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Kuro4oBi cjioBa: iHTEpBaNIbHE TIMOK-
CHYHE TPEHYBaHHs, 010XiMiIYHI MapKepH, Kic-
TKOBHIA METa00Ii3M, THPEOTOKCHUKO3

Beryn. Po3BuTok ocrteonopo3y npu
TUPEOTOKCUKO31 BHACIIJOK ITiIBUIICHOI pe-
30pO11ii KICTKOBOI TKAaHMHU B OPTaHi3Mi XBO-
PHUX 3yMOBJICHO 3JaTHICTIO THPOKCHUHY aKTH-
ByBaTH ocTeobaacT Ta ocreokaactu. Ocreo-
MOPO3 MPU THPEOTOKCUKO31 Y AOPOCIHX JIIO-
el XapakTepU3yeTbcs  BMICTY — 3MEH-
IICHHSM MiHEpaJIbHUX PEYOBHMH y KICTKOBIN
TKaHUHH, T IBUILIEHHSIM KaTaboIizMy
KOJIareHy Ta MpPOTEOrJiKaHIB 1,5K HACIHIJIOK,
MiABUILEHHSIM PHU3UKY TEpEIOMIB KICTOK. Y
XBOPHX Ha THPEOTOKCHKO3 JOPOCIUX JIOAEH
CIIOCTEPIraloThCs SIBHIA TPHCKOPEHOI OCH-
(ikartii, cTapiHHS KiCTKOBOI TKAaHWHU Ta paH-
HIii pO3BUTOK ocTeomnopo3y [3].

JlocmikKeHHsT OCTaHHIX  JIeCATHpIY
MOKa3aJId TOABIHHICTG €(EeKTiB THUPEOITHUX
TOPMOHIB Ha KICTKOBUH MeTaboii3M. 3 oHO-
ro 6oky, T-3 nUIAIXOM MPsIMOTO BIUIMBY Ha
OCTEO0IaCTH CTHUMYIIOIOTH OCTEOTeHE3. 3

1HIIOTO OOKY, Yepe3 OMmocepeIKOBaHI MeXaHi-

Keywords: interval hypoxic train-
ing, biochemical markers, bone metabolism,
hyperthyroidism

Introduction. Development of osteo-
porosis at the background of hyperthyroidism
due to increased resorption of bone tissue in a
patient’s body is determined by ability of
thyroxin to activate osteoclasts and osteo-
clasts. Osteoporosis at hyperthyroidism in
adults is specific by decrease in content of
mineral components in bone tissue, increase
in catabolism of collagen and proteoglycans,
and, consequently, increased risk of bone
fractures. Patients suffering from hyperthy-
roidism demonstrate the events of fastened
ossification, ageing of bone tissue and devel-
opment of osteoporosis [3].

Studies of recent decades revealed du-
ality in influence of thyroid hormones on
bone metabolism. On the one hand, T-3 stim-
ulates osteogenesis by direct impact. On the
other hand, through indirect mechanisms of
influence on osteoclasts, it inducts bone
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3MHU BIUTUBY Ha OCTCOKJIACTH IHIYKYIOTh pe-
30pOI1i10 KICTKOBOI TKaHWUHU. THpeoinHi rop-
CTHUMYITIOIOTh ~ OCTEOOJIACTHYHY — Ta
OCTEOKJIACTUYHY aKTHBHICTb, SIK Y TpaOeKy-

MOHH

JSIpHIHN, TaK 1 B KOPTUKAIbHIN KICTKOBIN TKa-
HUHI, OEpyTh y4acTb y peryisiii iHTpacTHUlli-
AIBHOI Ta CHXOHIpialbHOT ocudikarii [5].

Ha cboroani 30710TUM CTaHAAPTOM JIi-
arHOCTUKH OCTEOMTOPOTUYHUX 3MiH € PEHTTe-
HIBChbKA JICHCUTOMETPISl - BU3HAYCHHS MiHE-
pa’gbHOI HIIJIBHOCTI KICTKOBOI TKaHWHH, 3a-
CHOBaHE Ha BHUMIPIOBaHHI MIHEPAIHLHOTO
KOMITOHEHTY KICTKOBOi TKaHHWHHU - KaJbLilO.
Takoxx mOpsiA i3 JEHCUTOMETPIEI0 BUKOPHC-
TOBYIOTHCSI JTAOOpaTOpPHI MapKepu OCTEOIO-
po3y, SKi BIA3EPKATIOIOTh CTaH MiHEPaJIbHO-
ro Ta OPraHIYHOTO0 MATPHUKCY KICTKOBOI TKa-
HUHU y TIAIIEHTIB SIK TiJ] Yac MEPBUHHOI OITi-
HKHM CTaHy KICTKOBOi TKaHWHH, TaK 1 B JIMHA-
MiIll JIIKyBaHHS, a TaKOX JIO3BOJITIOTH BCTa-
HOBUTHU PHU3MKH BUHHKHEHHS IMEPEJIOMIB Kic-
TOK 13 pi3HUMH (OpMaMu OCTEOnopo3y [6].

Marepianun ta meroau. PoGora Bu-
KOHaHa Ha 0a3l 3akapnaTcbkoi 00IacHOi Kili-
HIYHOT JlikapHi iM. A.HoBaka B KJiHIII OpPTO-
neqii. B OCHOBY KIIIHIYHOTO OCHIIKCHHS
MOKJIAZCHO CIIOCTepe)eHHS 47 XBOPUX BIKOM
Bim 48 mo 73 poku, 3 OCTEOMOPOTHYHHUMHU
nepeioMaMy BEPTIIIOTOBOT JUISTHKHA Y XBOPHX
3 CHIIPOMOM THPEOTOKCHKO3Y, SIKi CTATHCS 3
2010p. mo 2016p., Ta nikyBanucs Ha Oa3i Ka-
denpu 3aranbpHOl Xipyprii, TpaBMaToJOTil
VxHY. Cepen XxBopux sKi JIKyBaIHCh Ha
0a3i KJIHIKK y OUIBIIOCTI 1€ Oy XBOpI XKi-
Houoi crtati (34 3 47), 0cOONMMBO CTapIIUX
BIKOBUX TI'pyn. OIHIE€IO 13 OCHOBHUX MPUYUH
MEePEJIOMIB Y KIHOK ITOXHUJIOTO BiKY SIBJISIETHCS
0CTEONOopO3 3B’SI3aHUIN HE TUIBKHU 3 BIKOM, a 1
3 €HJOKPUHOJIOTIYHOIO IMATOJIOTIE€I0 - OMHUca-
HOIO SIK MMOCTMEHOMNAY3aJIbHUN CHHIIPOM, a B
HAIIMX XBOPHX 3aXBOPIOBAHHS €HIOKPUHHOT
MPUPOJIH 1€ THPEOTOKCHKO3.

BxitoueHHsST XBOpUX B JTOCIIKEHHS

tissue resorption. Tireoid hormones stimulate
activity of osteoblasts and osteoclasts as in
trabecular, as in cortical bone tissue, partici-
pate in regulation of intrasticial and enchon-
dral ossification [5].

Nowadays the golden standard for di-
agnostics of osteoporotic changes is X-Ray
densitometry - determination of bone tissue
mineral density, based on measuring mineral
component of bone tissue - calcium. Jointly
with densitometry, laboratory markers of os-
teoporosis are applied to estimate the condi-
tion of mineral and organic matrix of bone
tissue in patients while initial bone tissue
examination, in dynamic of treatment, and
allow identifying risks of bone fractures at
different forms of osteoporosis [6].

Materials and methods. The present
research has been performed on the basis of
A. Novak Zakarpattia Regional Clinical Hos-
pital in Orthopedics Clinic. The research was
grounded on monitoring of 47 patients, age
from 48 to 73 years old, with osteoporotic
fractures of trochanteric area on the back-
ground of hyperthyroidism during the period
from 2010 to 2016, treated in premises of the
General Surgery Department, traumatology,
UzhNU. Among the patients, who underwent
treatment in the Clinic were mostly women
(34 out of 47), especially from older age
groups. One of the main reasons of fractures
in old women was osteoporosis, connected
not only with the age itself, but also with en-
docrine pathology, described as menopause
syndrome, and diseases of endocrine nature
in our patients in hyperthyroidism.

Involvement of patients into the study
stipulated pertrochanteric 31 -A fractures
according to AO/ASIF, at that 31-A2 frac-
tures prevailed.
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nependavyango HasBHICTb MEPEIOMiB BEPTIIIO-
ropoi nimsHKH 31-A 3a  kiacudikaiiero
AO/ABIP, npu npoMmy mnepeBakaau Ieperno-
mu 31-A2.

XBopi Oynmu po3aineHi Ha 2 TPYIH.
[Mepmry rpymy ckianu 23 mamieHTH, i3 3aXBO-
PIOBAaHHSIMHM LIMTOBHIHOI 3aJI03H, IO CYIPO-
BOJDKYBAIHMCh ii TrinepQyHKIi€0, SKAM 3
MEpPUIOTo JHs CTAlliOHAPHOTO JIIKYBAaHHS PO-
Bogwiu II'T razoBoro cymimmo 3 12% kuc-
HIO 3arajJibHOI0 KUIBKICTIO 7 ceaHciB. Jlpyry
rpyny cKianu 24 TalieHTH 13 3aXBOPIOBAH-
HSMHU UIUTOBUIHOL 3aJI03U, IO CYNPOBOJIKY-
BAJIKCH 11 TinepPyHKITIETO, 1 HE

npoxoquu ceancu II'T. KoHTposibHy
rpyny craHoBwin 20 Mari€eHTiB 3 mepeiaoma-
MU BEPTJIIOTOBOI MIJISTHKA CTErHOBOI KiCTKH,
K1 HE MaJIM 3aXBOPIOBAHb IIUTOBUIHOI 3aJ10-
3 Ta He npoxoauiu ceancu II'T.

PesyabTaTn Ta iXx 00roBopeHHs. 3a
pe3ylbTaTaMi HAIUX JOCTIIKEHb, Y XBOPHUX
nepiioi rpynu (m=23) i3 mepeIoMOM BEPTIIIO-
TOBOI JUISHKU CTETHOBOI KICTKH Ta TUPEOTO-
KCHKO30M BMICT OCTCOKAJBbIIMHY OYB 301Jb-
menuit y 2,17 pasm, y npyriii rpymi (n=24) -
y 2,11 pa3u mOpiBHSHO 3 KOHTPOJIBHOIO TPY-
nmoto (puc. 1). OCTeoKanbllUH € YYTIUBUM
MapKepoM CTaHy KICTKOBOI TKaHMHH 1 BiJI-
J3EpKAITI0E METa0OIIYHY aKTHBHICTH OCTE00-
JIACTIB KICTKOBOI TKAHMHHU, OCKIJBKH 3MIiHIO-
€THCSI 3aBJIIK HOBOMY CHHTE3Y, a HE BUBIJIb-
HEHHs Mif 9ac pe3opOuii. BmicT riikompore-
HIB SIK MapKepiB TOCTPOro 3amajbHOro IMpo-
necy OyB 30UbIIeHNH y Tepiuiid rpymi B 2,18
pasu, y npyrii rpymi - B 2,25 pasu. Bmicr
XOHJIPOITHHCYIb(]ATIB K MapKepiB JAECTPYK-
mii XpsAMOoBOi Ta KICTKOBOI TKaHWUHU 30171b-
mUBCA y nepiriid rpyni B 3,59 paswu, y Apyrii
- B 3,53 pa3u mOpiBHSHO 3 MOKAa3HUKOM KOHT-
POJIBHOI IPYIIN.

The patients have been subdivided in-
to 2 groups. The first group joined 23 patients
with thyroid body disorders, accompanied by
hyperfunction thereof. From the very begin-
ning of hospitalization period they underwent
treatment by interval hypoxic training (IHT)
with gas mixture containing 12% of oxygen,
total quantity of session — 7. The second
group joined patients with thyroid body dis-
orders accompanied by hypofunction thereof,
who did not attended IHT sessions. Control
group joined 20 patients with pertrochanteric
fractures without thyroid body disorders who
did not undergo IHT.

Results and discussion. According to
the results of our study, in patients from the
first group (n=23) with pertrochanteric frac-
ture and hyperthyroidism the content of oste-
ocalcin was increased in 2.17 times, and in
the second group (n=24) - in 2.11 times com-
pared to the control group (Pic.l). Osteocalcin
Is a sensitive marker of bone tissue condition
and reflects metabolic activity of bone tissue
osteoblasts, inasmuch it transforms due to a
new synthesis, but not eliminated while re-
sorption. Content of glycoproteins as markers
of acute inflammatory process was increased
in 2.18 in the first group and in 2.25 times in
the second group. The content of chondroitin
sulfates as markers of cartilage and bone tis-
sue destruction increased in 3.59 times in the
first group and in 3.53 times in the second
group compared to control group indexes.
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Tabmuus 1. bioximiuHi Mapkepu MeTa0o0J1i3My CIIOJIyYHOI TKAHUHH Y TAIIEHTIB 13 IEPETIOMOM

BEPTJIFOTOBOI AiITHKA CTETHOBOT KiCTKH 1 THpeOoTOKCHK030M (M£m)
Table 1Biochemical markers of connective tissue metabolism in patients with trochanteric
fractures and hyperthyroidism (M+m)

bioximiuni mapkepu / KonTtponbna Xsopi 1 -i rpymu, XBopi 2-1 rpymu,
Biochemical markers rpyna, n=20 / n=23/ I* group, n=24 /2" group,
control group, n=23 n=24
n=20
Cuposatka kposi / Blood serum
OcreokanbuuH, rr/mi /
Osteocalcin, pg/ml 26,03+£1,97 56,60£1,39 *** 54,97+1,48 ***
I'nikonporeinu, r/i /
Glycoproteins, g/l 0,61+0,02 1,33£0,04 *** 1,37£0,04 ***
Xouapoituacynbharu, r/1/
Chondroitin sulfates, g/l 0,083+0,003 0,298+0,012 *** 0,293+0,010 ***
Jlyxna docdarasza, U/L /
Alkaline phosphatase, U/L 188,4+9,01 310,0+£ 15,20 *** 306,38+8,90 ***
Kucna ¢pocdaraza, U/L /
Acid phosphatase, U/L 3,45+0,24 4,89+0,19 ** 4,80£0,18 **
Saraneanii Ca, MMouIs/i /
Total Ca, mmol/I 2,48+0,03 2,47+0,02 2,48+0,03
Ionizoanuii Ca, MMois/1 /
lonized Ca, mmol/I 1,02+0,03 1,21+0,01 *** 1,18+0,01 ***
docdop, mmos/i /
Phosphorus, mmol/I 1,46%0,06 2,02+0,09 *** 2,01+0,06 ***
Ceua/ Urine
Oxcwurnpoiid, Mr/mgo0y /
Oxiproline, mg/day 25,75£1,59 55,70£2,63 *** 54,2142 87 ***
YPOHOBI KHUCIOTH, MI/T00Y
/ 4,52+0,15 6,53+£0,19 *** 6,65+0,34 ***
Urone acids, mg/day

[pumitka. ** -p<0,01, *** -p<0,001 nOpPiBHAHO 3 MOKA3HUKAMH KOHTPOJIBHOI IpynH /

Note. ** p<0,01,***-p<0,001 compared to the values of control group
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AKTUBHICTh (EPMEHTIB JIY’)KHOI Ta
Kkucioi ocdarazu 3pocia y nepiuiid rpymi Ha
64,5 Ta 41,7 %, y npyriii rpymi - Ha 62,4 Ta
39,1 % BignOBiAHO, MO BKa3ye Ha IiJBU-
IIEHHS aKTUBHOCTI OCTE00IacTIB Ta 0CTE00-
JIACTIB KICTKOBOI TKAaHWHHU BHACIIAOK Iil TH-
peoinaux ropmoHiB. Lle Biga3epkamoeTbes y
3MiHaX MOKa3HUKIB (pochopHO - KaIbIIEBOTO
MeTaboii3My. BMicT 10HI30BaHOTO KaJbIlitO
30UIBIIMBCS y TEPIIA TPymi MaImi€eHTiB Ha
18,6 %, dpocthopy - 38,4 %. V apyriii rpymi
XBOPHX TaKOX Bi0yBajocs 3pOCTaHHS BMic-
Ty Y KpOBi 10HI130BaHOTO KaJbIito Ha 15,7 %,
dochopy - Ha 37,7 %. 30inbLMICHHS BMICTY
dbochopy Moke OyTH 3yMOBJICHO TMOCHJICH-
HAM TyOymsipHOi peabcopOmii ¢ocdaTiB y
HUpPKax, 10 € XapaKTEepHUM JJIsi THPEOTO-
KCUKO3y. PiBeHBb €KCKpeIii OKCHIIPOIIHY i3
ceyero y mepiuiid rpymi 30utbmmBes y 2,16
pasu, ypoHOBHX KHCIOT - 44,5 %, y apyrii
IpyIi BMICT OKCHUIIPONIHY B ceui OyB 30111b-
meHuit y 2,1 pasu, ypoHOBUX KUCIOT - 47,1%
MOPIBHSHO 3 KOHTPOJIBHOIO TPymoro (Tadi. 2,
3).

60,00
50,00+

40,00

nr/imn 30,00

20,00

10,00+

0,00

Activity of alkaline and acid phospha-
tase increased in the first group in 64.5 and in
41.7%, in the first group in 62.4 and in 39.1%
respectively. This indicates the increase in
activity of osteoblasts and osteoblasts of bone
tissue due to the influence of thyroid
hormones. It is reflected by changes in
indexes of phosphor — and - calcium meta-
bolism. The content of ionized calcium
increased in the first group of patients in
18.6%, the same of phosphorus - in 38.4%.
As for the second group of patients, increase
in content of ionized calcium increased in
15.7% and phosphorus - in 37.7%. Increase in
content of phosphorus could be determined
by strengthening of tubular reabsorption of
phosphates in kidneys, which is character of
hyperthyroidism. The. level of excretion of
oxiproline with urine in the first group
increased in 2.16 times, the same of uronic
acids - in 44.5%. As for the second group, the
content of oxiproline in urine increased in 2.1
times, the same of uronic acids 0 in 47.1%
compared to the control group (Tables 2, 3).

54,97

Puc. 1. BmicT ocTeokajJblIMHY Y CHPOBATIIi KPOBi XBOPHUX HAa NMepPeJIOMOM BepPTJIIOr0OBOI
AUJISIHKH CTETHOBOI KiCTKHM i THpeoTOKCcHKO030M: 1 - KOHTpPObHA rpyna (n=20), 2 - xBopi
nepumoi rpynu (n=35), 3 - xgopi aApyroi rpynu (n=35)

Pic. 1. The content of osteocalcin in blood serum of the patients with pertrochanteric
fracture of femoral bone and hyperthyroidism: 1 - control group (n=20), 2 - patients
from the 1% group (n=35), 3 - patients from the 2" group (n=35).
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B xomi mocmikeHHS BUBYAIU Y JH-
HaMiIll TalieHTiB mepmoi rpynu (m=23),
SKUM OyJIO TIPOBEACHO ONEpPATHBHE JIIKYBaH-
HSl TIepelIOMYy BEpTJIIOTOBOI [IJISTHKUA CTer-
HOBOT KICTKH Ta CEaHCH 1HTEPBAIBHOTO T1IO-
kcuuyHoro tpenyBanHs (II'T) - meromy miky-
BaHHS, SIKWH 37aT€H MO3UTHUBHO BIUIMBATH Ha
opranism xBopux [1]. Takox Oyno mposeze-
HO KJIIHIKO-010XiMi4HE OOCTE)KEHHS TMalli€H-
TiB Apyroi rpynu (n=24), siki OTpUMyBaIu
MEAMKAMEHTO3HY Tepamilo THUPEOTOKCHUKO3Y
Ta OMNEepOBaHl 3 MPHUBOJY MEPEIOMY BEPTIIIO-
TOBOI JUITHKH CTETHOBOI KICTKH.

BmicT ocTeokanmplluHYy Yy XBOPHX
nepioi Tpymnu 301IbIIKUBCS Yepe3 7 110 micis
omeparii Ha 30 %, 110 CBIAYUTH PO AKTHUBI-
3aIif0 KICTKOBOTO METaboJi3My BHACIIOK
pemnapaTuBHOI pereHepanii KiCTKOBOI TKaHHU-
HA Yy paHHIA TMichasonepamiiHuil  mepiof
(Tabm. 2). Y nmpyriii rpymi 3poCTaHHSI BMICTY
OCTEOKAJIBITUHY OYyJI0 O1JIBII CYTTEBUM - Ha
67 %, 1110 3yMOBJICHO OUTBIIOI aKTHUBI3AIIEI0
0oCcTe001acTIB KICTKOBOI TKAHWHHU IIiJ dac
perenepariii (tabmn. 3). Lle cniBmagano i3 3po-
CTaHHSIM aKTHBHOCTI JyXHOi (ocarazu Ta
BMICTY TaikonporeiniB Ha 22,5 % i 21,7 %
BIJIMOBITHO y APYTid TPYI XBOPUX TMOPIBHS-
HO 3 TTIOKa3HUKOM JI0 Omeparlii, o CBITYUTH
Mo OLIBIT BAXKKHUM Mepedir pereHepaTopHOro
nporecy. [ligBumeHHs MeTabosi3My KiCTKO-
BOI TKAaHWHHU Yy MiCIsIONEpaliiHuii nepion
3YMOBJICHO 11 pernapaTUBHOIO pereHepallie€ro,
sKa YHMOBUIBHIOETHCS 32 PAaXyHOK Jii THpeoi-
JHUX TOPMOHIB Ha MiHepaJbHUH OOMiH Ta
KaTaboi3M TPOTEOTIIIKaHIB KICTKOBOI TKa-
HHUHU [2].

JIeCTpYKTHBHUN TIpOIleC Y KICTKOBIH
TkaHuH1 4depe3 30 nmid micist omeparii OyB
MEHII BUPKEHUN Yy TIEPIIi TPyIl MaIieHTIB,
axi orpumyBanu II'T. Le BigazepkamoBanocs
y 3HIKEHHI BMICTY XOHJAPOITHHCYNb(}ATIB y
nepuriii rpymi Ha 50,7 %, y apyriit - Ha 33,2
% TOPIBHSIHO 3 TTOKA3HUKAMH JI0 OTIepaIlii.

In course of study we observed in dy-
namics the 1% group patients (n=23) who un-
derwent surgical treatment of pertrochanteric
fracture of femoral bone and sessions of in-
terval hypoxic training (IHT) - the method
able to affect positively the patients’ body
[1]. We also made clinical and biochemical
examination of the 2" group patients (n=24),
who underwent treatment of hyperthyroidism
by medicines and surgery due to pertrochan-
teric fracture.

The content of osteocalcin in the 1%
group patients increased 7 days after surgery
on 30%, which fact approves bone metabo-
lism activation due to reparative regeneration
of bone tissue in early post-operation period
(Table 2). In the 2" group the increase in
content of osteocalcin was more reasonable -
67%, determined by better activation of bone
tissue osteoblasts while regeneration (Table
3). It coincided with the increase of alkaline
phosphatase activity and content of glycopro-
teins in 22.5% and 21.7% respectively in the
second group of patients compared to the
same values before the surgery. It approves
more severe course of regeneration process.
Improvement of bone tissue metabolism in
post-operation period is determined by its
reparative regeneration, which decelerates at
the account of thyroid hormones influence on
mineral exchange and catabolism of bone
tissue proteoglycans [2].

Destructive process in the bone tissue
30 days after operation was less expressed in
the first group of patients who received inter-
val hypoxic training. It was reflected by de-
crease in content of chondroitin sulfates in
the first group on 50.7%, in the second - in
33.2% compared to this value before opera-
tion.
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Tabnuus 2. bioxiMiuHI MapKepH CTaHy KiCTKOBOI TKAHHHU y XBOPHX IEPILOi IPYyIH 13 mepe-
JIOMaM¥ BEPTJIFOTOBOI JIIJITHKM CTETHOBO1 KICTKH 1 THPEOTOKCUKO30M /

Table 2. Biochemical markers of bone tissue in patients of the 1 group with pertrochanteric
fractures and thyrotoxicosis

[epmia rpyma, Me, %25 - %75 (n=23) /
The 1% group, Me, %25 - %075 (n=23)
bioximiuni mapkepu /
Biochemical markers Jo omepartii / Yepes 7 ni6 / Yepes 30 ai6 !
before the operation 7 days later 30 days later
Cuposarka kposi / blood serum
OcTeoKanbluH, Ir/M /
. 55,70 * 56,49
Osteocalcin, pg/ml 51.75 -62.80 72,41 * 67,28-81,64 51.80-63.67
Faonporehun, 1/ / 133 1,26 0,90 * 0,80-
yeop 9 1,18-1,44 1,12-1,36 0,97
XonapoiTuHcynbhati, r/n / 0,292 0,310 0,144 * 0,130-
Chondroitin sulfates, g/l 0,252 - 0.342 0,276-0,359 0,167
Jlyxna ¢pocdaraza, U/L /
. 292,0 321,0 182,5 * 152,6-
Alkaline phosphatase, U/L 256,5 -344,0 280,0-375,7 204,1
Kucna ¢pocdaraza, U/L /
. ’ 4,90 4,02 3,13 *2,81-
Acid phosphatase, U/L 4,39-5,40 3.60-4.65 3,60
| 2
: 2,39-2,56 2,35-2,56 2,30-2,57
IonizoBanuii Ca, MMOJIB/71 /

. ’ 1,22 0,91 *0,87-
lonized Ca, mmol/Il 117127 1,09 * 1,04-1,13 0,95
oo o

’ 1,80-2,14 1,60-1,90 1,53
Ceua / Urine
Oxcrponi, Mr/A00Y 56,0 64,0 33,0 * 30,0-
profine, mgrday 44,0 - 67,0 50,0 - 76,0 42,0
YpoHOBI KHCIOTH, MI/1100Y /
. 6,40 5,70 4,28 * 3,97-
Urone acids, mg/day 5,85-7,20 5,21-6,41 474

TIpumiTka. * - BiporigHO 3a BiTKOKCOHOM MOPIBHSHO 3 TIOKa3HUKOM JIO OTepariii
Note * - possible according to Vilcoxon compared to value before operation
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VY mepmiii Tpymi Takoxx OyJlIo BCTaHOBIIECHO
3HIDKCHHS PIBHSI €KCKpEIlll OKCHIPOIIHY Ha
41,1 % 1 yponoBux kuciotr Ha 33,1 %, mo
CBIYUTH TIPO 3MEHIIEHHS JECTPYKIIi Koja-
reHy 1 TPOTEOTJIiKaHIB KICTKOBOI TKaHWHH.
3MeHIIeHHSI B 000X rpymnax BMICTY 10Hi30Ba-
HOro Kamnblito Ta ¢ochopy CBIAYUTH PO
3MEHIICHHSI JECTPYKTUBHUX IPOLECIB MiHe-
paJIbHOTO KICTKOBOTO MAaTPHUKCY, IO CBiJ-
YUTh NMPO e(EKTUBHICTH JiKyBaHHA. OmHAK
CJIiJ BiA3HAYWTH, IO BiAHOBJIECHHS META00Mi-
YHUX TOPYIIEHb BiIOyBaJOCA OUIBII 1HTEH-
CHUBHO y TIEpIIiH TPymi MaIll€HTIB, K1 TCIA
orepauii, OKpiM MEIUKAMEHTO3HOTO JIKY-
BaHHsA, oTpumyBanu noxarkoBo II'T. Taka
JMHaMiKa O10XIMIYHHX MapKepiB 3yMOBIICHA,
OYEBHUJIHO, TIO3UTUBHOIO JII€I0 HAa OpraHizM
xBopux npouenypu II'T, sika 3MeHIIye piBeHb
rinmokcii Ta imemii OpraHiB 1 TKaHUH, MMOKpa-
IIYIO4YH KPOBOOOIT Ta MPUCKOPIOIOYH €HEPTe-
TAUYHUN OOMIH, TUM CaMHM IPUCKOPIOE pea-
OUTITALIIFO HAII€EHTIB.

[TopymienHss MeTaboni3My  KOMIIO-
HEHTIB CIOJYYHOI TKaHWHU (KOJareHy, mpo-
TEOTJIIKaHIB) MPOSBISETHCS 3MIHAMHU BiJIO-
BIJTHUX JJAOOPAaTOPHUX MapKEPiB.

KonnenTpartiis ocTeokaiblMHy Y Kpo-
Bl BIJJ3EPKAIIOE META0OIIYHY AaKTHUBHICTh
TKaHWUHHU, Oepe
y4acTh y Tporecax ii pe3opOIlii, OCKUIbKH

OCTEOKJIACTIB  KICTKOBOI
pyU BUCOKUX HOTro piBHAX y KpOBi BigOyBa-
€TbCA 1 pe30pOIIist KiCTKH.

OpHiero 13 HaWBAKIHMBIMUX (QYHKIIH
OCTCOKAJIBIIMHY € 3B’S3yBaHHS KaJbIII0 Ta
rigpokcianatuty. Ciij BiI3HAYUTH, IO OCTE-
OKaJIBIIUH CHEIUIYHUNA 711 KICTKOBOI TKa-
HUHU 1 CIYT'y€ JTOCTOBIPHUM MapKEpOM 3aBe-
puieHHsT  TudepeHIiFoBaHHS
TiB[4,7].

VY mamieHTiB, SKHX JIKYBallK 13 3aCTO-

ocreo0dac-

cyBanusm II'T, piBeHb ocTeokaibLUHY OYB
BUIIMN TIOPIBHSHO 13 XBOPUMH, SIKUX JIIKyBa-
JIM TICIISL OTIepallii Juie MeJUKaMEeHTO3HO.

The first group also demonstrated de-
crease in excretion of oxiproline in 41.1%
and of uronic acids in 33.1%, which approves
lowered destruction of collagen and proteo-
glycates of bone tissue. Decrease of the con-
tent of ionized calcium and phosphorus in the
both groups demonstrates diminishing of the
destructive processes in mineral bone matrix,
approving the efficiency of treatment. Alt-
hough, it is worth to mention that recovery of
metabolic disorders occurred more intensive-
ly in the first group of patients, who in addi-
tion to medicament treatment received IHT.
Such dynamics of biochemical markers is
stipulated obviously by positive influence of
IHT procedure on the patients: it decreases
the level of hypoxia and ischemia of organs
and tissues, improves blood circulation and
fastens energy exchange, thus promoting re-
habilitation of the patients.

Metabolic disorders of connective tis-
sue’s components (collagen, proteoglycans)
is expressed by changes is the respective la-
boratory markers. Concentration of osteocal-
cin in the blood reflects metabolic activity of
osteoclasts in bone tissue, participates in pro-
cesses of resorption thereof, because in case
of high levels of it in the blood bone resorp-
tion occurs too.

One of the most important functions
of osteocalcin is linking calcium and hydrox-
yapatites. It. should be noted that osteocalcin
is specific of bone tissue and serves as a reli-
able marker of the end of osteoblasts differ-
entiation [4, 7].

In patients being treated using IHT
level of osteocalcin was higher compared to
the same in patients being treated only by
drugs after surgery.
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Ile, oueBMIHO, 3YMOBJICHO OUIBII BHUCOKUM
CTyNEHEM pe30pOIii KICTKOBOI TKAaHWHH Y
MicIsIONepaIiiHuil mepios] y XBOPUX JPYyroi
TPYIH, 110 3yMOBJICHO OLTBII BUCOKOIO aKTH-
BHICTIO JyXHOI (ocharazu Ha 7-my 100y

JKyBaHHS.

It is obviously stipulated by higher level of
bone tissue resorption in post-surgical period
in patients from the second group that is
conditioned by higher activity of alkaline
phosphatase at the 7" day of treatment.

Tabmums 3. bioxiMiuHI MapKepu CTaHy KiCTKOBOI TKAaHUHU y XBOPHX APYroi rpyIu i3 mepe-

JIOMaMH BEPTIIIOTOBOI AIISIHKH CTETHOBOI KICTKH Ta THPEOTOKCHUKO30M /

Table 3. Biochemical markers of bone tissues conditions in the 2" group of patients with
femoral bone trochanteric fractures and hyperthyroidism

bioximiuni mapkepu /
Biochemical markers

- %75 (n=24)

Jlpyra rpyma, Me, %25 - %75 (n=24) / the 2" group, Me, %25

Jlo onepartii / before|  Yepes 7 ni6 / Yepes 30 ni6 /
the operation 7 days later 30 days later
Cuposarka kposi / blood serum
OcTeokanblMH, IIr/mi / 54,95 91,78 * 82,05- 51,40
Osteocalcin, pg/ml 48,55 -58,50 97,55 45,95-54,63
['nixonporeiny, r/a / 1,29 * i * i
Glycoproteins, g/l 1,22-1,43 157%149-1,79 | 107*101-1,22
XoHapoiTHHCYAbGaTH, /71 / 0,301 0,358 * i
Chondroitin sulfates, g/l 0,247-0,333 0,294-03096 | %201 0.180-0.219
Jlyxna ¢pocdarasza, U/L / 302,5 393,2 * 352,7- - i
Alkaline phosphatase, U/L 276,0-339,3 417,9 205,77 184,8 -222,8
Kucna ¢pocdaraza, U/L / 4,95 5,12 4,25
Acid phosphatase, U/L 4,00-5,43 3,96-5,57 3,29-4,62
SaraneHui Ca, MMOJIB/T / 2,46 2,48 2,50
Total Ca, mmol/I 2,40-2,54 2,43-2,58 2,46-2,61
IonizoBanuii Ca, MMOJIB/1T / 1,17 - *
lonized Ca, mmol/I 1,14-1,22 1,04101-1,09 1,02+0,99-1,06
docdop, MMoB/1T / 1,91 1,70 * i
Phosphorus, mmol/| 1,80-2,11 1,60-1,88 151%1,42-1,67
Ceua / Urine
Oxcunpoutid, Mr/mo0y / 51,0 45,0 420
Oxiproline, mg/day 48,0-62,0 43,0-55,0 38,0-49,0
YpoHOBI KUCIOTH, MI/ 100y / 6,35 6,60 458
Urone acids, mg/day 5,58-7,23 5,80-7,51 3,84-5,63

IIpumiTka. * - BiporigHo 3a BiTKOKCOHOM TOPiBHSHO 3 TIOKA3HUKOM JIO OTIepariii
Note™* - possible according to Vilcoxon compared to value before operation




ﬁd THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS 2017 Ne 1-2 (7-8)

77

I'mikonpoteinu y KpoBi BigoOpaxa-
I0Th CTYIIHB 3aMaJIbHOTO MPOIIECY, KU 3Mi-
HIOETHCS BIAIOBIAHO 0 aKTHBHOCTI 3amajib-
HO-JICCTPYKTUBHHUX TMOPYIIEHh B KICTKOBIH
TKAaHUHI.

VY xBopuX Apyroi rpynu uepe3 7 ai0d

micys omepanii piBeHb TIIIKOMPOTEiHIB OyB
BUIIIMM, HIXK Y MEpIIiil rpymi, 10 3yMOBIECHO
nonatkoBuM 3actocyBanHsMm II'T. Karabo-
J3M MPOTEOTJIKaHIB KICTKOBOI TKAaHUHHU CY-
MIPOBOJKYETHCS 30UIBIICHHSM Y CHPOBATII
KpOBI XOHJIPOITHHCYJIb(]ATIB Ta EKCKPEIIEr0
YPOHOBHUX KHCIIOT — KOMIIOHEHTIB TJIIKO3aMi-
HornikaHiB ([CAT"). 3HWKEHHS eKCKpemii OK-
CHUIIPOJIHY 13 C€Yel0 Yy XBOPUX MEpIIoi Irpynu
IIOB’S13aHO YMOBUIBHEHHSIM KaTa0oJi3My KO-
JareHy KiCTKOBOi TKaHWHH, SKHHA € OCHOBOIO
OPraHIYHOTO MAaTPHUKCY KiCTKH.
JlocuTh  KIIHIYHO  OOIPYHTOBAaHUM
MOKHa BBa)XaTW Te, IO MiJl Yac 3aro€HHs
nepesioMy y MmicisionepaiiHui mepio BUpa-
3HICTh TOPYIICHh METabO0JI3My CITOJYIHOL
TKAaHWHU 3aJICKUTh BiJ] BAKKOCTI TpaBMaTH4-
HOT'O TIOUIKO/DKEHHS. BMicT y KpoBi ciajioB-
MICHHX TJIKONpPOTEIHIB, $KI BXOIATH [0
CKJIaay KICTKOBOI TKaHUHH, JTyXHOi (ocda-
Ta3u, hochopy NMpu BaXKKUX BIAKPHUTHX IEpe-
JOMax JOCSraB MaKCUMAJIbHOIO MIKYy YIPO-
JOBK TEpUIOro THOKHS TICHS TpaBMH, MpHU
OUTBII JIETKOMY TIONIKOJDKEHHI - YIPOIOBXK
JIBOX-TPHOX THXKHIB MicJsl TpaBMH. THpeoTo-
KCUKO3 sIK (DOHOBUI CTaH moripurye nepeoir
NaTOJIOTIYHOTO TpoIlecy, KUl mepedirae y
KICTKOBIM TKaHMHI Ticis ii TpaBMaTHYHOTO
MOIIKO/KEHHS.

BucHoBknu

1. ¥V mariieHTiB 3 IEpeIOMOM BEPTITIO-
TOBOi IUISHKU CTETHOBOI KICTKHM Ha (POHI TH-
PEOTOKCHKO3Y CIOCTEPIraeThCs HU3KA MeTa-
0O0JIIYHUX TOPYIIEHb CTaHy KICTKOBOi TKaHU-
HU, SKi XapaKTepHi A PO3BUTKY TOpPMOHa-
JBHOTO (THPEOITHOT0) OCTEONOpO3y - 3011b-
IIEHHS BMICTY Y CUPOBATIli KPOBI OCTEOKAJIb-

Glycoproteins in the blood reflect the
extent of inflammatory process, changing
corresponding to the activity of inflammato-
ry-destructive damages of the bone tissue.
Level of glycoproteins 7 days after operation
in the patients from the 1% group was higher
than in the 2" one. It is stipulated by supple-
ment application of IHT. Catabolism of bone
tissue proteoglycans is accompanied by in-
crease of chondroitin sulfates in the blood
serum and excretion of urine acids - compo-
nents of glycosamine-glycates (GAG). De-
crease in excretion of oxiproline with urine in
patients of

the first group is connected with
slower catabolism of collagen in the bone
tissue, which is the basis of bone’s organic
matrix.

It could be considered at properly
clinically grounded that while fracture heal-
ing in postoperative period expressivity of
connective tissue metabolic disorders de-
pends on severity of traumatic injury. The
content of sialo- containing glycoproteids, the
substances, which are components of bone
tissue, alkaline phosphatase, phosphorus at
severe open fractures reached its maximum
value in the first week after injury; in case of
less severe injury - in two-three weeks after
injury. Hyperthyroidism as a background
condition worsens the pathologic process in
the bone tissue after traumatic injury thereof.

Conclusions

1. In patients with femoral pertro-
chanteric fracture at the background of hy-
perthyroidism a scope of metabolic bone tis-
sue disorders are observed, typical of the de-
velopment of hormone (thyroid) osteoporosis
- increase in content of osteocalcin, glyco-
proteids, chondroitin sulfates in the blood
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IIUHY, TJIKONPOTEiHIB, XOHIPOITHHCYIb(a-
TiB, aKTUBHOCTI KHCIIO1 Ta JIy»HO1 (ocdaras,
BMICTY 10HI30BaHOTO KaubIlito Ta Gocdopy, a
TaKOXX ITIBUIICHOIO EKCKPEIEI 13 CEYCHo
OKCHITPOJIIHY Ta YPOHOBHX KHUCIIOT.

2. 3MEHIICHHS 3anajibHO-
JECTPYKTUBHUX MPOIIECIB B OPraHi3Mi Marie-
HTIB Bif0yBajocs OUTBII IHTEHCHBHO Yy TIEp-
IIi#l Tpymi MaIi€eHTiB, 0 3yMOBJIEHO JOAAT-
KOBHMX 3aCTOCYBaHHSIM B CXeMi Ticisionepa-
niHOTO BigHOBHOTO JikKyBaHHs II'T, ki mo-
3UTUBHO BIUIMBAJIM HAa OPTaHI3M MAIli€HTIB,
MOKPAITyI0Yl €HEPreTHYHHN OOMIH Ta yCy-
BAIOYH TIMOKCIIO Ta iIeMil0 OpraHiB i TKAaHUH

YIIPOJIOBIK peadisliTalliiiHOTo nepiofy.

Jlireparypa / References
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destructive processes in human body oc-
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BIOXIMIYHI MAPKEPU CTAHY KICTKOBOI TKAHUHU Y XBOPUX I3 IT1E-
PEJIOMAMU BEPTIIOI'OBOI JUISSHKN CTETHOBOI KICTKHU TA
TUPEOTOKCHUKO30M VY JIMHAMILII BI/ITHOBHOTI'O JIIKYBAHHSA
Hlumon B. M., Cmoiixa B. B., Illepeciti A. A., [lumon M.B., Kyoaw B. T.

Kuo4oBi cjioBa: iHTepBajIbHE TIMOKCUYHE TPEHYBaHHS, 010XiMIYHI MapKepH, KiCTKO-

BHI1 MeTa00T13M, THPEOTOKCHKO3

PoboTa mpucBsyeHa AOCHIIHKEHHIO CTaHy KICTKOBOI TKAHWHU Y XBOPHX 13 IepeoMa-
MU BEPTIIIOTOBOI IUITHKH CTETHOBOI KICTKHM Ta THPEOTOKCHKO30M y TMHAMIII BITHOBHOTO
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JiKyBaHHS. Pe3ynbTaTi MOCTIPKEHHS] OCHOBaHI Ha KIIIHIYHOMY CIIOCTEPEXEHHI Ta JIIKyBaHHI
47 XBOpUX 3 OCTCONOPOTHYHHMH IepeIOMaMy BEPTIIOTOBOT AUISHKH 3 CHHIPOMOM THPEOTO-
Kcuko3y. OTpuMaHi JJaHi CBiAYaTh, 10 y MAI[I€HTIB 3 MEPEIOMaMH BEPTIIFOTOBOI IUISTHKU CTe-
THOBOI KICTKM Ha (DOHI THPEOTOKCHKO3Y CIIOCTEPITaEThCsl HU3KA METAOOIIYHUX TOPYIICHB
CTaHy KICTKOBOi TKaHUHH, SIKI XapaKTepHI1 A PO3BUTKY TOPMOHAIBHOTO (THPEOITHOTO)
OCTEOIOPO3Y - 30UIBLICHHS BMICTY y CHPOBATILI KPOBI OCTEOKAIBIIMHY, TIIKONPOTEIHIB, XOH-
JOpOITHHCYIb(ATIB, aKTUBHOCTI KUCIJIOT Ta JIy)kHOi ¢ochaTa3, BMICTY 10HI30BAHOTO KalbLIil0
Ta Gocdopy, a TAKOXK MiABUIICHOIO EKCKPELIEIO 13 CEUS0 OKCUTIPOIIIHY T2 YPOHOBHX KUCIIOT.

BUOXUMUYECKHUE MAPKEPBI COCTOSIHWSI KOCTHOM TKAHU Y
BOJIbHBIX C ITEPEJIOMAMM BEPTJIYXHOM OBJIACTU BEJIPEHHOI
KOCTHU U TUPEOTOKCHUKO30M B AINHAMUKE
BOCCTAHOBUTEJIBHOI'O JIEHEHU A
Ulumon B.M., Cmotixa B.B., llepeeuii A. A., Ky6aw B.H.

KiroueBble cjioBa: HHTEpBaIbHAS TMIIOKCHYECKAsi TPEHUPOBKA, OMOXUMHUYECKHE Ma-
PKepBbI, KOCTHBIH METab0JIN3M, THPEOTOKCUKO3.

Pabota mocesimena uccie0BaHUI0 COCTOSHUS KOCTHON TKaHU Y OOJBHBIX C IEpeIto-
MaMH BEPTIY>KHOH 00sacTi OepeHHON KOCTH M TUPEOTOKCUKO30M B AMHAMUKE BOCCTAHOBH-
TENBHOTO JIeYeHUs. Pe3ynpTaThl vccnenoBaHns OCHOBAHBI HAa KIMHWYECKOM HAOJIOJCHUH U
neyeHnH 47 OONBHBIX C OCTEOMOPOTUYECKUMH MEPEIOMaMU BEPTIYKHONH 00JIaCTH C CHHIIPO-
MOM THPEOTOKCHKO3a. [loydueHHbIe JaHHBIE CBUETEIBCTBYIOT, YTO y MAI[MEHTOB C MEpelio-
MaMH BEpPTIIY’KHOW o0siacTu OeApeHHON KOCTH Ha (poHEe THMPEOTOKCHKO3a HAONIOJAeTCs psij
METa0OIMUECKUX HAPYIICHUH COCTOSHUS KOCTHOM TKaHM, KOTOPBIE XapaKTEPHBI JJISl Pa3BH-
TUSI TOPMOHAJIBHOTO (THPEOUIHOI0) OCTEONOpO3a - yBEIHMUEHHE COJACPKAHHS B CHIBOPOTKE
KPOBHU OCTEOKAJIbIIMHA, TTTUKOIPOTENHOB, XOHIPOUTHHCYIb(aTa, aKTHBHOCTH KUCIION M IIe-
nouHoi (ocdarasel, comepkaHusi MOHU3UPOBAHHOTO Kaiblmsl U (ochopa, a TakKe MOBBI-
IIEHHOI SKCKPEINH C MOYOH OKCHUIIPOIMHA U YPOHOBBIX KHCIIOT.

BIOCHEMICAL MARKERS OF BONE STATUS IN PATIENTS
WITH PERTROCHANTERIC FEMORAL FRACTURES
AND HYPERTHYROIDISM IN DYNAMICS OF REHABILITATION
Shymon V.M., Stoyka V.V., Sheregyi A.A., Shymon M. V., Kubash V.I.

Keywords: interval hypoxic training, biochemical markers of bone metabolism, hy-
perthyroidism The work is dedicated to study of bone tissue in patients with pertrochanteric
femoral fractures and hyperthyroidism in dynamics of rehabilitation. Results of the study are
based on clinical observation and treatment of 47 patients with osteoporotic pertrochanteric
femoral fractures and syndrome of hyperthyroidism. These data suggest that patients with
pertrochanteric femoral fractures against the background of hyperthyroidism demonstrated a
number of bone tissue metabolic disorders, characteristic of hormonal (thyroid) osteoporosis -
increase of serum osteocalcin, glycoproteins, chondroitin sulfates, activity of acid and alkaline
phosphatases, content of ionized calcium and phosphorus, and increased excretion of oxipro-
line and uronic acids with urine.



