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CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

jirkvlis Tavis da preampuluri zonis daavadeb-
iT 2003 wlidan 2017  w. periodSi. SedarebiTi ana-
lizis mizniT pacientebi gayofili iyo 2 jgu-
fad: I  jgufi - 39 pacienti -2015-2017  ww., romelTa 
perioperaciuli mkurnaloba Catarda daCqarebu-
li aRdgeniTi programis Sesabamisad; II  jgufi 
– 29 pacienti, 2003-1014  ww., romelTa mkurnaloba 
tardeboda tradiciuli meTodiT. Ceswavlili 
iyo peroraluri kvebis aRdgenis vadebi, operaci-
isSemdgomi garTulebebis sixSire da xasiaTi da 
stacionaruli mkurnalobis vadebi.
gamovlinda, rom garTulebaTa saerTo sixSire 

Clavien-Dindо klasifikaciis mixedviT pacientebis 
I  jgufSi ufro naklebia SedarebiT II  jguf-
Tan - 10 (26.5%) da 18 (46,1%), р=0,029. pacientebis 
I  jgufSi aRiniSna gastrostazis ufro dabali 

sixSire vidre II  jgufSi - 6 (15,4%) da 14  (35,9%), 
Sesabamisad, р=0,009. pankreatuli fistulis (pf) 
formirebis sixSire orive jgufSi mniSvnelovnad 
ar gansxvavdebida - 4  (10,2%) pacienti da 5 (12,8%), 
Sesabamisad (р=0,036). I  jgufSi daregistrirda 
infeqciuri garTulebebis ganviTarebis sixSiris 
Semcireba SedarebiT II  jgufTan - 2 (5,1%) pacien-
ti 7  (17,9%), Sesabamisad, р=0,031. I  jgufis pacien-
tebis stacionarSi yofnis xangrZlivoba bevrad 
ufro mcire iyo SedarebiT II  jgufTan - 14  dRe 
95% CI: [13, 17] da 18 dRe, 95% CI: [16, 18], p=0,012. leta-
luri SemTxvevebi ar aRiniSna.
daCqarebuli aRdgenis programis gamoyeneba 

prd-is dros saSualebas iZleva Semcirdes ope-
raciisSemdgomi garTulebebis raodenoba da pa-
cientebis stacionarSi yofnis xangrZlivoba.

METABOLIC, ENZYMATIC AND MINERAL MAINTENANCE OFREPARATIVE OSTEOGENESIS 
OF FACIAL CRANIUM INJURIES

Grigorova A., Grigorov S.

Kharkiv National Medical University of the Ministry of Health of Ukraine, Ukraine

The features of reparative osteogenesis in patients with inju-
ries of facial cranium (IFC), in particular in the case of compli-
cated course, are insufficiently studied, and the main areas of 
research are focused on the improvement of therapeutic tactics 
by immunotropic therapy and surgical method [1,2]. At the same 
time, the study of the structural and functional mechanisms of 
formation of bone tissue (BT) may be the basis for the improve-
ment of treatment and clinical monitoring with the computation 
of other risk factors [3]. The rate of formation or destruction of 
the matrix of BT can be assessed either by changing the activity 
of specific enzymes of bone–forming or bone–destroying cells 
(alkaline and acid phosphatase), or by determining the metabolic 
components that enter to blood flow during bone formation. De-
spite the fact that these indicators are divided into markers of 
synthesis and resorption, it should be considered, that in condi-
tions of the pathological process, when the processes of bone 
metabolism transformation are qualitatively and quantitatively 
changed, each of these markers may be informative to predict 
the complicated course of IFC and, respectively, for differenti-
ated correction of disorders – prevention [4].

Aim - analysis of marker enzymes, hormonal and carbohy-
drate–protein indicators of the reparative osteogenesis in pa-
tients with complicated and uncomplicated course of IFC.

Material and methods. The study was conducted with the 
involvement of 81 patients, including n1 = 53 with complicated 
course (CC) of IFC (1n1 = 28 – without traumatic brain injury 
(TBI) and 2n1 = 25 – combined with TBI); control group was 
no = 28 patients with uncomplicated course (UC) of IFC. Pa-
tients in all groups have received complex treatment, according 
to clinical protocols. The research was performed at the moment 
of initial hospitalization of patients with IFC. The tasks of the re-
search included the study of interconnections between CC IFC, 
the presence or absence of TBI and metabolic, enzymatic and 
hormonal changes of reparative osteogenesis. 

To identify the features of metabolism in patients with CC 
and UC of IFC, we studied the level of excretion of oxyproline 
(collagen exchange indicator) in the daily urine by method of 
A. Krelʹ, L. Furtseva [5]. The activity of alkaline phosphatase 
(ALP), as a marker of function of osteoblasts, and the activity of 
acid phosphatase (ACP), as a marker of osteoblastic activity, we 
studied by method of Bodensʹkyy. The percentage of bone iso-
enzymes of alkaline phosphatase (BI ALP) was determined by 
the method of B. Vlasova and T. Voinovich.

To evaluate the mineral metabolism indicators, the levels of 
total and ionized calcium and inorganic phosphorus in blood 
serum were determined, as well as their excretion with urine. 
Phosphorus in blood serum and daily urine was determined by 
the Fiske–Subarrow method [3], total and ionized calcium in 
blood serum by an electrolyte analyzer AEC–01, calcium excre-
tion in urine – by the complexometric method [5]. 

In order to identify the features of carbohydrate–protein me-
tabolism during the formation of CC IFC, we studied the con-
centration of glycosaminoglycans (GAG) and three of their 
fractions: GAGI – the fraction contains mainly chondroitin–6–
sulfate, GAGII – chondroitin–4–sulfate and GAGIII, which con-
tains highly sulfated GAG (mainly creatine sulfates), using the 
method of R. Shtern et al (1982) . 

Studies of the structural and functional state of BT were per-
formed using an ultrasonic densitometer “Sonost–2000” on the 
heel bone. To assess the results of densitometry according to 
the international standards of World Health Organization (bone 
density, which corresponds to 1,0 SD (standard deviation), and 
the I degree of osteopenia was diagnosed in the case of reduc-
tion of the indicator to (1,0 ÷ 1,5) SD; II degree – to (1,5 ÷ 
2,0) SD; III degree – to (2,0 ÷ 2,5) SD [8,9]. In determining the 
structural and functional state of bone tissue (elasticity, density, 
quality, durability of the bone) the following parameters were 
determined: the ultrasound bone velocity (UBV, m/s), broad-
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band ultrasound attenuation (BUA, dB/MHz), calculating the 
bone strength index (BSI,%) [2,8,9].

The calculation of the sample size of patients in comparable 
clinical groups (minimum required number of research objects) 
was performed according to a special sample size formula [7], 
which, in accordance with the basic theoretical principles of 
medical statistics [9] guarantees quantitative and qualitative rep-
resentativeness of the conclusions. In carrying out the research, 
clinical, statistical and informational methods [11], probabilistic 
distribution of clinical signs with the estimation of reliability of 
the obtained results were applied. In analyzing the results of the 
study, licensed software products (“STATISTICA”, “EXCEL” 
with an additional set of programs [12]) were used on the PC, 
which allowed to provide the necessary standardization of the 
process and procedure of clinical and statistical analysis.

Results and their discussion. The evaluation of bone re-
modeling processes at marker enzyme levels showed that in pa-
tients with CC IFC, the concentration of ALP was significantly 
(p<0,05) higher than in the control group and did not depend on 
the presence of TBI (Table 1).

The level of ACP was also significantly (p <0.05) higher in 
patients with CC IFC.

It was rather indicative that the percentage of BI ALP in pa-
tients with CC IFC was significantly lower (p <0.05). At the 
same time, in absolute indicators of BI ALP in CC IFC was 
significantly (p <0,05) and substantially (in three times!) high-
er. The above suggested in favor of metabolic changes, which 
characterized the higher intensity of BT resorption processes in 
patients with CC IFC. 

The level of osteocalcin in blood serum in patients with CC 
IFC was significantly (p <0.05) lower than in the control group, 
which may indicate a low level of osteoporosis. It was found that 
the concentration of osteocalcin in patients with TBI and CC 
IFC was almost twice lower than in patients without TBI, which 
indicated a low level of bone formation with a high degree of 
reliability (p<0,001). Consequently, in cases of CC IFC without 
TBI there was a high level of bone resorption, while maintaining 
the activity of bone formation processes, whereas with the pres-
ence of TBI, a high level of bone resorption was combined with 
a low level of bone formation. 

Table 1. Marker indicators of metabolic, enzymatic and mineral components of the reparative osteogenesis 
in patients with different clinical variants of the IFC

Indicators Patients with UC of IFC
n0=28

Patients with CC IFC
total
n1=53

without TBI
1n1=28

with TBI
 2n1=25

ALP, mmol/g·h 0.94±0.11 2.15±0.21* 2.11±0.28 2.23±0.22
ACP, mmol/g·h 0.48±0.11 1.31±0.09* 1.25±0.15 1.30±0.13

BI ALP
mmol/g·h 0.241±0.032 0.803±0.064* 0.811±0.029 0.761±0.018
in % to ALP 68.2±2.2 49.1±3.2* 47.2±4.8 51.1±5.3

Osteocalcin, ng/l 55.6±2.3 42.4±4.7*† 55.8±6.1 29.4±6.3†

MIR BT (C1/C2) 2.04±0.11 1.66±0.13* 1.64±0.16 1.69±0.14
FIR BT (C 3 / C 2 ) 0.527±0.021 0.621±0.034* 0.633±0.042 0.583±0.035
Serum calcium, mmol/l 2.64±0.01 2.48±0.03* 2.52±0.04 2.46±0.02
Serum ionized calcium, mmol/l 1.13±0.02 1.03±0.01* 1.05±0.02 0.97±0.01
Serum phosphorus, mmol/l 1.73±0.04 1.55±0.05 1.69±0.03 1.41±0.06*†

Urinary phosphorus, g/day 0.88±0.10 1.23±0.16* 1.37±0.15* 0.94±0.10 †

Urinary calcium, mg/day 183.2±23.1 164.6±14.1 191.2±18.3 129.7±16.5*†

Urinary magnesium, mmol/l 0.97±0.03 0.76±0.03* 0.73±0.03* 0.91±0.01*†

Uronic acids, mg/day 4.39±0.16 5.64±0.52* 6.41±0.38* 4.67±0.47*†

Oxiprolin, ng/l 37.9±2.1 65.1±5.7* 69.3±5.2* 58.1±4.3*†

GAG (all fractions), IU 12.6±0.14 10.32±0.28* 10.64±0.41* 9.87±0.46*

I fraction (GAGI)
% total GAG

abs., IU 5.69±0.10 6.53±0.28* 6.75±0.33* 6.32±0.34*

47.1±3.6 62.9±4.1* 63.0±3.7* 64.4±3.3*

II fraction (GAGII)
% total GAG

abs., IU 3.74±0.08 2.33±0.16* 2.41±0.23* 2.21±0.18*

30.5±2.0 22.4±1.7* 22.8±1.5* 22.1±1.3*

III fraction (GAGIII)
% totalGAG

abs., IU 2.60±0.03 1.56±0.17* 1.82±0.31* 1.33±0.10*†

21.3±1.0 15.2±0.8* 17.1±1.2 13.4±0.7*†

Chondroitin sulfate, g/l 0.978±0.002 0.144±0.010* 0.137±0.019* 0.152±0.016*†

Sialic acid (SK), mmol / l 1.740±0.140 3.130±0.140* 2.920±0.110* 3,390±0.121*†

Glycoproteins (GP; seroglycoids), g/l 0.319±0.038 0.518±0.029* 0.531±0.021* 0.517±0.016*

note: *– the reliability of the differences between the UC and CC IFC at the level p<0,05 † – the reliability of the differences, 
depending on the presence of TBI at the level p<0,05; MIR BT – metabolic index of remodeling of bone tissue; 

EIR BT – enzymatic index of remodeling of bone tissue
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For a standardized reflection of the bone remodeling process 
in patients with CC IFC, we proposed and calculated two indi-
ces: metabolic index of remodeling of bone tissue (MIR BT) and 
enzymatic index of remodeling of bone tissue (EIR BT). MIR 
BT shows the level of metabolic support for the remodeling pro-
cess and is the ratio between the levels of ALP and ACP in the 
blood serum of patients, whereas EIR BT is the ratio between 
BI ALP and ALP levels. Analysis of these indices showed that 
remodeling of BT in patients with CC IFC was characterized by 
a decrease in the level of metabolic support of bone formation 
while simultaneously increasing the activity of its enzymatic 
chain, due to an increase in the absolute production of ALP.

Indicative analysis of hormonal maintenance of bone remodeling 
in patients with CC IFC showed that without accompanying TBI 
the level of parathormonone (PTH) did not differ from the similar 
indicator of the control group, whereas in the presence of TBI – a 
decrease in the level of parathormone in blood serum was detected. 
It should be noted that this decline is significant both in relation to 
patients in the control group and in patients with CC IFC without 
TBI (p <0,05). The opposite trend was observed when analyzing the 
blood serum calcitonin (CT) content: in the control group its level 
was 4,96±0,13 IU and in the CC IFC – 3,93±0,14 IU, which was 
significantly (p<0,05) lower. It should be noted that the presence 
of TBI significantly affected on the level of CT (p<0,05), which 
indicates the disorder of neuro–regulatory mechanisms of bone for-
mation in TBI that leads to the disorder of hormonal maintenance 
of reparative osteogenesis.

To determine the state of mineral metabolism of reparational 
osteogenesis we studied the levels of calcium and phosphorus in 
the blood serum and urine. It was found that serum calcium in 
patients with CC IFC was significantly lower (p<0,05) than in 
control group and does not depend on existing concomitant TBI 
(p>0,05). Level of serum ionized calcium was also significantly 
lower in patients with CC IFC that can be considered as a de-
crease in the metabolic activity of bone formation.

Similarly, a decrease in serum phosphorus was found, how-
ever there was a significant (p<0,05) decrease of it in patients 
with TBI when comparing not only with the control group, but 
also with patients CC IFC without TBI.

Consequently, the decrease in the levels of calcium and ionized 
calcium and phosphorus in blood serum of patients with CC IFC are 
not diagnostically significant, while the level of serum phosphorus, 
which was significantly lower in patients with CC IFC associated 
with TBI, has the differential diagnostic value. Clinical laboratory 
analysis of the excretion levels of mineral and organic components 
of bone remodeling showed that in patients with CC IFC the levels 
of excretion (p<0,05) of phosphorus, uronic acids and oxyproline 
increased, however, the calcium excretion didn’t decrease (p>0,05) 
and magnesium – decreased (p<0,05).

In patients with CC IFC associated with TBI, some other pat-
terns of excretion were found: medium levels of excretion of 
phosphorus and uronic acids, a significant (p<0,05) decrease in 
excretion of calcium and magnesium with a relative (compared 
with patients without TBI) reduction of the level of oxyproline 
excretion (however, its level remained significantly higher than 
in the control group).

Excretion of organic components of bone metabolism was 
characterized by a significant increase in the CC IFC and their 
relative decrease in patients with CC IFC combined with TBI.

In the analysis of carbohydrate-protein metabolism, it was 
found that the level of total GAG in the blood serum of patients 
in the control group was significantly (p<0,05) higher than in the 
patients with CC IFC with or without TBI.

In the complicated course of the IFC, an absolute increase 
(p<0,05) of the concentration of chondroitin–6–sulfates was revealed. 
It should also be noted that among patients with CC IFC without TBI, 
GAGI level was lower than in cases with the presence of TBI.

In analyzing the results, it was found that in the absolute values 
and in structural indices, in the presence of CC IFC, the percentage 
of GAGI increased, which may indicate instability of mechanisms 
of reparative osteogenesis in this category of patients.

The opposite trend was observed in the chondroitin–4–sulfate 
concentration in patients with CC IFC: there was an absolute 
decrease (p<0,05) of chondroitin–4–sulfates concentration. It 
should be noted that among patients with CC IFC in combina-
tion with TBI, GAGII level was characterized by a tendency to 
less expressive decrease than in the presence of TBI (p>0,05). In 
analyzing the results, it was found that in absolute terms values, 
and in the structural indicators, in the groups of patients with 
with CC IFC, the percentage of GAG II significantly decreased 
and did not depend on the presence of TBI, which is explained 
by the redistribution of the GAG fractures in favor of increas-
ing GAGI and GAGIІI and indicates the disorder of physiological 
mechanisms of reparative osteogenesis.

It was found an absolute increase (p<0,05) in the concentra-
tion of creatine–sulphates (GAGIII ) in patients with CC IFC.

It should be noted separately that by CC IFC and TBI, the lev-
el of GAGIII had significantly (p<0,05) more expressive decrease 
than in the absence of TBI (p<0,05). In analyzing the results, 
it was found that both in the absolute values   and in structural 
indicators, the specific weight of GAGIII decreased, which could 
indicate the tension of compensatory mechanisms, especially in 
the case of CC IFC and TBI, even when difficult–to–dissolve 
GAG   (“metabolic response reserves”) were decreasing.

Densitometric equivalents of reparative osteogenesis process-
es were an increase of the BUA and a decrease of the UBV while 
reducing the absolute or relative level of chondroitin–6–sulfates.

Conclusions. 1. Clinical and laboratory analysis of the levels 
of excretion of mineral and organic components of remodeling 
of BT showed that in case of the CC IFC there were an increase 
(p<0,05) of excretion of phosphorus, uronic acids and oxypro-
line, whereas calcium excretion was not affected (p>0,05), and 
magnesium was reduced (p<0,05). It was found that the level 
of serum calcium in patients with complicated course was sig-
nificantly (p<0,05) lower than in the control group and did not 
depend on the presence of TBI (p>0,05).
2. The level of ionized calcium in serum was significantly lower 
among patients with CC IFC, which may indicate the less metabolic 
activity of reparative osteogenesis, primarily due to damage of cen-
tral mechanisms as a consequence of cerebral concussion.
3. In the analysis of results, an absolute increase (p<0,05) of the 
concentration of chondroitin–6–sulfates in patients with CC IFC 
was indicated, and it was found that both in absolute values and 
in structural indicators, the percentage of different fractions of 
GAG varied, which may reflect the instability of the mechanisms 
of bone formation (due to the redistribution of the percentage of 
GAGII in favor of increasing GAGI and GAGIIІ) and the disorder 
of physiological mechanisms of reparative osteogenesis.
4. Densitometric equivalents of CC IFC formation were the 
increase of the UBV and the decrease of the BUA against the 
background of low levels of chondroitin–6–sulfates.
5. The prospects for further research are related to the analysis 
of the dynamics of enzyme, hormonal and carbohydrate–protein 
markers of the bone remodeling in the different courses of IFC, 
with the definition of informative indicators of clinical monitor-
ing of the reparative osteogenesis.
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SUMMARY

METABOLIC, ENZYMATIC AND MINERAL MAINTE-
NANCE OFREPARATIVE OSTEOGENESIS OF FACIAL 
CRANIUM INJURIES

Grigorova A., Grigorov S.

Kharkiv National Medical University of the Ministry of Health 
of Ukraine

Aim - study of marker enzymes, hormonal and carbohydrate–
protein indicators of the state of reparative osteogenesis in pa-
tients with complicated and uncomplicated course of injuries of 
facial cranium.

The study included 81 patients with injuries of facial crani-
um, which were divided into 2 groups, depending on the pres-
ence of complications. The following enzyme indicators were 

studied: the level of excretion of hydroxyproline in daily urine; 
alkaline and acid phosphatase activity; the percentage of bone 
isoenzymes of alkaline phosphatase. To assess the mineral me-
tabolism, the level of total and ionized calcium and inorganic 
phosphorus in the blood serum, as well as their excretion in the 
urine, were determined. To assess the state of metabolism, the 
concentration of glycosaminoglycans and their fractions in the 
blood serum were studied. To study the structural and functional 
state of the bone tissue the densitometry was performed.

In patients with complicated course of injuries of facial crani-
um assosiated with traumatic brain injury there was revealed the 
increase (р<0,05) of: excretion of phosphorus, uronic acids and 
oxyproline, while the excretion of calcium was not disturbed 
(р>0,05), and excretion of magnesium was decreased (р<0,05). 
It was found out that the level of calcium of blood serum in 
patients with complicated course is significantly (р<0,05) lower 
than in the control group and does not depend on the presence 
of craniocerebral injury (р>0,05). The decrease of the level of 
ionized calcium content in blood serum can be the confirmation 
of lower metabolic activity of reparative osteogenesis process-
es, first of all at the expense of damage of central mechanisms. 
When studying the content of carbohydrate–protein metabolites 
by complicated course of injuries of facial cranium, the absolute 
increase (р<0,05) of concentration of chondroitin–6–sulfates 
was revealed, and during the analysis of results it was found 
out that in absolute values, as well as in structural indexes, the 
specific weight of various fractions changes, that can be the evi-
dence of instability of mechanisms of osteogenesis and of dam-
age of physiological mechanisms of reparative osteogenesis. 
Densitometric equivalents of forming of complicated course of 
injuries of facial cranium are the increase of broadband ultra-
sonic attenuation and the decrease of its spreading speed on the 
background of low levels of chondroitin–6–sulfates. 

Keywords: injuries of facial cranium, complicated course, 
diagnostics, reparative osteogenesis. 

РЕЗЮМЕ

МЕТАБОЛИЧЕСКОЕ, ФЕРМЕНТАТИВНОЕ И МИНЕ-
РАЛЬНОЕ ОБЕСПЕЧЕНИЕ РЕПАРАТИВНОГО ОСТЕ-
ОГЕНЕЗА ПРИ ПОВРЕЖДЕНИЯХ ЛИЦЕВОЙ ЧАСТИ 
ЧЕРЕПА

Григорова А.А., Григоров С.Н. 

Харьковский национальный медицинский университет Ми-
нистерства Здравоохранения Украины

Цель исследования - изучение маркерных ферментов, 
гормональных и углеводно–белковых индикативных пока-
зателей состояния репаративного остеогенеза у пациентов 
с осложненным и неосложненным течением повреждений 
лицевой части черепа.

Исследован 81 пациент с повреждениями лицевой части 
черепа. Пациенты, в зависимости от наличия осложнений, 
разделены на 2 группы. Изучены ферментативные показа-
тели: уровень экскреции гидроксипролина в суточной моче; 
активность щелочной и кислой фосфатазы; доля костного 
изофермента щелочной фосфатазы. Для оценки минераль-
ного обмена определены уровень общего и ионизированно-
го кальция и неорганического фосфора в сыворотке крови и 
их экскреция с мочой. Состояние обмена веществ оценивали 
посредством определения концентрации гликозаминогликанов 
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и их фракций в сыворотке крови, структурное и функциональ-
ное состояние костной ткани - денситометрией.

У пациентов с осложненным течением повреждений ли-
цевой части черепа при сопутствующей черепно–мозговой 
травме выявлено увеличение экскреции фосфора, уроновых 
кислот и оксипролина (р<0,05), при этом экскреция каль-
ция не нарушалась (р>0,05), а экскреция магния - снижена 
(р<0,05). Выявлено, что уровень кальция в сыворотке кро-
ви у больных с осложненным течением значительно ниже 
(р<0,05), чем в контрольной группе и не зависит от нали-
чия черепно-мозговой травмы (р>0,05). Снижение уровня 
содержания ионизированного кальция в сыворотке крови 
может свидетельствовать о снижении метаболической ак-
тивности процессов репаративного остеогенеза, прежде 

всего, за счет повреждения центральных механизмов. При 
изучении содержания углеводно-белковых метаболитов при 
осложненном течении повреждений лицевой части черепа 
выявлено абсолютное увеличение (р<0,05) концентрации 
хондроитин-6-сульфатов. Анализ результатов выявил, что 
в абсолютных величинах, а также в структурных показателях 
изменяется удельный вес различных фракций, что, по всей 
вероятности, свидетельствует о нестабильности механизмов 
остеогенеза и повреждении физиологических механизмов 
репаративного остеогенеза. Денситометрическими эквива-
лентами формирования осложненного течения повреждений 
лицевой части черепа являются увеличение широкополосного 
ослабления ультразвука и снижение скорости его распростра-
нения на фоне низкого уровня хондроитин-6-сульфатов.

reziume

saxis qalis dazianebis dros reparaciuli osteogenezis metaboluri, 
fermentuli da mineraluri uzrunvelyofa

a.grigorova,  s.grigorovi

ukrainis jandacvis saministros xarkovis erovnuli samedicino univeersiteti

kvlevis mizans warmoadgenda reparaciuli osteogenezis mdgomareobis markeruli fermentebis, hor-
monuli da naxSirwylovan-cilovani indikatoruli maCveneblebis Seswavla pacientebSi saxis qalis 
dazianebebiT garTulebuli da gaurTulebeli mimdimareobiT.

kvlevaSi CarTuli iyo 81 pacienti saxis qa-
lis dazianebiT. garTulebebis gaTvaliswinebiT 
pacientebi gayofili iyo 2 jgufad. Seswavlil-
ia Semdegi fermentuli maCveneblebi: dRe-Ramis 
SardSi hidroqsiprolinis eqskreciis done; 
tute da mJave fosfatazas aqtivoba; tute fos-
fatazas Zvlovani izofermentis wili. mineral-
uri cvlis Sefasebis mizniT ganisazRvra saerTo 
da ionizirebuli kalciumis da araorganuli 
fosforis doneebi sisxlis SratSi, aseve maTi 
eqskrecia SardSi. nivTierebaTa cvlis mdgomare-
obis dadgenis mizniT Seswavlili iyo glikoza-
minoglikanebis da maTi fraqciebis koncentracia 
sisxlis SratSi. Zvlovani qsovilis struqturu-
li da funqciuro mdgomareobis Seswavla ganx-
orcielda densinometriis meSveobiT.
pacientebSi qala tvinis da Tanxvedri saxe qa-

lis dazianebebiT gamopvlinda fosforis, uronis 
mJavas da oqsiprolinis eqskreciis mateba, kal-
ciumis eqskrecia ar darRveula (р>0,05), magniumis 
eqskrecia ki iyo Semcirebuli (р<0,05). aRmoCnda, 
rom avadmyofebSi garTulebuli mimdinareobiT 
kalciumis done sisxlis SratSi mniSvnelovnad 

ufro dabalia, vidre sakontrolo jgufSi da 
sruliadac ar aris damokidebuli qalatvinis 
travmis arsebobaze (р>0,05).
sisxlis SratSi ionizirebuli kalciumis do-

nis daqveiTeba, savaraudoa, rom miuTiTebs repa-
raciuli osteosinTezis procesebis metaboluri 
aqtivobis daqveiTebaze, pirvel rigSi centra-
luri meqanizmebis dazianebis xarjze. saxis qalis 
dazianebis garTulebuli mimdinareobis dros nax-
Sirwylebis da cilebis metabolizmis Semcvelo-
bis Seswavlam aCvena qondroitin-6-fosfatis kon-
centraciis absoluturi mateba (р<0,05). Sedegebis 
analizma ki gamoavlina, rom sxvadasxva fraqciis 
xvedriTi wili absolutur sidideebSi da struq-
turul monacemebSi ganicdis cvlilebebs, rac mow-
mobs osteogenezis meqanizmebis arastabilurobaze 
da reparaciuli osteogenezis fiziologiuri meqa-
nizmebis dazianebaze. saxis qalis dazianebis gar-
Tulebuli mimdinareobis formirebis densitome-
truli eqvivalentis gamoxatulebas warmoadgens 
ultrabgeris farTo sigrZivi Sesustebis mateba 
da misi gavrcelebis siCqaris Semcireba qondroi-
tin-6-fosfatis dabali doneebis fonze.


