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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Connective tissue dysplasia (CTD) is a 

common condition in children and is characterized by a variety 
of manifestations of the musculoskeletal and cardiovascular 
systems. The aim of this study was to assess the frequency, age 
distribution, and clinical features of CTD in children aged 3–16 
years.

Materials and methods: A total of 375 children (3–16 
years) were examined for signs of CTD. Clinical evaluation 
included analysis of musculoskeletal signs (joint hypermobility, 
scoliosis, flat feet, chest deformities, muscle hypotonia), 
phenotypic features (asthenic body type, auricular anomalies, 
arachnodactyly, dolichostenomelia), and cardiovascular 
disorders (mitral valve prolapse, conduction disturbances, 
accessory chords and trabeculae). Children were divided into 
age groups (3–7, 8–10, 11–16 years) and CTD severity (grades 
1–3) to analyze the prevalence and characteristics of clinical 
manifestations.

Results: Signs of CTD were identified in 75 children (20%). 
Most cases were mild forms (grade 1- 12.8%), moderate forms 
(grade 2) were less common (5.9%), and severe forms (grade 3) 
were extremely rare (1.3%). The most common musculoskeletal 
manifestations were joint hypermobility (78.7%), asthenic 
body type (61.3%), scoliosis (54.7%), and flat feet (42.7%). 
Cardiovascular disorders, including mitral valve prolapse 
(84%) and conduction abnormalities (65.3%), were observed in 
all age groups. The severity of manifestations increased with the 
degree of CTD, whereas age differences were more pronounced 
for scoliosis and cardiac changes.

Conclusion: CTD in children is characterized by a persistent 
set of musculoskeletal and cardiovascular manifestations across 
various age groups, with the severity of symptoms correlating 
with the degree of dysplasia. Early detection and systematic 
clinical evaluation are essential for identifying risk groups and 
implementing preventive strategies for potential complications.

Key words. Connective tissue dysplasia, children, 
musculoskeletal manifestations, cardiovascular abnormalities, 
age distribution, clinical severity.
Introduction.

The prevalence of various diseases in children is formed 
under the influence of both genetic factors and environmental 
conditions, as well as lifestyle characteristics [1-3]. In recent 
years, there has been an increase in the number of chronic 
musculoskeletal disorders in children, which is primarily 
associated with decreased physical activity, postural disorders, 

unbalanced nutrition, and increased spinal load at an early 
age [4-6]. However, the presence of genetically determined 
disorders of connective tissue structure significantly enhances 
the impact of external factors and creates a higher risk of 
developing functional disorders and morphological changes.

One of the most common variants of such pathology is 
undifferentiated connective tissue dysplasia (CTD), characterized 
by multiple phenotypic features and the involvement of various 
organs and systems [7]. CTD is widespread among the pediatric 
population; however, its clinical manifestations vary depending 
on age, which often complicates timely diagnosis. Of particular 
importance in children with CTD are musculoskeletal disorders, 
as well as the high frequency of cardiovascular changes, 
including mitral valve prolapse, conduction abnormalities, and 
minor cardiac anomalies [8,9].

Despite the substantial amount of research devoted to 
hereditary connective tissue disorders, data on the age-related 
characteristics of the structure of clinical manifestations of CTD, 
as well as on the distribution of its severity, remain limited. This 
determines the need for a detailed analysis of the frequency and 
spectrum of CTD symptoms in children of different age groups.

It is important to note that in international practice, the 
conditions described as undifferentiated CTD largely overlap 
with the concept of Hypermobility Spectrum Disorders (HSD) 
and hypermobile Ehlers-Danlos syndrome (hEDS), according 
to the 2017 International Classification of the Ehlers-Danlos 
syndromes [10]. While the term CTD is traditionally used in the 
studied region to describe a heterogeneous group of connective 
tissue anomalies that do not fit specific syndromic definitions, the 
phenotypic spectrum observed—including joint hypermobility, 
skin hyperextensibility, and tissue fragility—closely mirrors the 
criteria for HSD/hEDS [11-14].

In this regard, the study of the prevalence of connective tissue 
dysplasia signs in children, as well as the identification of 
features of the clinical picture depending on age and the severity 
of the pathological process, appears to be relevant.

Aim. The aim of the study was to determine the frequency 
and clinical features of connective tissue dysplasia in children 
depending on age and the severity of its expression.
Materials and Methods.

The study included 375 children aged 3 to 16 years living in 
Semey. All children underwent a comprehensive clinical and 
instrumental examination according to the approved protocol, 
followed by an assessment of connective tissue dysplasia (CTD) 
signs.
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Inclusion criteria: Children aged 3–16 years.
·	 Presence of phenotypic and/or functional signs 

corresponding to the diagnostic criteria for undifferentiated 
connective tissue dysplasia according to the Russian clinical 
guidelines "Hereditary disorders of connective tissue structure 
and function".

·	 Completion of a full clinical examination, 
anthropometry, physical assessment, and instrumental 
evaluation of the cardiovascular system.

·	 Obtaining informed consent from parents (legal 
representatives), as well as from adolescents over 14 years old.
Exclusion criteria:

·	 Presence of chronic inflammatory or autoimmune 
diseases affecting connective tissue (e.g., juvenile idiopathic 
arthritis, systemic lupus erythematosus), malignancies, 
confirmed genetic syndromes; differentiated forms of CTD; 
congenital heart defects not classified as minor developmental 
anomalies.

·	 Refusal of participation by parents or children, 
incomplete examinations, or low adherence to further follow-
up.
Clinical assessment of CTD.

The diagnosis of CTD severity (grades 1-3) was based on a 
set of external and systemic manifestations, including: asthenic 
body type; joint hypermobility (according to Beighton criteria); 
chest deformities; scoliotic posture; dolichostenomelia, 
arachnodactyly; flat feet; ear pinna anomalies; bite abnormalities 
and high-arched palate; hernias of various locations.

The severity was graded based on the cumulative sum of 
stigmatization scores and visceral involvement. Grade 1 (mild) 
was defined by the presence of minor phenotypic anomalies 
and subjective complaints without organ dysfunction. Grade 2 
(moderate) included a combination of >5 phenotypic signs and 
functional changes in one or more systems (e.g., mitral valve 
prolapse with regurgitation). Grade 3 (severe) was characterized 
by multiple severe phenotypic stigmas (>10) and clinically 
significant involvement of the musculoskeletal or cardiovascular 
systems requiring therapeutic intervention.
Instrumental Evaluation.

Echocardiography was performed to assess cardiovascular 
anomalies. To avoid overdiagnosis of mitral valve prolapse 
(MVP), strict diagnostic criteria were applied: MVP was defined 
as a systolic displacement of one or both mitral leaflets by >2 
mm beyond the mitral annulus in the parasternal long-axis view, 
conforming to standard echocardiographic recommendations.

Signs were recorded in standard protocols. Their frequency 
and severity were assessed according to the degree of detected 
dysplasia.

Statistical analysis of the results was performed using SPSS 
version 20 for Windows.

The data processing system included the Romanovsky test to 
identify random sampling errors and group data by analyzed 
parameters. To determine the significance of differences in 
numerical series, the Student t-test or nonparametric methods 
(Mann-Whitney for independent groups, Wilcoxon for indicator 
dynamics within a single group) were used. Pearson's χ2 test 
[16] was used to analyze contingency tables.

To reject the null hypothesis, the critical significance level was 
set at p < 0.05.
Results.

Table 1 presents data on the overall frequency and age 
distribution of CTD in the examined cohort.

Overall, this pathology was identified in 75 out of 375 
examined children (20.0%). The highest frequency of CTD was 
observed in the 3-7 years subgroup (21.6%), and the lowest 
in the 8-10 years subgroup (17.7%), although there were no 
significant differences between the identified subgroups.

When CTD was distributed by severity, as expected, grade 1 
was diagnosed most frequently (12.8% of the total examined), 
grade 2 was twice as rare (5.9%), and only in isolated cases did 
CTD reach grade 3 (1.3%).

Table 2 presents the main clinical manifestations of CTD, 
including their distribution according to severity.

Among the physical signs in children, both on average across 
the group and by CTD severity, the most frequently observed 
were joint hypermobility, asthenic body type, ear pinna 
anomalies, scoliosis (more than 50%), flat feet, and muscle 
hypotonia (over 40%). Chest deformities, bite abnormalities, 
arachnodactyly, dolichostenomelia, and hernias of various 
locations were observed in more than 25% of cases.

In addition to physical signs, cardiovascular abnormalities 
were studied as the most common and clinically significant. 
Among these abnormalities, mitral valve prolapses, various 
intraventricular conduction disturbances, accessory trabeculae, 
and an accessory chord of the left ventricle predominated. Other 
manifestations were significantly rarer. For almost all of the 
above-mentioned signs, the highest frequency was observed 
in children with grade 3 CTD, and, accordingly, the lowest 
frequency in grade 1 CTD.

Table 3 presents a similar distribution of CTD symptoms by 
age of the examined children.

Age
CTD
1st degree 2nd degree 3rd degree
abs. no. % abs. no. % abs. no. %

3-7 years, n=116 16 13,8 7 6,0 2 1,7
8-10 years, n=113 13 11,5 6 5,3 1 0,9
11-16 years, n=146 19 13,0 9 6,2 2 1,4
Total, n=375 48 12,8 22 5,9 5 1,3

Table 1. Frequency of CTD in the examined children depending on age.
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Age
CTD
1st degree, n=48 2st degree, n=22 3st degree, n=5 Total, n=75
abs. no. % abs. no. % abs. no. % abs. no. %

1 2 3 4 5 6 7 8 9
Asthenic body type 25 52,1 16 72,7 5 100,0 46 61,3
Chest deformities 17 35,4 8 36,4 2 40,0 27 36,0
Scoliosis / scoliotic posture 24 50,0 14 63,6 3 60,0 41 54,7
Dolichostenomelia 11 22,9 6 27,3 2 40,0 19 25,3
Arachnodactyly 9 18,8 10 45,5 1 20,0 20 26,7
Flat feet 19 39,6 10 45,5 3 60,0 32 42,7
Ear pinna anomalies 26 54,2 14 63,6 4 80,0 44 58,7
Visible venous network 5 10,4 3 13,6 2 40,0 10 13,3
Bite abnormalities 13 27,1 7 31,8 2 40,0 22 29,3
High-arched palate 7 14,6 5 22,7 1 20,0 13 17,3
Hernias 11 22,9 6 27,3 2 40,0 19 25,3
Joint hypermobility 36 75,0 18 81,8 5 100,0 59 78,7
Muscle hypotonia 20 41,7 10 45,5 3 60,0 33 44,0
Conduction abnormalities 28 58,3 17 77,3 4 80,0 49 65,3
Automaticity disorders 17 35,4 8 36,4 2 40,0 27 36,0
Signs of myocardial hypertrophy and/
or ventricular overload 15 31,3 7 31,8 2 40,0 24 32,0

Mitral valve prolapse 37 77,1 21 95,5 5 100,0 63 84,0
Patent foramen ovale 6 12,5 3 13,6 1 20,0 10 13,3
Accessory chord 28 58,3 14 63,6 3 60,0 45 60,0
Accessory trabeculae 30 62,5 17 77,3 4 80,0 51 68,0
Aneurysms of the interatrial septum 5 10,4 3 13,6 1 20,0 9 12,0
Dilation of the pulmonary artery trunk 3 6,3 3 13,6 0 0,0 6 8,0

Table 2. Main clinical manifestations of CTD and their frequency depending on the severity of dysplasia.

Age
CTD
3-7 years, n=25 8-10 years, n=20 11-16 years, n=30 Total, n=75
abs. no. % abs. no. % abs. no. % abs. no. %

1 2 3 4 5 6 7 8 9
Asthenic body type 14 56,0 12 60,0 20 66,7 46 61,3
Chest deformities 8 32,0 8 40,0 11 36,7 27 36,0
Scoliosis / scoliotic posture 10 40,0 11 55,0 20 66,7 41 54,7
Dolichostenomelia 6 24,0 5 25,0 8 26,7 19 25,3
Arachnodactyly 6 24,0 6 30,0 8 26,7 20 26,7
Flat feet 10 40,0 8 40,0 14 46,7 32 42,7
Ear pinna anomalies 14 56,0 12 60,0 18 60,0 44 58,7
Visible venous network 3 12,0 3 15,0 4 13,3 10 13,3
Bite abnormalities 7 28,0 6 30,0 9 30,0 22 29,3
High-arched palate 5 20,0 4 20,0 4 13,3 13 17,3
Hernias 4 16,0 6 30,0 9 30,0 19 25,3
Joint hypermobility 20 80,0 17 85,0 22 73,3 59 78,7
Muscle hypotonia 11 44,0 9 45,0 13 43,3 33 44,0
Conduction abnormalities 14 56,0 12 60,0 23 76,7 49 65,3
Automaticity disorders 9 36,0 7 35,0 11 36,7 27 36,0
Signs of myocardial hypertrophy and/
or ventricular overload 4 16,0 7 35,0 13 43,3 24 32,0

Mitral valve prolapse 22 88,0 18 90,0 23 76,7 63 84,0
Patent foramen ovale 3 12,0 3 15,0 4 13,3 10 13,3
Accessory chord 16 64,0 12 60,0 17 56,7 45 60,0
Accessory trabeculae 18 72,0 11 55,0 22 73,3 51 68,0
Aneurysms of the interatrial septum 4 16,0 1 5,0 4 13,3 9 12,0
Dilation of the pulmonary artery trunk 2 8,0 1 5,0 3 10,0 6 8,0
Note: P-values are not included as a separate column to maintain table clarity. Statistical significance for age-group comparisons (e.g., using 
the x2-test) was primarily reported within the results section. All differences not explicitly mentioned as statistically significant in the text were 
determined to be non-significant across age groups (p > 0.05).

Table 3. Main clinical manifestations of CTD and their frequency depending on the age of the examined children.
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When distributing the clinical manifestations of CTD 
according to the age of the examined children, it was found that 
the average presence of these signs did not differ significantly. 
Only minor deviations were observed in the frequency of 
specific features. Asthenic body type was detected slightly more 
often in children over 10 years old, and chest deformities were 
more common at ages 8-10 years. The frequency of scoliosis 
increased significantly with age and was notably higher in 
children aged 11-16 years compared to those aged 3-7 years. 
The frequency of dolichostenomelia, arachnodactyly, flat feet, 
ear pinna anomalies, oral cavity changes, and hernias did not 
show significant age-related differences. Joint hypermobility 
was diagnosed slightly more often in the middle age group.

Regarding the cardiovascular system, the frequency of 
conduction disturbances was higher in the older age group, 
with significant differences compared to the younger group. 
In contrast, the frequency of automaticity disorders did not 
differ across age groups. Signs of myocardial hypertrophy or 
ventricular overload were significantly more often detected 
in the middle (χ² = 7.25, p = 0.028) and older (χ² = 9.71, p 
= 0.015) age groups compared to the younger group. The 
frequency of mitral valve prolapse was high across all age 
categories, with the highest value observed in the middle age 
group. No significant differences were found in the frequency of 
congenital morphological heart changes, such as the presence of 
an accessory chord or accessory trabeculae. The lower number 
of children with aneurysms of the interatrial septum and dilation 
of the pulmonary artery trunk in the 8–10 years group can only 
be explained by fluctuation; differences between subgroups 
were also not significant.

Thus, it can be concluded that the studied clinical group of 
children with CTD is uniform in terms of the frequency and 
structure of the main features of this pathology.
Discussion.

The results of our study showed that connective tissue 
dysplasia (CTD) occurs in 20% of the examined children, with 
grade 1 severity being the most frequently diagnosed and grade 
3 being rare. These data are consistent with the observations of 
other authors: for example, Kadurina et al. noted that mild and 
moderate forms of CTD dominate among pediatric populations, 
whereas severe forms occur in less than 5% of children [1,2].

Analysis of clinical manifestations showed a high frequency 
of joint hypermobility, asthenic body type, ear pinna 
anomalies, scoliosis, and flat feet, as well as cardiac changes 
(mitral valve prolapse, accessory chords and trabeculae, 
conduction disturbances). These results are consistent with 
the data presented by Braverman A. C. et al., where systemic 
manifestations, including orthopedic and cardiac changes, were 
noted in children with CTD [3].

Comparison of the distribution of signs across age groups 
revealed that most symptoms occur at all ages; however, the 
frequency of scoliosis and some cardiac abnormalities increases 
in children aged 11-16 years compared to younger groups. This 
trend can be explained by the rapid pubertal growth spurt, which 
places increased biomechanical stress on the compromised 
connective tissue structures of the spine. In adolescents with 

CTD, the imbalance between skeletal growth and the strength 
of the ligamentous-muscular apparatus significantly increases 
the risk of scoliotic deformities progression. Similar data 
have been reported in studies by Russian and international 
authors, indicating an increase in orthopedic and cardiological 
manifestations with age, despite the stable presence of mild 
CTD signs in younger age groups [4-6,15].

When comparing by CTD severity, it was found that children 
with grades 2 and 3 had a significantly higher frequency of 
systemic manifestations compared to grade 1, which is supported 
by the literature: pronounced forms of CTD are more often 
associated with cardiac and orthopedic abnormalities, while 
mild forms may remain unrecognized until older age [7,8].

Thus, the obtained results not only confirm previous research 
findings but also complement them, demonstrating the uniformity 
of the clinical picture of CTD in terms of the frequency and 
structure of signs across different ages, as well as showing the 
consistent increase in severity of manifestations with higher 
CTD grades. This underscores the need for early detection of 
mild forms of the pathology and systematic monitoring of all 
children with signs of dysplasia, regardless of age and symptom 
severity [9,10].

Comprehensive assessment and early diagnosis of CTD allow 
not only the optimization of monitoring for children with mild 
and moderate forms of the pathology but also the planning of 
preventive and therapeutic interventions, including correction 
of muscle hypotonia, support of the musculoskeletal system, 
and monitoring of cardiovascular changes [11-13].

This study has several limitations. First, it is a single-center 
cross-sectional study, which limits the assessment of causal 
relationships and long-term prognosis. Second, the diagnosis 
was primarily clinical and instrumental; genetic testing to 
exclude rare hereditary syndromes was not performed for all 
participants due to resource constraints. Finally, the absence 
of a healthy control group limits the ability to compare the 
prevalence of minor anomalies with the general population.
Conclusion.

Connective tissue dysplasia was identified in 20% of the 
examined children aged 3–16 years and is predominantly 
characterized by a mild grade. The clinical picture includes 
multiple orthopedic and cardiac signs, which are present 
in all age groups but increase with higher severity and age, 
highlighting the need for early diagnosis, systematic monitoring, 
and a comprehensive approach to treatment.
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