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ABSTRACT

BACKGROUND: Conservative treatment of children with carinatum is currently an urgent and unresolved problem despite the
wide range of techniques available. Conservative treatment stops the progression of deformation and reduces the degree of
deformation or eliminates it. Methods of evaluating treatment results include clinical (photo-video assessment, question-
naire survey, and chest measurements) and instrumental diagnostics (radiography, computed tomography [CT], and 3D scan-
ning); however, no method of correction and orthosis that would consider all the tasks of conservative treatment, method of
evaluating conservative treatment, and uniform protocol have been established.

AIM: This study aimed to analyze the literature containing information on the conservative treatment of patients with pectus
carinatum.

MATERIALS AND METHODS: The study presents the results of a search in PubMed, Cochrane, and eLibrary using combina-
tions of operators and keywords. A total of 54 foreign and domestic sources were extracted, and the search was not limited
retrospectively.

RESULTS: Orthosis is effective and positively perceived by doctors and patients. The most modern designs in the treatment
of carinatum included dynamic orthoses FMF-DCS and Braceworks (Calgary). Recent studies have reported a strong correla-
tion between 3D scanning and CT to assess treatment outcomes. However, no single option for conservative correction of
deformity allowed for achieving all treatment goals. The assessment of the effectiveness of orthosis using photos, videos,
and questionnaire, and chest measurement is subjective.

CONCLUSIONS: The disadvantages of prosthetics determine the need to develop a clear treatment algorithm, methodology,
and objective assessment of treatment outcomes, requiring further research.

Keywords: pectus carinatum; conservative treatment; orthosis; dinamic compression; children.

To cite this article
Tochilina AS, Ryzhikov DV, Vissarionov SV. Bracing of children with pectus carinatum: A literature review. Pediatric Traumatology, Orthopaedics and Recon-
structive Surgery. 2024;12(2):237-246. DOI: https://doi.org/10.17816/PTORS625475

Received: 07.01.2024 Accepted: 03.06.2024 Published online: 25.06.2024
V-2
ECOeVECTOR The article can be used under the CC BY-NC-ND 40 license

© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/PTORS625475
https://doi.org/10.17816/PTORS625475
https://crossmark.crossref.org/dialog/?doi=10.17816/PTORS625475&domain=PDF&date_stamp=2024-06-25

238

OpToneays, TpaBMaTornors
HAYYHBIE 0B30PHI Tom 12 Ne 2, 2024 VI BOCCTAHOBUTESTbHEA XVPYPIUA AETCKOMO BO3pacTa

YK 616.712-007.24-053.2-089.28(048.8)
DOI: https://doi.org/10.17816/PTORS625475
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OpTesupoBaHue feTei ¢ KunesuaHou aedopMaument
rpyaHou knetku (063op nutepatypbl)

A.C. Tounnuna, [1.B. Poixukos, C.B. BuccapnoHos

HaumoHanbHbIi MeAULMHCKIUA UCCNenoBaTeNbCKUiA LIEHTP [ETCKoii TpaBMartonorum v optoneanu uMewn LU. TypHepa, CankT-TeTepbypr, Poccusa

AHHOTALMA

Ob6ocHoeaHue. KoHcepBaTVBHOE fleYeHWUe AeTel C KUneBuaHoM AedopMaumeit rpyaHOiA KNeTKM Ha CEerofHsALHUA neHb —
aKTyanbHas M [0 KOHLA He pelleHHas npobnema, HecMoTps Ha 6onbLuoi Bbibop MeToauK. KoHcepBaTMBHOE JieueHWe NpoBo-
AAT ANS OCTaHOBKM NpOrpeccupoBaHus AedopMauui, YMeHblUeHus cTenenn fedopmauun uin ee yctpaHeHus. PasnuuHble
METOAMKM OLEHKM Pe3yrbTaToB JIEYEHUS BKIIOYAIOT KIMHUYECKYI0 (POTOBULEOOLIEHKA, aHKETUPOBaHWE, U3MEPEHME pa3Me-
POB rPYAHOMW KIETKM) U MHCTPYMEHTabHYI0 (peHTreHorpadms, KoMnbloTepHas ToMorpadus, 3D-cKaHUpoBaHWe) ANArHOCTUKY,
HO He CyLLLeCTBYET HU MeToAa KOpPPEKLMW U OpTe3a, KOTOpbIE Y4MUTbIBANM Obl BCe 3a/1a4u KOHCEPBATUBHONO IEYEHMS, HU METO-
13 OLIEHKM NOC/eHEr0 U eAMHOT0 NPOTOKONA.

Llene — npoaHanu3npoBaThb INTEpPaTypy, COAEPIKALLYI0 MHPOPMALMIO 0 KOHCEPBATUBHOM JIEHEHUW NaLMEHTOB C KUIIEBUAHO
AedopmaLyen rpyaHoON KNeTKu.

Mamepuanel u Memodel. B cTatbe paccMoTpeHbl pe3ynbTaThl MOMCKA B 3MEKTPOHHbIX 6asax AaHHbix PubMed, Cochrane,
eLibrary ¢ ncnonb3oBaHmeM KOMOWHaLMIA OnepaTopoB M Kio4eBbIX C/10B. bbino BbibpaHo 54 MCTOYHMKA (MHOCTPaHHbIE U oTe-
YecTBEHHble) 663 PETPOCMEKTUBHOIO OrpaHUYEHMs NOUCKa.

Pesynemamel. OpTe3upoBaHme pe3ynbTaTMBHO, MO3UTUBHO BOCNPUHUMAETCA NaLMeHTOM M BpauoM. Hanbonee coBpeMeHHble
KOHCTPYKUMM B NIeYeHUW KueBMOHOM AedopMaumv rpyaHON KNETKW npeacTaBneHbl AMHaMudeckumu optesamu FMF-DCS
n Braceworks Calgary. lMocneaHve uccnenosaus coobiatot 06 ucnonb3oBaHuK 3D-CKaHMPOBaHWS B Ka4YeCTBE abTepHaTUBbI
KOMMbIOTEPHOI ToMorpadmn Ans OLEHKU pesynbTatoB fedeHus. OOHaKO He CYLLeCTBYET eAWHOT0 BapuaHTa KOHCEpBaTUBHOM
KOppeKLmMu AedopMaLmu, NO3BONSAIOLLErO JOCTUYbL BCeX Lienen neveHns. OLeHKa 3 heKTMBHOCTH OpTe3MPOBaHNSA C MOMOLLbIO
doTo-, BULEOCHEMKM, aHKETUPOBAHWS, U3MEPEHUS Pa3MEPOB MPYAHON KIIETKM CYObEKTUBHA.

3axnoyeHue. Hepoctatku opTesvpoBaHWs OMpefensioT BaKHOCTb pa3paboTKM YETKOro anroputMa JIeYEHUs, a METOAUKM
06BEKTMBHOM OLIEHKM NMONYYEHHbIX pe3yNnbTaToB He0bX0AMMO B AaNbHENLLEM UCCe0BaT.

Kniouesble cnoBa: KunesnaHas AeopMauma rPyOHON KNETKYW; KOHCEPBATUBHOE fleYeHune; OpTe3npoBaHme; ANHAMUYECKas
KoMMpeccus; AeTu.
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BACKGROUND

Pectus carinatum (PC) is a deformity of the sternum and
ribs with their displacement above the level of the relief
of the anterior chest wall and is often accompanied by
asymmetry and retraction of the costal arches. It is the second
most common pathology after pectus excavatum, accounting
for up to 20% of all chest deformities [1]. PC occurs four
times more often in boys than in girls [2-4].

S.A. Haje et al. (1999) reported the influence of sternal
growth on the development of chest deformities [5].
The chondromanubrial (manubrial) type of PC is characterized
by the premature closure of the growth plates of the sternum
and the normally continuing growth of the costal cartilage
(Fig. 1).

The corpocostal (lower) type is characterized by hypo-
plasia of the lower part of the sternal body and normally
continuing growth of costal cartilage (Fig. 2).

In the costal (lateral) type, the disproportionate growth
of the sternum is noted, causing the rotation of the sternum
in the frontal plane, and retraction of the costal cartilage on
the opposite side (Fig. 3).

Moreover, 25% of the PC cases have genetic causes [6, 7].
PC may also be a part of a genetic syndrome or connective
tissue dysplasia [4, 6]. Numerous genetic abnormalities,
such as Marfan and Noonan syndromes, are often included
in the PC symptom complex [7]. Concomitant thoracolumbar
scoliosis can be detected in 12%-34% of patients with PC [8],
and hyperkyphosis of the thoracic spine was registered in
14% of the cases [9]. A severe deformity of the anterior chest
wall before the age of 11 years was noted in <10% of patients
with PC; however, some patients have significant deformity
at birth, affecting the entire anterior chest. PC is usually first
identified at primary school age. The deformity gradually
becomes more pronounced until full skeletal maturity is
achieved, after which minor changes occur throughout adult
life [10]. In the case of pyramidal forms, PC may cause chest
discomfort in the prone position [11] but does not usually result
in severe functional cardiorespiratory impairment. However,
patients often experience low self-esteem and deteriorated
quality of life [12], and rarely, pain in the deformity apex is
possible during growth spurt [13].

Over the past decade, PC orthosis has gained significant
popularity. However, attempts at conservative treatment
of this type of deformity were not new. Since the 1970s,
the first publications on orthotics for patients with PC have
appeared. J. Vidal et al. (1977) treated 52 patients with
plaster casts, followed by plaster vests and exercise. They
reported good effectiveness of therapy [14]. In 1992, S.A. Haje
and J.R. Bowen shared their experience with orthoses [15].
The orthoses appeared quite bulky, which made them
unpopular with both patients and doctors. In 2006, several
studies on the conservative treatment of PC were published
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Fig. 1. Manubrial type of pectus carinatum [5]

[16-18]. The authors described orthoses of their design,
and good results (up to 90%) were noted in patients who
complied with the treatment regimen, which made orthoses
a significant alternative to surgical treatment [12, 19-24].
In 2011, a survey of pediatric surgeons in Canada, who treated
patients with PC, revealed that >80% of doctors preferred
orthotics as first-line therapy for PC [25].

In 2008, M. Martinez-Ferro et al. introduced a dynamic
compression system (DCS) for PC correction, which became
the prototype for subsequent dynamic orthoses [3]. DCS can
be used to measure chest pressure using a digital pound
per square inch (PSI) sensor and a docking device located
on it, and patients were classified into chest wall stiffness
categories.

The main goal of orthosis is the elimination of cari-
natum deformity in patients with an elastic sternocostal
complex. With a rigid anterior chest wall, conservative
treatment can stop the progression of the deformity, reduce

Fig. 3. Costal type of pectus carinatum [29]
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Fig. 4. FMF-DCS brace [26]

the initial degree of deformity, and prepare the patient for
surgery [26].

When correcting PC, trophic disorders of the skin of
the anterior chest wall must be prevented through dosed
loading and dynamic wearing of the orthosis.

Despite the increased interest of doctors in the treatment
of patients with PC, no information in the literature helps
establish the optimal approach to orthosis because of the lack
of unified data on the mode of wearing the orthosis, duration
of the correction stage, and possibility of stable compression
for deformity.

This study aimed to analyze the literature containing
information on the conservative treatment of patients
with PC.

MATERIALS AND METHODS

A search was performed in PubMed, Cochrane, and
eLibrary using combinations of operators AND and OR
and keywords for English sources, namely, PC, bracing,
DCS, orthosis conservative treatment and Russian sources
(PC, conservative treatment, and orthosis). The retrospective
search was not restricted by time.

Inclusion criteria:

1) Studies describing the treatment of children using exter-
nal compression orthoses.

2) Studies describing the clinical results of orthotics and
their evaluation.
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Fig. 5. Braceworks Custom Orthotics Calgary [34]

Duplicate works, conference abstracts, book chapters,
comments, and articles without full-text references were
excluded. Fifty-four articles were selected, which included
prospective cohort studies, retrospective studies, systematic
reviews, and literature reviews.

RESULTS AND DISCUSSION
Orthosis options

Nowadays, numerous orthoses are used for PC correction.
The main models are Fraire Martinez-Ferro DCS (FMF-DCS)
(Fig. 4) [3, 25, 27-33] and Braceworks Braceworks Custom
Orthotics (Calgary) (Fig. 5) [18, 34, 35]. Other orthosis models
are used less frequently (Fig. 6) [16, 17, 36, 37].

The main components of orthoses for PC correction
include a brace that can be adjusted to any shape of the chest,
shoulder clamps to hold the orthosis on the body, a rigid
support plate for compression at the top of the deformity, and
an additional plate for girls whose mammary glands have
begun to form. The main difference between the FMF-DCS
and other orthoses is the presence of a removable pressure-
measuring device (PMD) on the chest.

Age of orthotics start

The effectiveness of orthosis depends on many factors,
particularly the anterior chest wall elasticity. The optimal age
for starting orthotics is 6—18 years [38]. However, studies have
analyzed orthotics for patients aged =20 years [27-30, 39].

Fig. 6. Other models of orthoses [16, 17, 36, 37]
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In the identified studies, the criteria for selecting patients
for orthotics are not sufficiently described; data on “elasticity”
and compression strength are scattered. Patients with
an elastic anterior chest wall were treated [3, 30]; however,
some studies included children with rigid deformities
[25, 27-29, 32, 39]. An important aspect in PC correction is
the age at treatment initiation, taking into account periods of
accelerated skeletal growth [40]. The appearance of severe
deformity before or during the first growth spurt (7-8 years)
increases the risk of the deformity progression at an older
age (during the growth spurt 2). The greater the degree of
deformity, the higher the risk of its progression. In children at
an active growth stage, the deformity may reappear, despite
regular use of the orthosis. In this case, patients are again
transferred to the corrective stage to eliminate the deformity,
and at the maintenance stage, they increase the time spent
in the orthosis compared with the initial treatment protocol.
In most children aged <10 years, the deformity is moderate;
therefore, treatment is rarely prescribed during the first
decade of life. In girls, the mammary glands can mask
mild and moderately expressed PC, which makes orthotics
unnecessary; however, if the deformity is significantly
pronounced and asymmetrical, correction must be started
before the age of 10 years [41]. Despite the lack of clear
indications for treatment, the best results are achieved with
correction of the elastic chest [22].

Assessment of chest elasticity

M. Martinez-Ferro et al. [26] developed a device to evalu-
ate the chest elasticity. The device is integrated into the DCS,
and the rigidity was measured in PSI. Patients were se-
lected for conservative treatment of FMF-DCS by measuring
the “starting pressure” (pressure for initial correction [PIC]).
Initially, a PIC <7.5 PSI was used; however, patients are now
eligible for orthotics if the PIC is no more than 10 PSI. If PIC
values are high, patients are informed that complete resto-
ration of the anterior chest wall relief is not probably. This
treatment aims to alleviate the deformity and/or slow its
progression.

Further treatment is performed at a pressure of treatment
of deformity of 2.5-3 PSI to prevent skin damage and reduce
pain at the site of orthosis pressure. In Russian literature, this
figure ranged from 6 to 8 kg/cm? [42].

Orthotics protocol

The treatment protocol for PC deformities includes cor-
rection and maintenance. The correction stage is aimed at
eliminating or reducing the deformity, whereas the mainte-
nance stage is aimed at maintaining the correction and pre-
venting relapse.

The Calgary orthosis protocol is the most popular [18].
The corrective stage involves wearing orthotics for 23 h a day,
with 1 h left for hygiene procedures and performing a set of
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exercises. The maintenance stage involves orthosis 8 h a day
(mainly at night). According to most authors, orthosis should
be used at least 20 h per day [21, 25, 27, 28, 31, 33-35, 37].
Generally, this wearing mode is recommended for correction
with FMF-DCS orthoses and Braceworks Calgary orthoses.
Some authors allowed the use of an orthosis for 8-16 h a day
at the correction stage [16, 17, 30, 36, 38, 391 and mainly
used orthoses of their design [16, 17, 36, 37]. However, some
researchers did not pursue the maintenance stage, and
treatment was completed when correction was achieved.
These authors had analyzed a small number of cases and
used a short evaluation period of long-term results, which
did not allow them to rely confidently on their conclusions
[2, 16, 36].

The treatment duration is determined not only by
the type and degree of deformity but also by compliance
with the wearing regimen of the orthosis. With high patient
compliance, the treatment duration is reduced to 2-3 months
[3, 18, 30, 31, 33]. A.S. Cohee et al. [39] used the FMF-DCS
orthosis, and their corrective stage lasted an average of
6 months. For S. Emil et al. [31] (FMF-DCS) and D. Kravarusic
et al. [18] (Braceworks Calgary), the deformity was
eliminated 5.66 + 3.8 and 4.3 + 2.1 months at the corrective
stage, respectively. S. Sesia et al. [29] used the FMF-DCS
orthosis model and successful correction was achieved
after 2.5-16 months. In most studies, patients treated with
FMF-DCS and Braceworks Calgary orthoses completed
treatment in an average of 24 months (end of the maintenance
stage); however, some patients had to continue orthosis at
the maintenance stage to prevent relapse [21, 25, 27, 28, 31,
33-35, 43].

N. Alaca et al. [44] conducted a study of the efficiency
of physical exercises in the complex treatment of patients
with PC. Among children with this pathology, some patients
had scoliosis, kyphotic posture, and weak muscles.
Other authors also believe that orthotics should be
combined with exercise programs to improve function of
the respiratory system, heart, and musculoskeletal system
[13, 45, 46].

According to studies, the conservative method does not
affect the patient’s respiratory system during treatment.
S. Emil et al. [31] assessed external respiration function before
and after treatment and revealed no significant differences
in these groups. 0. Ates et al. [38] concluded that orthosis
treatment did not alter pulmonary function parameters.
The device does not negatively affect the respiratory system
during treatment.

Methods for assessing orthotics

In most cases, treatment efficiency is determined
subjectively. Using various methods for assessing the results
of orthotics, establishing the efficiency of deformity correction
programs is challenging [22].
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Some authors used self-developed questionnaires
to assess patient satisfaction with correction, including
analysis of treatment results on a scale of 1-10, comfort
while wearing the orthosis, and complications that emerge
during orthosis treatment [2, 16, 29, 31, 34, 36, 38, 43].
Many patients were satisfied with the treatment results and
recommended this treatment method to other patients with
this pathology.

R.T. Lee et al. [35] took a series of photographs during
orthosis treatment to evaluate treatment efficiency, and
A.S. Cohee et al. [39] analyzed the anteroposterior chest size
before and after treatment.

In some cases, effectiveness was determined using
radiography and computed tomography (CT) [28, 37, 38, 43].
Based on CT data (Haller index, sternal rotation angle, and
chest asymmetry index), the treatment results of patients
with severe deformities were assessed. Positive changes
in treatment efficiency were noted. The authors reported
the high information content of studies when analyzing
treatment dynamics but recommended CT mainly when
planning surgical interventions [37].

E. Port et al. (2018) used white light scanning (WLS) [47].
It is an inexpensive, nonradiation, safe, and rapid three-
dimensional imaging technique. By scanning patients before
and after treatment, the authors were able to quantify
the orthosis efficiency. Moreover, 13 (34%) of the 32 patients
with PC examined showed an improvement of >10%,
an improvement of 1%-10% in 21 (55%), and 4 (11%) had
no positive dynamics. Preliminary results have revealed
that WLS can be used to measure safely and accurately
anterior chest wall deformity, providing an objective tool for
the quantitative analysis of the dynamics of PC treatment
using the Herbal-Malas index, an analog of the Haller
index [47]. Data from other publications also confirm that
nonradiation research methods are a good alternative to
radiation methods [45, 48-52]. A. Hussain (2020) et al. also
concluded that nonradiation methods are an alternative to CT
for chest deformity assessment [53]. Data indicate a good
correlation between the results obtained using these methods
and the traditional assessment using the Haller index,
and the correlation was more clearly identified in severe
deformities. Nonradiation methods allow for continuous
dynamic assessment of chest deformity correction during
treatment.

Complications and relapses

The rate of poor outcomes with conservative treatment
of PC (orthotics) reaches 38% [54]. The reasons may be
damage to soft tissues in the pressure zone of the orthosis
in 5.1% of cases [3, 27, 29, 31, 33, 39], pain syndrome in 12%
[2, 3, 18, 32, 33], ineffectiveness of corrective treatment
stage in 5.8% [27, 31, 35], relapse in 2.6% [3, 28, 31, 33, 39],
tachycardia in 0.8% [39], vasovagal episodes during orthosis

Tom 12, N° 2, 2024
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installation in 1% [27, 31], and paresthesia of fingers I-llI
in 2.7% [29]. Damage to clothing and bedding was also
described (13.2%) [27]. Patient dissatisfaction with treatment
results, low compliance, pain, and skin damage are attributed
to noncompliance to the orthosis protocol, failure to undergo
a compression test before treatment, and/or excessive
compression of the orthosis [54].

Subjective negative aspects of treatment noted by
patients were the duration of correction, discomfort [29, 30],
and orthosis breakdown in 5.6% of the cases [25, 29-31].

CONCLUSION

Orthotics for children with PC has proven to be a safe
and effective method for eliminating the deformity and/or
reducing its progression. Modern models of orthoses
are less bulky and provide comfortable wearing during
treatment. Nonradiation research methods, which have
safe and high-quality characteristics, have begun to
attract increasing attention when assessing the results of
deformity correction.

Patient motivation, compliance with recommendations,
and disciplined wearing of the orthosis are very important
to achieve a positive effect. Thus, issues must be resolved
to increase compliance and minimize complications
associated with treatment inefficiency and deformity
recurrence. The time for the corrective stage must be
shortened; when prolonged, it increases the rigidity of
the deformity. To avoid skin damage, gentle pressure on
the deformed area is recommended. Comfortable wearing
of the orthosis is desired, particularly in patients with
the manubrial type of deformity and girls with pronounced
mammary glands. However, the possibility of orthotics for
patients with initial rigid chest deformity and the inclusion
of this group of patients in the treatment protocol are still
unaddressed.
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