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Introduction. Since the end of the last century, dysfunction of the trace element composition of blood in various
forms of scoliosis has been an urgent problem in several studies. Hidden deficiency of trace elements, associated with
insufficient food consumption or low absorption in the body, can cause progressive bone deformities. In this con-
text, special importance is attached to trace elements, such as copper, selenium, zinc, boron, manganese, and others.
The study of the trace element concentrations in patients with congenital spinal deformities currently is an important
and significant task.

Aim. We assess the trace element composition of whole blood in children with congenital deformities of the thoracic
and lumbar vertebral columns.

Materials and methods. We analyzed the trace element status of blood in 108 patients (aged 2-16 years) with
congenital deformities of the thoracic and lumbar spine (CSD). The congenital vertebral anomalies included disorders
of formation, fusion, and/or segmentation of the vertebrae. The control group consisted of 35 healthy children of
identical age. Blood ethylenediaminetetraacetic acid (EDTA) was examined using mass spectrometry with inductively
coupled plasma (ICP-MS ThermoScientific, iCAP RQ).

Results and discussion. The content of 33 essential and conditionally essential trace elements in the whole blood of
patients with CSD was determined. In 37% of patients the zinc, copper, selenium, and chromium levels were decreased
compared with the controls. In 7% and 89% of patients the selenium and of chromium levels, respectively, were espe-
cially low, below the sensitivity of the device.

Conclusion. The statistically significantly low content of zinc, copper, selenium, and chromium in the whole blood of
patients with CSD may have a role in the pathogenesis of the disorders. Further investigations are needed to evaluate
their importance as a marker of disease progression.
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BBegenne. [IrchyHKINMM MUKPOITEMEHTHOTO COCTaBa KPOBU IIPY PasnuyHbIX GOpMax CKOMMO3a IPECTABIIIIOT CO60i
aKTyanpHyI0 mpobmemy. HaumHas ¢ KOHI[a IPOLUTOrO CTONMETMS OBUT OMYO/IMKOBAH Psifi MCCIENOBAHMI, MOCBSAIIEH-
HBIX 9TON Teme. CKpBITHIN AedUIIUT MUKPOI/TEMEHTOB, 00YCIOBIEHHDIN T HELOCTATOYHBIM IIOTpeO/IeHneM UX C MuIeit
WM TIOHV>KEHHBIM BCacbIBaHMEM B OpraHU3Me, MOXKeT CTaTb OFHON U3 MPUYNH BO3HMKHOBEHMS IPOTrPeCcCUPYIONLUX
KOCTHBIX feopManuil. B maHHOM KOHTeKCTe 0c060e 3HaUYeHMe MIPUAAETCS TAKMM MUKPOIZIEMEHTaM, KaK Mefb, CeJieH,
LUHK, 60p, Maprasen u ap. VcciegoBaHue KOHIIEHTPALUY MUKPO3/IEMEHTHOIO COCTABA Y MAIIEHTOB C BPOXX/EHHBIMM
nedopmarusivy osBoHounrka (BIIIT) B HacTosIee BpeMst SBJISIETCS Ba)XKHOI M 3HAYMMON 3agadeil.

Ienp maHHOro MCCIEJOBAaHMA 3aK/I0Yalach B OLEHKE MUKPO3/IEMEHTHOIO COCTaBa Lie/IbHONM KpoBu y gerent ¢ BIII
TPYLHON U MOSACHUYHON JIOKAIM3aLuL.
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Marepuanst 1 MmeTopbl. IIpoBefieH aHaMN3 MUKPO3/IEMEHTHOTO CTaTyca KpoBu 108 manmeHTOB B BO3pacTe OT BYX [0
16 5eT ¢ BpOXXAEHHBIMM [ie)OPMALVAMY TPYFHOTO ¥ IOSCHUYHOTO OT/E/IOB TO3BOHOYHNUKA Ha (POHE BPOXKIEHHBIX aHO-
Majnil pasBUTHA TIO3BOHKOB: HApYLIeHN:A GOPMMPOBAHNS, CIIVAHUA U/WIN cerMeHTaIyu. KoHTponpHylo rpymmy cocTa-
B 35 3[OPOBBIX JieTeil MAEHTUYHOTO Bo3pacTa. VccmenoBamy KpoBb, cTabymsupoBanHyio DI TA, ¢ ucrnonb3oBaHyueM
Macc-CIIeKTPOMETPUM € MHYKTUBHO CBA3aHHOM 1a3Moit (mpubop «VCII-MC», komnanuu ThermoScientific, iCAP RQ).
PesynbraTel n o6cyxpmenne. bpito onpeeneHo copepxKaHme 33 3CCEHIVATIBHBIX U YCIOBHO 3CCEHIMATBHBIX MMUKPO-
97IEMEHTOB B 1le/MbHON KpoBM 60/mbHBIX BIIL. ¥V 37 % mauneHTOB BBbISABIEHO CHIDKEHME COREPXAHUS Psfia MUKpPO-
3/IEMEHTOB KPOBM — I[MHKA, Me[}, CeJleHa U XpOoMa II0 CpaBHEHMIO ¢ KOHTposeM. IIpu stom y 7 % maiueHToB co-
Iep>kaHue ceneHa n 'y 89 % cofiep>kaHue XpoMa ObUIO 0COOEHHO 3HAYMTENBbHO CHIDKEHO ¥ HaXONMIIOCh BHE IIPEfeNioB
omperiensieMoCT! (4yBCTBUTEIBHOCTY) Ipubopa.

3axmouenne. [locToBepHOe CHIDKeHMe B KpoBU 60/1bHBIX ¢ BJIIT comepyaHusa XpoMa, LIMHKA U CelleHa MOXKeT BHOCUTD
CBOIT BKJIAfi B IIATOr€HE3 ITUX [OPOKOB PasBUTUs U TpeOyeT HAanbHENIero M3ydeHWs A/t OLEHKM UX 3HAYEHNS Kak
MapKepa MpOrpeccUpoBaHus AedopMaliuiL.

KnioueBble crnoBa: jeTi; BpoxzieHHble fAedopmarum mo3BoHOUHMKa; UMHK (Zn); cenen (Se); mensp (Cu); xpom (Cr);

MacC-CIeKTPOMETPUS.

Introduction

According to literature data, approximately
50% of congenital malformations of the spine have
a progressive course [1], which leads to severe and
rigid curvatures of the spinal column at school
age, often accompanied by vertebral-medullary
conflict [1-3]. One of the methods of preventing
the development of neurological deficit and gross
congenital spinal deformities (CSD) in pediatric
patients is the intrauterine correction of mineral
imbalance. Based on the initial clinical examination
and radiological examination data among young
pediatric patients, predicting the course of CSD
during the growth process of the child is extremely
difficult.

Many studies have established that supplemen-
tation of vitamins, protein, and trace elements [4-6]
helps in the growth process and development
of bone tissues among young individuals. Trace
elements are components of immune complexes,
hormones, and enzymes and participate actively in
metabolic processes. As they are cofactors of most
biochemical reactions in the body, they affect the
functional state of various organs and systems, as
well as the structure and quality of bone and cartilage
tissue [7]. Insufficient intake of trace elements with
food or impairment of the absorption of a number
of trace elements can be one of the possible causes
of progressive deformities of the skeletal system.
In this context, special significance is attached
to trace elements such as copper, selenium, zinc,
boron, and manganese.

In clinical practice, patients with CSD often
simultaneously suffer from several chronic diseases

that negatively affect bones and cartilage tissues.
Diabetes mellitus, celiac disease, rheumatoid
arthritis, chronic renal failure, and thyroid, liver,
and pancreas diseases represent a noninclusive list
of pathologies associated with congenital spinal
curvatures [8].

Copper and zinc are cofactors of enzymes
responsible for the synthesis of glycosamines and
collagen. Zinc is a component of approximately
250 enzymes and is involved in carbohydrate,
protein, and fat metabolism. Zinc deficiency leads
naturally to anemia, secondary immunodeficiency,
sexual dysfunction, and fetal malformations. Zinc
in combination with cysteine is especially important
for gene expression, as the so-called zinc fingers are
the central structure of the DNA-binding domains
of the receptors of hormones, vitamin D, estrogen,
and progesterone. The level of steroid and peptide
hormones, such as cortisol, insulin, and somatotropin
(insulin-like growth factor-1), depends on the zinc
level in the body. A direct correlation was noted
between the absorption of zinc in the intestine in
patients with various forms of scoliosis and the
serum level of circadian hormone melatonin [4-5].
The bone tissue contains approximately 30% of
the zinc reserves of the whole body. Many studies
have established that the level of zinc in bone
tissue decreases rapidly with insufficient intake or
impairment of its uptake [6-10]. The average daily
requirement of zinc is 10-15 mg [7].

Copper is a component of enzymes involved
in iron metabolism, which, in turn, stimulates the
absorption of proteins and carbohydrates. Copper
is involved in tissue oxygenation. This trace element
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is a cofactor for lysyl oxidase and is required for
the intermolecular bond of collagen and elastin.
In addition, it is involved in collagen formation, red
blood cell synthesis, skin pigment formation, and
skeleton mineralization, and it is the main component
of the myelin sheath [11, 12]. Clinical manifestations
of copper deficiency in the body are represented by
impaired skeletal formation and development of
connective tissue dysplasia. Affected patients often
have an impairment of the cardiovascular system.
Copper deficiency inhibits bone growth. The daily
demand for copper on average ranges from 0.9 to
3.0 mg/day. Physiologically, children require
0.5-1.0 mg of copper per day [7]. Meanwhile, the
trace element selenium is involved in bone tissue
formation by activation of calcitonin. On average,
children need 20-100 ug of selenium daily [7].
Previous studies have repeatedly mentioned
a decreased concentration of selenium in patients
with idiopathic forms of scoliosis in both blood
serum and hair [8].

In our opinion, the determination of the level
of microelements in the whole blood of pediatric
patients with a progressive variant of the CSD
would reveal a number of criteria typical for this
pathological condition at an early age. Russian
and foreign studies provide data on estimates of
the levels of such trace elements in patients with
somatic pathology. To our knowledge, no study has
focused on the level of trace elements in patients
with congenital skeletal deformities.

This study aimed to assess the compositions
of trace elements in the whole blood of pediatric
patients with congenital deformities of the thoracic
and lumbar spine.

Materials and methods

In this study, 108 patients aged 14 months
to 16 years with congenital deformities of the
thoracic and lumbar spine, whose diagnosis was
confirmed using standard methods of clinical and
radiological diagnostics, were examined. In patients
with congenital spinal curvature, different variants
of vertebral development abnormalities have been
identified, such as impaired formation (lateral
and posterolateral hemivertebrae, posterior and
lateral wedge-shaped vertebrae), impaired fusion
(asymmetrical butterfly-like vertebrae), impaired
vertebral segmentation (blocking of lateral surfaces

and anterior surfaces of vertebral bodies), and
synostosis of the ribs. Of the children examined,
32% had isolated malformations of the thoracic or
lumbar spine, and 68% had multiple and combined
malformations of the corresponding parts of the
spinal column. All patients had clinical scoliosis
and/or kyphosis of the thoracic and/or lumbar
spine and marked asymmetry of the shoulder girdle,
waist triangles, and pelvic distortion. In all pediatric
patients, congenital spinal curvature progressed
with the growth and development process.

The control group consisted of 35 healthy children
of identical age. The study was performed with whole
blood stabilized with ethylenediaminetetraacetic
acid (EDTA) using the most innovative method
of analyte quantification, inductively coupled
plasma mass spectrometry (ICP-MS instrument,
ThermoScientific, iCAP RQ, UK).

The experimental method was as follows:
the processed blood sample was supplied using
a peristaltic pump to a device nebulizer; it was
converted into aerosol through an argon stream.
The aerosol causes the dissociation of blood into
atoms under high temperature through the central
channel of the device. The formed positively charged
ions pass through the ion optics system into the
device itself, where the ions were filtered by mass
to charge (m/z), and the intensity of the ion flux
was detected. Thereafter, the spectrometer showed
the signal intensity in a given range [11, 13]. After
a preliminary long-term preparation of the blood
samples, in order to destroy the organic matrix of
the examined material and release trace elements
from a bound state, the concentration of analytes
was detected on an ICP-MS instrument.

The material of each patient was examined in
duplicate blood samples. To reduce the likelihood of
random errors, each patient sample was subjected
to a threefold analysis. The average value of the
analyte concentration was then calculated. For each
trace element, a calibration graph was preliminarily
constructed with the control-standardized solutions.

Statistical analysis of the results was performed
using Statistics 6.0 program. The significance of
differences between the groups was assessed by
non-parametric paired Student’s t-test with a two-
sided distribution and the determination of the
statistical confidence indicator. Indicator differences
were considered significant at a significance level of
p <0.05.
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Results and discussion

In this study, 37% of patients with CSD had
a moderate decrease in zinc concentration in
whole blood (4.4-7.5 mg/l) (Fig. 1). The reference
range of values was estimated according to
the data of Aftanas et al. [7, 9]. In 13% of the
patients, low concentrations of copper, as well as
normal zinc levels, were recorded in the blood.
The remaining 87% of patients with CSD had
a copper concentration within the reference range
of 0.80-1.30 mg/l (Fig. 2). In 29% of patients,
selenium levels were lower than the reference

M Proportion of patients with normal values
of zinc in the blood

® Proportion of patients with zinc concentration
below the reference values

Fig. 1. Distribution of patients based on zinc concentrations
inside and outside the reference interval among patients
with congenital spinal deformities

® Proportion of patients with normal values
of selenium in the blood

M Proportion of patients with selenium concentration
below the reference values

Fig. 3. Distribution of patients based on selenium con-
centration inside and outside the reference interval in
patients with congenital spinal deformities

values (0.058-0.234 mg/l) (Fig. 3). These patients
belonged to the group of pediatric patients with
low zinc levels, of which 7% had selenium values
below the detectable level (beyond the sensitivity)
of the device. In 89% of the patients, the
chromium concentration was below the detection
threshold of this analyte (0.006-0.045 mg/l)
(Fig. 4). The remaining trace elements were within
the reference values in both the CSD group and
control group. In the control group, indicators of
zinc and copper were within the reference range
(Table 1). The deviations detected in the study
group are graphically displayed in Figs. 1-4.

B Proportion of patients with normal values
of copper in the blood

®m Proportion of patients with copper concentrations
below the reference values

Fig. 2. Distribution of patients based on the copper con-
centration inside and outside the reference interval in
patients with congenital spinal deformities

P

M Proportion of patients with normal values
of chromium in the blood

i Proportion of patients with chromium concentrations
below the reference values

Fig. 4. Distribution of patients based on the chromium
concentration inside and outside the reference interval in
patients with congenital spinal deformities

Table 1
Average values of trace elements in the CSD group and control group
Trace elements CSD group Control group p
Zinc, mg/l 55+1.9 62+0.9 <0.05
Selenium, mg/1 0.071 £ 0.029 0.15 + 0.06 <0.01
Copper, mg/l 0.91 +0.25 1.14 + 0.09 <0.1
Chromium, mg/1 <0.005 0.009 + 0.001 <0.0005
Note. CSD, congenital spinal deformities.
m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7. Issue 1. 2019
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Based on the biochemical study, statistically
significant changes were found in the concentrations
of trace elements in the EDTA-stabilized blood in
patients with CSD.

Conclusion

Based on the analysis results of 33 essential
and conditionally essential indicators of trace
elements in the whole blood of patients with CSD,
reductions in chromium (89%), zinc (37%), and
selenium (29%) levels in EDTA-stabilized blood were
statistically significant. The concentrations of these
trace elements in a significant number of patients
with CSD aged 2-16 years were significantly lower
than the reference range. These data suggest that
the low levels of these trace elements may help in
the pathogenesis of CSD development and possibly
serve as a marker of the progressive nature of spinal
deformity during the growth and development
process of the child. Based on the obtained data,
developing an algorithm of diagnostic measures
to identify the most reliable criteria for predicting
the course of congenital deformities of the thoracic
and lumbar spine in young pediatric patients with
vertebral abnormalities is warranted.
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