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ABSTRACT
Objective: The relevance of this study is conditioned by the need for urgent search and implementa-
tion of effective methods of treatment of urinary system diseases in people of different ages, as well as 
addressing issues of quality treatment of connective tissue diseases in general and its dysplasia in 
particular. The aim of the article is to identify congenital defects as visceral markers of connective tissue 
dysplasia.
Methods: The methodology of this study includes a survey of a group of children with considerable 
problems in the development and functioning of the urinary system at the age of 2 weeks to 3 years, in 
order to qualitatively select and determine the most effective methods of treatment. Children who took 
part in this study had a set of phenotypic and clinical properties of undifferentiated connective tissue 
dysplasia.
Results: The considerable prevalence of undifferentiated connective tissue dysplasia in young children 
with congenital malformations of the urinary system, especially in children with abnormal development 
and functioning of kidney tissue, which substantially influences the course of the disease was deter-
mined. Also, treatment of undifferentiated connective tissue dysplasia was predicted.
Conclusions: It was concluded that the presence of a malformation of the urinary system, which is 
acquired by a child from birth, can be considered as a visceral manifestation of undifferentiated 
connective tissue dysplasia.
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1. Introduction

The problem of renal pathology in children attracts the atten-
tion of pediatricians and pediatric urologists in connection 
with the growing number of nephropathies in children, 
increasing the incidence of congenital and hereditary forms, 
which in the early stages are complicated by inflammation of 
the kidneys and lead to a transition of the process into its 
chronic stage [1–4]. The growing number of congenital pro-
blems of formation, development, and further functioning of 
the urinary tract, which substantially adds relevance to the 
problem of identifying possible causes of their frequent devel-
opment, as well as mostly initial diagnosis of congenital mal-
formations of the urinary system organs (CM USO) and 
optimization of methods of treatment of uropathy in children 
of the first years of life, against the background of CM USO [5– 
8]. Over the last few years, there has been an increase in the 
incidence of microscopic abnormalities in various organs 
among children and morphogenetic cases of systemic 
changes due to the specific features of the structure and the 
existing state of connective tissue [9]. These changes are 
caused by a system of phenotypic traits and are defined as 

the undifferentiated connective tissue dysplasia (UCTD) [10]. 
Connective tissue dysplasia (CTD) constitutes an ontogenetic 
anomaly of the body’s development, which should be attrib-
uted to complex, as yet undefined issues of modern medicine. 
CTD is described by various disorders of the visceral and 
locomotor systems with a progredient course, leading to 
a disorder of homeostasis at the tissue level, as well as at 
the level of organ functioning [10].

Connective tissue dysplasia is a genetically determined 
problem associated with disorders of connective tissue 
metabolism in the embryonic and postnatal stages and is 
described by abnormalities in the structure of extracellular 
matrix components with a progressive course of morpho-
functional changes in individual systems and organs. 
Changes during the development of connective tissue dys-
plasia relate to various structural elements: biosynthesis 
and degradation of collagen, elastin, and proteoglycans 
[11]. Polyorganism and polysystemic lesions in connective 
tissue dysplasia are conditioned by the ‘ubiquity’ of this 
tissue and its important role in the functioning of organs 
and systems. To date, there are many studies on the 

POSTGRADUATE MEDICINE
https://doi.org/10.1080/00325481.2022.2131439

CONTACT Nataliia Lukianenko 

© 2022 Informa UK Limited, trading as Taylor & Francis Group

http://orcid.org/0000-0002-8661-0699
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/00325481.2022.2131439&domain=pdf&date_stamp=2022-10-06


pathology of the musculoskeletal system, bronchopulmon-
ary, and cardiovascular systems in CTD. Connective tissue 
dysplasia can be caused by disruption of collagen synthesis 
at the stage of fibrillogenesis, as well as changes in its 
biodegradation, enzymopathy, disorders of fibronectin, 
elastin, glycoproteins, proteoglycans, including a small 
number of different cofactors of enzymes (magnesium, 
zinc, cuprum), ascorbic acid, oxygen, etc., which are 
involved in the formation of covalent bonds, playing 
a significant role in the stabilization of collagen structures, 
which are based on mutations in genes that cause the 
coding of the synthesis and spatial organization of con-
nective tissue elements [12]. Congenital defects in collagen 
formation may underlie the creation of various congenital 
defects in the development of the urinary system, which 
creates the conditions for a considerable number of 
abnormalities in its development and diseases caused by 
chromosome and gene disorders resulting from external 
mutagenic processes in the fetal period [13]. Apart from 
a wide range of diseases, which are often based on gene 
defects, at present, there are mostly birth defects of con-
nective tissue, which have a multifactorial nature [14].

Until recently, special attention was drawn to the study 
of undifferentiated types of connective tissue dysplasia, as 
these diseases are common, including in the practice of 
a pediatrician and pediatric urologist, and often underlie 
somatic pathology. There has been an increase in the num-
ber of children with somatic diseases associated with con-
nective tissue dysplasia. It was proved that perinatal 
damage to the nervous system leads to a violation of the 
‘maturation’ of morpho-functional structures of the urinary 
tract. Clinically, this manifests itself in the form of dysplasia 
of the pyeloureteral anastomosis, pathology of the vesicour-
eteral segment, etc. However, in the studies covering the 
undifferentiated connective tissue dysplasia (UCTD), little 
attention is paid to the risk factors for its occurrence in 
the antenatal and early postnatal periods. According to 
the authors, the study of cases of undifferentiated connec-
tive tissue dysplasia in children with congenital malforma-
tions of the urinary system is essential for their timely 
diagnosis and prevention of further occurrence. Planned 
detection of external phenotypic signs of the above con-
nective tissue disease and their comparison with anatomical 
defects of renal development will allow to suspect connec-
tive tissue defects, to diagnose undifferentiated dysplasia of 
this tissue using biochemical and molecular genetic experi-
ments and to obtain a correct understanding of the nature 
of the studied problems of development of the urinary 
system, and to make optimal therapeutic schemes taking 
into account the presence of pathological changes in the 
condition of connective tissue in the child. Early detection 
of undifferentiated connective tissue dysplasia in children 
with the above health problems will determine the choice 
of the most rational treatment, which would involve mea-
sures that can significantly improve the metabolic processes 
of connective tissue, which, in turn, would have a positive 
medical and social impact.

The purpose of the study is to establish the role of undif-
ferentiated connective tissue dysplasia in the development of 
malformations of the urinary system, which are present in 
children from birth in the first years of life, suffering from 
secondary pyelonephritis.

2. Materials and methods

2.1. Study sample

Within the framework of this study, a medical examination 
was carried out for 210 children with congenital malforma-
tions of the urinary system and aged from 2 weeks to 3 years. 
Children who took part in this study had a set of phenotypic 
and clinical properties of undifferentiated connective tissue 
dysplasia. These children were examined in hospital and trea-
ted in the II Children’s Department of the Lviv Oblast 
Children’s Clinical Hospital (OCCH) ‘Okhmatdyt’ for 4 years.

The examined children were divided into four typical 
groups of research: Group I – children with abnormalities of 
development of kidneys of quantitative and positional nature – 
agenesis and doubling of kidneys, nephroptosis, and rotation 
of kidneys – 76 children (I – QPA), Group II – children with 
vesico-pelvic reflux of various degree – 67 children (II – VPR), 
Group III – children with hydronephrotic transformation of the 
kidneys – 53 children (III – HTK), and Group IV – children with 
abnormalities of development and differentiation of renal tis-
sue – normonephronic hypoplasia and multicystic renal dys-
plasia – 14 children (IV – ADDRT). The control group included 
65 children with pyelonephritis, nephro-urological examina-
tion revealed no CM USO – neither anatomical nor functional 
(V – Control).

2.2. Diagnosis and confirmation of the diagnosis

Confirmation of the diagnosis of pyelonephritis was per-
formed based on clinical, laboratory, and instrumental exam-
inations, in accordance with the ‘Protocol for the diagnosis 
and treatment of pyelonephritis’ (order of the Ministry of 
Health of Ukraine No. 627 dated 03.11.2008) [15], and the 
diagnosis of congenital malformations of the urinary system – 
according to standard, generally accepted in pediatric urology 
methods of examination of clinical, laboratory conditions and 
with the use of appropriate tools [16].

To verify the diagnosis of UCTD in children according to the 
method of qualitative reaction (according to the degree of 
turbidity), the level of oxyproline in urine was determined as 
an indicator of altered collagen metabolism and a common 
laboratory marker of connective tissue dysplasia. Urine to be 
examined was collected in the morning, a single portion, 
during clinical and laboratory remission of renal inflammation.

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the 
institutional and national research committee and with the 
1964 Helsinki declaration and its later amendments or com-
parable ethical standards. A study was approved by National 
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Ethics Commission of the Ministry of Health of the Ukraine, 
11 October 2019, No. 665-A.

2.3. Statistical analysis

Statistical processing of the results of this experiment was 
performed using Microsoft Excel and the application package 
Statistica 5.0 for Windows. To process the results that fall 
under the normal distribution, the authors of this study used 
a statistical method to determine the arithmetic mean (M), 

standard deviation (SD). Calculations of typical statistical 
values were carried out according to the general defined 
formulas.

3. Results

The distribution of all children who took part in the survey, by 
nosological forms of malformations of the urinary system, 
received at birth, are presented in Table 1.

In children with pathology of the urinary system, a clinical 
and ultrasound examination was performed with an emphasis 
on the most frequently recurrent clinical-morphofunctional 
and visceral disorders, which are typical for undifferentiated 
connective tissue dysplasia. Manifestations of undifferentiated 
connective tissue dysplasia in children were diagnosed accord-
ing to the criteria recommended by T.I. Kadurina [10], the 
results are presented in Table 2.

Most often phenotypic signs of UCTD were diagnosed in 
children of group IV with anomalies in the development and 
differentiation of renal tissue, in which almost all subjects had 
some signs of UCTD, namely: abnormalities in physical devel-
opment in 78.6% of subjects, skeletal abnormalities – in 57.1%, 
in the skin and nervous system – in 35.7% of children, and in 
the gastrointestinal tract – in 21.4% of children. In children of 
groups I–III signs of undifferentiated connective tissue dyspla-
sia were recorded with less and approximately the same fre-
quency – in one-third of the examined, but significantly more 
often than in children of the control group without CM USO.

For the final confirmation of the diagnosis of UCTD in the 
laboratory, the level of excretion of oxyproline in the urine was 
determined. The results of excretion of oxyproline with daily 
urine in the examined children in comparison with the data of 
children in the control group are presented in Table 3.

Table 1. Distribution of examined children by groups and nosological types of 
congenital problems of development of the urinary system.

Nosological form

Number 
of 

children

n %

І – QPA Complete unilateral or bilateral doubling of the 
kidneys

46 21.9

Incomplete unilateral or bilateral doubling of the 
kidneys

21 10

Pelvic dystopia of one kidney 4 1.9
Agenesis of one kidney 3 1.4
Kidney rotation 2 0.95
Total 76 36.2

ІІ – VPR Unilateral or bilateral passive-active vesico-pelvic 
reflux II-III-IV centuries

67 31.9

ІІІ – HTK Congenital hydronephrosis of I–II centuries 33 15.7
Unilateral or bilateral congenital functional type 

pyeloectasis
20 9.5

Total 53 57.1
ІV – ADDRT Normophronic hypoplasia of one kidney 6 2.9

Multicystosis of the kidney 5 1.9
Intraparenchymal cyst of the kidney 1 0.47
Polycystic kidney disease, infantile type 3 1.4
Total 14 6.7
Total for all groups 210 100

V – Control Acute pyelonephritis 55 84.6
Chronic pyelonephritis, period of exacerbation 10 15.4
Total 65 100

Table 2. Phenotypic and clinical characteristics of UCTD in children with CM USO in their first few years of life.

Body systems

І–QPA, n = 76 ІІ – VPR, n = 67 ІІІ–HTK, n = 53 ІV-ADDRT, n = 14 V-Control, n = 65

n % n % n % n % n %

Lag in physical development, asthenic constitution 26 4.2* 4 20.89* 5 8.3* 1 8.6* 7 10.8
Gentle skin, thinning of the subcutaneous layer, 

increased skin elasticity
9 1.8* 8 11.9* 1 0.8* 5 5.7* 4 6.2

Soft nails 4 5.3* 3 4.5* 3 5.7* 2 14.3* 1 1.5
Thin, dull hair 2 2.6 1 1.5 2 3.8 1 7.1 – –
Soft auricles – – – – 1 1.9 1 7.1 – –
Diastasis of the abdominal wall muscles, muscle 

hypotension
12 15.8* 11 16.4* 11 20.8* 2 14.3* 5 7.6

Deformities of the chest and spine, various bone and 
cartilage dysplasia

7 9.2* 10 14.9* 11 20.8* 8 57.1* 3 4.6

Cardiovascular system: heart valve prolapses, false 
chords

2 2.6 2 2.9 4 7.5* 2 14.3* 1 1.5

Gastrointestinal tract: functional and anatomical defects 
of the gallbladder (membranes, inflections)

5 6.6 6 8.9 5 9.4* 3 21.4* 5 7.6

Note: * – statistically significant difference between the data of children with CM USO and the control group; р < 0.01 

Table 3. The content of oxyproline in the urine of children with CM USO, M ± m.

Indicator

Children groups

І – QPA, n = 76 ІІ – VPR, n = 67 ІІІ–HTK, n = 53 ІV-ADDRT, n = 14 V-Control, n = 65

M ± m % M ± m % M ± m % M ± m % M ± m %

Oxyproline in urine, conventional units 0.28 ± 0.03* 79.0* 0.13 ± 0.04* 57.0* 0.59 ± 0.08* 91.0* 0.71 ± 0.12* 100. 0* 0.06 ± 0.01 8.0

Note: * – statistically significant difference between the data of children with CM USO and the control group, р < 0.01. 
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The urine test for oxyproline was positive in the vast majority 
of all children examined. Oxyproline was excreted most fre-
quently and in large quantities in the urine of children with 
abnormalities in the development and differentiation of kidney 
tissue – in 100.0% (0.71 ± 0.12 c.u., p < 0.01). In second place 
according to frequency and magnitude of oxyproline excretion 
were children with hydronephrotic transformation of the kid-
neys – 91.0% (0.59 ± 0.08 c.u., p < 0.01). Upon the laboratory 
study, urine oxyproline was detected in 79.0% of children with 
quantitative and positional abnormalities of the kidneys 
(0.28 ± 0.03 c.u., p < 0.01), the presence of free oxyproline in 
the urine was detected in more than half of children with vesico- 
pelvic reflux (0.13 ± 0.04 c.u., p < 0.01), which significantly 
exceeded the indicators of children in the control group 
(0.06 ± 0.01 c.u., 8.0%), both in frequency and in arithmetic mean.

4. Discussion

Determination of the level of oxyproline in the urine of children 
with birth defects of the urinary system is evidence of the rapid 
breakdown and excretion of collagen metabolism products in the 
body of the child, in the vast majority of examined children of all 
groups. This is evidence of failure of connective tissue catabolism 
in the majority of children with CM USO and confirms the pre-
sence of UCTD in these children, and the malformation itself can 
be considered as a visceral manifestation of UCTD. The relatively 
low frequency of phenotypic manifestations of UCTD in these 
children is probably conditioned by the early age of the subjects, 
because according to the literature it is known that the incidence 
of phenotypic manifestations of UCTD increases with age [16,17].

Metabolic and energy imbalance, inherent in people with 
CTD, undoubtedly affects the nature of the course of various 
gastrointestinal diseases. According to the literature [18–20], 
90% of people with connective tissue dysplasia are diag-
nosed with markers of catabolic processes in connective 
tissue and signs of mitochondrial insufficiency: decreased 
aerobic oxidative processes, activity of mitochondrial 
enzymes, and the predominance of anaerobic glycolysis. 
The presence of a wide range of energy cellular metabolism 
disorders in patients with CTD in the form of decreased 
peripheral blood lymphocyte succinate dehydrogenase 
activity, fasting hyperlactatemia, hyperuricemia indicates 
a violation of cellular energy metabolism, and undoubtedly 
affects the course of inflammatory and reparative processes. 
Thus, CTD is not only a special structural organization of 
organs and the body as a whole, but also an altered meta-
bolic and biochemical constitution of a human being [11].

Connective tissue dysplasia as a certain level of holistic human 
organization, being an integral characteristic of individual- 
typological features of the dynamics of ontogenesis, metabolism, 
and reactivity of the organism, acts as the main characteristic of 
biological properties and reactivity of the organism in pathological 
processes, determines certain general patterns of pathogenesis 
and clinical course of associated gastroenterological diseases. 
Structural disorganization and functional inferiority of connective 
tissue in patients with CTD do not provide adequate anti- 
inflammatory and reparative properties of the mucous membrane 
in response to damage. Knowledge of dysplastic-dependent 

changes in the digestive system, pathogenetic and clinical fea-
tures of gastrointestinal diseases in CTD avoids diagnostic and 
therapeutic errors in the supervision of this category of patients.

The strength of this study lies in the possibility of applying its 
results in practice to obtain opportunities to successfully treat 
kidney disease in children and prevent the spread of connective 
tissue dysplasia in young children. A potential limitation of this 
study is that the significant frequency of UCTD in the examined 
children requires a study of oxyproline content in their urine to 
determine the presence of connective tissue dysfunction, the 
confirmation of which would allow to reconsider opinions on 
the pathogenetic and therapeutic aspects of such patients. 
Verification of this condition among young children with CM 
USO, performed in the early stages, would help to qualitatively 
justify the metabolic correction of connective tissue dysfunction.

5. Conclusions

The results obtained in this study are convincing evidence of 
the high prevalence of undifferentiated connective tissue dys-
plasia among children in the first years of life with congenital 
malformations of the urinary system, especially in children 
with abnormal development and differentiation of renal tis-
sue, because it would considerably affect the course of the 
disease and predicting its development and treatment 
options. In children suffering from malformations of the urin-
ary system from birth, in all examined groups compared to the 
children of the control group, phenotypic and clinical signs of 
UCTD were recorded significantly more often. However, most 
often phenotypic signs of UCTD were diagnosed in children of 
group IV with anomalies in the development and differentia-
tion of renal tissue, in which almost all subjects had some 
signs of UCTD. The obtained data indicate an important role of 
phenotypic phenomena of UCTD in children with CM USO.
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