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Abstract

BACKGROUND: In recent years, the number of children with pectus carinatum tended to increase. The literature describes
only a few cases of a combination of keeled chest deformity with a more serious pathology of the spine, i.e., Scheuermann's
disease.

AIM: This study aimed to examine the frequency, clinical manifestations, and timely diagnosis of combined structural
lesions of the thoracic spine in children with keeled chest deformity.

MATERIALS AND METHODS: This observational single-center cross-sectional study included patients aged 5-17 years with
pectus carinatum. Categorical values were described by indicating absolute values and percentages in the sample, and quanti-
tative indicators with normal distribution were described using arithmetic means and standard deviations and 95% confidence
intervals. Quantitative indicators without normal distribution were described using the median and interquartile range.

RESULTS: Scheuermann's disease was detected in 11 (9.3%) of 118 children with pectus carinatum. “Pterygoid scapulae”
was noted in 97 (82.2%) children with pectus carinatum, increased cervical lordosis in 93 (79.7%), and sloping, anteriorly
adducted shoulders in 99 (83.9%), which significantly hampered the clinical assessment of the extent of thoracic kyphosis.
At the time of examination, a rigid thoracic kyphosis was formed in a 16-year-old boy. In younger children (5-14 years old),
Scheuermann's disease had no clinical manifestations and was detected only during screening X-ray examination, whereas in
the older age group (1516 years), 3 of 4 adolescents complained of back pain.

CONCLUSIONS: The frequency of Scheuermann's disease in children with pectus carinatum exceeds the average preva-
lence in the population. In patients with keeled chest pterygoid scapulae, excess cervical lordosis, and rounded shoulders are
associated with the difficulty of the assessment of the magnitude of thoracic kyphosis. Asymptomatic progression of Scheuer-
mann's disease is typical in younger children with pectus carinatum, and pain syndrome and the clinical picture of the disease
develop only by the age of 15-16 years. Thus, all patients with pectus carinatum and posture disturbance should undergo a
screening X-ray examination of the thoracic and lumbar spine to detect Scheuermann's disease and initiate treatment in time.
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AHHomauyus

AkTyanbHocTb. B nocnesiHue roabl 0TMeYeHa TEHLEHLMA K PE3KOMY YBENIMYEHMIO YMCNa 00paLLEeHMI fieTell C KUNEBUOHOM
AedopMaLyert rpyaHON KeTku. B nuTepaType onmcaHbl UL eAVHUYHBIE KIIMHUYECKUE HabMOAeHNs COYeTaHNa KUneBua-
HOM AedopMaLymn rpyLHoi KeTku ¢ bonee cepbe3HoM naTonormeli No3BoHoYHUKa — bonesHblo LeiiepMaHa — May.

Llenb — uccnefoBaHWe YacToTbl KIIMHUYECKUX NMPOSBNEHNUA U cNocob60B CBOEBPEMEHHON AMArHOCTUKU CTPYKTYPHbIX NO-
paXKeHUIn rpyLHOro OTAeNa NO3BOHOYHMKA Y LETEN C KUNEBMAHON aedopMaLyen rpyaHON KIETKU.

Matepuanel u MeToabl. B 0bcepBaLMoHHOE MOHOLLEHTPOBOE OfHOMOMEHTHOE CPe30BOe MCCNef0BaHWe bblan BKITOYUEHbI
naumeHTbl 5—17 net ¢ KuneBuaHoN AedopMaLyeii rpyaHon KieTku. KaTeropuanbHble 3Ha4eHWs onucbiBaau MyTeM yKasa-
HWSA abCoMOTHBIX 3HAYeHW M NPOLIEHTHBIX A0NEN B BbIDOPKE; KONMMYECTBEHHbIE MOKa3aTeNu, COOTBETCTBYIOLLME KPUTEPUAM
HOpMarbHOr0 pacrnpefeneHus, — Npy NOMOLLM CPeHUX apudMeTUYECKUX BENMUYMH W CTAHAAPTHBIX OTKIOHEHWH, rpaHuL
95 % [LoBepUTENbHOTO MHTEPBaNa; HE COOTBETCTBYHOLLME KPUTEPUSM HOPMAsbHOTO pacnpeenieHus Mpu NoMoLLM MeauaHbl
W UIHTEPKBapTULHOIO pasMaxa.

Pesynbtathl. W3 118 getein ¢ kuneBnpHoi fedopMaumen rpyaHon Knetku bonesHb Lllerepmana — May bbina BbisiB-
neHa y 11 (9,3 %) naumeHToB. KnMHWMYECKYH0 OLEHKY BENUYMHBI FPYAHOTO KU(03a 3HAUYMTENBHO 3aTPYAHANM O0TMeYeHHble
y 97 (82,2 %) neteli c KuneeuaHo AeopMaLmelt rpyLHON KNETKU «KpbLIOBUAHbIE onaTtku», Y 93 (79,7 %) — ycunenue wen-
Horo noppo3a uy 99 (83,9 %) nokatble, NpUBeieHHbIE KNepeay nneyn. PUrMaHbIA rpynHOM KUo3 Ha MOMEHT ocMoTpa cdop-
MMPOBACA y 0HOro toHoWM 16 net. Y aeTen MnagLwei BospacTHoi rpynnbl (5—14 net) 6onesHb LLeiiepMaHa — May He ume-
Na KIIMHWYECKMX NPOSABIIEHMI W BbiNa BbISBNEHA TOMBKO MPU CKPUHUHTOBOM PEHTTEHOMIOMMYECKOM UCCNIe0BaHWM, B TO BpEMS
KaK B cTapLuei Bo3pacTHoi rpynne (15—16 neT) 3 U3 4 NofpoCTKOB C CUMMTOMOKOMIIEKCOM «KWUeBUAHan aedopMaums rpya-
HOM KieTky + bonesHb LLleliepmana — May» caMocTosTeNbHO MM Npu aKTUBHOM cbope aHaMHe3a }anoBanucb Ha 6051 B crinHe.

3akntoueHue. Yactota BctpedaeMocTn bonesHu LeliepMaHa — May y aeTelt ¢ KuneeaHol aedopMaumen rpyaHom Knet-
KM NpeBbILLAET CPeAHION pacnpocTpaHeHHOCTb B nonynsauuu. bonee yeM y 80 % nauueHToB ¢ KuneBuaHoW aedopMauvert
TPYAHOI KIETKU BbISIBIEHO KPbINIOBUAHOE BLICTOSIHUE NOMATOK, U30bITOYHBIN LIENHBIV JIOPAO03 M CKpYrieHHas dopMa niey,
U4TO 3aTPYAHSET OLIEHKY MCTUHHOM BEIMYMHBI TPYAHOro Kudo3a. Y aeTeil ¢ KunesuaHoW aedopmalmen rpyaHON KNeTKU Mnag-
we 14 net 6onesHb LLeitepmana — May nporpeccupyeT 6eCCMMNTOMHO U KIIMHUHECKW HEOTIMYMMA OT NOCTYpanbHON KPYrioi
CMWHbI, 04HaKo K 15—16 rogam pasBuBaeTcs xapaKTepHas KMHUYecKas KapTuHa 3aboneBanus. TakuM obpa3soM, BceM geTsaM
C KuneBuaHoi fedopMaumeii rpyAHON KITETKW M HapYLLEHWAIMU OCaHKM NMOKa3aHa CKPMHWHIOBas peHTreHorpadus rpyaHoro
1 NOSICHUYHOrO OT/EJI0B MO3BOHOYHMKA C Lie/bH0 CBOEBPEMEHHOTO BbISIBNIEHUS M Havana neyeHus bonesnu LeiiepMana — May.

KnioueBble cnoBa: KuneBuaHas AedopMauys rpyaHoi Knetky; fedopmaums rpyaHoi KneTku; 6onestb LeliepMana — May;
IOHOLLIECKMI KN O3; [EeTH.
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BACKGROUND

Over the past 20 years, pediatric thoracic surgeons and
orthopedists have noted the progressive increase in the
numbers of children and adolescents with complaints of pectus
carinatum (PC), which is likely due to the increased public
awareness regarding this problem and the development and
spread of noninvasive treatment of PC [1]. PC accounts for up
to half of all chest malformations; the ratio of the morbidity
structure among boys and girls is 3:1-4:1[1, 2]. PC manifests
in adolescents during the period of active growth, but the
etiology and pathogenesis of thoracic malformations remain
unknown [2]. Studies on the rib cartilage tissue of children
with PC have revealed molecular and cellular abnormalities
indicating deterioration of cartilage metabolism [3]; however,
reliable data on changes in its mechanical characteristics
have not been obtained. In addition, relative elongation of the
cartilage and relative shortening of the bone part of ribs were
observed in children with PC [4]. Probably, the excessive
suppleness and propensity for deformations of the thoracic
skeleton are explained by a combination of histological and
anatomomo-morphological changes.

In recent years, several research groups have
independently noted the high incidence of combined anterior
thoracic wall deformities, particularly PC with various changes
in the posterior thoracic framework—postural or structural
defects of the thoracic spine. According to N. Alaca et al.
[5], 83.3% of children with PC showed a kyphotic posture.
In a later publication, the same research group reported
back pain in 13.3% of children with PC, and pathological
kyphosis was detected in 35.6% of patients [6]. Thus, sagittal
balance abnormalities in children with PC are not limited to
postural abnormalities; a literature review revealed three
papers describing the combination of structural anterior and
posterior thoracic pathologies, keel or funnel chest deformity,
and Scheuermann'’s disease (SD) disease [7-9]. However, all
these publications focused on the description of individual
clinical observations or small samples (less than 10 people)
and did not imply the assessment of the prevalence of the
phenomenon. According to K.A. Likhotay [7], signs of spinal
osteochondropathy were detected in almost half (3 of 8) of
the children included in a study on PC, which resulted in
the skepticism regarding the postural nature of kyphosis in
children with “bird’s chest” and suspicion of more serious
disorders of the thoracic spine in this patient group.

SD disease, an idiopathic degenerative—dystrophic
lesion of vertebral body apophysis, is clinically manifested
by the formation of pathological rigid kyphosis in the lower
thoracic (less often in the mid-thoracic or upper lumbar)
spine, and pain syndrome that first appears in adolescence
and progresses during life [10]. Thus, SD disease is
considered a specific case of osteochondrosis (juvenile
osteochondrosis). The incidence of SD disease ranges from
0.4%-8.3%, depending on the choice of diagnostic criteria
[11]. The use of the radiological criterion for this variant of
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osteochondropathy — a wedge-shaped deformity of three
or more adjacent vertebrae located at the apex of kyphosis
by more than 5° — has become generally accepted [11]. In
addition, radiographs of patients with SD disease may reveal
other changes, such as an increase in the thoracic kyphosis
of more than 40° (the norm established by the Scoliosis
Research Society), necrosis of apophysis and usurpation of
the closing plates of the involved vertebrae, and impingement
syndrome of spinal discs with the formation of Schmorl
hernia [10-12].

This work aimed to investigate the frequency, clinical
manifestations, and methods of timely diagnosis of structural
lesions of the thoracic spine in children with ciliated thoracic
deformity.

MATERIALS AND METHODS

The clinical and instrumental data of children and
adolescents with PC who came for outpatient visits to an
orthopedist and/or thoracic surgeon at the Filatov City
Children’s Clinical Hospital were considered in the formation
of the observational monocenter single-sample study
sample. The inclusion criteria were the consent of parents or
other legal representatives for the adolescents’ participation
in the study and detection of PC in the child during the clinical
examination. Patients with infantile cerebral palsy and other
neurological disorders, children with chronic respiratory
diseases (bronchial asthma, tuberculosis, etc.), and those
with a history of surgical interventions on chest organs, heart
or lung malformations, spinal, and rib or sternum fractures
were excluded from the sample.

During the initial examination of children and adolescents,
we registered the complaints that prompted them to consult a
physician. The patients were specifically questioned about the
presence of back pain at rest and during physical exertion,
family history, life history (particular the concomitant diseases
included in the connective tissue dysplasia (CTD) complex,
namely, myopia and mitral valve prolapse). All patients were
measured for height and body weight, and the presence of
skin striae was noted. During orthopedic examination, we
determined the posture type, noted “wing-like” shoulder
blades, rounded shoulder shape, axial limb deformities, and
pathological foot position (valgus deformity or flat feet) and
assessed skin elasticity and joint hypermobility (as a result of
subjective results, the latter two parameters were excluded
in the work).

All children underwent direct and lateral Adams
functional tests. After completing the clinical examination,
patients with severe posture disorders underwent
radiography of the thoracic and lumbar spine in standing
position in straight and lateral projections. Thoracic
kyphosis was measured, and the presence or absence
of wedge-shaped deformity of three or more adjacent
vertebrae, aseptic necrosis of apophysis and usurpation of
the vertebral body closure plates, and Schmorl herniation

DOl https://doi.org/10.17816/psaicl49]
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were noted on the radiographs. The wedge-shaped
deformity of three adjacent vertebrae by more than 5°
was considered as a radiological diagnostic criterion for
SD disease. In addition to signs of osteochondropathy, the
following pathological “incidental findings” were noted
in the evaluation of radiographs: splitting of vertebral
arches, spondylolysis, spondylolisthesis, etc. The clinical
study was approved by the local ethical committee
of the Medical Research and Education Center of the
Lomonosov Moscow State University (protocol No. 10/20
of September 14, 2020). Each legal representative of a
child who met the criteria for inclusion in the sample was
given an information sheet summarizing the contents of
the study. After reading the information sheet, the parents
or other legal representatives can inquire the physician if
they have additional questions and decide whether to sign a
consent form allowing the use of data constituting medical
secrecy as a part of the research work. After signing the
consent, each patient was assigned an individual number
for the creation of an anonymous information base. The
sample size was not preliminarily calculated. SPSS
Statistics 28 software package (SPSS Inc., USA) was
used for statistical data processing. Categorical values

Tom 13, N 1, 2023
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were described by indicating the absolute values and
percentages of the sample. Quantitative measures were
evaluated for normality using the Kolmogorov—Smirnov
criterion. Quantitative measures with a normal distribution
were described using arithmetic mean (M), standard
deviation (SD), and 95% confidence interval limits. Given
the small size of the group of patients with combined
SD disease and PC, the results were described using
nonparametric statistical tools. A series of quantitative
data was characterized using median and interquartile
range (-Me [Q,_0,]). Anthropometric measures of height and
body mass index (BMI) were compared with the population
averages for children 5-19 years old published on the
World Health Organization (WHO, 2007) website [13].

RESULTS

For sample formation, the clinical status and instrumental
findings of 118 children with PC who were presented to
an orthopedist or thoracic surgeon at the N.F. Filatov City
Children’s Clinical Hospital were reviewed. Active questioning
revealed 23 children who reported pain occurring with
exertion or prolonged sitting. All children underwent a

Table 1. General characteristics of the sample, complaints, and state of the sagittal component of posture based on clinical examination

results
Tabnumua 1. 06LiMe XapaKTePUCTUKM BbIOOPKM, }anobbl U COCTOAHME CarUTTaIbHOTO KOMMOHEHTA 0CaHKU MO pe3ysibTaTaM KIIMHUYECKOro
ocMoTpa
Indicator Value
Gender, n
Boys 104
Girls 14
Age, years, M + SD 127 +2.7
Anthropometric indicators, M + SD
Height, cm 166.4 +13.7
Body mass index, kg/m? 17.3+ 2.1
Reason for treatment, n
Unsatisfactory appearance of the chest 118 (100%)

Other complaints, n

Posture disorder
Back pain syndrome

81 (68.6%)
23 (19.5%)

State of posture, n

Normal 58 (49.2%)
Kyphotic 34 (28.8%)
Kypholordotic (poor posture) 20 (16.9%)
Lordotic 4 (3.4%)
“Straight back” (spina recta) 2 (1.7%)
Rigid thoracic kyphosis 1 (0.8%)
Other abnormalities of sagittal balance and muscle tone in the chest. neck, n
Winged blades 97 (82.2%)
Increased cervical lordosis 93 (79.7%)

Sloped, fronted shoulders

99 (83.9%)

DOl https://doi.org/10.17816/psaicl49]
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Table 2. X-ray parameters, signs of the spine osteochondropathy, and incidental findings in children and adolescents with pectus

carinatum and Sheuermann—-Mau disease

Tabnuua 2. PeHTreHonorMyeckve napaMeTpel, NpusHaky bosesnu LleiiepMana — May v ciyyaiiHble HaxoAKu y AeTeit U NOAPOCTKOB C
COYeTaHMEM KueBMAHOM AedopMaLmv rpyaHON KNeTku v bonesku LLenepmana — May

Indicator Value
Scoliosis, n
Less than 10° (grade | scoliosis) 7 (63.6%)
10° to 25° (degree Il scoliosis) 2 (18.2%)
Mean thoracic kyphosis, deg, Me [Q,-Q,] 52° [42-57]

Signs of Scheuermann's disease, n

Cuneiform deformity of three adjacent vertebrae more than 5°
Pathological kyphosis (over 40°)

Aseptic necrosis of the apophysis

Endplate usurpation of vertebral bodies

Schmorrhoid hernias

11 (100%)
9 (81.8%)
10 (90.9%)
11 (100%)
2 (18.2%)

Other radiological findings, n

Splitting of the L, vertebral arch (spina bifida occulta)
Spondylosis and Spondylolisthesis Grade I L, S,

2 (18.2%)
1(9.1%)

complete orthopedic examination, and the results indicated
pronounced posture disorders in 60 (50.8%) of them. Table 1
presents the general characteristics of the sample and
condition of the sagittal component of the posture according
to the results of clinical examination.

A total of 97 (82.2%) children with PC had “winged
scapulae,” 93 (79.7%) had increased cervical lordosis, and
99 (83.9%) had sloping, forward shoulders, which caused
difficulty in the clinical assessment of thoracic kyphosis. In
this regard, all children with poor posture underwent X-ray
examination of the thoracic and lumbar spine in straight and
lateral projections in standing position.

In addition, the formation of rigid thoracic kyphosis
persisted during the Adams test of one 16-year-old patient.
Thus, the remaining patients had no reliable clinical signs of
SD disease at the time of examination.

According to the results of X-ray examination, 11
(9.3%) children with PC had SD disease. Table 2 shows the
radiological parameters, signs of SD disease, and incidental
findings in children and adolescents with a combination of
PC and SD disease.

Given the need to identify clinical and anamnestic
features and therefore the diagnostic criteria for patients
with the combination of PC and SD disease, the general
characteristics of this group of children were considered
separately (Table 3).

The combined height of 94 (79.7%) children with PC and
10 (90.9%) children with PC + SD disease was greater than
the average for their age group (according to WHO, 2007)
[13], and BMI was lower than the combined age median in 89
(75.4%) children with PC and 10 (90.9%) children with PC and
SD disease [13]. The comparison of clinical and instrumental
parameters between children with PC and children with a

combination (PC + SD disease) was not feasible because
the patients with a combined pathology were significantly
older, which prevented the exclusion of the conditionality of
differences between age-related changes and the stage of
pathology development in the groups.

Critically, all seven children 9-14 years of age with
a combination of PC and SD disease denied pain in the

Table 3. Characteristics of the children with pectus carinatum
and Scheuermann's disease: sex and age, anthropometric
characteristics, and complaints

Tabnuua 3. XapaKTepucTUKM rpynnbl AeTer ¢ CoYeTaHUeM Kune-
BUAHOW fedopMauun rpyaHon KneTku u boneswu LLleepMaHa —
May: nonoBasi 1 Bo3pacTHas CTPYKTypa, aHTPONOMETPUYECKUE Xa-
PaKTepPUCTUKM U 3anobbl Npu obpaLLeHnn K Bpady

Parameter Value
Gender, n
Boys 10
Girls 1
Age, years, Me [Q,-Q;] 14 [13-15]

Anthropometric indicators, Me [Q,-0,]

176 [165.8-180.6]
18.0 [17.1-19.2]

Height, cm
Body mass index, kg/m?

Complaints, n

11 (100 %)
8 (72.7 %)

3(27.3%),
adolescents
15-16 years old

Unsatisfactory appearance of the chest
Posture Disorder
Back pain syndrome
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Table 4. Family history, comorbidities related to the connective
tissue dysplasia syndrome, and type of pectus carinatum in children
with pectus carinatum and Scheuermann's disease

Tabnuua 4. CeMeiHbIli aHaMHe3, cOnyTCTBYHOLME 3aboneBaHus,
OTHOCAILLMECA K CMHLPOMY [MCMAa3nM COeAUHUTENbHOW TKaHK, U
(opMa KuneBuaHoW AedopMaLmMy rPyLHON KIeTKU Y fieTeli B CO-
yeTaHuu ¢ bonesHbio Leliepmana — May

Number
Parameter .
of patients, n
Family history
Deformities of the thorax:
keeled 1 (at my
uncle’s)
funnel shaped 1 (at my
sister’s)

Scoliosis of degree Il or higher 1 (mother’s)

Flat-valgus foot deformity 2 (mother and

sister)

Anamnestic and instrumental signs
of connective tissue dysplasia

Mitral valve prolapse without 4 (36.4%)

hemodynamically significant regurgitation

Mild to moderate myopia 3 (27.3%)
Clinical signs of connective tissue dysplasia

Striae 2 (18.1%)

Flat-valgus foot deformity 4 (36.4%)

Type of keel-shaped chest deformity

a b

Fig. 1. Appearance (a) and results of chest X-ray (b) of a 14-year-
old adolescent with pectus carinatum and Scheuermann's disease
Puc. 1. BHewuHuit BUA (a) M pe3ynbTaTbl peHTreHorpadum rpyaHom
KneTku (b) noapocTka 14 neT ¢ KuneBuaHoM aedopMaLment rpyaHom
KneTku u 6onestobto LLleiepmana — May

thoracic or lumbar spine, and in the older-age group
(15-16 years), 3 out of 4 adolescents recognized pain
syndrome on their own or during the active collection of their
history.

During history taking and examination of children with

a combination of PC and SD disease, a number of signs of
nonspecific CTD were detected. Table 4 shows the data on
the abnormalities detected and the form of PC in this group
of patients.

2 (18.2%)
9 (81.8%)

Symmetrical

Asymmetric

Fig. 2. Appearance (a) and radiographs (b) of a 12-year-old child with pectus carinatum, kyphotic posture, and pterygoid protrusion of the
shoulder blades. Some signs of osteochondropathy do not meet the criteria of Scheuermann's disease (apophysial necrosis and usuration
of the vertebral bodies’ endplates without their wedge-shaped deformation) on lateral radiographs

Puc. 2. BHewHwit Bug (a) v peHtreHorpammbl (b) pebeHka 12 net ¢ kuneBuaHoW AedopMauuy rpyaHON KIETKW, KUGDOTUYECKON oCaH-
KOV U KpbINOBUAHBIM BLICTOSHMEM JlonaToK. Ha peHTreHorpaMmax B 60KOBOW MPOEKLMM MPU3HAKW OCTEXOHAPOMATUM, He 0TBEYaloLLMe
Kputepusm bonesnu LLleiiepmaHa — May (Hekpo3 anodu3oB, y3ypaLms 3aMblKaTeNbHbIX MIACTUHOK Te No3BOHKOB 6e3 UX KIMHOBUAHOM
nedopmaumm)
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b

Fig. 3. Appearance (a) and radiographs (b) of a 14-year-old child with pectus carinatum, back pain, neck hyperlordosis, and rounded
shoulders. No pathological findings were noted on the lateral radiographs

Puc. 3. BHewHwii Bup, (a) u peHtreHorpamMmbl (b) pebeHka 14 neT ¢ KuneBugHOM AedopMaLmmn rpynHON KIETKU U xanobamu Ha bonmn
B CMUHE, YCWUIEHWEM LUEIHOTO N0PA03a, KPbIOBUAHLIM BbICTOSIHUEM JIONATOK M MpUBEAEHWEM Knepeay nned. Ha peHTreHorpamMmax

B DOKOBOI NPOEKLIMM NATONOTUM HE BbISBIEHO

For comparison, we presented the appearance and
radiographs of a 12-year-old patient with PC, kyphotic
posture, and wing-like protrusion of the scapulae.
The radiographs in the lateral view show signs of
osteochondropathy, which do not meet the criteria for
SD disease (necrosis of apophysis and usuration of the
closing plates of vertebral bodies without a wedge-shaped
deformity; Fig.2), of a 14-year-old patient with PC, increased
cervical lordosis, wing-like protrusion of the scapulae, and
rounded shoulder shape. The child complained of back pain
during prolonged walking with a backpack. X-Rays in the
lateral view showed no abnormalities (Fig. 3).

DISCUSSION

To date, the etiopathogenetic association of PC with
spinal disorders and sagittal posture abnormalities is
unclear. In accordance with the national concepts, PC is
included in the symptom complex of genetically determined
CTS, including posture disorders and spinal deformity as
particular manifestations [14]. In addition, the simultaneous
formation of a number of local orthopedic disorders at the
corresponding levels of the spine (thoracic, lower cervical,
and upper lumbar spine) in patients with PC suggests the
possible mutual mediation of these pathologies.

A biomechanical relationship exists between the thoracic
wall frame and thoracic spine [7-9, 15-17]. E.E. Berg
described two cases of pronounced kyphosis in patients
with concomitant fractures of the sternum and thoracic
spine with minimal displacement; based on the results, Berg
concluded the importance of the sternum in maintaining the
stability of the thoracic spine and proposed that the sternum
be considered as the “fourth column” of the spine [16].
J.S. Butler et al. [17] described the formation of pronounced

thoracic kyphosis in patients with myeloma disease and
pathological fractures of the spine in the presence of
concomitant fractures of the sternum. Experiments on
cadaveric material revealed a 25.8% increase in the sagittal
mobility of the thoracic spine after sternal osteotomy and
rib and sternum release (largely due to an increase in the
extension amplitude) [18]. Nagasao T. et al. [15] described
changes in the progression dynamics of thoracic spine
scoliosis after surgical correction of asymmetric funnel chest
deformity according to Nass. E. Fotiadis et al. [19] observed a
statistically significant sternal shortening in patients with SD
disease (16.7 cm compared with 17.8 cm in healthy children
from the control group). By contrast, the height of adolescents
with osteochondrodysplasia was higher (166.8 cm compared
with 163.5 cm in the control group).

During the analysis of the literature on the combination of
thoracic deformities and SD disease, we found three works
devoted to the description of individual clinical observations
or small samples [7-9]. K.A. Likhotai [7] demonstrated signs
of thoracic spine osteochondropathy in 3 out of 8 children
included in the study with PC. The combination of PC and SD
disease was also described in a young man aged 18 years
old; the patient underwent a one-stage surgical correction
of both pathologies [8]. P.A. Sugrue et al. [9] reported the
dramatic progression of SD disease with the formation of a
105° rigid kyphosis in a 14-year-old adolescent after Nass
surgery for a funnel-shaped thoracic deformity. The authors
attributed their observation to the interference in the structure
of the rib—chest complex and violation of its biomechanical
relationship with the spinal column; however, the primary
radiographs presented in the work showed distinct signs
of osteochondrodysplasia, which at that time did not meet
the criteria of the classical form of SD disease, namely,
necroses of apophysis, usuration of the closing plates,
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and wedge-shaped deformation of individual vertebrae [9].
SD disease and PC are characterized by a set of similar
clinical signs, such as manifestation during the adolescent
growth spurt in tall, asthenic adolescents and characteristic
postural abnormalities (rounded shoulder shape due to
increased pectoral muscle tone and cervical lordosis) [5];
however, the etiopathogenetic link between these conditions
remains unclear: perhaps, both processes are independent
manifestations of CTD, but mutual biomechanical mediation
of these states cannot be excluded. The leading role of
the hereditary factor (CTD) is supported by the detection
of other manifestations of dysplasia syndrome (flat feet,
myopia, and striae) in patients. The possible significance of
the biomechanical factor is evidenced by literature data on
changes in the dynamics of scoliosis or thoracic kyphosis in
patients with sternal fractures [16, 17] or after thoracoplasty
[9, 15].

Decreases in back muscle strength (18.8 kg compared
with 32.7 kg in healthy adolescents) and general asthenia,
that is, a decrease in BMI (17.5 kg/m? compared with 20.7 kg/m?
in the control group), are considered as possible causes of
pathological kyphosis in children with PC [6].

Despite the gaps in the understanding of the
etiopathogenesis of the simultaneous formation of PC and
SD disease in adolescents, the present study allowed us to
draw important conclusions from a clinical point of view. The
authors identified a higher incidence of SD disease among
adolescents with PC than in the population (9.3% versus
0.4%-8.3% according to the literature) [11]. Moreover, no
clinical criteria that were identified allowed the verification or
showed a high degree of probability to suspect SD disease in
a child with PC. Moreover, asymptomatic osteochondropathy
of the thoracic spine with evident structural changes in the
vertebrae, including their wedge-shaped deformity, was
observed in 100% of children aged 9-14 years. In the older-
age group (15-16 years), 3 out of 4 (75%) adolescents with
a combination of SD disease and PC reported pain in the
thoracic or lumbar spine.

The results obtained are consistent with those described
in the literature; complaints of back pain in SD disease can
occur at 8-12 years of age and in adulthood, and a clear
radiological image of osteochondropathy can be obtained in
12-13-year-old patients regardless of the pain syndrome
[11, 12]. Adolescents who consulted a physician at a later
age and did not receive treatment in the early stages
of the disease exhibited a more pronounced and rigid
deformity of the spine during the initial examination [11].
We observed such a deformity in one adolescent 16-year-
old boy. In the initial stages of disease development, rigid
thoracic kyphosis may be absent; in this case, the clinical
manifestation of SD disease is identical to that of kyphotic
posture (so-called postural roundness of the back, PCS),
and differential diagnosis of these conditions is possible
only through the evaluation of radiological images [12].
As conservative therapy aimed at slowing down the
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destruction of the apophysis is effective only in the early
stages of the disease, the timely diagnosis of SD disease is
critical to improve the treatment prognosis [11]. In our study
sample, the younger children (9-14 years old) who were
presented to a physician because of poor chest appearance,
clinical signs of SD disease (pain syndrome in the spine and
rigid kyphosis) possibly manifested later, which hindered the
timely initiation of treatment and preventive measures and
led to a poorer clinical outcome.

LIMITATIONS

The present study focused on the combination of PC and SD
disease to determine its true incidence among children with
PC, identify clinical manifestations, and shape approaches
to the diagnosis of structural spinal pathology against the
background of sagittal imbalance, which is typical among the
vast majority of children with PC. The study of radiographs of
children with PC revealed cases of spinal osteochondropathy
in children without structural kyphosis. Thus, the incidence
and manifestation of spinal osteochondropathy in children
with various forms of PC against the background of certain
spinal sagittal balance abnormalities require further study.

CONCLUSION

The incidence of SD disease in children with ciliated
thoracic deformity exceeds the average prevalence in the
population (9.3% versus 0%-8.3% according to various
literature sources). More than 80% of patients with PC
showed wing-like protrusion of the scapulae, excessive
cervical lordosis, and rounded shoulders, which caused
difficulty in the assessment of the true value of thoracic
kyphosis. In children with PC under 14 years of age, SD
disease progresses asymptomatically and is clinically
indistinguishable from the postural round back. However, by
15-16 years of age, complaints of pain syndrome appear, and
a characteristic clinical image of the disease develops. Thus,
screening radiographs of the thoracic and lumbar spine is
indicated for all children with PC and postural abnormalities
to detect and initiate the treatment of SD disease in a timely
manner.
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