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ÖZET

Osteoporozlu ratlarda ortodontik mü-
dahale esnas›nda difleti olu¤u s›v›s›
(DOS) örneklerinde IL-1ß seviyesini de-
¤erlendirmektir.

33 adet eriflkin difli Spraque-Dawley
rat 15 kontrol, 18 çal›flma grubu olarak
rasgele iki gruba ayr›ld›. Çal›flma grubun-
daki ratlara osteoporoz oluflturmak ama-
c›yla bilateral overektomi yap›ld›. Kontrol
grubundakilere de sham operasyonu ya-
p›ld›. Operasyondan iki ay sonra ratlar›n
üst keserlerinin aras›na bir aç›c› zembe-
rek 10 gr kuvvet uygulayacak flekilde ak-
tive edilerek tak›ld›. Aktivasyonun hemen
akabinde, 3., 7. ve 10. günlerinde apare-
yin uyguland›¤› difllerin vestibül yüzlerin-
den difleti olu¤u s›v› örnekleri al›nd›. S›v›-
lar biyokimyasal analizlerden geçirildi.S›-
v›lardan elde edilen de¤erlerin istatistik-
sel analizi Anova testiyle yap›ld›. Gruplar
aras› de¤iflimlerin de¤erlendirilmesi ise
Mann Whitney U testi ile yap›ld›. 

IL-1ß seviyesinin bütün gruplarda 3.
ve 7. günlerde yüksek oldu¤u tespit edil-
di. Kontrol ve çal›flma grubu karfl›laflt›r-
malar›nda ise çal›flma günleri aras›nda
her iki grubun karfl›laflt›rmas›nda anlaml›
farkl›l›klar vard›. 

IL-1ß seviyesinin çal›flma grubunda
daha fazla olmas›, eriflkin menapozlu
hastalarda ortodontik tedavi kuvvet-
lerinin oldukça minimum düzeyde tutul-
mas›n› ve di¤er bireylere oranla daha
yavafl ortodonti yap›lmas› gereklili¤ini
göstermektedir. (Türk Ortodonti Dergisi
2008;21:118-126)

Anahtar Kelimeler: Rat, menapoz, os-
teoporoz, ortodontik kuvvet, DOS.

SUMMARY

This study aims to evaluate the levels
of IL-1ß, in samples taken from the gingi -
val crevicular fluid (GFU) of osteoporotic
rats during orthodontic treatment. 

33 adult female Spraque-Dawley rats
were divided into 2 groups. (15 control
and 18 study group) In study group bila -
teral ovariectomy was carried out to cre -
ate osteoporotic rats. And also in control
group sham operation was carried out.
Two months following the operation, an
open coil spring applying 10g force, was
placed actively between the upper inci -
sors of the rats Shortly after activation,
samples were taken from the gingival
crevicular fluid from the vestibular surfa -
ce of appliance fixed teeth on the 3rd,7th
and 10th days. Samples were analyzed
biochemically. The statistical analysis of
data acquired from the samples was car -
ried out by using ANOVA test. The evalu -
ation of the changes between the groups
was carried out by using Mann Whitney
U test. 

It was observed that the level of IL-1ß
were high on the 3rd and 7th in both gro -
ups. In the comparison of control and
study groups there were significant diffe -
rences between the working days.  (Tur -
kish J Orthod 2008;21:118-126)

Key Wo r d s: Rat, Menopause, os -
teoporosis, orthodontic force, IL-1ß,
GFU.
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G ‹ R ‹ fi

Kemik dura¤an bir doku olmay›p hayat

boyu devam eden bir yap›m y›k›m döngüsü

içerisinde sürekli de¤iflime u¤rar (1). Bu dön-

güyü, birbiriyle s›k›ca iliflkili iki süreç olufltu-

rur. Bunlar osteoklastlarca yürütülen kemik

y›k›m› ve hemen ard›ndan geliflen ve osteob-

lastlarca yürütülen kemik yap›m›d›r (2). 

Osteoblastlar ve osteoklastlar kemik ili-

¤inde bulunan hemopoetik progenitör hüc-

relerden ve mezenkimal stromal hücreler-

den geliflir (3). Belirli sistemik hormonlar›n

yan› s›ra, baz› sitokinler ve büyüme faktörle-

ri bu hücrelerin oluflumunun düzenlenme-

sinde önemli rol oynayarak fizyolojik flart-

larda kemikteki yap›m y›k›m döngüsünün

parakrin olarak kontrol edilmesinde önemli

rol al›rlar (4).

Postmenopozal dönemin ilk dekad›nda

azalan östrojen seviyeleri h›zl› bir kemik

kayb›na ve fraktür riskinde art›fllara yol aç-

maktad›r (5) Östrojenin inflamatuvar sitokin-

lerin üretimi üzerindeki bask›lay›c› etkisinin

bu dönemde ortadan kalkmas› ile osteoklas-

togenezin ve sonuçta da kemik y›k›m›n›n

h›zland›¤› birçok yazar taraf›ndan belirtil-

mifltir (4,5,6). 

Ortodontik difl hareketinin bafllang›c›, pe-

riodontal vazodilatasyonla beraber kapiller-

den lökositlerin ç›k›fl›yla karakterize akut

enflamatuar bir olayd›r. Sitokinler, mono-

nükleer hücrelerden sal›nan yerel biyokim-

yasal mediatörler olup, do¤rudan yada do-

layl› olarak kemik hücrelerini etkilemektedir

(7). Günümüzde bilinen ellinin üzerinde si-

tokin vard›r. Bunlar aras›nda interlökinler,

i n t e r f e r o n l a r, kemotaktik faktörler, tümör

nekrozis faktörler, koloni uyar›c› faktörler ve

büyüme faktörleri say›labilir. Bu say›lan sito-

kinlerin hepsi fibroblastlar ve osteoblastlar-

dan oldu¤u gibi, lökositlerden de kaynakla-

n a b i l i r. ‹n vitro olarak yap›lan çal›flmalarda,

bu sitokinlerden özellikle interlökin 1ß ve

1ß (IL-1ß ve IL-1ß), IL-2, tümör nekrozis fak-

t ö r- ß (TNF-ß) ve interferon gamma’n›n (IFN-

ß) kemik y›k›m›nda önemli rol oynad›klar›

gösterilmifltir(8). ‹nterlökin-1, bir mono-

sit/makrofaj ürünü olup, fibroblastlar›n ço-

¤almalar›na, kemik y›k›m›na ve k›k›rdak do-

kular›n küçülmesine sebep olur. IL-1, sinov-

yal hücrelerden, fibroblastlardan ve di¤er

bir çok hücrelerden prostaglandinlerin (PG)

ve kollajenazlar›n sal›n›m›na sebep olurken

INTRODUCTION

Bone is not a static tissue and permanently

undergoes a series of changes within frame-

work of a cycle composed of construction

and destruction (1). This cycle is constituted

by 2 closely associated processes: Bone re-

sorption led by osteoclasts and bone formati-

on performed by osteoblasts taking place just

after the destruction (2). 

Osteoblasts and osteoclasts develop from

mesenchymal stromal cells and hematopoie-

tic progenitor cells located in bone marrow

(3). Alongside certain systemic hormones, se-

veral cytokines and growth factors play a sig-

nificant role in regulation of the formation of

those cells, and contribute to the paracrine

management of the resorption-formation

cycle in physiological settings (4).    

Estrogen levels which drop during the first

decade of postmenopausal period, lead to a

rapid bone loss and an elevation in fracture

risk (5). Acceleration of osteoclastogenesis re-

sulting in bone destruction due to removal of

the influence of estrogen over synthesis of

inflammatory cytokines, has been mentioned

by many authors (4,5,6).  

The beginning of the orthodontic tooth

movement is an acute inflammatory event

characterized by release of leukocytes from

capillaries. Cytokines are local biochemical

mediators, which are released from mono-

nuclear cells, and directly or indirectly have

an effect over bone cells (7). Currently, there

are more than 50 known cytokines. Interle-

ukins, interferons, chemotactic factors, tumor

necrosis factors, colony stimulating factors,

and growth factors may be mentioned among

those. All of those cytokines can originate

from leukocytes as well as fibroblasts and os-

teoblasts. Particularly interleukin 1ß and 1ß

(IL-1ß and IL-1ß), IL-2, tumor necrosis factor-

ß (TNF-ß) , and interferon gamma (IFN- ß) ha-

ve been shown to have a significant role on

bone resorption (8). Interleukin-1 is a product

of monocyte/macrophage and causes incre-

ase in number of fibroblasts, bone destructi-

on, and a decrease in the sizes of cartilage

tissues. While IL-1 leads to the release of

prostaglandins (PG) and collagenases from

synovial cells, fibroblasts, and many other

cells; stimulates neutrophil secretion, as well.
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ayn› zamanda nötrofil sekresyonunu uyar›r.

Yap›lan çal›flmalarda kronik periodontitisli

hastalar›n cep s›v›lar›nda; sa¤l›kl› olan bi-

reylere göre daha yüksek oranda IL-1 bulun-

mufltur (7,8). 

Daha önce östrojen eksikli¤inin oldu¤u

ratlarda yap›lan çal›flmalarda ortodontik

kuvvet uygulanmas› sonucunda osteoporoz-

lu modellerde difl hareketlerinin daha h›zl›

ve miktar›n›n daha fazla oldu¤u bildirilmifl-

t i r ( 9 , 1 0 ) .

Bu çal›flman›n amac›, overektomi yap›la-

rak osteoporoz oluflturulmufl ratlarda uygu-

lanan ortodontik kuvvet sonras›nda difleti

cep s›v›lar›ndan al›nan örneklerde IL-1ß se-

viyesini de¤erlendirmektir.

GEREÇLER ve Y Ö N T E M

Otuzüç adet eriflkin difli Spraque-Dawley

rat 15 kontrol, 18 çal›flma grubu olarak ras-

gele iki gruba ayr›ld›. Çal›flma grubundaki

ratlara osteoporoz oluflturmak amac›yla bi-

lateral overektomi yap›ld›. Kontrol grubun-

dakilere de sham operasyonu yap›ld›. Ope-

rasyondan iki ay sonra ratlar›n üst keserleri-

nin aras›na bir aç›c› zemberek 10 gr kuvvet

uygulayacak flekilde aktive edilerek tak›ld›.

Aktivasyonun hemen akabinde, 3., 7. ve 10.

günlerinde apareyin uyguland›¤› difllerin

vestibül yüzlerinden vestibül yüzeylerinden

difleti olu¤u s›v›s› örnekleri (DOS) elde edil-

di (Resim 1). DOS örnekleri özel olarak üre-

tilen ka¤›t fleritler (periopaper®) yard›m›yla

Rudin et. al. (11) yöntemi kullan›larak elde

edildi. Örnekleme materyalinin salya ile

kontaminasyonunu önlemek için ifllem üst

çenede vestibül yüzeyleri ile s›n›rland›r›ld›.

Ka¤›t fleritler bir presel yard›m›yla sulkus gi-

rifline yerlefltirildi. 30 saniye bekletildikten

sonra ka¤›t fleritlerin hassas terazide ölçümü

yap›ld› ve steril eppendorf tüplerine yerleflti-

rildi. Tüpler analiz edilene kadar -20 ∞C

sakland›. Örnekleme s›ras›nda kanama olufl-

turulmamas›na özen gösterildi, oluflan du-

rumlarda ise örnekler çal›flma kapsam› d›-

fl›nda b›rak›ld›. Analizden hemen önce 1000

ml steril NaCl (9mg/ml) ka¤›t fleritlere ilave

edildi ve DOS 3000 g’de  20 dk  +5 ∞C’de

santrifüj edilerek ayr›flt›r›ld› (12).

S›v›lardan elde edilen de¤erlerin istatis-

tiksel analizi Anova testiyle yap›ld›. Gruplar

aras› de¤iflimlerin de¤erlendirilmesi ise

Mann Whitney U testi ile yap›ld›.

According to the studies, IL-1 level has been

found to be higher in gingival crevicular flu-

ids (GCF) of patients with chronic periodonti-

tis compared to those of healthy individuals. 

By former studies performed on rats with

estrogen deficiency, tooth movements have

been reported to be more rapid and at higher

amounts after application of orthodontic for-

ce in osteoporosis models (9,10).   

The aim of this study was to evaluate the

gingival crevicular fluids obtained after app-

lication of orthodontic force on rats with in-

duced-osteoporosis established by ovariec-

tomy.

MATERIALS and METHOD

33 mature female Sprague-Dawley rats

were randomly divided into 2 groups (15

control and 18 study group). Bilateral ovari-

ectomy was performed on rats of the study

group in order to induce osteoporosis. Sham

operation was applied to the control group.

Two months following the operation, an open

coil spring applying 10g force, was placed

actively between the upper incisors of the

rats. Just after the activation, GCF samples

were obtained from vestibule surfaces of the

device-applied rats on 3rd, 7th, and 10th

days (Figure 1). GCF samples were obtained

by the help of specially manufactured paper

strips through usage of Rudin et al. (11) met-

hod. The procedure was limited by the vesti-

bule surfaces of upper jaw in order to prevent

contamination of sample material with sali-

va. Paper strips were placed into the opening

of the sulcus with tweezers. After waiting 30

seconds, paper strips were measured at a pre-

cision balance and placed into sterile Eppen-

dorf tubes. Tubes were stored at  -20 ∞C un-

til analyzed. During sampling, bleeding was

tried to be avoided, however, samples which

shown bleeding despite precautions, were

excluded from the study. Just before the

analysis, 1000 ml steril NaCl (9mg/ml) was

added to the paper strips and GCF was cenri-

fuged and separated at 3000g for 20min. at

+5 ∞C (12). 

Statistical analysis of the values obtained

from fluids, was carried out by Anova test.

Mann Whitney U test was applied for assess-

ment of changes between groups.    
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B U L G U L A R

IL-1ß seviyesinin her iki grupta araflt›rma

günleri aras›ndaki farkl›l›¤› karfl›laflt›rmak

için uygulanan Anova testinde günler aras›

farkl›l›k P<0.001 düzeyinde anlaml› bulun-

du. Bu farkl›l›¤›n hangi günlerden kaynak-

land›¤›n› tespit amac›yla her iki gruba da Tu-

key HSD analizi yap›ld›(Tablo1). 

Tukey HSD analizi sonuçlar›na göre;

kontrol grubunun bafllang›ç ve 3. günleri

aras›ndaki IL-1ß seviyesinde 19.39 (SD

=3.93) art›fl vard›. 3. ve 7. günleri aras›nda

9.87(SD =1.74) bir azalma, 7. ve 10. günle-

ri aras›nda 6.55(SD =3.86)’l›k bir azalma ve

bafllang›ç ve 10. gün aras›ndaki karfl›laflt›r-

mada ise 1.97(SD =21.98)’lik bir farkla

10.gün seviyesi  biraz yüksekti. 

Bafllang›ç -3.gün, 3.gün-7. gün aras›ndaki

de¤ifliklikler s›ras›yla  p<0.01 ve p<0.05  dü-

zeyinde anlaml› de¤ifliklikler görülürken, 7.

ve 10. günler ile bafllang›ç ve izleme günü-

nün son gününde ki farkl›l›k istatistiksel ola-

rak anlaml› bir de¤ifliklik tespit edilemedi. 

Tukey HSD analizi sonuçlar›na göre; ça-

l›flma grubunun bafllang›ç ve 3. günleri ara-

s›ndaki IL-1ß seviyesinde 38.16 (SD =4.60)

art›fl vard›. 3. ve 7. günleri aras›nda

17.70(SD =5.60) bir azalma, 7. ve 10. gün-

leri aras›nda 12.52(SD =4.64) l›k bir azalma

ve bafllang›ç ve 10. gün aras›ndaki karfl›lafl-

t›rmada ise 8.05(SD =4.02) lik bir farkla 10.

gün seviyesi de¤eri yüksekti. 

Bafllang›ç -3.gün, 3.gün-7. gün aras›nda

p<0.001  düzeyinde anlaml› de¤ifliklikler

görülürken, 7. ve 10. günler ile bafllang›ç ve

izleme gününün son gününde ki farkl›l›k is-

tatistiksel olarak anlaml› bir de¤ifliklik tespit

edilemedi.  

Çal›flma ve kontrol gruplar›n›n araflt›rma

günleri baz›nda yap›lan karfl›laflt›r›lmas›nda

Mann Whitney U testi sonuçlar›na göre(Ta b-

RESULTS

Anova test was applied to compare the IL-

1ß level difference between study days in

both of the groups and eventually, the diffe-

rence between days was found to be signifi-

cant (p<0.001). In order to find the day ca-

using this difference, Tukey HSD analysis was

performed in both of the groups (Table 1). 

According to the results of the Tukey HSD,

control group was showing an increase

(19.39, SD =3.93) regarding the IL-1ß level

between the 1st and 3rd days. While there

was a decrease (9.87, SD =1.74) in IL-1ß le-

vels between 3rd and 7th days, again there

was a drop between 7th and 10th days (6.55,

SD =3.86), moreover, the comparison of 1st

and 10th days in terms of IL-1ß levels showed

the value of 10th day mildly higher (1.97, SD

=21.98). Whereas differences between 1st

and 3rd day and between 3rd day and 7th

day, were found to be significant (p<0.01 and

p<0.05, respectively), there was no statisti-

cally significant difference between 7th and

10th days or between initial and 10th days.

According to the results of the Tukey HSD

analysis, study group was exhibiting an incre-

ase (38.16, SD =4.60) in IL-1ß level between

1st and 3rd days of the study. While there

fiekil 1: Difleti olu¤u s›v›

örneklerinin al›nmas›.

Figure 1: Sampling of

gingival crevicular fluid.

                                                          

                  
             

              
       

 

                 
          

               
       

 
                    

                 
          

 

               
           

               
       

 

         
       

                                              

         
     

            
  
 

          
  
 

                       

                                                                                         
                                                                                                     

Tablo I: Her bir gruba ait

araflt›rma günleri aras›ndaki

farkl›l›klar veTukey HSD testi

sonuçlar›.

Table I: Differences between

the study days for each group

and the results of Tukey HSD

test.
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lo 2), bafllang›ç günlerinin karfl›laflt›r›lmas›n-

da p<0.001  düzeyinde, 3. günlerin karfl›lafl-

t›r›lmas›nda p<0.01 düzeyinde, 7. ve 10.

günlerin kendi aralar›nda karfl›laflt›r›lmas›n-

da ise p<0.001 düzeyinde anlaml› farkl›l›k-

lar görülmüfltür. 

TA R T I fi M A

‹nsanlarda biyolojik olarak aktif maddele-

rin ekspresyonunu non-invazif olarak izle-

mek için, ortodontik ve ortopedik difl hare-

ketleri esnas›nda gingival krevikular s›v›

(GCF) muhteviyat›ndaki de¤iflimler incelen-

m e k t e d i r. Kemik remodelling sürecindeki

maddelerin periodontal ligament (PDL) tara-

f›ndan sentezlendi¤i düflünülmektedir (13-

1 9 ) .

Bu çal›flmada  seçti¤imiz difleti olu¤u s›-

v›s›ndan (DOS) örnek toplama yöntemi da-

ha çok insanlarda kullan›lan bir yöntemdi.

Ancak daha öncede difleti olu¤u s›v›s›yla il-

gili farkl› rat çal›flmalar› yap›lm›flt› (20,21).

‹nterlökin-1 (IL-1) iki formda görülür: IL-

1alfa ve IL-1beta. ‹nterlökin- 1ß (IL-1 ß) pri-

mer olarak hastal›k flartlar› d›fl›nda dolafl›m-

da yada vücut s›v›lar›ndan s›kça rastlan-

maz(22).      

‹nterlökin-1ß (IL-1ß) ise kemik rezorpsi-

yonu ve kemik oluflumunun inhibisyonu

aç›s›ndan daha yüksek potansiyele sahiptir

ve ortodontik difl hareketindeki rolü geçmifl-

teki pek çok araflt›rman›n odak noktas› ol-

m u fl t u r. Bu kapsamda, IL-1 ß ölçülmemifltir. 

Sitokinler ve enzimler gibi biyolojik ola-

rak aktif maddeler, periodontiumdaki hüc-

reler taraf›ndan ortodontik apareylerin mey-

dana getirdi¤i strese karfl›l›k eksprese edilir.

Pek çok araflt›rman›n esas amac›, mekanik

stresi sellüler yan›ta çeviren ve difl hareketi-

ne sebep olan mekanizmalar›n aç›klanmas›-

d›r (23,24).

Ortodontik difl hareketiyle yap›lan hay-

was a decrease (17.70, SD =5.60) between

3rd - 7th days regarding IL-1 ß level, we de-

termined again a decrease (12.52, SD =4.64)

between 7th-10th days, and an increase

(8.05, SD =4.02) between 1st – 10th days of

the study. Whereas, the differences between

1st - 3rd days and 3rd – 7th days were signi-

ficant (p<0.001), the differences between 7th

– 10th days and 1st – 10th days were not sta-

tistically significant. 

As a result of the Mann Whitney U test ba-

sed on comparison of the study days betwe-

en control and study groups, significant diffe-

rences were found  for 1st, 3rd, 7th, and 10th

days (p<0.001, p<0.01, p<0.001, p<0.001,

respectively).         

DISCUSSION

By examining changes in gingival crevicu-

lar fluid (GCF) content during orthodontic

and orthopedic tooth movements in humans,

expression of biologically active substances

could be monitored non-invasively. Substan-

ces involved in bone remodelling process are

believed to be produced by periodontal liga-

ment (PDL) (13,19). 

In the present study, the method we chose

for sampling from GCF, was a technique app-

lied mostly on humans. However, there have

been various studies about GCF on rats

(20,21).

Interleukin-1 (IL-1) has 2 forms: IL-1ß and

IL-1ß. Normally, except presence of a dise-

ase, primarily interleukin-1ß (IL-1ß) does not

often appear in circulation or body fluids

(22). However, interleukin--1ß (IL-1ß) bear a

higher potential for inhibition of bone resorp-

tion and formation. Many investigators have

been focused on its role over orthodontic to-

oth movement. IL-1ß has not been measured

within that framework. Biologically active

                                
           

                
           

     

                         
        

      
       

   

                                           

                                      
                                       

                                        
                                                                           
                                                                                  

Tablo II: IL-1ß seviyesinin

çal›flma ve kontrol gruplar›n›n

araflt›rma günlerine göre

tan›mlay›c›  istatistikleri ve

karfl›laflt›r›lmalar› (Mann-

Whitney  U Testi sonuçlar›)

Table II: The descriptive

statistics and comparisions of

IL-1ß level between study and

control groups with regards to

study days .
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van çal›flmalar›nda PDL de ‹nterlökin-1ß se-

viyelerinde art›fl oldu¤u tespit edilmifltir(25-

26). 

Daha önceki bir çal›flmada ratlarda inter-

lökün döngüsünün 10 kadar sürdü¤ü bildi-

rilmifltir(26). Bizde bu nedenle araflt›rma

periodunu 10 gün olarak belirledik.

Östrojen eksikli¤inin erken evresi boyun-

ca kemik kayb› meydana gelir ve artm›fl ke-

mik turnoveriyle birliktedir. Bu fenomen rat-

larda, maymunlarda ve insanlarda biyokim-

yasal ve radyografik birçok çal›flmada gös-

t e r i l m i fl t i r ( 2 7 - 3 1 ) .

Kemik y›k›m›n›n fazla oldu¤u menapoz-

lu hastalarda difleti olu¤unda al›nan s›v› ör-

neklerinde  IL-1ß seviyesinin östrojen eksik-

li¤i olmayan bayanlara göre çok fazla farkl›

oldu¤u menapozlu kad›nlarda yap›lan bir

çal›flmada  tespit edilmifltir(33).

Postmenapozal dönemde östrojen azal-

mas›n›n ve artm›fl kemik turnoverinin orto-

dontik tedavinin fleklini ve sonuçlar›n› etki-

l e m e k t e d i r ( 9 , 1 0 , 3 2 ) .

Bizde kemik y›k›m›n›n fazla oldu¤u oste-

oporozlu eriflkin ratlarda ortodontik kuvvet

oluflturarak difleti olu¤u s›v›lar›ndaki IL ß se-

viyelerini 10 günlük dönemde tespit etmek

ve menapoz oluflturulmam›fl ancak sham

operasyonu yap›lm›fl eriflkin ratlarla karfl›-

laflt›rmak istedik. 

Çal›flmam›zda hem çal›flma hemde

kontrol gruplar›nda ortodontik hareket uy-

gulanmas›n›n 3. gününde interlökün IL ß se-

viyelerinde h›zl› bir art›fl görülmüfltü. Daha

önce yap›lan rat çal›flmalar› 3. günde ilk ha-

reketin bafllad›¤› bildirilmiflti(9,10). Daha

sonra bu art›fl 7. ve 10. günlerde bir azalma

ile kendini göstermiflti. Bu durum daha ön-

ce yap›lan rat çal›flmalar›yla uyumlu idi

( 2 6 , 3 4 ) .

King ve ark. yapt›klar› çal›flmada, kemik

döngüsünü,  erken dönem kemik rezorpsi-

yonu (3-5 gün), bunun tersine çevrimi (5-7

gün), ve geç dönem kemik birikimini (7-14

gün)fleklinde tan›mlam›fllard›(35).

Her iki grupta da difl hareketinin etkisiy-

le 3. günde h›zl› bir flekilde artan IL ß sevi-

yeleri daha azalma e¤ilimi gösterdi.  A n c a k

I L ß seviyelerindeki azalma miktar›n›n daha

geç ve yavafl oldu¤unu gözledik. Bu bulgu

osteoklastik aktivitenin çal›flma grubunda

daha fazla olmas›n› ve difl hareketlerinin

daha h›zl› olmas›n› aç›klamaktad›r. 

substances such as cytokines and enzymes,

are expressed by the periodontal cells against

the stresses inflicted by orthodontic devices.

The main target of many studies have been

explanation of the mechanism which convert

mechanical stress to cellular response and le-

ad to tooth movement (23,24). 

Animal studies with orthodontic tooth

movement have showed increases of interle-

ukin-1ß levels in PDL (25,26). A p r e v i o u s

study reported the duration of interleukin

cycle in rats as approximately 10 days (26).

Therefore, we limited our study period with

10 days.

During early period of estrogen defici-

e n c y, bone loss occurs alongside elevated

bone turnover. This phenomenon has been

shown by biochemical and radiographic stu-

dies on rats, monkeys, and humans (27-31).  

In patients with menopause who exhibit

excessive bone resorption, IL-1ß levels in

fluid samples obtained from GCF, have been

shown to be higher than those of women

with no estrogen deficiency (33). 

Estrogen drop and increased bone turno-

ver during postmenopausal period, influence

the type and results of the treatment

(9,10,32). 

We aimed to induce orthodontic force on

mature rats with high bone resorption and

determine the IL ß levels in GCF samples for

a 10-day period and then compare those re-

sults with the results of mature rats which ha-

ve been exposed to a sham operation. 

In the present study, IL ß levels showed a

rapid increase both in control and study gro-

ups 3 days after applying orthodontic forc e .

The beginning of the first movement has be-

en mentioned to be the 3rd day followed by

decreases on 7th and 10th days in former

studies on rats (9,10). Our study was consis-

tent with the former studies (26,34). 

King et al., described bone cycle in 3 pe-

riods: early period bone resorption (3-5

days), reversal of this (5-7 days), and late pe-

riod bone formation (7-14 days) (35). 

I L ß levels exhibiting a rapid increase on

3rd day in both of the groups of our study

due to influence of tooth movement, then

tended to decrease. However, we observed

the amount of decrease in IL ß levels as slo-
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Araflt›rma günlerinin kendi içinde karfl›-

laflt›r›lmas›nda ise osteoporozlu ratlar›n IL ß

seviyelerinin kontrol grubuna oranla daha

fazla oldu¤u görülmüfltür. Zaten önceki rat

çal›flmalar› da osteoporozlu ratlardaki difl

hareket h›z› ve miktar›n›n kontrol gruplar›-

na göre daha fazla oldu¤unu bildirmifllerdi.

Bu durum osteporozlu ratlarda kemik inor-

ganik matriksinin kontrol grubuna göre

daha az yo¤un olmas›na ba¤lanmaktad›r.

Cesnjaj ve arkadafllar›(27) östrojenin os-

teoindüktif etkisini araflt›rd›klar› çal›fl-

malar›nda ovariektomili ratlarda os-

teogenezisin azald›¤›n› ve kondrogenezisin

gecikti¤ini tespit etmifllerdir. Ayn› yazarlar

bu sonucu östrojen eksikli¤inin muh-

temelen osteogenin ve kemik morfogenetik

protein gibi osteoindüktif proteinlerin

üretimini de¤ifltirdi¤i ve bu yolla kemik

matriks oluflumunu bozdu¤u hipoteziyle

a ç › k l a m › fl l a r d › r. Bu mekanizma östrojen ek-

sikli¤inin yeni kemik oluflumunun erken

dönemine etkisini aç›klar. Etki mekaniz-

mas›yla ilgili ikinci görüfle göre östrojen ek-

sikli¤inin yeni kemik oluflumunu olumsuz

yönde etkilemesinin yan›nda, kemik tur-

noverininin artmas›n›n, mevcut kemikte ol-

du¤u gibi yeni oluflan kemik dokusunda da

osteoporoz oluflturaca¤› ve buna ba¤l›

olarak daha dayan›ks›z yeni kemik

o l u fl a c a ¤ › d › r.  Kubo ve arkadafllar› (36) bu

mekanizmayla kemik iyileflmesinin geç

dönemini olumsuz etkileyece¤ini savun-

m a k t a d › r l a r. Ancak Walsh ve arkadafllar›

(37) yapt›klar› biyomekanik çal›flmada

overiektomili ratlarda yeni kemi¤in daha

dayan›ks›z oldu¤unun ancak bu fark›n

Kubo ve arkadafllar›n›n (37) bulgular›n›n ak-

sine geç dönemde azald›¤›n› ve kontrol

gurubuna yak›nlaflt›¤›n› tespit etmifllerdir.

Bizim çal›flmam›zda da 10. günde çal›flma

grubunun IL ß seviyesi bafllang›ca göre hala

yüksekti. Buda ostrojen eksikli¤i olan ratlar-

da kemik yap›m›n›n daha geç olufltu¤unun

g ö s t e rgesiydi. Yani kemik turnuveri önceki

belirtilen çal›flmadan (35) daha uzundu.

Bunun yan›nda araflt›rma günleri aras›n-

daki interlökin IL ß seviye fark› çal›flma

grubunda daha fazla idi. Buda overoktomili

ratlarda rezorbsiyonun daha fazla ol-

du¤unun göstergesiydi. 

wer and more retarded. This result explains

the higher level of osteoclastic activity in

study group and the rapid nature of the tooth

movements.  

The comparison of study days within their

group showed higher IL ß levels in rats with

osteoporosis compared to the control group.

In other words, our study was consistent with

the previous studies which had shown higher

tooth movement rate and amount in rats with

osteoporosis. This result is explained by less

dense nature of bone inorganic matrix in rats

with osteoporosis compared to those of cont-

rols. Cesnjaj et al.(27), found decrease of os-

teogenesis and retarded chondrogenesis in

ovariectomized rats in their study investiga-

ting the osteoinductive effect of estrogen. Sa-

me authors explained this result by influence

of estrogen deficiency possibly causing chan-

ges in synthesis of  osteoinductive proteins

such as osteogenin and bone morphogenetic

protein, leading to disruption of bone matrix

formation.    

This mechanism explains the effect of est-

rogen deficiency on early period of new bo-

ne formation. According to the second

opinion on mechanism of action, estrogen

deficiency has a negative effect over new

bone formation, and increases in bone tur-

nover cause osteoporosis in both present and

future bones leading to more instable and

weaker bone formation. Kubo et al. (36), as-

serted that this mechanism would affect late

period of bone healing negatively. However,

Walsh et al.(37), showed weaker nature of

new bones on ovariectomized rats, but cont-

rary to Kubo et al., in the late period they

determined a decrease in this difference

which started to exhibit an approach to the

value of control group. Similarly, in the

present study, IL ß levels of the study group

were still higher than the initial value on the

10th day. That was an evidence of slow and

retarded bone formation in rats with estrogen

deficiency. In other words, bone turnover

was longer than the aforementioned study

(35). Moreover, difference between IL ß

levels of study days, was higher in the study

group, which was and indicator of higher

amounts of resorption in ovariectomized rats.         
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S O N U Ç

IL-1ß seviyesinin çal›flma grubunda daha

fazla olmas›, rezorbsiyon miktar›n›n bu

modellerde daha fazla oldu¤unun göster-

g e s i d i r. Buda eriflkin menapozlu hastalarda

ortodontik tedavi kuvvetlerinin oldukça

minimum düzeyde tutulmas›n› ve di¤er

bireylere oranla daha yavafl ortodonti yap›l-

mas› gereklili¤ini göstermektedir. Ancak bu

düflüncenin do¤rulu¤u klinik çal›flmalarla da

d e s t e k l e n m e l i d i r.

CONCLUSION

Higher IL-1ß levels among the study

group, indicates a higher amount of resorp-

tion in those models. And this finding sug-

gests that we should keep orthodontic treat-

ment forces at minimal levels and apply a

slower orthodontic process in patients ex-

periencing menopause. However, certainly

this conclusion needs clinical verification, as

well.  
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