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Amncrpakr

BOBE/I: CocTaBOT Ha KOCKEHOTO TKHBO O] HEKOJI-
Ky BUJIOBU HA KJIETKH, TPOTEUHH, KDBHU W HEPB-
HU CaJIOBU M MUHEPAJIEH MATPUKC MYy OBO3MOXKYBa
OflpeJieHa aKTHRHOCT KOja ce HapeKyBa KOCKeH Me-
taboauzam. JInjabeToT ce cnoMeHyBa Kako eJIeH Off
dakTopuTe K0j MOKe /]a TPEJIU3BUKA HAPYIIIYBAHE
Ha KOCKEHHOT MeTabo/I3aM.

ITEJT: /Ta ce mpocsie/iy TIOBP3aHOCTa HA JiujabeToT
€O MeTabOJIM3MOT HAa KOCKEHOTO TKHBO TPOCIIE/ie-
HO IIpeKy BPEeJHOCTHTE Ha CePYMCKHTe MapKepH
KaKO W MpOCJIeyBake Ha JUHAMHKATA HA 3apa-
CHYBaH-€ HA BIJIMYHU OPAJTHO-XUPYPINKHU JIeheKTH
Kaj marueHTH co aujaberec.

MATEPHUJAJT 1 METO/I: HanpaBeH e eJIeKTPOH-
cku mpersnien Ha ©Oasara Ha Pub Med, MDLyinx
dentistry, MDLinx Endocrynology, ScienceDirect,
Willey online library o kputepuymoT: KockeH me-
Tabonu3aM Kaj AujabeTHdapu, CIOHTaHA KOCKEHA
pereHepanyja, BAJIMYHH JleeKTH Kaj TAIUeHTH CO
Jujaberec, MApKEPH 3a KOCKEH MeTaboIu3am.
PE3YJITATU: Mapkepure 3a KockeHa (opMaruja
1 pecopnnuja (ocreoxanuuH-OC u C- TepMHHA-
ner tenonentu-CTX) mokaskyBaaT MPOMEHTHBH
BPE/IHOCTH Kaj NalMeHTHTe co injaberec, IpH 1ITO
BpegHOcTUTE HA OC ce 3HAUAjHO HAMaJIeHH.
3AKJIVUOK: Iloctom mOBp3aHOCT Ha JHjabeToT
CO MapKepuTe 34 KOCKEH MeTa00IHu3aM IITO MOKE
IIPAKTHJIHO /1A ce HCKOPHUCTH 3a IIPOIleHKA Ha 3apa-
CHyBam€ Ha KOCKeHH JieheKTH.

KiryuHnu 300pOBH: KOCKeH MeTab0/I3aM, KOCKe-
HHU MapKepH, CIOHTAHO KOCKEHO 3apaCHyBambe

Abstract

INTRODUCTION: The bone consists of few types of
cells, proteins, blood vessels, nerves and the mineral
matrix, which allows an activity called bone metab-
olism. Diabetes Mellitus is one factor that can cause
a disbalance in the bone metabolism.

AIM: To check the connection between Diabetes
Mellitus and the bone tissue metabolism through
the values of the serum markers, as well as to check
the dynamics of the wound healing process in sur-
gical defects on the jaws in patients with Diabetes
Mellitus.

MATERIAL AND METHOD: The following da-
tabases have been reviewed: PubMed, MDLyinx
dentistry, MDLinx Endocrinology, ScienceDirect,
Willey online library; search terms used were: bone
metabolism in diabetes mellitus, spontaneous bone
regeneration, jawbone defects in diabetes patients,
osteoporosis bone markers.

RESULTS: The markers of bone formation and
resorption (osteocalcin-OC and C-terminal telo-
peptid-CTH) show variable values in patients with
Diabetes Mellitus, whereas the values of OC are sig-
nificantly decreased.

CONCLUSION: There is a connection between
Diabetes Mellitus and the markers of the bone me-
tabolism which can be practically used to assess the
wound healing of bone defects after oral surgery.

Key words: bone metabolism, bone markers,
spontaneous bone healing
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Boseg

KockeHOTO TKUBO IIpeTcTaByBa AUHAMUYHO, MHHe-
PAIM3HPAHO IIOTIIOPHO TKHEO HA €IeH OpraHu3aM
KOe e BHCOKO CIelujanusupano. MsrpazeHo e of
TPH BH/IA HA KJIETKH (0CTe00s1aCTH, OCTEOIUTH U OC-
TEOKJIACTH) U eKCTpale/IyapeH MaTPHKC KOj MOXKe
Jla ce MOJIeJIM HA OPTAaHCKH Jien (cocTaBeH mpeTesk-
HO 0/1 KOJIATEHH BJIAKHA) U HEOPTAHCKH JIeJT, KOj 3a-
aka 65% o7 BKYITHHOT MaTPHUKC H € COCTABEH IJIaB-
HO 0/ KOMIUIEKCH Ha KanmuyM u dhocdop Bo popma
Ha XH/IPOKCHAIIATHT".

Ocreobnactute ce 3penu, MeTabOIHO AaKTUBHH,
dopMaTHBHH KOCKeHH KJIETKU KOH AKTHBHO yUecT-
BYBaaT BO OJ[PIKYBame HAa KOCKEHOTO TKHBO CHHTE-
TH3UPAjKH ocTeony (HeMHHEepPATH3HPAaH OPraHCKH
marpukc). OCTeoHIOT ce COCTOH Of 90% KOJareH
THII 1 ¥ 10% HEKOJIATEHH MPOTENHHU (OCTEOKAIIIIH,
ocTeonoHTHH, GubpoHekTHH, ankaiHa docdara-
3a). MunepanuzanujaTa Ha OCTEOHOT CO HEOPTaH-
CKH COJIM MM /IaBa Ha KOCKHUTE IIBPCTHHA U TBP/IOCT?,
OcTeonuTHTe JIEKAT BO IPOCTOPH HAPEUEHH JIAKY-
HH, OIKPY:KEHH CO KOCKeHa Maca U VIeCcTBYBaaT BO
KOHTpOJIaTa Ha eKcTpareNyIapHaTa KOHIEHTpa-
1Hja Ha KammuyM 1 docdop?.

OcreokyiacTuTe Cce TOBeKejaipeHH KOCKEeHO-pe-
COPITHBHH KJIETKH CO IIMHOBCKA rojieMuHa (Iped-
HHK 071 400 UM) U He IOTEKHYBaaT 0 OCTEOIOTEHT-
HHTe KJIeTKH TYKY 07 MoHoIuTHTe. CMECTeHH ce BO
1.H. Howship-oBu J1aKyHH KOH I'l CO3/1aBaaT TOKMY
ocreoknacrure. CHUHTETH3MpAAT XWUPOJUTHUHU
€H3UMH KOH yJecTBYBAaaT BO IIPOIECOT Ha JeMH-
HepayIu3allija Ha KOCKeHHOT MaTPHKC BO TeKOT Ha
pacreme U peMo/ieTMPabe Ha KOCKHUTeY,

CocraBoT Ha KOCKEHOTO TKHBO OJi HEKOJIKY BHIO-
BU HA KJIETKH, IPOTEHHH, KDBHU U HEPBHU CaZI0BH
M MHHEPaJIeH MaTpPHKC My OBO3MOXKYBA OZIpeleHa
aKTHBHOCT Ko0ja ce HapeKyea MeTaboyM3aM H e pe-
ryJiipaH oJf cTpaHa Ha moBeke (axropu. [aBHa
yJiora BO KOCKEHHOT MeTab0IM3aM HMaaT KOCKeHH-
Te KJIETKH, Yija aKTHBHOCT MOKe /14 JIOMHHHPA BO
OJpe/IeH0 BpeMe, 3aBHCHO Of] BO3PACTa, IIUPKYJ/IH-
PauYKHTe HHBOA HA KOCKEHH PETYJIATOPHH XOPMOHH
W HYTPUTHBHHOT BHeC Ha KAIIUYM U BUTAMUHH.
JIOMHHAHTHA YJIOTa BO PeryJalijaTa Ha KOCKEHHOT
MeTaboIHzaM HMaaT IapaTHPOUIHAOT XOPMOH, BH-
TAMHHOT /I, U KaJIUTOHHHOT.

ITapaTHpOHAHUOT XOPMOH IO JIAYaT [apaTHPOWM-
Hute xuteaqy. Heroepa dyHKIMja e ma ro srojgeMu
HUBOTO Ha KaJIMyM BO eKCTpaleayJapHHOT (ury-
HJI H J]a TO OIP2KYBa Ha PeJIaTHBHO cTa0HUIHO HUBO,
IpeKy 3rojleMeHO OCJIo0oAyBake Ha KAMIUYM OFf,
KOCKHTE H 3TrojIeMeHa Pealcopllija Ha KaJIuyM
BO PEHAJIHUTE TyOyIus,
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Introduction

The bone is a dynamic, mineralized supporting tis-
sue of the organism which is highly specialized.

Tt is built out of three types of cells (osteoblasts, os-
teocytes and osteoclasts) and extracellular matrix
which is divided into organic part (consists mostly
of collagen fibers) and inorganic part which takes
65% from the whole matrix and is composed mostly
of calcium and phosphorus complexes in the form
of hydroxyapatites.

The osteoblasts are mature, metabolic active, form-
ative osseous cells which are active in the mainte-
nance of the osseous tissue synthesizing osteoid
(nonmineralized organic matrix).

The osteoid consists of 90% collagen type 1 and 10%
noncollagen proteins (osteocalcin, osteopontin, fi-
bronectin, alcalic phosphatase). The mineralization
of the osteoid with inorganic salts gives the bone's
hardness®.

The osteocytes and their processes reside inside
spaces called lacunae, surrounded by mature bone
and have role in the control of the extracellular con-
centration of calcium and phosphorus3.

The osteoclasts are multinuclear osteoresorption
cells with a gigantic size (diameter of 400 um) and
origin from the monocytes. They reside in so called
Howship 's lacunae. They synthesize hydrolytic en-
zymes which participate in the demineralization
process of the osseous matrix during bone growth
and remodeling?.

The composition of the bone tissue from several
types of cells, proteins, blood vessels, nerves and
mineral matrix allows its activity called metabolism
and is regulated from many factors.

The mail role in the bone metabolism have the bone
cells, which activity can dominate at some period,
depending on the age, circulatory levels of bone reg-
ulating hormons and the nutritive intake of calcium
and vitamins.

The parathyroid hormone, D vitamin and calcitonin
have a main role in the bone metabolism regulation.

The parathyroid hormone is produced by the para-
thyroid glands. Its function is to increase the calci-
um level in the extracellular fluid and to maintain a
relative stable level, through increased releasing of
calcium from the bones and increased reabsorption
of calcium in the renal tubuless.
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BuramunoT /[ HeiyBa IpeKy CTHMYJIHDame Ha
IPEBHATA ANCOPIIMja HAa KAJIMUYM U To 3a0bpaysa
HETOBHOT AKTHBEH TPAHCIIOPT CO [ITO CTAHYBA Pery-
JIATOP HAa KaJIITHYM XOMeOoCcTa3ara.

KanmuroHMHOT ro Jadar mnapadoIHKyJIapHHTE
KJIETKH HA THPOW/IHATA JKJIE3/Ia KAKO OZITOBOP HA
OHPKYJIHPAYKHTE HHBOA Ha KAJIITHYM BO IJIA3MaTa.
HeroBa 3a/1a4a e /1a TM HAMaJIA CEPYMCKHTE HHBOA
HA KaJIIIHYM 3apajiil IITo ja HHXHOHPa OCTeOKIacT-
HATA KOCKEHa pecopllyja H BiaHjae HA momoOpy-
BaFhe HA YPHHAPHATA EKCKPeNnja Ha Kaamuym®.

KockeHoTo pemojienupame € akKTHBEH MeTaboseH
JIOXKHBOTEH IIPOIEC BO KOj OCTEOKJIACTHUTE H OCTe-
06/IaCTHTE yJYecTBYBaaT HCTOBPEMEHO M Ha HCTO
MecTo. JJoZieKa OCTeOKIACTHTE ja pecopbupaar cra-
paTa Kocka, ocTeo0JIacTiTe ja 3aMeHyBaaT co HOBa.
[Nojara Ha gucbanaHc HOMely OBHE /IBe aKTHBHOCTH
o7 6HI0 KOH IPUYHHH DPe3YJITHPa ¢O0 KOCKEHO Me-
TabO0THO HAPYIIyBame” ¥

Banancor momery KockeHAaTa PecOpIIHja H KOCKe-
HaTa (opMaIEja Moske /1a ce IPOCJIeN IIPEKy IUp-
KyJIMPAUKH IPOTeHHH (OHOJIOIIKM MapKepH) BO
cepyM u ypuHa. KockeHHTe MapKepH ce HOAeIeHH
BO TOATPYNH HA GOPMATHBHH H PECOPITUBHH Map-
KepH.

OcTeoKaIIHHOT € e/IeH O HAjuecTo AHATH3HPAHUTE
cdopmaTuBHN MapkepH, crenuHIIeH ocTeobIacTeH
HEKOJIaTeH IIPOTEeHH, KBAHTUTATHBHO Haj3acTalleH
MPOTEHH IOTO IO IPOAyIUpaar ocreobiacTHTe, a
KOj MICTOBPEMEHO BIIMjae Ha ocreobactHaTa QyHK-
nHja?. Huckure cepyMCKH BPEJHOCTH HA OCTEOKAII-
IIMH BJIHjaaT 32 HAMATYBAlhe Ha aKTHBHOCTA HA OC-
TeobacTuTe .

Op rpymata Ha pecOPUTHBHHM MapKepH Hajuecrto
anaymsupan e B crossLaps-or (CTX), cepymcku
MapKep 32 KOCKeHa PeCcopIIIija, BHCOKO UyBCTBUTE-
JieH u crabuieH Bo cepyMm u ypuHa. Collagen cross
links ce oco6oayBa of1 KOCKEHHOT MaTPHKC II0 pe-
coproiyjata (AUPEKTHO Ha MOYETOKOT HA pasrpaj-
faTa Ha KoJIareH THII1) H HCTHOT MOKe JIa ce IETEK-
THpa co yrnoTrpeba Ha CIEITH(IYHH TECTOBH".

Jujaberecor ce clioMeHyBa Kako efieH o7 hakTopu-
Te KOj MOMKe Jla Mpe/IU3BUKA KOCKEHO-MeTabosIHo
HapyuryBambe. Kako cucreMcko 3a60syBarme co MyJI-
THIIHA €THOJIOTHja nujabeTecoT ce KapakTepH3Hpa
CO XDOHHYHA XHUIEPIJIHKEMHUja, CO HaPYIIyBakhe
Ha MeTabOoIH3MOT Ha jaryieXugpaTHTe, MAacTHTE H
IIDOTEHHHUTE KAKO pe3ynaTar Ha fedeKTH BO HHCY-
JIMHCKATA CEKPelMja, WHCYJIHHCKOTO JIejCTBYBAbe
wnu obere’2. XuneprankeMujaTa ce euHUPA KaKo
[IOKAYeHO HHBO HA KPBHHOT IIekep Haz 11,1mmol/]
[IBa yaca IIo jazieme u Haj 7,0 mmol/l rmmkemuja
Ha M1agHO. BpeaHocrta Ha IMTUKO3MINPAHUOT XeMO-
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Vitamin D stimulates the intestinal absorption of
calcium and accelerates its active transport which
regulates the calcium hemostasis.

The calcitonin is excreted by the parafollicular cells
of the thyroid gland as a respond to the calcium
level in the plasma (circulatory levels of calcium in
the plasma). Its task is to decrease the calcium se-
rum level through inhibition of the osteoclast bone
resorption and support of urinary excretion of cal-
cium®.

The bone remodeling is a lifelong active metabolic
process, whereas the osteoclasts and osteoblasts
take part at the same place and at the same time.

While osteoclasts are resorbing the old bone, the
osteoblasts are replacing it with a new one. The dis-
balance between this two activities results in a bone
metabolism disorder” .

The balance between the bone resorption and bone
formation can be monitored by serum and urine
circulatory proteins (biological markers). The bone
markers are divided in two groups: formative and
resorptive markers.

The osteocalcin is one of the mostly analyzed forma-
tive markers, specific osteoblastic non- collagen
protein. It is mostly produced osteoblastic protein
by the osteoblasts in quantity which can also de-
crease osteoblastic activity?. The osteocalcin low se-
rum values decreases the osteoblastic activity®.

From the group of resorptive markers, the most fre-
quently analyzed is the PcrossLaps (CTX), serum
marker for bone resorption, highly sensitive and
stable in serum and urine.

Collagen cross links are being released from the
bone matrix after bone resorption (directly at the
beginning of the disintegration of the collagen 1
type) and can be detected by specific tests".

Diabetes Mellitus is one of the factors that can cause
a bone metabolism disorder. It is a systemic illness
with multiple etiology characterized by chronic
hyperglycemia, metabolic disorder of the carbohy-
drates, fats and proteins as a result of disorder in
the insulin secretion, the insulin function or both*.

The hyperglycemia by definition is increased blood
sugar level over 11,1 mmol/l two hours after meal
and over 7,0 mmol/l when hungry. The value of the
glycoside hemoglobin (HbA1C) less than 7% shows
a strict glycemic control's.
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riobun (HbA1C) oz 7% ykaskyBa Ha cTpOra IJIHKe-
MHCKA KOHTpPOJIA'.

TlosHaTo e Jieka AMjabeToT MpeH3BHKYBA JIOIHH
KOMILTHKAITHH BO 00JIMK HA MUKPOBACKyJIapHU (He-
¢dbpomaryja, peTuHONATHja, HEYPONIATHja) H MAKPO-
BACKYJIADHU TIOPDEMETYBAkA BO OOJIMK HA aKyTeH
KOPOHAapeH CHHPOM, HO OBOj peBHjaieH Tpy e ¢o-
KyCHpPaH Ha Jpyra MOXHa apea Ha KOMIUTHKAIIHAH, 4
TOA C& KOCKUTE.

Ien

IlenTa Ha OBOj IIperye e:

(2) ma ce mpowIeAT TUTEPATYPHUTE HAOLH BO OJHOC
HA [IOBP3aHOCTA HA AHjabeToT co MeTaboIM3MOT Ha
KOCKEHOTO TKHBO IPOCJIEZIEHO MPEKY BPEHOCTHTE
HA CePYMCKHTE MAPKEPH 32 KOCKEH MeTab0Ii3aM;
(b) ma ce mpocenaT IUTEPATYPHUTE TIOJATOIM 32
JMHAMHKATa HA 3apacHyBame Ha BHJIMYHH Opasl-
HO-XHDPYPIIKH fedeKTH Kaj narueHTH co aujaderec.

MarepHjan 1 MeTOJ,

3a peanusanuja Ha IOCTaBeHATa Iesl Oelle Hampa-
BeH eJIEKTPOHCKH TIperyies; Ha Gazata Ha PubMed,
MDLyinx dentistry, MDLinx Endocrinology,
ScienceDirect, Willey online library nmo kpurepu-
YyMOT: KOckeH MeTabom3aM Kaj aujabermuapw,
CIIOHTaHA KOCKEHA pPereHepaiyja, BIWIMIHH Aede-
KTH Kaj NallHeHTH co Aujaberec, MapKepH 3a KOCKEH
merabonmaam. [Iybiukanuure BKIYYEHH BO Ipe-
mIe0T ce o6jaBeHu 0 MapT 2012 ropuHa. Of mpe-
IJIeZIAHUTE 254 CTYHH, CAMO 37 Ce CeJIeKTHPAHH 34
IUTHPAIbE BO 0BO]j IIPETTIE.

Pesyaratu

Jujaberor ru 3adaka KOCKHTe IpeKy KOCKEeHATa
CTPYKTYpa U KOCKeHHOT aeHszuTer. CepyMckure
MapKepH Ha KOCKeHa (opManuja KoM ce jaByBaar
BO JIBETE TOJIEMH TPyIH Ha Aujaber merycebHO ce
pasIHKyBaar, OHIejKH THe ce TOBP3aHH CO Pas3Ind-
HHM TATOTeHH MexaHus3mu. Kaj MHCYJITHHO3aBHCHH
IAI[HEeHTH YecTO Ce jaByBa HAMaJeHa KOCKeHa Ty-
CTHHA, JIOAEKA Kaj HHCYTHHOHE3aBUCHH PAa3IMYHH
CTYAMH TPHKAaXKyBaaT 3rojieMeHa, HeIpoMeHeTa
WM HaMajleHa KOCKeHa TycTHHa (IIITo MOoXKe fa ce
IIOBP3€ CO IOCTOEUKATA XUIIEPUHCYIHHEMH]A BO YC-
JIOBH Ha Pe3HUCTEHTHOCT Ha NEJHUTE TKHBA Ha HH-
CYJIMHCKOTO JIEJIYBAI:E) BO CIIOpe/iba co KOHTPOJIHA
3apasa rpyma’s e 7. 1 nokpaj sucoxkuor BMD (bone
mineral density) HHCYTHHOHE3aBHCHUTE TTAIHEHTH
MOKa)yBaaT CKJIOHOCT KOH ¢paktypu. OBaa Koc-
KeHa c1abocT ce MOBP3yBa CO HapyIIyBarme BO OH-
OMEXaHWYIKHTE KaPAKTEPUCTHKH M He MOXKe /ia ce
u3MepH 1peky BMD 3aTtoa nrro HCTOTO € pesyJirar
Ha IPOMEHH BO KOCKEHHOT MeTaboIH3aM U KoJjare-
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Tt is known that Diabetes Mellitus causes late com-
plications such as microvascular (nephropathy,
retinopathy, neuropathy) and macrovascular disor-
ders appearing as acute coronary syndrome, but this
review paper is focused at another area of complica-
tions, considering bones.

Aim

The aim of this review paper is: (A) to review the
literature about the connection between the Diabe-
tes Mellitus and the bone metabolism by evaluation
of the bone metabolism serum marker values and
(B) to review the literature data about the dynamics
of oral post-surgical wound healing in patients with
Diabetes Mellitus.

Material and Method

The following electronic databases have been re-
viewed: PubMed, MDLynx dentistry, MDLynx En-
docrinology, Science Direct, Willey online library;
by these search terms: bone metabolism in diabe-
tes mellitus, spontaneous bone regeneration, jaw-
bone defects in diabetes patients, osteoporosis bone
markers.

Publications and articles accepted for publication
up to march 2012 were included. Out of 254 studies
retrieved a total of 37 studies were selected for the
review.

Results

Diabetes mellitus attacks the bone structure and
bone density**. Serum markers of bone formation,
occurring in two major groups of diabetes are asso-
ciated with different pathogenic mechanisms.

Decreased bone density often occurs in insulin
dependent patients, while in non-insulin depend-
ent various studies showed increased, unchanged
or decreased bone density (which can be linked to
existing hyperinsulinemia in terms of resistance of
target tissues to insulin activity) compared with the
healthy control group's ' 7.

Non- insulin dependent patients show affinity to
fractures (despite the high bone mineral density-
BMD), which in insulin dependent patients can be
explained with reduced BMD.

This bone weakness is associated with biomechani-
cal disorder and cannot be measured by the same
BMD as a result of changes in bone metabolism and
bone collagen matrix, regardless of the bone calci-
um content.
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HHOT KOCKEH MaTPHKC, HE3aBHCHO O] COJ[PXKUHATA
Ha KAJIIHYM BO KOCKHTE.

KOCKEHOTO peMOIeTHpPAEe AHATH3UPAHO IPEKY
CEepYMCKUTE MapKepH IMOKaXKyBa JIeKa KOCKEeHATa
pecopIiija € HOpMa/JHa WJIH HaMaseHa, JAofeKa
KOCKEHOTO (pOpMHpame € HaMaJIeHo, IITO Ce MPH-
KayKyBa [Ipexy OpojuuTe uzpaboreHu xucroMmopdo-
METPHCKH CTYHH'™ 1920,

IToHeKorami ce NPUKa)yBa U 3HAYAjHO HAMAJTYBabe
Ha CEPYMCKHOT OCTEOKAJIMH Kaj MaIlHeHTHUTe CO
nujaber cropeieHo co KOHTPOJIHATA 3/paBa Ipyla,
HO TIOHEKOTAII He, IIITO YKa)KyBa Ha HECOBPIIIEHOCTA
HA CeK0j MapKep MoeuHeYHo ™ 2 22,

Axo WHCYZTHHOT HMa aHabojieH eeKT BP3 KOCKe-
HOTO TKHMBO TOTAIIl € JIOTHYHO /Ia CE OUEKyBa JeKa
KOCKeHaTa JIeCTPYKIIHja Ke CTarHUpPa €O ONTHMU3H-
pame Ha MeTaboJTHATa KOHTPOJIA KOTa Ce MPHKAKY-
Ba M HOpMAIH3Hpame Ha GHoXxeMHCKUTe abepaluu
BO BPCKA €O MeTabOJIM3MOT Ha KaJIlMyM, IIPH IITO
ce mo0MBa HeraTHBHATA KOPEJIAIHja Ha OCTEOKa-
IUHOT €O TITHKO3WIHPAHHOT XeMoryiobus (HbA1C),
OJTHOCHO CEPYMCKHOT OCTEOKAJIIHH € 3HAYajHO T10-
BHCOK Kaj narueHTH co HbA1C< 7,5, cnopeneHo co
marenTuTe yuu HbA1C>7,51° 15,

Bo ofiHOC HA JIOJKMHATA HA Tpaewe Ha Jaujaberor,
Brandao et al.*®* mnoxkaxane gexka HeMa Kopena-
IHja moMerly CEpyMCKHUTE BPETHOCTH HA KOCKEHHTE
MapKepH W JIOJDKHHATA HA TPaere Ha Aujaberor.
Brujanuero Ha BpeMeTpaemeTO Ha AujabeToT BpP3
OCTEOTeHe3aTa M CePYMCKHTE MapKepu 3a KOc-
KeH MeTaboJIin3aM PasIuYHU ABTOPH PA3JIUYHO TO
oGjacHyBaat. [TanueHTHTE CO MTOTYKY AMjarHOCTH-
[UPaH HHCYJIMHO3aBHUCEH IMjaler nMaaT 3acersara
KockeHa (hopMaIja 3apajii OTCYCTBOTO Ha aHaboJI-
HUOT eheKT Ha UHCY/IHHOT, I0fIeKA Kaj {0IrOTPaeH
nujabeT, BACKyJIapHUTE KOMIUIMKAIHA CE THE KOU
MOJKE /la BIWjaaT 38 HAMaJyBalhe HAa KOCKEHATa
maca*3.

Kaj szipaBu opraHM3MM KOCKEHATa DecopIimja e
cylefleHa CO eKBHBAJIEHTHA KOCKeHa dopMaryja.
Hamasnenara oceaiHa penapaiuja kaj aqujabermnda-
PH ce JIOJKM Ha HaMaJieHO MPOU3BOJICTBO HA KOC-
KeH MaTPHKC WIH HaMaseH 6poj Ha KIIETKH KOH Ce
OJITOBOPHU 33 MPOJYKI[Hja HA MATPHKC 25,

CHTe HaBeleHH [TapaMeTpH ce OJHecyBaaT Ha CHUTe
KOCKH BO €JIeH OpraHu3aM, Kajle npHuraraaT u Bu-
JIMIHUTE KOCKH. BUNMHYHNTE KOCKH ce crienubHIHE
10 TOA INTO MMAAT efHHCTBeHA GYHKIHja 3a IOf-
JIPIIKA Ha 3a0WTe W MPEHOC HA IBAKAJIHUTE CHIIH,
3apajii MITO HEJOCTUTOT 0f, QYHKIIMOHAIHH CHJIH
JIOBEIyBa /10 (PparuIHOCT HA BHJIMYHATA KOCKA®.

MeTaboJIHHTE acTIEKTH Ha AMjabeToT KaKo CHCTEM-
CKO IIOpeMeTyBamse, JUPEKTHO BJIMjaaT BpP3 IPO-
IIeCOT HA 3apacHyBame Ha (GPaKTypH U KOCKEHH
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Bone remodeling, analyzed by serum markers, indi-
cate normal or reduced bone resorption, while bone
formation is reduced, as shown by numerous histo-
morphometrical studies*® 20,

Sometimes significant decrease in serum osteoc-
alcin displays in diabetic patients, compared with
healthy control group, but sometimes not, indicat-
ing the imperfection of each marker individually'®

21,22

If insulin has anabolic effect on the bone tissue,
then it is logical to expect that bone destruction will
stagnate in optimizing metabolic control when nor-
malization of calcium metabolism occurs, thus pro-
viding a negative correlation of osteocalcin with gly-
cosilated hemoglobin (HbA1C). Serum osteocalcin
is significantly higher in patients with HbA1C < 7,5,
compared with patients with HbA1C> 7,5 .

In terms of diabetes length, Brandao et al.?* showed
that there was no correlation between serum bone
markers and length of diabetes. Influence of diabe-
tes duration on osteogenesis and serum values of
bone metabolism markers have different explana-
tions by different authors.

Patients with newly diagnosed insulin-dependent
diabetes have affected bone formation due to ab-
sence of the anabolic effect of insulin, while in the
long term diabetes, vascular complications are those
who can influence the reduction of bone mass=.

In healthy organisms bone resorption is followed by
an equivalent bone formation.

Reduced bone reparation in diabetics occurs due to
decreased production of bone matrix or a reduced
number of cells that are responsible for the produc-
tion of matrix®* 5.

All mentioned parameters can be applied to all
bones in an organism. Jaw bones are specific be-
cause of their unique function to support the teeth
and the masticatory forces transmission.

Lack of functional forces leads to fragility of the jaw
bones®.

Metabolic aspects of diabetes as a systemic disor-
der, directly atfect the healing of fractures and jaw
bone defects caused by osteotomy or as a result of a
pathological process.

The review of the literature in this paper refers to
the time required for healing of alveolar defects'® =7
28 that occur after oral surgery (extraction of impact-
ed teeth, apicoectomy or cystectomy).
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IedeKTH BO BIJIHITUTE HACTAHATH CO OCTEOTOMHja
WJIM KAKO PEe3yJITAT Ha TATOJIONKH Tporiec. IIpe-
IJIEeJIOT HA JINTEPATYpaTa BO OBOj TPY/, Ce OHEeCyBa
Ha BpeMeTo IOTpebHO 3a 3apacHyBamhe Ha aJIBeo-
napHuTe AedekTn' 27 28 KOU HacTaHyBaaT 0 Opa-
HO-XUpYpIIKAa HWHTEPBeHIHja (eKeTpakIyja Ha UM-
TIAKTHPaHH 3a6H, aTHKOTOMH]a HJIA IIUCTEKTOM]a).
Cryuure BO KOM c€ HCTPAXKyBa KOCKEHOTO 3apa-
CHYBAaH:€ HA OPATHOXHDPYPIUKHTE edeKTH MOoKe
Ia bmpar paguorpad)cki ¥ XHCTONIOMIKKU??. Ormm-
To e mpudareHo fexa paguorpadcKUTe CTYIHH ce
nonpu@aTINBH 33 HCTPAXKYBAYUTE 3apajl eTH4-
KHOT MOMEHT Ha HCTpakyeameTo. Hanpemokor Ha
KOMIIJyTePCKUTe cO(TBEPH OBO3MOXKYBA MpEIH3HA
aHaNM3a HA JWTHTAJHM3UPAHH pajuorpaduu IpH
[ITO Pe3yJTATHTE Ce MCKAXKYBAAT KAKO IIPOLIEHT Ha
KOCKEHO 3aPacHyBambe BO O/IHOC HA OKOJIHATA 3/[pa-
Ba Kocka. /lururannara paguorpaduja e 0CTaIHa,
€KOHOMCKH OAPKJIHEA H € o0ap anTepHaTHREH Me-
TOZ, 32 OLIEHKA HAa KOCKEHATa MHKDPOAPXHUTEKTYypa.
Mozxke /1a ce ynoTpeGu U JeH3UTOMETap 32 aHAIU3a
Ha PeHJITeHCKU CHUMKH H HHBHA cropezba co cre-
HeHOT Ha HOBA KOCKeHa (hopManija IIpH IITO PesyJi-
TATHTE Ce MPUKAKYBAAT KAKO MH/IEKC HA KOCKEHO
3apacHyeame (BHI-bone healing index) uzpasen Bo
MPOIIEHTH3" 3!,

Kockenoto zapacHysame crioper Kalfas IH.? ce oa-
BHUBa BO TpH ¢a3u: uadramaropHa dasa, Gasa Ha
pemapanyja 1 ¢asa Ha peMoJe/IHpame.
Boundnamaropnara dasa (kojaTpae HEKOJIKY fleHa)
Ha MecTOoTO Ha 1eheKTOT HacTaHyBa KpBapeme, Koa-
rynanyja u nHdraManyja. MHbIaMATOHATE KIETKH
(makpodaru, MOHOITUTH, TUMMOIUTH U TTOJTUMOP-
donyrneapu) kako u ¢ubpobracture ce HHMI-
TPHpPAaT BO KOCKATA CO IOMOIN Ha IPOCTATJIAHIH-
HUTe KOH Ce IVIaBeH IPOAYKT IIPH JIOKAIHA TKHBHA
Tpayma. OBa pesysTHpa €O II0jaBa Ha IPAHYJIAIIHO-
HO TKHBO, HHQMITPUpamke HA BACKY/IAPHO TKHBO U
MHTPAIHja Ha Me3eHXHMHH KIEeTKH.

Bo dazara Ha penapanuja, rpaHyIAHOHOTO TKHBO
ce 3aMeHyBa co pubpo3HO TKUBO BO Koe pubpobdia-
CTUTE I'0 TIOTIIOMAraaT BACKYJTapPHOTO BPACHYBabe.
DpaKkTypHOTO 3apacHyBaibe ce KOMIUIETHPA BO TeK
Ha ¢azara Ha peMojeIHpame Kora Kockara ja Jo-
OuBa CBOjaTa MPETXO/HA IPa/10a, CTPYKTYPa U MeXa-
HUYKA H3/IPKIIHBOCT. PeMOo/IeTHpareTo 011 CIopo,
BO BpEMEHCKH IePHOJ, Of HEKOJIKY MeCcelly, IypH U
TOJIMHH.

Pasnuuny cucreMcku QAaKTOPU MOXKe 1d IO MHXH-
6upaaT KOCKEHOTO 3apacHyBame, Kako IyIIeHe,
MaJIHYTPHITH]ja, [HjabeTec, 0CTEONOPo3a WIH pey-
MaTOW/IEH APTPUT. XPOHUYHATA XUIEPIVIMKEMU]ja
JIHUPEKTHO BiMjae Bp3 IIPOLECOT HA KOCKeHO dop-
MHpabe, KAKO Pe3YJITAT HA IITO € 3aCEerHaTO M 3a-
pPacHyBameT0 Ha OPAJHO-XMDPYPIIKU Je@EeKTH BO
azara Ha ocuduKanMja H peMOAeIHPAE HA Je-
texror.
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Bone healing of oral surgical defects can be inves-
tigated by radiographical and histological studies®.
It is generally accepted that radiographical studies
are preferred by researchers because of their ethical
point.

Advances of computer softwares enable precise
analysis of digitalized radiographs where results are
expressed as a percentage of bone healing compared
to the surrounding healthy bone.

Digital radiography is available, economically viable
and good alternative method for assessing bone mi-
croarchitecture.

Densitometer can also be used for radiographic
analysis where results are shown as bone healing
index (BHI-bone healing index) expressed in per-
centsse- 3,

Bone healing by Kalfas IH.> has three phases: in-
flammatory, repair and remodeling phase.

In the inflammatory phase (lasting several days)
bleeding, clotting and inflammation occurs on the
defect site.

Inflamation cells (macrophages, monocytes, lym-
phocytes) and fibroblasts infiltrate the bone by
means of prostaglandins which are the main prod-
uct in local tissue trauma.

This results in an appearance of granulation tissue,
vascular tissue infiltration and mesenchyme cells
migration.

In the phase of repair, granulation tissue is replaced
by fibrous tissue in which fibroblasts promotes vas-
cular in growth.

Fracture healing is completed during the phase of
bone remodeling when bone gets its previous build-
ing, structure and mechanical durability. Remod-
eling goes slowly in a period of several months, even
years.

Various systemic factors may inhibit bone healing,
such as smoking, malnutrition, diabetes and osteo-
porosis. Chronic hyperglycemia directly affects the
process of bone formation, resulting in impared
healing of oral-surgical defects in the phase of os-
sification and remodeling.

In most papers, bone regeneration and residual cav-
ities reduction in the jaw bone (and bone density)
are monitored by computer analysis of preoperative
and postoperative panoramic radiographs.

Clinical and radiographic trials are made at 3, 6 and
12 months to evaluate size reduction of the cavity
and bone density changes compared with postop-
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Bo Hajronem 6poj TpYAOBH KOCKEHATA PereHepalyja
M peAyKIHja Ha Pe3U/yaTHH KABHTETH BO BHJIHY-
HHUTE KOCKH (KAKO M KOCKEHATA TYCTHHA) Ce CJIE/IaT
IIPEeKy KOMITjyTepcKa aHaIH3a Ha IpefolepaTHBHH
M IOCTOIIEPATHBHM HNAaHOPAMCKHM peHAreHrpadHu.
HcnuTyBarmara ce KINHUYKA U Paguorpad)cku 1o
3, 6 U 12 Mecenu 3a eBIyalHja Ha PeyIIHPaHATA
roJeMHHA Ha KABUTETOT W IIPOMEHUTE BO KOCKEHA-
Ta TYCTHHA CHOPEAEHO CO MMeJUjaTHaTa IOCTOIe-
PaTHBHA IIaHOPaMCKa peHAreHrpadujas? 33 34 35,

Bo npernesiot ojf aMTEpaTypara npocie/IeHH Ce CTy-
JIMY BO KOW BHJIMYHUTe Jied)eKTH 3apacHyBaat Ges
yrnorpeba Ha xockeH rpadt. Bo crygujaTta Ha Kim
TS, Lee JH.3® mpocneneHu ce 45 NalUeHTH HpeKy
aHaIH3a HA pasuorpaduu Ipes H 10 XHPYPIIKATa
eHyKJIealHja u 1o 6, 12, 18, 24 mMecenu. Menurypa-
HH ce IOBPIIMHM HA 3a37PaByBaibe U BOJIYMEHCKH
nmpoMeHH. KIWHHUYKH, CIOHTAHOTO 3apaHyBaHE €
3aBPIIEHO II0 12 MeCelH, HO KOMILjyTepcKaTa aHa-
JIM3a Ha PeH/reHrpadHuuTe MOKAXKYBa 79,24% IITO
cropez; Dominiak et al.3” 3uaun nexommieTHo 3apa-
CHyBams€ (BTOD WJIH TpPeT CTAHYM).

Cnopez Than Hren N, Milijavec M.3® pannorpadcko-
TO CJIeZleE-e Ha CIIOHTAHOTO 3apACHYBAaE II0 2, 6 U
12 MecelH IOKaXyBa IIPOICHT HA 3apACHyBambe 0]
88% BO 0JTHOC Ha JIEH3WUTETOT HA OKOJIHATA 3/IpaBa
Kocka. Bo ciayuamTe co nomanu oceastHH AedekTu
(co mpeuHHK Of 20-30 MM) (HUHATHOTO 3apacHYy-
Barbe € 97%, a Kaj morosieMuTe (Haj| 30 MM BO IIped-
HHK) 3apacHyBameTo e 84%, MepeHo 12 MecelH 110
HU3BpIIeHaTa HHTepBeHnHja. Cropes OBHE aBTOPH
CIHOHTAHOTO KOCKEHO 3apACHYBabe JUPEKTHO 3aBH-
CH OJf FOJIEMHHATA HAa KOCKEHHOT Je(eKT KaKO U Of
HEropaTa aHATOMCKA JIOKaiu3aiuja. Pammorpad-
CKHTe aHATH3H IMOKA)KYBaaT IOCTEIIeHa PeyKIIHja
HA I'OJIEMHHATA HA KOCKEHHOT JIeeKT BO CHTe CIIy-
YaW BO TeK Ha HCIMTYBaHHUOT nepuo. IlocreneH e
H TIOPACTOT HA KOCKEHHUOT JIEH3UTET KAaK0 Kaj MaK-
CIUTAPHHUTE TaKa U Kaj MaHauoyapHure gedexTH.
Bpemerpaemero Ha 3apacHyeameTo cnopen Pradel
et al.» ce pasnmkyBa off HaBefileHOTO. KockeHHOT
JICH3UTET HA OCeamHuoT JedeKT II0 12 MecelH e
48% cropenieHO cO OKOJIHATA KOCKA, JOIeKa 10 24
Mecell U3HecyBa 91% .

CrioHTaHO 3apacHyBame Ha BUIHYHH JledeKTH II0
eHyKIealja in toto Ha BHJIMYHH ITHCTH CO cpefHA
rosiemuHa (6X3 cM) MOKaxKyBa peIyKIHja BO TO-
JIEMHHATA HA PE3UAYATHHTE KABUTETH U IIOCTEIIeH
[I0pAaCT BO KOCKEHUOT JIEH3UTET Kaj cute aedekTH
cI1e/ieHo 6, 12 B 24 MeCeIH OCTONEePATHBHO Ha -
TUTAIHA peHAreHrpaduja.

[TponeHTOT HA IPOMEHH BO KOCKEHHOT IEH3UTET
criopent Shokier HM, Khalifa GA.4* kaj manuGynap-
HHUTe Ae(eKTH € 72,2%, a Kaj MaKCHJIapHUTe 79,9%
10 24 MeCeIlH.

[TopacToT Ha KOCKEHUOT JIeH3UTeT IOKAKYBa BPe/-
HOCTH 071 48% 1o 12 Mecenu H 91% 10 24 MecellH
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erative immediate panoramic radiograph3> 333435,
In this literature review, studies where jaw defects
heal without using bone graft are followed.

Kim et al.3¢ followed 45 patients in their study, by
analyzing the radiographs before and after surgical
cyst enucleation and after 6,12,18, 24 months.

Recovery area and volume changes are examined.
Clinically, spontaneous healing is completed after
12 months, but computer analysis of radiographs
shows 79.24% where incomplete healing are shown
(second or third stage), according to Dominiak et
al.37

According Than Hren N, Milijavec M.3® radiographic
monitoring of spontaneous healing after 2, 6 and 12
months shows the healing rate of 88% compared to
the density of the surrounding healthy bone.

In cases of minor bony defects (diameter 20-30 mm)
final healing is 97%, and in the larger (more than 30
mm in diameter) wound healing is 84%, measured
12 months after the intervention.

According to these authors spontaneous bone heal-
ing directly depends on the size of the bone defect as
well as its anatomical localization.

Radiographic analysis showed a gradual reduction
in the size of the bone defect in all cases during the
examination period.

There is a gradual increase in bone density in maxil-
lary and in mandibular defects.

The duration of healing by Pradel et al.* differs from
the above. The bone density of bone defect after 12
months was 48% compared with the surrounding
bone, while at 24 months, it was 91%.

Spontaneous healing of jaw defects after enuclea-
tion of jaw cysts with medium size (6X3 cm) shows
a reduction in the size of the residual cavities and a
gradual increase in bone density of all defects fol-
lowed 6,12 and 24 months postoperatively on digital
radiographics. Percentage changes of bone density
in mandibular defects according to Shokier HM,
Khalifa GA.* is 72.2% and 79.9% in maxillary de-
fects after 24 months.

The increase of bone density shows values of 48%
after 12 months and 91% after 24 months compared
with postoperative immediate values.

Immediate recording is performed in order to deter-
mine starting point for calculation of bone density
immediately after the operation and the extent of
bone healing in a period of 24 months.
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CIIOPEAEHO CO MMEUjaTHUTE IOCTONEPATHBHE
BpefHOCTH. MMenMjaTHATa CHHMKA Ce TIPABH CO
IleJ1 OfIpe/iyBame Ha CTAPTHA TOYKA 33 IPecMeTKa
HA KOCKEHHOT [CH3UTET BeJHALI [0 OIEPAIMjaTa 1
CTENeHOT Ha KOCKEHO 3aPACHyBalbe BO CJIEIeHHOT
nepHoz o7t 24 Mecend. [IPOIEHTOT Ha TIPOMEHH Ha
KOCKEHHUOT JICH3UTeT Kaj MaHAUOyIapHUTE W MaK-
criapHuTe fedeKTH e MPUKaKaH Ha Tabesa 1.

Tabenai. IIpoyeHm Ha 3apacHysarbe 80 Pa3AUYHU
s8pemeHcKu nepuodu

(npeezemeno o7 Shokier HM, Khalifa GA. 2009)

3aKIydoK

IIpernenor Ha JMTEpPaTypaTa ynaryBa Ha 3aKJIydo-
KOT JleKa AnjaberecoT, KAK0 XPOHUYHO CHCTEMCKO
3a60yBame NPEIU3BHKYBA AITEPAIlHH BO KOCKe-
HHOT Merabomu3aM. CepyMCKHTe KOCKEHH MapKe-
PH ce TUPeKTeH HHAWKATOP 3a cocTojbara Ha KocKe-
HHOT MeTab0/In3aM, IPeTCTaBeH IPEKY MPOIecHTe
Ha KocKeHa (hopManuja v Kockena pecoprnuuja. bu-
OXEMHCKATa aHAJIN3a HA KOCKEHHWTE MApKepH € efl-
HOCTABHA U HEMHBA3HBHA IIOCTAIIKA.

Co mpermnesioT ce 100HBAAT MPAKTUYIHO YIOTPeOIIH-
BU CO3HAHMja BO O/THOC HA KBAJHUTETOT HA KOCKEHa-
Ta KOHCOJIH/IallHja KAKO OCHOBEH IIPe/yCIOB 3a Jie-
TEPMHUHHMPAbe HAa ONTHMAIHATd BPEMEHCKA paMKa
34 TIOIEIOBATEIHA TEPANTHCKO-PexabuanTannoHa
IIOCTaIKa Kaj 0Baa Ipyla MarHeHTH (IPOTETCKO Oll-
TEPETYBAIbE HA OPATTHO-XUPYPIIKH TPETUPAHU 3201
WJIH TIOCTABYBAE HA JIEHTAJIHH UMIUIAHTH BO MH-
HepaJH3HPaHa aJIBeosIa).
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The percentage changes in mean values of bone den-
sity in mandibullar and maxillar defects are shown
in table 1.

Table 1. Percentage of healing in different time pe-
riods

(according to Shokier HM, Khalifa GA. 2009)

Conclusion

This review of the literature leads to the conclusion
that diabetes as a chronic systemic disease causes
alterations in the bone metabolism.

Serum bone markers are direct indicator of bone
metabolism state, represented by the processes of
bone formation and bone resorption.

Biochemical analyses of bone markers are simple
and noninvasive.

The review offers practical and usable knowledge
regarding to quality of bone consolidation as an
essential prerequisite for determining the optimal
time frame for subsequent therapeutic rehabilita-
tive procedure in this group of patients (prosthetic
load of oral-surgical treated teeth or placement of
dental implants in mineralized socket).

BPEMEHCKM NEPHOA Makcuna maaubyna

UMEZH]aTHO 18,61% 22,94%

6 meceum 32,30% 33,30%

12 meceym 53,06% 56,40%

24 meceum 12.20% 79.90%
Ta6ena 1 / Table 1

TaGema1. IIponenT Ha 3apacHyBame Bo pasnuunu  Table 1. Percentage of healing in different time pe-
BDPEMEHCKHU TIEPHUOIH riods
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