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“Rare diseases are considered rare not because they occur infrequently,
but because we fail to diagnose them properly.

The rarity of a disease is determined not by its actual incidence,

but by our imperfection in diagnosing it.”

V.Kh. Vasylenko

The relevance and significance of the differential diagnosis of rickets-like diseases in modern pediatrics and endo-
crinology cannot be overstated. Although these disorders are rare and occur less frequently than classical nutritional
rickets, they are characterized by a much more severe clinical course and require fundamentally different therapeutic
approaches. Differential laboratory diagnosis of rickets-like diseases is a key stage of evaluation, since the clinical
manifestations, particularly skeletal deformities, are often similar, whereas the underlying pathogenic mechanisms
and treatment strategies differ substantially. Most rickets-like disorders lead to progressive skeletal deformities and
disability in affected children. Differential diagnosis enables pathogenetically targeted therapy while accounting for
the specificities of treatment for various rickets-like disorders. For example, renal tubular acidosis requires contin-
uous correction of acidosis and potassium imbalance. Fanconi syndrome necessitates treatment of the underlying
disease (e.g., cystinosis) together with replacement therapy for lost substances. Vitamin D—dependent rickets type
Il requires extremely high doses of active vitamin D metabolites or even intravenous calcium administration, since
conventional doses are ineffective. Such an approach helps prevent therapy-related adverse effects. In hypophospha-
tasia, vitamin D is strictly contraindicated because it may aggravate the existing hypercalcemia, potentially leading
to renal and neurological complications. In X-linked hypophosphatemia, vitamin D monotherapy is ineffective, and
long-term phosphate supplementation is required. Most of these conditions are hereditary, including X-linked, au-
tosomal recessive, and autosomal dominant forms. Accurate diagnosis enables determination of the risk of recur-
rence in subsequent children and early screening of siblings to initiate treatment before visible skeletal deformities
develop. Timely diagnosis also helps prevent systemic complications such as nephrocalcinosis and renal failure in
renal tubular acidosis, premature tooth loss in hypophosphatasia, as well as alopecia and endocrine abnormalities
in vitamin D—dependent rickets. Laboratory markers remain the only reliable tools for the early identification of rare

genetic disorders masquerading as common rickets and for their subsequent genetic confirmation.
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Connection of the publication with planned re-
search work.

This work is part of the research project “Clinical and
pathogenetic significance of systemic and local metabol-
ic disorders in rheumatic diseases: the role of comorbid
conditions and the development of optimal treatment
methods,” state registration number 0119U001448.

Introduction.

The relevance of rickets-like diseases (RLDs) stems
from the fact that these disorders manifest in early child-
hood and are accompanied by severe skeletal deformi-
ties, growth retardation, delayed physical development,
and potentially life-threatening electrolyte disturbances
[1-4]. The similarity between the clinical manifestations
of classical rickets and RLDs often leads to misdiagno-
sis. In clinical practice, verification of a specific disease
subtype is frequently delayed, which negatively affects
prognosis [1, 4-7].

Furthermore, molecular genetic studies indicate
that RLDs exhibit considerable genetic heterogeneity.
Currently, definitive diagnosis is based on the identifi-
cation of mutations in the corresponding genes using
sequencing technologies. However, conventional Sanger
sequencing remains relatively expensive and time-con-
suming, as it requires separate analysis of each individu-

al gene. At the same time, timely diagnosis and early ini-
tiation of appropriate pathogenetically targeted therapy
help slow the progression of rachitic skeletal deformi-
ties, improve growth dynamics, and increase the child’s
physical activity. This approach helps prevent complica-
tions, reduce the risk of disability, and significantly im-
prove patients’ quality of life [8-10].

The aim of the study.

To analyze the current state of the problem of hered-
itary RLDs in children, with a focus on an in-depth inves-
tigation of this issue, timely diagnostic algorithms, and
individualized treatment approaches. Given the genetic
diversity, it is particularly important to perform differ-
ential diagnosis of these diseases and to formulate and
present an appropriate approach to early diagnosis of
RLDs.

Object and research methods.

The article presents an analysis of data on hereditary
RLDs in children published in open-access sources and
on the official websites of peer-reviewed medical jour-
nals over the past 10 years. Cases from the authors’ own
clinical observations are also presented.

Main part.

Definition. Hereditary rickets-like diseases (RLDs)
are a group of genetically determined disorders of phos-
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phorus, calcium, and vitamin D metabolism that clinical-
ly manifest as rickets but are not associated with vitamin
D deficiency [1, 11, 12].

Classification [1, 13-16]. RLDs belong to the group of
tubulopathies, which are hereditary disorders affecting
the renal tubules. Currently, there is no single universal-
ly accepted classification of tubulopathies that fully re-
flects the diversity of genetic abnormalities and clinical
manifestations. Several hereditary forms are of greatest
importance in pediatric practice, including vitamin D-re-
sistant hypophosphatemic rickets (phosphate diabetes,
PD), Vitamin D—dependent rickets, renal tubular acidosis
(RTA), and Fanconi syndrome. Progressive skeletal defor-
mities, resistance to therapeutic doses of vitamin D, and
impaired physical development are the main features of
RLDs.

According to their pathogenesis, RLDs are classified
into the following groups [1, 13-16] (fig. 1):

1. Phosphate diabetes (hypophosphatemic rickets),
vitamin D-resistant rickets, associated with reduced
renal phosphate reabsorption, leading to hypophospha-
temia and impaired bone mineralization.

2. Vitamin D-dependent rickets, characterized by
impaired vitamin D metabolism due to defective synthe-
sis of its active form or reduced receptor sensitivity.

3. Hypophosphatasia, caused by deficiency and de-
creased activity of alkaline phosphatase (ALP), resulting
in impaired mineralization of bones and teeth.

4. Disorders associated with impaired renal tubular
function:

e Renal tubular acidosis (types | and Il)

e Fanconi syndrome (de Toni—Debré—Fanconi syn-
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In these disorders, the key pathogenic mechanism
is the loss of bicarbonates, phosphates, and other sub-
stances, leading to metabolic acidosis and clinical mani-
festations of rickets.

Hereditary Phosphate Diabetes

Definition. Hereditary phosphate diabetes (PD) is a
heterogeneous group of genetically determined disor-
ders classified as primary tubulopathies and character-
ized by hypophosphatemia [1, 8, 11, 12].

Pathogenesis. The disorder is caused by a hereditary
defect in phosphate reabsorption in the proximal renal
tubules, resulting in phosphaturia, decreased serum
phosphate levels, skeletal deformities of the lower ex-
tremities, and growth retardation in children. The dis-
ease requires long-term, often lifelong, therapy, where-
as current treatment approaches do not always achieve
complete resolution of clinical manifestations and bone
deformities [11, 12, 17, 18].

Clinical forms. Hypophosphatemic rickets is clas-
sified into FGF23-dependent and FGF23-independent
forms.

FGF23-dependent forms:

1. X-linked hypophosphatemic rickets (XLH), vita-
min D-resistant rickets. This is the most common form
of hereditary phosphate diabetes (approximately 80%
of cases). It is most frequently inherited as an X-linked
dominant disorder. It is associated with mutations in
the PHEX (Phosphate-Regulating Endopeptidase Ho-
molog, X-Linked) gene located on the short arm of the
X chromosome (Xp22.2—p22.1). Inactivating mutations
of the PHEX gene result in increased circulating levels
of fibroblast growth factor 23 (FGF23). This leads to ex-
cessive renal phosphate wasting, hypophosphatemia,
rickets, skeletal deformities, and growth retardation [1,
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Figure 1 — Classification of the main forms of rickets according to pathogenesis [1].

Notes: XLH — X-linked hypophosphatemic rickets; ADHR — autosomal dominant hypophosphatemic rickets; ARHR1 — autosomal recessive
hypophosphatemic rickets type 1; ARHR2 — autosomal recessive hypophosphatemic rickets type 2; PFD — polyostotic fibrous dysplasia; HHRH
— hereditary hypophosphatemic rickets with hypercalciuria; NPHLOP1 — nephrolithiasis/osteoporosis-associated hypophosphatemic disorder
type 1; NHERF1 — nephrolithiasis/osteoporosis-associated hypophosphatemic disorder type 2; VDDR1A — vitamin D—dependent rickets type 1A;
VDDR1B - vitamin D—dependent rickets type 1B; VDDR2A - vitamin D—dependent rickets type 2A; VDDR2B - vitamin D—dependent rickets type
2B; VDDR3 - vitamin D—dependent rickets type 3; TIO — tumor-induced osteomalacia; HPP — hypophosphatasia.
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2, 12, 19, 20]. To date, more than 130 mutations asso-
ciated with hereditary phosphate diabetes have been
described, most commonly involving loci on the X chro-
mosome (Xp22.2—p22.1), chromosome 12 (12q12—q14),
and chromosome 5 (5q35) [8, 10, 11]. Clinically, the dis-
ease manifests in early childhood, most often after the
onset of walking, with bowing deformities of the lower
extremities (genu varum or genu valgum), growth retar-
dation, muscular hypotonia, and a waddling gait. A char-
acteristic feature is resistance to treatment with stan-
dard doses of vitamin D [19-22].

2. Autosomal dominant hypophosphatemic rickets
(ADHR). This form is associated with mutations in the
FGF23 gene located on chromosome 12 (12p12—-p13.3).
Mutationsinthe FGF23 gene lead to increased circulating
levels of fibroblast growth factor 23 (FGF23). In addition,
the altered hormone becomes resistant to proteolytic
cleavage and is not adequately degraded by enzymes,
resulting in its accumulation in the body. This leads to
impaired renal reabsorption of inorganic phosphate and
excessive urinary phosphate loss. ADHR is characterized
by variable clinical manifestations, including skeletal
deformities, bone pain, and muscle weakness. The dis-
ease may manifest in either childhood or adulthood;
however, the clinical presentation depends on the age
of onset. In adult-onset disease (14—45 years of age), pa-
tients commonly present with pain, fatigue, pseudofrac-
tures, or spontaneous fractures, while lower extremity
deformities are usually absent. In childhood-onset dis-
ease (1-3 years of age), the phenotype resembles that
of X-linked hypophosphatemic rickets, with leg bowing
after walking onset but without significant growth im-
pairment. In some cases, phosphate wasting resolves
after puberty. A characteristic feature of this syndrome
is the development of periodontal disease. The clinical
course is generally milder, and the prognosis is relatively
favorable [1, 8, 11].

3. Autosomal recessive forms (ARHR1 and ARHR2).
Mutations in the DMP1 or ENPP1 genes also result in
secondary overproduction of FGF23. A mutation in the
DMP1 gene (Dentin Matrix Acidic Phosphoprotein 1),
which is important for osteocyte maturation, causes os-
teocytes to secrete excessive amounts of FGF23. In ad-
dition to the classical manifestations of rickets, patients
may present with defects of the dental enamel and
dentin. A mutation in the ENPP1 gene (Ectonucleotide
Pyrophosphatase/Phosphodiesterase 1) also leads to
elevated levels of FGF23. In addition to signs of rickets,
ARHR2 is often accompanied by ectopic ossification of
soft tissues [1, 8, 11].

FGF23-independent forms (normal or decreased
hormone levels):

4. Hereditary hypophosphatemic rickets with hy-
percalciuria (HHRH). This is a rare autosomal recessive
disorder associated with mutations in the SLC34A3 and
SEPN1 genes (9934). Serum FGF23 levels are usually
normal or decreased. A distinctive feature of this dis-
order is the presence of hypercalciuria despite normal
serum calcium levels, along with a 2—4-fold increase in
serum 1,25(0OH),D; concentrations and low parathyroid
hormone (PTH) levels. Renal phosphate wasting is the
main pathogenic mechanism underlying elevated serum
1,25(0OH),Ds levels. Increased calcitriol concentrations
lead to enhanced intestinal calcium absorption, result-
ing in hypercalcemia and hypercalciuria. Clinical mani-

festations of rickets in this disorder may be mild, com-
pletely absent, or may present later in life. Heterozygous
carriers of SLC34A3/NPT2c mutations may exhibit an
adult-onset phenotype characterized by severe nephro-
lithiasis, multiple fractures, and osteoporosis. Accurate
diagnosis of hypophosphatemic rickets with hypercal-
ciuria is of considerable therapeutic importance. In this
condition, treatment with phosphate salts alone may
lead to complete remission, whereas the addition of ac-
tive vitamin D metabolites may result in complications
such as hypercalcemia and nephrocalcinosis. Nephrocal-
cinosis has been reported in more than 50% of cases [1,
23-25].

5. Rare clinical forms: hypophosphatemic rickets
with hyperparathyroidism (13913.1, KLOTHO gene,
a-klotho), McCune—-Albright syndrome (22q13.3,
GNAS1), Raine syndrome (7p22.3, FAM20C), hypophos-
phatemic nephrolithiasis/osteoporosis type 1 (5935.3,
SLC34A1), hypophosphatemic nephrolithiasis/osteopo-
rosis type 2 (17925.1, SLC9A3R1), Dent disease type 1
(Xp11.22, CLCN5), Lowe syndrome (Dent disease type
2) (Xg25, OCRL1), and tumor-induced osteomalacia
caused by tumors producing and secreting FGF23 into
the bloodstream [1].

Diagnosis [1, 5, 8, 25, 26]. The diagnosis of hered-
itary PD includes clinical, laboratory, and instrumental
investigations.

Biochemical findings: decreased serum phosphate
levels (hypophosphatemia), normal or decreased serum
calcium levels, elevated alkaline phosphatase activity,
increased urinary phosphate excretion (phosphaturia),
and normal or mildly elevated parathyroid hormone
levels. Additional findings include increased renal phos-
phate clearance and the absence of aminoaciduria and
glucosuria (in contrast to Fanconi syndrome).

Radiological findings: osteoporosis, widening and ir-
regularity of the metaphyses, skeletal deformities, and
pseudofractures.

Genetic testing enables the identification of muta-
tions in genes such as PHEX, FGF23, DMP1, SLC34A3,
SEPN1, and others.

Treatment [1, 2, 12, 27-35]. Treatment is individu-
alized and depends on the specific form and severity of
the disease. Combination therapy is recommended and
includes phosphate preparations (Phosphate-Sandoz,
France; Reducto-spezial, Germany) together with ac-
tive vitamin D metabolites (calcitriol, alfacalcidol), while
serum and urinary calcium and phosphate levels require
regular monitoring. Such therapy helps increase serum
phosphate levels, improve bone mineralization, and
slow the progression of skeletal deformities. Potential
treatment-related complications include hypercalciuria,
nephrocalcinosis, and secondary hyperparathyroidism
[12, 27-30, 32]. Standard therapy for RLDs in children
with growth retardation also includes growth hormone
(somatotropin) administration [5, 11, 26, 28, 31].

In 2018, the U.S. Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) approved a
fundamentally new drug for the treatment of X-linked
hypophosphatemia — Burosumab (Crysvita®, Crystal®,
Japan), a fully human monoclonal antibody targeting
FGF23. The drug normalizes serum phosphate levels, re-
duces the severity of rickets, and improves growth and
physical functioning. It may be administered to children
older than one year at an initial dose of 0.4 mg/kg sub-
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Figure 2 — Three-year-old child with genu valgum deformity
of the lower extremities.

cutaneously every two weeks [28-30, 32—-35]. The use
of burosumab in children with XLH demonstrated signifi-
cantly greater clinical efficacy, including growth velocity
and correction of biochemical abnormalities, compared
with conventional therapy [32, 35]. However, despite
its high efficacy, the long-term prognosis and safety of
burosumab treatment over decades remain subjects of
ongoing investigation [26, 28, 30].

When necessary, children with hereditary phosphate
diabetes undergo orthopedic treatment; however, the
optimal timing of surgery remains controversial because
of the possible recurrence of deformities if surgical cor-
rection is performed before completion of active growth
[36].

Prognosis. Disease activity may decrease with age;
nevertheless, short stature, skeletal deformities, and
gait abnormalities often persist. Surgical correction of
deformities is considered most appropriate after 12
years of age, when the disease process becomes more
stable [1, 8, 11, 36].

We present a case from our own clinical observa-
tion. The parents of patient K. first consulted a pedia-
trician when the child was 1.5 years old, reporting a
characteristic waddling gait and deformities of the lower
extremities. Subsequently, the child developed com-
plaints of rapid fatigability while walking, progressive
limb deformities, and growth retardation.

Past medical history. The girl was born from the first
pregnancy, which was complicated by early gestation-
al toxicosis. Delivery was the first, full-term, at 37-38
weeks of gestation. Birth weight was 3390 g, and body
length was 52 cm. In the maternity hospital, the patient
was diagnosed with congenital heart defects (CHD):
ventricular septal defect (VSD), patent ductus arteri-
osus (PDA), and patent foramen ovale (PFO). She was
breastfed until she was 1 year and 10 months old. Family
history was unremarkable. Due to CHD, the patient was
followed by a pediatric cardiac surgeon. At the age of 3

Figure 3 — Anteroposterior radiographs of the knee joints

and lower legs. Radiographic findings characteristic of rickets.
years, echocardiography revealed a small aneurysm of
the membranous portion of the interatrial septum. VSD,
PFO, and PDA were no longer visualized, while cardiac
chamber dimensions, hemodynamics, and myocardial
contractility remained within normal limits.

History of the present illness. Deformities of the
lower extremities first appeared at 9 months of age,
when the child began standing independently. Indepen-
dent walking started at 1 year and 4 months of age. The
deformities progressed with age (fig. 2). Primary teeth
erupted at 9 months, followed later by enamel discol-
oration. From the age of 1 year and 10 months, the
patient was followed by an orthopedic specialist at the
Regional Clinical Traumatology Hospital for rachitic genu
varum deformity of the lower extremities. At the age of
2 years, radiographs of the knee joints and lower legs in
the anteroposterior projection demonstrated deformi-
ties of the proximal metaphyses of the tibiae and distal
metaphyses of the femora, characterized by irregular
contours, widening, and heterogeneous structure. The
growth plates of the femoral and tibial bones were wid-
ened and indistinct. Varus deformity and osteoporosis
were also noted. The radiographic findings were char-
acteristic of rickets (fig. 3). At the age of 3 years, pelvic
radiographs with hip joints revealed indistinct subchon-
dral regions of the proximal femoral metaphyses, varus
deformity of the proximal femora, and osteoporosis. The
patient received vitamin D3 supplementation, electro-
phoresis with CaCl,, paraffin therapy, massage, physical
therapy exercises, nighttime orthotic splints, and ortho-
pedic footwear. According to the orthopedic specialist’s
assessment, the patient remained under observation for
rachitic varus deformity of the lower extremities; how-
ever, no positive response to treatment was observed.

Physical examination. The girl’s general condition
was satisfactory. Marked bowing deformities of the
lower extremities (genu varum), gait disturbance with
a characteristic waddling gait, and growth retardation
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(height 92 cm at the age of 3 years) were noted. Crani-
al bone deformities were present due to hyperplasia of
the frontal and parietal eminences, with frontal bossing,
depressed nasal bridge, and left-sided cranial flattening
(the child predominantly slept on the left side). Dysplas-
tic tooth growth and enamel discoloration were also
observed. No significant abnormalities of the internal
organs were detected.

Investigations. Blood test results at the age of 2 years
and 11 months showed: total calcium (Ca) — 2.26 mmol/L
(reference range 2.15-2.65 mmol/L), phosphorus (P) —
0.9 mmol/L (reference range 1.29-2.26 mmol/L), 25-hy-
droxycholecalciferol (250HD) — 20.9 ng/mL (reference
range 30-50 ng/mL), parathyroid hormone (PTH) — 62.4
pg/mL (reference range 15-65 pg/mL), and osteocalcin
(OCN) — 82.7 ng/mL (reference range 11-43 ng/mL). At
the age of 3 years and 1 month, laboratory findings were
as follows: total Ca — 2.26 mmol/L, P — 0.72 mmol/L,
ionized calcium (Ca?*) — 1.05 mmol/L (reference range
1.12-1.32 mmol/L), 250HD — 71.4 nmol/L (reference
range 75-144 nmol/L), alkaline phosphatase (ALP) — 767
U/L (reference value <297 U/L). Urinalysis revealed uri-
nary phosphate excretion of 50.26 mmol/day (reference
range 19-25 mmol/day) and urinary calcium excretion
of 0.53 mmol/day (reference range 1.5-4 mmol/day). A
rickets-like disease was suspected, and calcium glycero-
phosphate therapy was initiated. During calcium glycer-
ophosphate treatment, laboratory parameters were as
follows: total Ca — 2.47 mmol/L, P — 1.33 mmol/L, Ca?*
—1.03 mmol/L, 250HD - 86.3 nmol/L, ALP — 1062 U/L;
urinalysis showed urinary phosphate excretion of 10.19
mmol/day and urinary calcium excretion of 0.69 mmol/
day. At the age of 4 years, blood test results demonstrat-
ed: P-0.85 mmol/L, Ca** —1.33 mmol/L, 250HD —52.72
ng/mL, ALP —622 U/L, and PTH — 6.92 pmol/L (reference
range 1.6-6.9 pmol/L). The patient received repeated
courses of calcium glycerophosphate and alfacalcidol
(Alpha-D3-Teva).

Thus, the onset of the first clinical manifestations
after the age of 1 year, when the child began walking,
together with progressive limb deformities, growth re-
tardation, and a characteristic waddling gait; laboratory
findings including hypophosphatemia, hyperphospha-
turia, elevated alkaline phosphatase activity, normal
serum calcium, parathyroid hormone, and vitamin D
levels, absence of glucosuria and hyperaminoaciduria;
radiographic changes in the bones of the lower extrem-
ities; lack of positive response and ineffectiveness of
standard vitamin D doses; as well as improvement in
laboratory parameters following treatment with calcium
glycerophosphate and alfacalcidol (Alpha-D3-Teva), sug-
gested the presence of hereditary phosphate diabetes in
the child. However, genetic confirmation was required.
Molecular genetic testing was performed at the age of
4 years and 4 months and revealed a heterozygous mu-
tation ¢.2059-2062dupAGTT p.Y688X in the PHEX gene.
The obtained results confirmed the diagnosis of vitamin
D-resistant hypophosphatemic rickets. Continued treat-
ment with alfacalcidol (Alpha-D3-Teva) and phosphate
preparations (Reducto-special, Phosphate-Sandoz) was
recommended under regular monitoring of serum and
urinary calcium and phosphate levels, alkaline phospha-
tase activity, and parathyroid hormone levels. Hospital-
ization to the traumatology department for temporary
epiphysiodesis was also recommended.

Renal tubular acidosis

Definition. Renal tubular acidosis (RTA) is a clini-
co-laboratorial symptom complex that results from a
defect in the reabsorption of bicarbonates in the prox-
imal tubules or a disturbance of acidogenesis in the dis-
tal tubules, characterized by the metabolic acidosis and
the decrease in the ability of the kidneys to acidate the
urine. One of the leading signs of RTA are changes in
skeletal skeleton resembling the rachitic [4, 37].

At the heart of RTA are disturbances of one of the
most important functions of the kidneys — maintaining
the acid-base balance (ABB). Maintenance of ABB is car-
ried out by active secretion of hydrogen ions H* tubular
cells, which leads to acidification of urine. The mecha-
nism of secretion is reduced to the following. The hydro-
gen ions H* and bicarbonate ions are formed of carbon
dioxide and water in the cells of the proximal and distal
sections of the tubules. H* ions are actively secreted into
the tubular fluid in exchange for sodium ions that enter
the cells passively, and bicarbonate ions diffuse into the
plasma. Secreted H* ions in the lumen of the tubule in-
teract with filtered bicarbonate, forming a carbonic acid,
which in its turn is dehydrated with a help of carbonic
anhydrase enzyme and carbon dioxide diffuses into the
cell. Thus, the secretion of H* ions is accompanied by the
reabsorption of an equivalent amount of sodium and bi-
carbonate [4, 37].

There are primary (hereditary) and secondary forms
of RTA [4, 37]. Hereditary RTA is a genetically heteroge-
neous disease having various types of hereditary trans-
mission (distal — localization of genes — 17921-q22,
7933—qg34, 2cen—ql3, proximal — localization of genes
— 8022, 4921). The hereditary RTA can be combined
with hearing damage (localization of genes — 7q33—q34,
2cen—q13) and ocular pathology (localization of genes
— 4qg21). Hereditary forms of distal RTA are caused by
mutations in at least three different genes: SLC4A1, AT-
P6V1B1, and ATP6VOA4. Heterozygous carriers of muta-
tions in the ATP6V1B1 and ATP6VOA4 genes may have an
increased risk of developing nephrolithiasis and nephro-
calcinosis in adulthood, respectively [9, 37-39].

They expose: RTA-l — classical, distal, hypokalemic,
Battler-Albright syndrome; RTA-Il — children’s, proximal,
Lightwood syndrome; RTA-Ill, which is based on a com-
bined proximal and distal RTA; RTA-IV — generalized, hy-
perkalemic — due to a deficiency of mineralocorticoids
— aldosterone or resistance to it [4, 7, 16, 37]. Hereditary
forms of RTA occur much less frequently than acquired
forms (e.g., drug-induced — NSAIDs, connective tissue
diseases such as SLE and Sjogren’s syndrome, diabetes,
chronic kidney disease, etc.) [37, 40-42]. Proximal RTA
(type 2) is less common than distal RTA (type 1), and Fan-
coni syndrome as a primary disorder is extremely rare
[37].

Pathogenesis of RTA | type. The disease is transmit-
ted by autosomal dominant and autosomal recessive
type, X-linked, sporadic cases are possible, more com-
mon in girls.

Distal tubular acidosis occurs because of disorder of
production or transport of hydrogen H*ions. The main
pathogenetic link is an impairment in ability of the kid-
neys to establish a gradient of the concentration of H*
ions between the blood and the tubular fluid, which
leads to metabolic hyperchloremic acidosis. The causes
of disturbance of acidogenesis in the | type of RTA are
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discussed in a number of hypotheses, which include: a
decrease in the activity of H* secretion by cells; defect in
the energy mechanism (H*-ATPh-ase, H*/ K*-ATPh-ase),
lack of transport systems, etc. In this connection, the dis-
tal tubule cannot create a definite gradient of the con-
centration of H* ions between the blood and the tubular
fluid. The content of H* in the distal tubules, NH, in urine,
the titrated acidity decrease. In such patients, the urine
pH doesn’t usually drop below 6,0; the pH of the urine,
more often it is 6,8—7,5. A characteristic of this form of
acidosis is that bicarbonates constantly release into the
urine, instead of which the chlorine ions diffuse into the
blood to protect the osmotic pressure, as the result the
hyperchloremia and the blood hydrocarbonates defi-
ciency develop. Bicarbonates release in the urine, the
renal excretion of acids and ammonia decrease. With
acidosis, increased excretion of sodium causes polyuria.
Hypernatriuria leads to hyponatremia, and as a conse-
quence — secondary aldosteronism and hypokalemia.
The loss of large amounts of calcium with alkaline urine,
hypocitruturia, are the cause of the deposition of oxa-
late and phosphatolic calcium stones in the kidneys. The
resulting stones are deposited in the interstitial tissue, in
the lumen of the tubules. There is a bilateral nephrocal-
cinosis by 3-5 years. This creates conditions for the oc-
currence of a secondary urinary tract infection. Calcium
deficiency leads to osteoporosis and osteomalacia, i.e.
hypocalcemia stimulates the production of parathyroid
hormone (PTH). Secondary hyperparathyroidism leads
to bone resorption and calcium enters the bloodstream,
which explains normocalcemia [37-39, 43-45].
Pathogenesis of RTA Il type is the defect of reabsorp-
tion of bicarbonates in the proximal tubules with preser-
vation of acidogenesis. Pathogenesis is explained by the
descrease or lack of production of carbonic anhydrase
II-(C); a decrease in the activity in the blood of carbonic
anhydrase I-(B); decrease in the activity of mitochondrial
HCO,ATPh-ase in membranes of the epithelium of the
proximal tubules. The proximal variant of the lesion is
more severe than the distal one. Type of inheritance
— sporadic cases, boys of an early age are more often
ill. In a healthy kidney, the filtered bicarbonates are re-
absorbed in the proximal tubule in 85% of cases. If the
level of bicarbonate in the plasma exceeds the renal
threshold concentration, the reabsorption of bicarbon-
ates doesn’t completely occur. The renal threshold con-
centration of bicarbonates
in children is 22-24 mmol/I.

bules isn’t disturbed, urine can have an acidic reaction
(pH less than 5,5). The presence of unreabsorbed bicar-
bonates in the proximal tubules during the flow through
the distal tubules leads to stimulation of the aldoste-
rone’s secretion, which increases sodium reabsorption
and potassium excretion. There are kalyuria, hypokale-
mia [4, 37]. The differential diagnosis of type | and type
Il RTA is presented in Table 1 (table 1).

Clinical picture of RTA [4, 9, 16, 37, 39, 43]. Clinical
manifestations of enumerated biochemical disorders are
as follows:

1. Developmental delay and retardation growth,
often accompanied by rachitic, osteoporotic changes in
bones. This is a consequence of chronic acidosis (reduc-
es the secretion of the growth hormone) and hypercal-
ciuria, hypocalcemia. Among the rachitic manifestations
is more often valgus deformity of the legs, difficulty in
walking, pain in the bones, pathological fractures, defor-
mation of the chest and others.

2. The consequences of hypernatremia are polyuria,
polydipsia, hypoisostenuria, a decrease in the concen-
tration ability of the kidneys.

3. Nephrocalcinosis (bilateral) is due to hypercalci-
uria, alkaline pH of urine, hypocitruturia. Further — UTI,
pyelonephritis, ULD, CRF.

4. The consequences of hypokalemia are muscular
hypotension, hyporeflexia, weakness, adynamia, pare-
sis, constipation, lowering of blood pressure, tachycar-
dia.

5. Hyperchloremia, in parallel with disbalance of so-
dium and water, is manifested by dehydration, dehydra-
tion crises, vomiting, subfebrile, fever of unknown ori-
gin, lack of appetite, muscular adynamia.

It is generally believed that RTA of the | type is firstly
detected not earlier than 2-3 years of life, and even in
adults, where the definition appeared as the “adult type”
of RTA. Sometimes the only symptom of the disease may
be a delay in physical development, and in children 2—3
years old — rickets-like changes in the osseous system.
The complete clinical and laboratory symptom complex
of RTA is formed by the age of 3—4 years.

In distal RTA, the clinical presentation can vary sig-
nificantly: ranging from mild symptoms, such as mod-
erate metabolic acidosis and the incidental discovery
of kidney stones, to severe manifestations like growth
retardation, pronounced metabolic acidosis, and neph-

Table 1 — Biochemical parameters of blood and urine with RTA [1, 4, 37]

Patients with a proximal type Laboratory data

| type of RTA 1l type of RTA

of RTA have a decrease in the
renal threshold concentra-
tion of bicarbonates, so the

Acidification of urine

Itisn’t impaired,
pH can be below 6.8;
more often <5.5

It is always impaired,
pH cannot be below 6,8

excretion of bicarbonates in

. . . Excretion H*
the urine is sharply increased

It is always impaired, sharply It isn’t impaired

— more than 10-15% of the
filtered amount (norm 0-2%).

The renal threshold of reab-
sorption of bicarbonates falls

reduced
Kidney threshold reabsorption| Normal Sharply reduced
of bicarbonate’s ions (22-24 mmol/1) (19-20 mmol/I)
Urinary excretion of Normal (0-2% of the filtered Sharply increased (10-15%
bicarbonates amount) of the filtered amount)

below 22-20 mmol/l. This

. . . |Heredit
form of tubular acidosis is v

Recessive, dominant, linked to the| Sporadically, boys of the
X-chromosome young age areiill

characterized by the preser-

vation of the ability to reduce |Me"PY

Dose of bicarbonates —
2-3 mmol/kg/day

High doses of bicarbonates
- 10 mmol/kg/day

the pH of urine and excrete
H*. The mechanism of urinary
acidification in the distal tu-

Complications

Urolithiasis disease (ULD), neph-
rocalcinosis, chronic renal failure
(CRF)

May be absent, delay in
growth.
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Figure 4 — Before the manifestation of the disease.

rocalcinosis. Progressive hearing loss develops in the
majority of patients with recessive distal RTA (caused by
mutations in the ATP6V1B1 and ATP6V0A4 genes) [9, 37,
39, 43].

RTA of the Il type — in the first months of life there
is periodic vomiting, anorexia, an increase in the tem-
perature of an unknown genesis, hypotrophy develops,
children lag behind in physical development, rickets-like
changes in the bone system occur early, and nephrocal-
cinosis rarely develops. But, despite the severity of clini-
cal manifestations, spontaneous recovery is possible for
this type [16, 37].

As a result of generalized dysfunction of the proxi-
mal renal tubules, a pathological condition develops
that leads to proximal renal tubular acidosis and mas-
sive losses of amino acids, glucose, potassium, sodium,
phosphates, bicarbonate, uric acid, and water due to
impaired reabsorption — Fanconi syndrome (de Toni—
Debré—Fanconi) [37].

Treatment [16, 37, 43, 44]. The treatment is orient-
ed to the correction of disturbances peculiar to RTA —
restoration of electrolyte balance. It is allowed to do
gymnastics, massage, potato-cabbage diet, restriction
of proteins of animal origin, alkalinizing drink, increasing
the amount of liquid to 2,5 liters per day. Drug therapy:
correction of acidosis (citrate mixtures, sodium hydro-
gencarbonate), hypokalemia, hypocalcemia, treatment
of osteomalacia (vitamin D 50 thousand IU/day, calcium
preparations — gluconate, chloride, glycerophosphate).
Rickets-like disorders (phosphate diabetes, RTA, Fanconi
syndrome) are characterized not only by bone deformi-
ties but also by significant growth delay. Even with ade-
guate pathogenetic therapy, many children do not reach
their genetically determined height; therefore, growth
hormone is prescribed [5, 11, 26, 28, 31].

The prognosis is favorable for the Il type, severe in
the | type with the development of CRF [37, 39, 43, 45].

We present a case of our own clinical observation.

The girl E., at the age of 4,5 years entered the chil-
dren’s neurological department with complaints of
weakness in the legs, rapid fatigue, gait disturbance, in-
ability to run, jump.

Past Medical History. A child from the | pregnancy,
normal childbirth, in a period of 39-40 weeks. Weight
at birth 3200g, height 51cm. Early anamnesis is without
features. Began to go with 10 months (fig. 4). Hereditary
anamnesis is not burdensome.

History of the present illness. At the age of 3,5 years
in the kindergarten, she poisoned herself with herring,
was treated in the children’s infectious disease depart-
ment. After discharge from the hospital, bloating of the
abdomen, polyuria, recurrent acidic conditions, episodes
of fever increased. Parents paid attention to the change
in gait, there was weakness in the legs, fast fatigue, the
girl stopped running and jumping. The enumerated com-
plaints progressed. Significant pains in the lower extrem-
ities were associated, loss of weight was noted (at 3,5
years —18 kg, at 5 years —14 kg), growth retardation (at
3,5 years —104 cm, at 5 years —104 cm), X-shaped defor-
mation of the lower extremities was formed.

Neurological status. State of the disease of moder-
ate severity. Muscle tone is sharply reduced in the limbs,
more in the legs. She lags behind in growth and weight.
The Barre test for the upper limbs is negative, for the
lower is doubtful. Tendon reflexes from hands are alive
D <S, knee and Achilles are enliven D <S. In the Rom-
berg position is stable. The pointing test performs sat-
isfactorily. Meningeal symptoms are negative. The ex-
pressed X-shaped deformation of the lower extremities,
flat-valgus feet (fig. 5). The lumbar lordosis is smoothed.
Paraparetic gait, waddling gait, she cannot jump, run,
walk the stairs. The electromyogram (EMG) was made
in the department: Diffuse neuronal level of disorders.
In the regional medical genetic center, a study was car-
ried out on the SMN gene, the result is negative. The
magnetic resonance tomography (MRT) of the brain and
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Figure 5 — The child is 5 years old, in the acute phase of the disease.

spinal cord was performed: the defeat of the brain and
spinal cord was not detected. Diaginosis: Mitochondrial
encephalopathy with lower paraparesis, with the distur-
bance of walking function. It is recommended EMG in
dynamics, to investigate blood lactate, in therapy — cere-
brum compositum, coenzyme compositum.

The state of the child has significantly improved
against the background of ongoing metabolic therapy.
But, after courses of massage therapy at home, a sig-
nificant deterioration of the state was noted. There was
difficulty in walking. At the age of 5 years the girl practi-
cally stopped walking on her own. EMG: the myopathic
pattern of disturbances predominates. Blood lactate —
8.10 mmol/L = 2.09 mmol/L (reference range: 0.5-2.20
mmol/L).

To clarify the nature of metabolic abnormalities, she
was sent to the Kharkiv Specialized Medical Genetic
Center (KhSMGC), where she was examined:

1. Organic urine acids: changes in metabolites of ke-
tosis, decrease in metabolites of the Krebs cycle;

2. 24-hour urine analysis: volume — 2100 mL (refer-
ence range: 0.7-1.2 L), creatinine — 1.1 g/day (reference
range: 0.27-0.415 g/day), Ca — 2.6 mmol/day (reference
range: 0.5-3.8 mmol/day), P — 28.2 mmol/day (refer-
ence range: 10-30 mmol/day), urea — 401 mmol/day
(reference range: 133—200 mmol/day), uric acid — 2.7
mmol/day (reference range: 0.6-3.0 mmol/day), hy-
droxyproline — 63 mg/day (reference range: 21.1-51.3
mg/day), total urinary glycosaminoglycans (GAGs) —41.6
CPC units/g (reference range: up to 198 CPC units/g).

3. Blood biochemical analysis: homocysteine — 8.13
umol/L (reference range: up to 5 pumol/L), lactate, Fe3*,
total Ca, and Ca%* —within normal range, P—0.77 mmol/L
(reference range: 1.45-1.78 mmol/L), Mg?*, Na*, Zn?*,
K*, Cu?*, CI~, and Se** — within normal range, creatinine —
22.13 umol/L (reference range: 27-62 pumol/L), uric acid
— 0.7 U/L (reference range: 1.68-3.84 U/L), cholesterol,

glucose, bilirubin, triglycerides, urea, ALT, AST, GGT, CPK,
and proteinogram — within reference values.

4. Liquid thin-layer chromatography amino acids in
the blood — a decrease in serine, histidine, glycine, ala-
nine, tyrosine, cystine, methionine, phenylalanine, leu-
cine. The level of the metabolites studied is within the
normal range. Liquid thin-layer chromatography amino
acids in the urine — increased arginine, cystine, lysine.
The level of carbohydrates in urine is the norm. Urinaly-
sis — test for cystine — negative.

Diagnosis: Combined defect of oxidative phosphory-
lation, insufficiency of respiratory chain complexes with
primary lesion of renal tubules (renal tubular dysfunc-
tion). Secondary dysfunction of parathyroid glands. Hy-
perhomocysteinemia.

Assigned: diet (a sufficient number of plant proteins
and fluids, limiting acidogenic — sulfur-containing amino
acids, enriching with phosphates and alkalinizing prod-
ucts — potato and potato-cabbage diets); for the normal-
ization of the processes of homocysteine remethylation
in methionine — stomach support, P5P, folacin; energo-
tropnaya therapy — coenzyme compositum, ubiquinone
compositum, korilip.

Considering the changes in the skeletal, muscular,
and urinary systems associated with secondary dys-
function of the parathyroid glands, examination at the
nephrology department of the National Children’s Spe-
cialized Hospital “Ohmatdyt” was recommended (at the
age of 5 years and 7 months). The patient underwent the
following examinations:

1. Blood test — Erythrocytes — 4,3T/L, Hb — 143 g/L,
Leukocytes — 6,1 G/L, eosinophil — 2%, stabs neutrophils
—3%, segmented neutrophils —59%, lymphocytes —31%,
monocytes — 5%, Platelets — 273 G/L, ESR — 8 mm/h;

2. Blood biochemical analysis: proteinogram, choles-
terol, glucose, bilirubin, urea, creatinine, ALT, AST, CRP,
ASO, Na* and K*, and GFR — within reference values,
Ca?* — 1.28 mmol/L, P — 0.75 mmol/L, ALP — 897 U/L,
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acid—base status (ABS): pH — 7.29 (reference range:
7.36-7.42), HCO;~ — 13.8 mmol/L (reference range:
21-26 mmol/L), BE — -11.2 mmol/L (reference range:
+2 mmol/L); follow-up ABS: pH — 7.31, HCO;™ — 16.8
mmol/L, BE — -8.3 mmol/L.

3. Urine analysis: urine calcium —4.7 mmol/day, urine
phosphate — 17.7 mmol/day; PH of urine — 8.1; the com-
mon analysis of urine, Nechiporenko’s method — without
features; Zimnitsky’s test — specific gravity —1011-1016;

4. Consultations of specialists. Neuropathologist:
Myopathic syndrome on the background of the main
disease. Orthopedist: Osteoporosis. Epimetaphyseal
dysplasia due to tubulopathy. Valgus deformity of the
shins. Geneticist: To exclude a congenital metabolic dis-
ease, blood and urine tests for the amino acid spectrum
are recommended.

5. Kidney ultrasound: The kidneys are enlarged — the
right one is 9.6x4.0 cm, the left one is 10.6x4.3. The
renal parenchyma is compacted, the contours of the
pyramids are compacted, thickened. In the projection of
pyramids, multiple calcifications up to 5 mm are visual-
ized. Ultrasound of other abdominal organs without fea-
tures. Ultrasound of the thyroid and parathyroid glands
— there are no structural changes. Thyroid calcitonin is
within normal limits.

6. Plain abdominal radiography: signs of nephrocal-
cinosis were identified in the projection of the kidneys.

7. Molecular genetic study (Institute of Molecular
Biology and Genetics, Kyiv): there are no mutations in
the genes SMN1, SMN1, NAIP (genes of spinal muscular
atrophy).

Carried out therapy — diet, soda-buffer, alpha-D_-Te-
va, calcium-D, nicomede, magnerot, dimephosphon,
osteogenone, phisical therapy, massage, tutor-bandages
on the legs.

Diagnosis: Tubulopathy. Renal-tubular acidosis of
the | type. CRF (tubular). Nephrocalcinosis. Subnanism

somatogenic. Osteoporosis. Epimetaphyseal dysplasia
due to tubulopathy. Valgus deformity of the lower legs.

At the age of 6 years and 7 months, the girl was treat-
ed at the pediatric traumatology department in Kyiv. The
conclusion of the lower extremity radiography revealed
shortening of the left lower extremity, pelvic tilt to the
right, left-sided coxa valga, severe valgus deformity of
both lower legs, and valgus deformity of the feet (fig. 6).

Surgical correction of the valgus deformity of both
lower legs was performed by epiphysiodesis, followed
by removal of screws from the distal thirds of both fem-
ora and the proximal thirds of the tibiae.

Follow-up examination was performed at the pedi-
atric nephrology department in Kyiv. Complete blood
count, blood biochemical analysis including proteino-
gram, urea, creatinine, glucose, bilirubin, ALT, and AST;
urinalysis, Nechiporenko urine test, and bacteriological
urine culture were within normal limits.

1. Blood biochemical analysis: K* — 3.8 mmol/L, Na*
— 141 mmol/L, total Ca —2.48 mmol/L, P — 1.69 mmol/L,
Cl~ = 110 mmol/L, PTH — 27.3 pg/mL, ALP — 299 U/L,
blood acid—base status (ABS): pH — 7.26, HCO3;™ — 19.0
mmol/L, BE — -7.9 mmol/L; GFR — 173 mL/min.

2. Zimnitsky urine test: urine specific gravity fluctua-
tions —1010-1014; urinary Ca excretion in 24-hour urine
— 2.8 mmol/day.

3. Kidney ultrasonography: signs of nephrocalcinosis.

The following recommendations were provided: diet
therapy; long-term sodium bicarbonate buffer thera-
py; Alpha D3-Teva; Calcium-D3 Nycomed administered
in 2-month courses; Magnerot; Agvantar (L-carnitine);
dimephosphon; Osteogenon (later replaced with Ale-
andra); Blemaren (later replaced with Smart Omega);
growth hormone (Somatin) administered subcutaneous-
ly at 4 IU once daily, 5 days per week; physical therapy;
and massage.

it st
Rars pusperms | 3111 10
i

Figure 6 — Radiographs of the lower extremities before surgery and after surgical correction of the valgus deformity of both lower legs.
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The child is 8 years old. The survey was conducted
in the National Children’s Specialized Hospital “Ohmat-
dyt”, in the Center for Orphan Diseases:

1. Urinary screening: protein test — negative; The
Fehling’s test is negative; Sulkovich’s test — (+); test for
hyperaminoaciduria — negative; The Benedict’s test is
negative; sample with dinitrophenylhydrazine (DNFG)
— negative; The Obermeer’s test is negative; The Legal’s
test is negative; test for cystine — negative.

2. Thin layer chromatography of carbohydrates in
urine is the norm;

Hypocalcemic rickets
= low/normal calcium

* low/normal phosphate
« high PTH

[

 125(0M)D concentration

[ —
]

Figure 7 — The girl is 10 years old.

Rickets confirmed by:
= clinical signs

* increased ALP activity
* radiographic alterations

) i .O SHOTON REDMI
| - Al DUAL CAMERA

3. Common glucosaminoglycans (GAG) in the urine
of CPC — test — 45/213 from CPC/g creatinine.

4. Chromatomass spectrometry (TMS) (content of
amino acids and acylcarnitines): the level of the studied
metabolites is within the reference values.

5. Highly effective liquid chromatography of amino
acids in blood: no abnormalities in the concentration of
amino acids in the blood;

6. Genetic consultation: Diagnosis — tubulopathy
associated with skeletal involvement. This condition
requires differential diagnosis with cystinosis, De Toni—
Debré—Fanconi syndrome, and RTA. No evidence sugges-

Hypophosphatemic rickets
= normal calcium

* low phosphate

* normal/high normal PTH

[ unm | [ ] [ N |
VYDDR1B* XLH* HHRH® Nutritional
VDDR3" | ADHR* phosphate
ARHR* deficiency
Nutritional [ Nutritional Fanconi
vitamin D calcium TIO syndrome
deficiency deficiency
VDDR2"
Figure 8 — Primary differential diagnosis [1].
Notes: see fig. 1; L — low values, N — normal values, H — high values.
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Table 2 - Differential diagnosis of hereditary rickets-like diseases [1, 4, 11, 37]

Renal tubular

de Toni—-Debré—Fanconi

Vitamin D—

Feature Phosphate diabetes acidosis syndrome dependent rickets Hypophosphatasia
Type of inheritance X-linked, AD 7pA<;rad|c /AD Most commonly AR AR AD or AR
5-6 months to .
Age at onset 1-1.5 years 2-3 years 2.5-3 years Early childhood At any age
Marked leg Polyuria,
Initial de.formmes, waddling po.lydlp‘sm, POIVUHa.' polydipsia, Seizures, growth Early tooth loss,
X . gait, delayed tooth irritability, unexplained fever, ’ -
manifestations ] : retardation skeletal deformities
eruption, enamel severe muscular | muscle pain
defects hypotonia
Polyuria,
. polydipsia, Unexplained fever, .
. Progressive, severe muscular " Impaired
Specific X . skeletal deformities, . . -
predominantly varus | hypotonia, | Alopecia (type Il) mineralization,
features . { blood pressure, L
deformity of the legs | blood pressure, o bone fragility
7 | constipation
valgus deformity
of the legs
. . { height, . N
Physical N2 he|ght_, normal significant \, N2 he|ght., significant 3 height Variable
development body weight ) body weight
body weight

Serum calcium

Normal low-range

or

Normal or mildly

N

Normal or ¢

L4 verylowin
type ll

Normal or

acids, and glucose

Serum phosphorus Markedly J | J N J Normal or
Potassium, sodium Normal J or normal N Normal or { Normal
Metabolic
Acid—base balance Normal acidosis, pH Metabolic acidosis Normal Normal
<7.35
Aminoaciduria Absent Absent Mark§d +.glucosur|a * | Absent or minimal | Absent
proteinuria
Phosphaturia Marked MM Moderately |, Marked Absent Absent
Calciuria Normal Marked MM N2 Normal ™
Alkaline Markedly {, low
phosphatase T T ™ T ALP activity
Upper normal range . Normal or M markedly
PTH or M Mildly (secondary) elevated in type Il Normal
/1 type | - low
1,25(0H),Ds with
Vitamin D Normal or Normal or mildly Normal or normal 25(OH)Ds; Normal
N type Il — normal
25(0OH)Ds with ele-
vated 1,25(0OH),D3
{ synthesis of -
. Renal phosphate Metabolic Lgss of phosphatgs, active vitamin D ALP deficiency,
Underlying defect ] L bicarbonates, amino : decreased enzyme
wasting acidosis / resistance to

vitamin D

activity

tive of inherited disorders of amino acid or acylcarnitine
metabolism was identified.

7. Genetic research (laboratory “EUROLAB”): By di-
rect automatic sequencing, the coding sequence of the
CTNS gene (DNA) was studied, the mutation in which is
responsible for cystinosis nephropathic. Pathogenic vari-

ants are not found.

Against the background of the administered therapy,
significant positive dynamics were observed (fig. 7). Cal-
cium and phosphorus levels in the blood and urine nor-
malized. Changes in ABS and insufficient fluctuations in
urine specific gravity, as assessed by the Zimnitsky test,
persisted. According to the kidney ultrasonography find-
ings, signs of nephrocalcinosis did not progress. After 6
months of growth hormone (Somatin) therapy, the pa-
tient grew by 12 cm (height: 116 cm) and gained 5 kg in
body weight (weight: 20 kg). The girl can run, jump, and
dance. No weakness in the legs, fatigue, or pain in the
lower extremities was reported. Acetonemic episodes

did not recur.

Thus, the diagnosis and treatment of RTA is a com-
plex task, the solution of which is possible with knowl-
edge of the issues of clinical polymorphism of the debut
and the course of the disease, thorough the diagnostic
search, and the timely appointment of therapy.

Differential Diagnosis of Rickets-Like Diseases

Differential laboratory diagnosis of RLDs is a crucial
stage of evaluation, since the clinical manifestations, par-
ticularly skeletal deformities, are often similar, whereas
the underlying pathogenic mechanisms and treatment
approaches differ substantially [1, 11, 37]. The diagnosis
is established on the basis of confirmed clinical mani-
festations, typical radiographic findings characteristic of
rickets, and elevated serum alkaline phosphatase activi-
ty. We further propose a diagnostic algorithm that takes
into account hypocalcemia and hypophosphatemia (fig.
8). Serum concentrations of Ca, P, and PTH are key bio-
chemical parameters for differentiating hypocalcemic
and hypophosphatemic forms of rickets [1, 37]:
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e Hypocalcemic forms of rickets are usually char-
acterized by decreased serum Ca levels, low or normal
serum P concentrations, and elevated PTH levels.

¢ Hypophosphatemic forms of rickets are character-
ized by marked hypophosphatemia in the presence of
normal serum calcium levels and normal PTH concentra-
tions.

We present the differential diagnostic features of
hereditary RLDs that are most important in pediatric
practice, namely vitamin D—resistant hypophosphatemic
rickets (phosphate diabetes, PD), vitamin D—dependent
rickets, renal tubular acidosis (RTA), and Fanconi syn-
drome (table 2).

Special attention should be paid to the major distin-
guishing features of RLDs. In vitamin D deficiency rickets,
children usually respond well to vitamin D therapy and
demonstrate positive clinical dynamics. In PD, character-
istic findings include marked hypophosphatemia, nor-
mal serum calcium levels, elevated ALP activity, phos-
phaturia, normal or mildly elevated PTH levels, and the
absence of aminoaciduria and glucosuria. In RTA, meta-
bolic acidosis and electrolyte disturbances predominate
in the clinical presentation. Fanconi syndrome is char-
acterized by multiple urinary losses, including glucose,
amino acids, and phosphates.

In vitamin D—dependent rickets, the underlying prob-
lem is not vitamin D deficiency itself, but rather impaired
vitamin D metabolism or receptor dysfunction. Low
serum calcium and low active vitamin D levels are char-
acteristic of vitamin D—dependent rickets type I, where-
as low serum calcium combined with elevated active vi-
tamin D levels is typical of type Il vitamin D—dependent
rickets. The key diagnostic marker of hypophosphatasia
is deficiency and decreased activity of alkaline phospha-
tase.

Serum levels of Ca, P, ALP, PTH, and vitamin D me-
tabolites are fundamental parameters for the differen-
tial diagnosis of various forms of rickets [1, 4, 11, 37].
The key indicators and their diagnostic significance are
as follows:

¢ Alkaline phosphatase (ALP). Elevated ALP activity
is observed in all forms of rickets except hypophospha-
tasia (HPP).

e Hypocalcemia. This is the principal biochemical
marker in patients with severe vitamin D deficiency as
well as in vitamin D—dependent forms of rickets.

¢ Hypophosphatemia. In the presence of normal
serum calcium concentrations, hypophosphatemia is a
specific feature of hypophosphatemic rickets. However,
hypophosphatemia may also occur in severe vitamin D
deficiency, usually in combination with hypocalcemia,

as a consequence of secondary hyperparathyroidism. In
all forms of rickets, hypophosphatemia is considered a
“common denominator.”

e Hypercalciuria. This is an important diagnostic cri-
terion in patients with hereditary hypophosphatemic
rickets with hypercalciuria (HHRH).

e Secondary hyperparathyroidism. This is a charac-
teristic biochemical feature of hypocalcemic forms of
rickets. In contrast, in hypophosphatemic variants, PTH
levels are usually normal or only mildly elevated. An
exception is HHRH, in which serum PTH concentrations
may be low or even suppressed.

o Fibroblast growth factor 23 (FGF23). Elevated
FGF23 levels are observed in FGF23-dependent forms
of rickets. An FGF23 concentration above 40 pg/mL in
the presence of hypophosphatemia is considered a key
marker for the early diagnosis of X-linked hypophospha-
temic rickets (XLH) in children.

Biochemical parameters are essential for the accu-
rate differentiation of various forms of pathology and for
selecting appropriate therapy. However, when clinical,
biochemical, and radiological findings suggest a genet-
ic form of rickets, specific molecular genetic testing be-
comes necessary.

Conclusions.

Rickets remains a major challenge in modern pediat-
ric healthcare systems. The application of validated clini-
cal and biochemical algorithms is a fundamental prereq-
uisite for the timely identification of patients suspected
of having this pathology. Early diagnosis and appropriate
treatment are primary strategic objectives that make it
possible to prevent severe irreversible complications in
the future. A key stage in determining treatment strate-
gy is differential diagnosis and the clear distinction be-
tween nutritional and genetically determined forms of
the disease. Each type of rickets requires a personalized
diagnostic approach, specific therapeutic regimen, and
multidisciplinary patient management. To optimize the
diagnostic process, a review of current literature was
performed, diagnostic algorithms were proposed, and
contemporary treatment approaches for patients with
rare hereditary forms of rickets based on current recom-
mendations were presented.

Prospects for further research.

Given that RLDs represent a diagnostically challeng-
ing pathology in children, further in-depth investiga-
tion of this problem is planned, including optimization
of diagnostic and differential diagnostic algorithms, as
well as the development of individualized treatment ap-
proaches.
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PAXITONOAIEHI 3AXBOPIOBAHHA B MPAKTULY NELJIATPA: TPYAHOLLI ANGEPEHUIMHOI AIATHOCTUKU TA
CYYACHI MOXX/TUBOCTI (OrNAA4 NITEPATYPU TA BNIACHI CNOCTEPEXXEHHA)

KoHroweBcbKa A. A.

Pe3stome. CTaTTa NpUCBAYEHa Cy4aCHOMY CTaHy Npobnemu cnagKoBMX paxiTonosibHMX 3axBOpPHOBaAHb Y AiTel,
reHeTUYHO 3yMOBJIEHUX NopyLleHb 0bmiHy docdopy, KanbLito Ta BiTamiHy [. MpeactaBneHo AiTepaTypHUn ornag
naToreHesy, KAiHiYHUX NPOSABIB pPaxiTONoAibHMX 3aXBOPIOBaAHb.

Pe3ynbTaTv MONEKYNAPHO-TEHETUYHUX AOCAIAKEHDb CBiAYaTh, WO PaxiTonoAibHi 3aXBOPIOBaHHA MaloTb BUpa-
YKEHe reHeTuYHe PisHOMaHITTA. Tomy ocTaToyHe NiATBEepAKEeHHA AiarHo3y 6a3yeTbcs Ha iaeHTUdIKauii myTauin y
Bi4NOBIAHWUX reHax, AKe € Ay*Ke KOLWTOBHMUM Ta TPUBAAMM. ToMy 0COB/IMBO BaXKNMBUM € NPOBEAEHHA AndepeHLi-
a/IbHOT iarHOCTMKM LUMX 3aXBOPHOBAHb. PaHHA AjarHOCTMKa Ta BYacHE NPU3HAYeHHA NaToreHeTUYHOI Tepanii byayTb
CNPUATK YMNOBINbHEHHIO PO3BUTKY paxiTMUHMX Aedopmalii ckeneTa, 3abesneyyBat NO3UTUBHY AMHAMIKY POCTY,
nonepeaKyBaTh PO3BUTOK YCKAaAHEHb, 3anobiraTv iHBaniAu3aLUii AUTUHW.

Y cTaTTi PO3MIAHYTO OCHOBHI O3HaKM paxiTonoAibHMX 3aXBOPIOBaHb Yy AiTeN — BUparKeHi nporpecytodi gedopmalii
CKeneta, pe3nCTEeHTHICTb A0 NiKyBaibHMX 403 BiTamiHy [I. NpoBeseHa andepeHLianbHa AiarHOCTUKM 3aXBOPHOBAHb,
AKi MaloTb HalbiNblLe 3HaYeHHs B NeAiaTPUYHIN NpaKTULi, a came, — BiTamiH [-pe3ncteHTHUl rinopocdaremiyHmit
paxiT, BiTamiH [l-3aneKHWI paxiT, HUPKOBUI TyOYNApHUIN aumnao3 Ta cuHApom ge ToHi—[lebpe—PaHKoHi.

[oKnagHO BUCBITAIEHO AaHi WOA0 MOXKIMBOCTI NiKyBaHHA paxiTonoaibHMx 3axBoptoBaHb. Hanpuknaz, KnacuuHe
KoMbiHOBaHe fliKkyBaHHA Npu rinodochatemivyHmx paxitax - npenapatv ¢ocdaTis, akTMBHI dopmu BiTamiHy [, 3a no-
Tpebyto — rOpMOH POCTY, XipypriyHe NiKyBaHHA ckeneTHUX aedopmaLin. OnncaHo HOBWI NpenapaTt ANA NiKyBaHHSA
X-3uennieHoi rinopocdaTtemii — bypocymab (Burosumab), ntoacbke MOHOK/OHaAbHE aHTUTINO NpoTu FGF23, sknit
HOPMaNi3ye KOHLLEHTpaLito cupoBaTkoBoro docdopy. MeanKameHTO3Ha Tepania Npu HUPKOBOMY TybynspHOMy
auMAa03i BKAKOYAE KOPEKLiH0 aumnao3y, rinokaniemii, rinokanbLiemii, NnikyBaHHA ocTeomansuii.

HaBeneHO BMNAAKM BAACHOIO KAIHIYHOTO CNOCTEPEKEHHA AUTUHM 3 BiTaMiH-[-pe3ncTeHTHUM rinodocdaTemiy-
HUM PaxiTOM i AUTUHU 3 HUPKOBUM TyOYNAPHMUM aLLMA030M.

KntouoBi cnoBa: paxitonogibHi 3axBoptoBaHHsA, Knacuodikauis, docdart-aiabet, HUPKOBUN TyOYAAPHUI aumaos,
OiTM, andepeHLiliHa AiarHocTuKa.

RICKETS-LIKE DISEASES IN PEDIATRIC PRACTICE: CHALLENGES IN DIFFERENTIAL DIAGNOSIS AND CURRENT OP-
PORTUNITIES (A LITERATURE REVIEW AND CASE OBSERVATIONS)

Koniushevska A. A.

Abstract. The article is devoted to the current state of the problem of hereditary rickets-like diseases in children,
which are genetically determined disorders of phosphorus, calcium, and vitamin D metabolism. A literature review
of the pathogenesis and clinical manifestations of rickets-like diseases is presented.

The results of molecular genetic studies indicate that rickets-like diseases are characterized by considerable ge-
netic heterogeneity. Therefore, definitive diagnosis is based on the identification of mutations in the corresponding
genes, which remains both costly and time-consuming. Consequently, the differential diagnosis of these disorders is
particularly important. Early diagnosis and timely initiation of pathogenetically targeted therapy may help slow the
progression of rachitic skeletal deformities, promote positive growth dynamics, prevent complications, and reduce
the risk of disability in affected children.

The article discusses the main manifestations of rickets-like diseases in children, including severe progressive
skeletal deformities and resistance to therapeutic doses of vitamin D. Differential diagnosis of the disorders most
relevant to pediatric practice was performed, namely, vitamin D—resistant hypophosphatemic rickets, Vitamin D—de-
pendent rickets, renal tubular acidosis, and Fanconi syndrome.

The paper also provides a detailed overview of current treatment options for rickets-like diseases. For example,
conventional combination therapy for hypophosphatemic rickets includes phosphate supplementation, active vita-
min D metabolites, and, when indicated, growth hormone therapy and surgical correction of skeletal deformities. A
novel treatment for X-linked hypophosphatemia, Burosumab, a fully human monoclonal antibody against fibroblast
growth factor 23 that normalizes serum phosphate concentrations, is also described. Pharmacological treatment of
renal tubular acidosis includes correction of acidosis, hypokalemia, hypocalcemia, and treatment of osteomalacia.

Cases from the own clinical observations of a child with vitamin D-resistant hypophosphatemic rickets and a
child with renal tubular acidosis are presented.

Key words: rickets-like diseases, classification, phosphate diabetes, renal tubular acidosis, children, differential
diagnosis.
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3D-CKAHYBAHHA B OPTONEANYHINA CTOMATOOCI:
NEPEBATU, HEAONIKU TA NMEPCNEKTUBU PO3BUTKY

MNonTaBcbKui gepKaBHUIN MeguuHUA yHiBepcuTeT (M. MonTasa, YKpaiHa)
v.kuz@pdmu.edu.ua

KoHuenuia asmomamu308aH020 NPOeKmMy8aHHA ma 8u2o0mosseHHA 3y6Hux npomesis, sidoma Ak CAD/CAM
mexHo02il, 3arnameHmMo8aHa Ma 3anposadxeHa HanpukKiHui XX cmonimmas. MowupeHHA memody iHmpaopasnbHo20
CKOQHYB8AHHA 00380/14€ Ni08UWUMU egheKmuUBHicMb 0ia2HOCMUKU Ma AiKy8aHHA Npu HageHocmi deghekmis meepoux
MKAHUH KOPOHKOB80T YacmuHu 3yba, nopyweHHi 6ezrnepepsHocmi 3y6Ho20 pAdy, 8U3HAYEHHI emanHocmi niKy8aHHA
017 3a6e3rneyeHHA cmilikozo pe3ysaemamy 3 MO3UMUBHOO OUHAMIKOM. Y 38°A3KYy 3 YOOCKOHA/EHHAM CKaHepie
mMemoou diazHocmuKu Habyearoms 6inbLWoi MoYHOCMI, onepamueHoOCcMi ma 0ocmynHoOCMI npu cMomMmamoso2iyHomy
opmonedu4HoOMY MiKyB8aHHI. B pe3ynemami nowuproromeca MOX/AUBOCMI /iKapie npu rnaaHy8aHHi ma 8UKOHAHHI
MQaHInyAayid Ha KniHiYHomy npuliomi, 3HQYHO MOKPAUYEMBCA e(heKmMuBHICMb fiKy8aHHA NauieHmis. IHMpaopasibHe
CKQHYBAHHA 00380/4€ WBUOKO 6e3 duckomgopmy O04A MaAyieHMa MnopieHAHO 3 MPAoUYiliHUM 00epPHaHHAM
g8i0bumkis, ompumysamu 306paxceHHs 3ybie 3 BUCOKOMOYHOK iHGopMauiero npo ix cmad, 30ilicHroeamu
subipKose CKaHyB8AHHA OKpeMux OifIAHOK, Mamu MOX(AUsicmb s1e2Kko nosmopumu npoyedypy ma ckopomumu
mpusasnicms OmpuMaHHA 8i06UMKie, a maxkox« nepedayy iHpopmayii 3y6Homy mexHiky. lonpu nepcnekmugHicmeo
mMemoody iHmpaopasbHO20 CKAHY8AHHA 0esAKi 00CMi0MEeHHSA c8idYamb NpPo MeHW moYyHe 8i0meopeHHA OUCMAsibHUX
nosepxoHs 3yb6a rnopieHAHO 3 Me3ianbHUMU, a MAKOX 6epXHbOI wienenu ropieHAHO 3 HUMCHbO. CKAAOHUM
€ Mnpouec CKaHysaHHA 6e33ybux wesnen 30 HEMOMUBOCMI 8i0MBOPEHHA (PYHKUiOHAAbHO20 CMAHY CU3080i
060710HKU, 30Kpema ii niodamausocmi. BidnpayrosaHHA nocaidosHocmi 0ili i3 cmpamezieto CKAHY8AHHSA HANPAMY
3asnexcume 8i0 nidcomosKu ma 0oceidy nikaps, w,o 30ilicHio€e npouedypy. Omike, Cy4acHi iHmpaopansHi mexHonoaii
CKQHYBAHHA Marome 3HA4YHUl romeHyiasa, 3abe3neyyroms 8UCOKY MO4YHicms, HadiliHicme OdiazHocmuKu ma
7iKYB8AHHA 0pMOonNeduYHOi Cmomamoso2iYHoi namosoeii, CKAadarme KOHKYpeHUito mpaduuiliHum memooam
npomesyeaHHsA. lNepcnekmusu 3acmocysaHHA 3D-cKaHysaHHA 8 opmoneduyHili cmomamornoeii nepedba4yarome
nooassWy onmMuMizayito 00CniOHceHsb NpuU Pi3HUX NAMO02IYHUX CMAHAX, @ MAKOX 00CMYNHICMb pi3HUX Memoodie
CKQHYBAHHA.

Knwouosi cnoea: CAD/CAM-cucmemu, uyugpposi 8i06umxu, 3D-CKaHYy8aHHA, HMpPaAopasibHe CKAHYBAHHS,
opmoneduyHa cMomMamosoais.

3B8’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-AoCAiA-
HUMMK poboTamu.

HaykoBa po6oTa aBTOpiB € YaCTUHOW iHiuiaTMB-
Hoi HAP Kadeapwu opTonegmyHoi cTomatosorii 3 imn-
NIAHTONOriE «3aCTOCYBAHHA HOBITHIX TexHo/OriM Ans
AiarHOCTMKKM Ta NiKyBaHHA (YHKUiOHanbHOT naTtonorii
3ybolLLenenHoi cUcTemMm», HoOMep AeprKaBHOI peecTpauii
0121U113817.

Bcryn.

OpToneanyHa CTOMATONOTiA NOCIAAE BaXKANBE MicLie
cepeA HanpsAMKiB Cy4aCHOI CTOMATO/IOrii, OCKiIbKM OXO-
NAKE AiarHOCTUKY, NPOodiNnakTUKy Ta NiKyBaHHA Nopy-
WeHb QYHKUiIOHYBAHHA KyBanbHOro amnapaTy, 3yMOB-
JIEHUX YaCTKOBOK YW MOBHOM BTpaTolo 3y6iB. OgHUM i3
K/TIOYOBUX ACMEeKTIB L€l ranysi € BUKOPUCTAHHA cyyac-
HUX TexHonorin 3D-ckaHyBaHHSA, Wo 3abesnevyoTb OT-
PUMAHHA BMCOKOTOYHUX TPUBUMIPHUX mogenel 3y6is,
wenen Ta M’ AKUX TKAHUH POTOBOT MOPOXKHUHM NaLiEHTa.

AKTYanbHiCTb AOCNIAMEHHA MEeTOAiB CKAaHyBaHHA B
CTOMATOJIOTii MOCTIMHO 3POCTAE Yy 3B’A3KY 3 iIHTEHCMBHUM
PO3BUTKOM TEXHOOTiN | NOABOIO BiNbll JOCKOHANMUX iH-
HOBaLiMHUX piweHb. LLopoKy nigBuLLyOTbCA BUMMOTU
00 TOYHOCTI Ta AKOCTI LMPPOBUX AAHMX, LLO 3YMOB/IHOE
HeobXiAHICTb NOrMBAEHOrO BMBYEHHA MOMK/IMBOCTEN
HOBITHIX CKaHepiB, aHaNi3y Ta BAOCKOHANEHHA iCHYHOUYMNX
nigxoais.

MoYaToK PO3BUTKY CKaHYBaHHA B OPTONEANYHIN CTO-
maTosorii NpMnagae Ha KiHeub XX cTONITTA, KOW 3'ABU-
inca nepuwi MNpUCTPOi ANA OAEPXKAHHA TPUBUMIPHUX
306parkeHb. Tak, y 1971 poui y PpaHuii posnoyanuca
poboTN Haf CTBOPEHHAM CUCTEMMU [ANA MPOEKTYBaH-
HA Ta BUTOTOBJIEHHS LUTYYHMX 3yOHUX KOPOHOK. Y 1973
poui ®. [llope y cBOili AncepTay,ii 3anponoHyBaB HOBa-
TOPCbKY KOHLENLiI0 aBTOMATM30BAHOIO MPOEKTYBaH-
HA Ta BMrOTOBNAEHHA 3y6HUX npoTesis, Bigomy Ak CAD/
CAM. 3rogom, y 1989 poui Ha KoHdepeHLii B YMKaro
6yN0 NpeAcTaB/eHo NaTeHT Ha po3pobsieHnii Hum CAD/

98 ISSN 2077-4214. Bichuk npo6nem Gionorii i meguuunm — 2026 — Bun. 2 (181) / Bulletin of problems in biology and medicine — 2026 - Issue 2 (181)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



