the nature of the deformity and, therefore, do
not achieve the physiological position of the anterior chest
wall before the placement and fixation of the bars. On the
contrary, a differentiated choice of traction points allows
optimally placing the corrective bars, taking into account
the localization of the deformity epicentre and its anatomi-
cal variant, and achieving good results. Under this ap-
proach, it is enough to install one fixation bar in most cases,
and the oblique bar position is often chosen.

Conclusions

The proposed modified Nuss procedure with several-
point traction of the anterior chest wall in the operation
debut allows to form its physiological shape in most cas-
es, and rigid fixation of the bar stabilizers according to
the proposed schemes reliably maintains the achieved
shape of the chest wall. In almost all cases, good to excel-
lent correction results have been achieved. In the vast

Fig. 7. Case of asymmetric eccentric broad-flat (I|1A2 accord-
ing to Park) type correction

Fig. 8. Case of asymmetric eccentric focal (Il1A according to
Park) type correction

Fig. 9. Case of asymmetric unbalanced (Il B according to Park)
type correction

\ -4

Fig. 10. Case of asymmetric eccentric long canal (the Grand
Canyon type or [IA3 according to Park) type correction
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majority of cases, the placement of one corrective bar is
sufficient. When correcting the asymmetric combined
(IIC according to Park) type, consideration must be giv-
en to the height of the keeled portion of the deformity
and, with a significant protruding part in height, it is re-
commended to use two corrective bars or use the «sand-
wich technique» to prevent the postoperative pectus
carinatum. In case of postoperative pectus carinatum,
successful non-surgical treatment using an individually
tailored dynamic compression brace system is possible.
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