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1. ÖZET 

Farklı Enerji Yoğunluklarında Düşük Enerji Seviyeli Lazer (DESL) 

Biyostimülasyonunun Kemik İyileşmesine Etkisinin Hayvan Modeli Üzerinde 

İncelenmesi 

 Oral v   a   llo a   al   rra  d        do u a     l       ço  g r      l   l   

 a  l a  ad r. Po  -o  ra      r ç         do u    l         , d        rj    v   l   laz r 

   o     la  o u (DESL) u gula a    l  d     l     l     ,     ço  çal   ada     

  r l    ancak,  d al DESL    o     la  o           o u u da   r g r     rl    

 ulu  a a  ad r. Bu çal   ada, 940    dalga  o lu laz r  l  DESL 

   o     la  o u u   ar l     rj   o u lu lar  da u gula  a      ra larda kemik    

   l        z r  d         l       d   rl  d r l     a açla      r. Far l  g ç 

 o u lu lar  da DESL    o     la  o u u , ra lar    a      alar  da olu  urula        

d     l r        l       d        l r       a la a  a a   la ra lara L5, L10, L20 olarak 

 ç a r  gru  ol a   z r  1.5 watt,  ç watt, al   watt g ç v      J/cm2, 10 J/cm2, 20 J/cm2 

   rj   o u lu u da, 10  a      o u  a d va l   odda DESL    o     la  o u, d      

olu  uruldu  a         o ra v   a     d      , d r , al  ,     z, o  v  onikinci g  l rd  

u gula      r. A r  a, DESL    o     la  o u u gula  a a       o  rol gru u da da 

 o la  12 ad   ra     a      alar  da olu  urula  d     l r d   rl  d r l     r. Er    

d              l       d rd      a  ada, g ç d              l       sekizinci haftada 

ra lar  a r       d l r       l       r. Gru lar al   ad   ra   ç r    olu ,   r ra     a  

    a       oloj   olara  d   rl  d r l     r.  

 Çal   a  o u da 940    dalga  o lu laz r  ulla ara     , 10 v  20 J/  2 enerji 

 o u lu lar  da   DESL    o     la  o u u  g ç d              l        z r  d  

    l  ol ad   ,  ad    10 J/  2    rj   o u lu u da DESL    o     la  o u u  

d rd      a  ada    ro la     a   v      ar   rd   , g r l     r. K        r l r     940 

nm dalga boylu lazer ile biyo     la  o u  o u u da  ro  l ra  o lar     ar        

g    r      v  ro çal   alar      v vo çal   alar  l  d     l       g r       d r. Bu 

dalga  o u da   laz r            l        z r  d               ar l    r , g ç v     rj  

 o u u lar  da u gula d    da a  a  a l  v  d  a l     v vo çal   alara      aç vard r.   

Anahtar Sözcükler: D     E  rj  S v   l  Laz r T dav   , Ga-Al-As Lazerler,  Kemik 
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            2. SUMMARY 

Evaluating the Efficacy of Low-Level Laser (LLL) Biostimulation with Different 

Energy Intensities on Bone Healing In Animal Model 

          Many invasive procedures to the bone tissue are performed in oral and 

maxillofacial surgery. It has been claimed by many studies that, bone healing in post-

operative recovery period can be supported by application of low-level laser (LLL) 

biostimulation,  although there is not a consensus about the ideal method of LLL 

biostimulation. 

 In this study, efficacy of LLL biostimulation by using 940 nm wavelength laser 

with different power intensities on bone healing was evaluated. LLL biostimulation is 

applied to three group of rats as L5, L10 and L20 immedately after creating defects and 

on following second, fourth, sixth, eighth, tenth and twelfth days with powers of 1.5 W, 

three W,  six W and with energy intensities of five J/cm2, 10 J/cm2, 20 J/cm2 for 10 

seconds in continuous mode for evaluating the effect of efficacy of LLL biostimulation 

with different power intensities on healing of bone defects created on right tibia of rats. 

Additionally, created defects in right tibia of 12 rats in two control groups were also 

evaluated. Short term bone healing was evaluated on fourth week while late term bone 

healing was evaluated on eighth week by sacrificing rats. Groups consisted of six rats 

each and right tibia of each rat was evaluated with histological analysis. 

 In the end of the study, it has been concluded that LLL biostimulation by using 

940 nm laser with five, 10 and 20 J/cm2 energy intensities is not effective on bone 

healing, but only LLL biostimulation with an energy intensity of 10 J/cm2 increased 

fibroblastic activity at 4th week. In vitro studies that exhibit proliferation of bone cells 

with 940 nm laser should be supported by in vivo stuides. Further detailed and more 

comprehensive in vivo studies in which the laser in this wavelength is applied with 

different time, power and energy intensities are required to evaluate the effects on bone 

healing. 

Key words: Low-Level Laser Therapy, Ga-Al-As Lasers, Bone 
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3. GİRİŞ ve AMAÇ 

          D        rj    v   l  laz r  (DESL)     o     la  o u,  u u a  v    r  do u 

 arala  alar  da    l          d     l       d   ulla  la  l       l  v  g    l   r   dav  

al  r a    d r.  DESL    o     la  o u u ,          l        z r  d  u ar           

 ulu du u a da r l   ra  rd      ço  çal   a  ulu  a  ad r (1-6). Ç    l  d      l    

v vo çal   alarda, DESL’     a dard z        d     l r  v   a a   ra   rl r      l       

 z r  d    zla d r        d   ulu du u ra or  d l     r (7-9).  D r  uda  v  ar ada lar  

(10),  a    lar     v  ro çal   ada o   o la      r    l  r or a   da DESL’         

 a r    olu u u u      l           or a a  o  u lard r. B  z r     ld  K adra v  

ar ada lar  da (11),  av a   od l   z r  d   a    lar  çal   ada DESL 

   o     la  o u u       -   la     rl       z r  d     l         zla d r        l  

oldu u u   l r    l rd r.  B r d   r çal   ada,  ar l rd   alvar u da olu  urula  d       

uygulanan DESL    o     la  o u u           a ol z a     v      ral za  o u u 

  zla d rd     o u u a var l     r (12). DESL    o     la  o u u       l     o u u da 

   ço   a ul g r      o  z, laz r    rj          r d     o ro lar  a   v   d r      r   ç  

a   v        zla d rd   , ATP v  ALP  o  a  ra  o u u v   al   u   al        

ar   rd   d r. Bu u la   rl     DESL    o     la  o u va   lar za  o u ar   r              

 a     ra, anti-   la a uvar           a l  olara    d  a  r  al        ar   rara        

 a r    olu u u u u ar r v           l           zla d r r (13). 

L   ra  rd  DESL    o     la  o u u gula a   a da r   a dar    r  ro o ol 

 ulu  a a   da  dola            l        z r  d   ar l  dozlarda u gula a  DESL 

   o     la  o u u  doza  a l       l   ,       d       olu  urul u   ar l  d      l 

havyan modellerinde histolojik olara      l       r. H r     adar DESL 

   o     la  o u da  l  olara  H l u -N o  laz rl r  ulla  l    a da d r   do uda   

     ra  o  g    v           o     la  o   a a  l    z ll  l r  d   dola   g     zd  

ar    Gal u -Al     u -Arsenid lazerler tercih edil     d r. Çal   a  zda, 

olu  urula      a d     l r  d           l          d     l       a a   la Gal u -

Al     u -Ar    d laz r  ulla  lara      J/  2, 10 J/cm2, 20 J/cm2 enerji 

 o u lu lar  da DESL    o     la  o u u  u gula      r. Da a  o ra d      

ala   da   o   o la     a   v        oloj   olarak d   rl  d r l     r.  Ra lar  z r  d  

d     v   o  rol gru lar     ç r    ar  la   r al    r çal   a  od l  olara   la la a   u 

çal   a    a a  ,          l          DESL    o     la  o u  l  d     l   r    rken 
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d     v  g ç d              l        z r  d     o a     l    o     la  o            

    oloj   olara      l      d r. Çal   a,  ar l     rj   o u lu lar  da DESL 

   o     la  o u u gula a               l        a  z a   a  ar l  d z  l rd  

 a   da  ulu ara     l       r        zla d ra  l         o  z   z r     urul u  ur.  

 Çal   a  z Karad   z T      Ü  v r       (KTÜ) T   Fa  l     D     

Ha va lar  Y r l E    Kurul Ba  a l    v  KTÜ Sa l   B l  l r  E         Y       

Kurulu  ara   da  o a la      r. 

A r  a çal   a  z, KTÜ B l    l Ara   r alar Koord  a  o  B r   ’    

21.03.2014  ar  l  11140  odlu B l    l Ara   r a Proj    (BAP)  ara   da  

d     l       r. 
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4. GENEL BİLGİLER 

4.1. Kemik   

 K     do u u;     l                  l    olu  ura   z ll        r  a  do u udur. 

Ya    ,    r l r v     r l r ara    a r       olu  a  a olu     a o o    ,    o   a    

v     a ol     l vl r  vard r. Bu   l vl r   a     d      l  - a           o     o lar    v  

     l       a lar, orga lar   orur v   a   r         a lar. 

4.1.1. Kemik Hücreleri  

K     do u u olu  ura     r   l  l  a lar; o   o la  lar, o   o la  lar, 

o   o   l r v  o   o rog     r    r l rd r. 

4.1.1.1. Osteoblastlar 

 Os  o la  lar,   z     al    r l rd   v  a  ar l la  a       r l rd   g l    , 

       a     da  oru lu    r l rd r. P r o   u ,   do   u  v         l    d   ulu a  

o   o la  lar, a           olu u u u  oldu u         lg l rd   ulu urlar. K      a     

   a   da a     ola  o   o la  lar           ll ,       ç   rd  l   a   g  terirken, kemik 

 a     da g r v al ad  lar   a    d    l r  d       a   la  rlar. O   o la  lar,       

matriksindeki kollajen ve kollajen olmayan protein sentezinden, alkalen fosfataz enzimi 

 ç r      a     d  o   o d  add         ral za  o u da   oru ludur. O   o la  lar   

  r               z      d          r l r  d     r      r       da o   o   l r  d     r. 

A r  a  u    r l rd  paratiroid hormonu, 1.25-d   dro   v  a    D,  al   o   ,    roj   v  

glu o or   o d g             a ol z a   da     l   ol   ll r   z l r      rl r vard r. (14-

16). 

4.1.1.2. Osteoklastlar 

 K     r zor    o u da   oru lu    r l r ola  o   o la  lar,  ar    l  v  ço  

       o u lu    r l rd r. H  r          l    v  ç   rd    a     r zor    d l           

    ral za  o      ar   l  do ru ora   l d r. O   o la  lar,         r zor   ol u  

“Howship lakünası” adl   o lu lar  da  ulu urlar. O   o la  larla   rl             

    d       ll       d  rol o  a a  o   o la  lar,  alg lad  lar  a     o  a az,  ollaj  az 

g     ro  ol       z  l rl          orga    v    orga         lar               a larlar. 

O   o la  lar            a g    lg    d         a a a       l rl        a  z a       

olarak tespit ed l      l    rl        o   l r v   or o lar    o  rol  d  oldu u     
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  r l     r. O   o la  larda           al   o     or o u r      rl r  vard r. 

O   o la  lar   a      o   o la  lar,  ara  ro d  or o u r      r   ç r  zl r. 

U ar l alar , o   o la   r      r     a la a   ara  ro d  or o u u  a   va  o u  l  

 alg la a  o   o la   u ar     a   r  l   a la  r. R zor    o   a a la    a o   o la   

   r     o  olur v  a       ald       r    d     r. B  o  o a lar,  al   o    v     roj   

 or o lar  o   o la  lar       l r    azal  r   ,  ara  ro d,   ro      or o lar  v  D 

v  a     o   o la        l      ar   r r (14, 16-19). 

4.1.1.3. Osteositler 

 O   o   l r,       olu u u    a   da o   o la      r l r  d    az lar          

olu a  o   o d  add   ç  d   alara  orga  ll r     ço u u  a         l  olu a  

d           r l rd r (14). Bununla birlikte; osteositler birbirleriyle mekanik ve 

 l   r    l olara   a la   l     r l rd r. K        o  la   alar  ulu  a  , o   o   l r   

a o  oza u ra a  l        g    r r     u a       olara     r l r ara    a la   da v  a 

   r - a r        l      d           l r       l  ola  l            r l     r. Ö  roj  , 

   o  o a lar v         g l     z oloj    uvv  l r o   o    a o  ozu u   l             

sahiplerdir (17, 19-21). 

4.1.1.4. Osteoprogenitör Hücreler 

 K          r  o      z     al do u u da        ala  o   o rog     r 

   r l r   do   u  v    r o   u da  ulu urlar. O   o rog     r    r l r           olu , 

bunlardan birinci   o   o la  lar   g l        r o   o la  lard r. D   r     o   o rog     r 

   r l r     o   o la  lara     l    d rl r (22). B       a a la    a  a     al  g l   

 u    r l r, g r       d  u gu    d a  rl r   varl    da (    rl    l r,  ro  o    

 a  a l          a   r  v      l      z r          a   r ) a   v  olara  o   o la   

v  a o   o la  lara d       l rl r (15, 20, 23, 24). 

4.1.2. Kemik Matriksi 

 K      olu  ura   a   al   l    l r, %65   orga     a r    (    ral), %35 

orga     a r    (o   o d  add ),          r l r  v  ç z     l       al  a   rl r d r (16, 

25).      

 

 



7 

 

4.1.2.1. Kemiğin Organik Matriksi  

 K      a r        %35’    olu  ura  orga     a r    o   o d  add  olara  

adla d r l r. Bu  a   %90 ora   da T   1  ollaj  , %10 ora   da      ollaj   ol a a  

prot   l r, l   dl r v   a ro ro    l rd   olu  a  ad r (26). Kollaj  ,         l  l  

 a       olu  urur. Ma r       ollaj    ro    l r  T   1  ollaj   v   u lar   a la a  

gl  oza   ogl  a larda     da a g l r. Kollaj   ol a a   ro    l r       a g   ola lar  

osteokalsin, osteonektin ve osteopontindir. Osteokalsin, o   o la  lar  ara   da   alg la  r 

v            ral za  o  v   al   u    o     a  z a   da     l d r. O   o       d       

o   o la  lar  ara   da   alg la  r,    r   a r        l      d  v   ollaj    a la  a   da 

g r v al r. O   o la  , o   o    v  o   o la   g       r l r  ara   da   r   l   o   o o     

    o   o la  lar             ral  a r        a la  a      a la ara        r  od l  g 

   a  z a   da g r vl  ola  l      d     l    ollaj    ol a a    r  ro    d r (27, 28). 

4.1.2.2. Kemiğin İnorganik Matriksi  

 K           ral z    l      olu  ura    orga     a r   ,       ora da  a  

olmayan hidroksiapatit ya  da olu ,  ç r    d   ulu a   ar o a ,  ag  z u  v   lor g    

 l     l r  ollaj   l  l r    z r    ç   r    r   al  a     olu  ururlar. Kr   al a lar 

aralar  da         a ,         g r l   v        a  uvv  l r     ar   d r  çl  ol a     

 a lar (26, 29).   

4.1.3. Kemik Zarları   

 K    ;  ç   z    d    do   u  v  d     z    d    r o   u  adl   a  do u u 

 a a alar   l   ar l     r. P r o   u  v    do   u u      l g r vl r ;       do u u  

o ar  ,    l     v            ç   g r          o   o la  lar   a la a   r (22). 

4.1.3.1. Endosteum  

 K        ç   z    d     o lu lar   r   , o   o rog     r    r l r v  az     arda 

da  a  do u  ç r    a  do u u  a a a  d r. O   oj     v     o o      o a     l   a     r 

(16).        

4.1.3.2. Periosteum   

 Perios ,   l     z  l r  d    da         d     z       r      r  a  do u udur. 

Kor   al        l  ç vr    d     u u a  do ular ara   da  a la     g r v g r r. 

P r o  u  d     z    d       r z  a a a;    ro la  lar,  ollaj  ,  la     l  l r,     r a   v  
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  l al da arlar  ç r r     ç   z    d     a a a      r        z     al       r l r, 

 ar l la  a    o   oj           r l r, o   o la  lar,    ro la  lar,   l al da arlar v  

    rl rd   olu  a  ad r (16, 30). 

4.1.4. Kemik Dokusu Çeşitleri 

 K     do u u,  ollaj   l  l r     do u   ç  d    da  l    a g r   r   r       

do u u v     o d r       do u u olara        a r l r (16). 

4.1.4.1. Primer Kemik Dokusu  

 E  r  oloj   g l       r    d  v        o ar    da  l  olara  olu a          r , 

 r   r       do u udur. Pr   r       do u u; o   o   l r   orga     a r     ç    

d z    z d z l   g    rd   ,    r d   z  g   v     a    olara  g ç  z   r       

dokusudur (25). V  u  a g   ll  l  g ç    olara   ulu a   r   r       do u u, 

 a a a        l     lg l r , ç   l rd  alv ol        v   az     do lar          

 a la d      rl r  ar    d     o d r        l    r d      r r. 

4.1.4.2. Sekonder Kemik Dokusu  

 Primer ke    do u u,  o   a al   r ç   v  u  a        l r    a a   a  a     da 

 a r     la  ll    r d z   g    r      o d r       do u u a d     r. S  o d r       

 a ro  o    olara     g r     (  o g oz) v   o  a   ( or   al)       olara       or  

g    r r (25).  

 Kor   al      ,  o u    r       olu      l              %80’   ,      l r    ç v  

d    a a alar    olu  urur. Kor   al          a     da         uzu            aral l 

   r d   Hav r   a allar  v   u  a allara d      r d   Wol  a   a allar  ad  v r l   

 a   a allarla   r  r     a la      r. Wol  a   a allar ,        l     o lu u v    r o   

ara   da  a la       a lar (29).  

 S o g oz      ,       or   al       ara   da  ulu a ,        l        ulu du u 

bo lu lar      rla a  a a  o oz  a            ra    ll r  a   da  olu ur.Kor   al 

     ,  ç ç  g ç    la  ll r  a   g    r r      o g oz         d z    z la  ll r 

  v u  ur v   av r   a al  g zl    z (16, 25).  
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4.2. Kemik Oluşumu   

 K     olu u u, ço u lu la   r     rda   od l       ral za  o u    l  d  

g rç  l       do o dral      l     v  da a az ora da da    ra    ra  z      l     

 l  do ruda     da a g l r.        

4.2.1. İntramembranöz Kemikleşme  

 K   rda    r g ç    a     ol ada   do ruda             olu  a  d r. E  r  o    

d    d  v    r      l       d   zl   r. Bu          l       z     al      l  

   r  o  l  a  do u u  ç  d  g rç  l   r. Fro  al v   ar   al      l r,  a d  ula, 

 a   lla v      oral      l r    az    lg l r     ra    ra  z      l      l  olu ur. 

K    l        ola a     lg d     ro la     a   v     o u u  ollaj      r ll r   a  do u u 

ala lar  olu  ururlar. H  r l rd     r       o   oj        r l r ,  u    r l r d  

o   o la  lara  ar l la ara  o   o d  add    olu  ururlar. O   o d  add   al       olur v  

la   alar  ç  d    o   o la  lar o   o   l r  d     r. O   o     d       o   o la  lar   

yerini mez         r l r  d   d            o   o la  lar al r. Bu  a  d        

 ra    ll r  g d r       r (23, 25).    

4.2.2. Endokondral Kemikleşme  

 Kemik olu u u v      l   g l             l olu u     l    do o dral 

     l    d r. Ba la g ç a   z     al do u u   o u la  a    o u u da   r     rda  

 od l  olu ur. K   rda   od l     r  z  d   o dro   l r     r v      rda   odelini 

r zor    d r    l r d   al       ola a      rda   a r       ra  rlar. K   rda   a r    

 a      ç    va   l r   vaz o u  g rç  l        l  o   o la  lara  ar l la a  

o   o rog     r    r l r, olu a a          d a  z   lg    d   r   r      l     

odaklar     or a a ç   a      a lar. Uzu       l r   uçlar  da        z   lg l r  d      

   o d r      l     oda lar  olu ur. K   rda      r     u u          d va   d r v  

    l    l g l        a a la  a    l      rda  olu u u durara       z  l  d a  z   lg l ri 

  rl   r (25, 31). 

4.3. Kemiğin Metabolik Rolü     

 V  u  a    al   u u  %99’u       do uda  ulu ur. Ka  v        ara   da 

d va l  olara   al   u  d         a  l r. Kal   u    o lar ,   dro   a a    

 r   all r  d      r l r ara     v  a d r    g ç    olu la v  a  ara  ro d  or onun 
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ara  l    la        a r        o   o la  lar  ara   da   r   l r      l     olu la          

 a a g ç r. B r d   r  or o   al   o         a r       r   l      l         g l olara  

osteoklast engelleyici etkiye sahiptir (32, 33).  

 M   ral z         a r       l rl     o   l r v          a   rl r   ç   d  o  g r v  

g r r v   u  a r      r zor    o u  olu la  u   d  a  rl r   lo al v                

g    r  l r     a lar. Bu a  lav          , al al   uzlar   d  ola  a   v  a  al   a   

 olu la  a     H d  g        a la  a   a  a   da  ulu ur. A r  a a  r    all r,       

oranda kemik dokuda depolanarak dola   da  uza   u ulur (20, 34).  

4.4. Kemik Remodelingi ve İyileşmesi 

 K    l r      l     olu  a   a “modeling” ( a   ),      l r      l     

d         z    a  l       l a   a     “remodeling” (    d       ll    ) d   r. 

O   o la  lar v  o   o la  lar   a   v     ,  a a   o u   r     r        a    v        

d  g       a lar. Nor al  o ullarda o   o la     a   v     o   o la     a   v   d   ço  az 

da a  azlad r. Bu    a  z ada g        z ll  l r,    a         l r v             do r   

etkenler etkilidir. (35, 36) Er     l rd  r  od l  g da a  azla     , ço u larda  od l  g 

da a  azla ora da g rç  l   r (37). 

 K    ;     rl   a  dola     v   a la    r    a      a  l     a la  a    al  d  

d         o u u a g r   a or j  al  a           d    aza a a   adar        l   r  a da 

 a  r ola a      ld     l   r. K         r d      olu  u u da,         a   rl r  v  d   r 

 az    d  a  rl r   ara  l    la   lg   l   r       r j   ra  o u  a lar. K     

d          r j   ra  o u da  l  olara    lg     a  a     ol a    o u u       olu ur.  

P      ç    va   l r g l     (a j  og      ) v    z     al    r  g ç   l  gra  la  o  

do u u olu ur. Bu do u  ad   l  olara  g ç      r  a  do u u a d     r (   ro laz ). 

O   o rog     r    r l r  a  do uda  ulu a   a  da arlar  ç vr    d  o   o la  lara 

d     rl r v  o   o d  r   rl r. Bu  l  olu a        “örgü kemik” (woven bone) olarak da 

adla d r l a  a olu ,     orga  z  ol a     ollaj    a r    ,     ral z   a r     ç  d  

g   l   al    ço   a  da o   o la   v     a    olara  g ç  z  a     la  ara   r z d r. 

Örg            d       ll      o u u d          la  ll r        da a   l    r ça  , 

matriks mineralizasyonu ve osteoprogen   r    r l r  ç    a  a   a lar. İl    r aç 

 a  ada  rg        olu u u  a a la  r. O   o la     a   v     l   l  olu a   rg   l 
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        olu a   o lu lar     r           l    doldurur v  za a la  rg        la  ll r 

 a  da          d     r (23, 36, 38). 

4.5. Lazer 

 I      z  llard r    l    r      r aja  olara   ulla  l a  ad r. A     Yu a ’da g     

    lar   a l     ozula     a lar    dav  a a   la (  l o  ra  )  ulla  l     r. G           a 

 aruz   ra  la  M   rl larda “Q-humması” (R        a) g r l         ,           l    r    

g       a l  oldu u u   l r     ar    l  ulgular vard r (39). İl  laz r  a u   r   al  

 ulla  lara   a  l   , g l     teknoloji ile birlikte helyum-neon (He-Ne), argon, 

karbondioksit (CO2), erbiyum-yitriyum-al     u -garnet (Er:YAG), Neodyum-

yitriyum-al     u -garnet (Nd:YAG), galyum-al     u -arsenid (Ga-Al-As) gibi 

 ar l    rd  laz rl r  l   ar l    dav        l r  g l    r l     r (40). 

4.5.1. Lazerin Tanımı 

 Lazer kelimesi “Rad a  o u u ar l         o u  l         g çl  d r l    ” 

a la   a g l  , İ g l z   “Light Amplification by Stimulated Emission of Radiation” 

  l   l r      a   ar l r  d   olu a    r   z     r (41). 

4.5.2. Lazer Fiziği 

Bol z a   r         g r  al     rj    v      d         rj    v      d   da  a 

 azla a o   ulu ur. Laz r         d       u u    r     ç vr l     g r   r. Al     rj  

  v          l duru  olara ,        rj    v          u ar l    duru  olara  

adla d r la  l r. B r a o      l duru da  a v  u gu  dalga  o u da  o o lar  ç r     r 

rad a  o  ala    z r    do ru g l  or a   r  o o  a  or    d r   u ar l    duru a 

g ç   l r. B r   r   o ra a o     d l    d   a    dalga  o u da   r  o o   a a a  v  

tekrar     l duru a d        r (42). E       , u ar l    a o u      l duru a d    si 

 ç     r  a  a  ol oldu u u da a g    r     r. Bu a g r , u ar l    a o  u gu  dalga 

 o u da   r  a  a rad a  o  ala   a  o ur a,  o o   alara  (     o )     l duru a 

g ç      ç   u ar la a   r. S o  a       o da,  al  a   o o   gelen radyasyonla ilgisiz ve 

ra  g l    r    d  olur   ; u ar l         o da ise  al  a   o o lar g l       la    

za a l  v  u u ludur ( o  r   ). Laz r     lar   u  r       g r   ld   d l r (43).  

Lazer    az ,  ç  d  laz r or a   v   u or a      r      ara   da  irbirine paralel 

aynalar bulunan bir sistemdir. A  alarda    r        %100  a     r   , d   r         
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 a     r. Laz r or a    a la g ç a a     duru da d   ld r.  Laz r or a   a g l   u ar    

     or a   a      al  g   r r    ol   ll r   d z l        r     ç v r r. Y    d z l    l , 

laz r or a      a o lar  d  l     (temel) duru u da  ç        rj  v r     duru a g l r. 

U ar l      r a o   ara   da   r   l     r  o o lu     rj ,       a  a    a u ar l    d   r 

  r a o da    r  o o lu     rj  aç  a ç   a      a lar. Bu r a    o   o u u      o o lu  

   rj    r   r. So uç a     a g            a      rj     a         d      olu ur. Bu      

d      u ar l    laz r or a   da  l rl r         a o lar  u ar r. Ta   a        a  a a 

ula a        uz               r     d   r, u ar l    laz r or a   da     rar g ç r v  

g çl   r   d   r a  a a g l r. A  alar ara   da    rarla a  g ç  l r  l        uz     

    rl  ora da      l  ld    d   ar   l      a  ada  laz r       olara  d  ar  a g ç r;  u 

  r d     rj   a  a   çal     ça a     laz r  a  l     a la  r (40, 44) (Ş   l 1). 

  
Şekil 1. Ş  a    olara    r laz r    az  (Kaynak: Convissar, 2011: 14) 

So uç olara ;   r       a  a   da  ç  a   o o     rj        l rl    r or a da  

g ç r r    u or a    a o lar  da    l   ro lar   d       z  ar   r l a  a v     l    g l   

    larda  ço   ar l ,        r  o o     rj     ld   d l r         r do rul uda   v  

 d l     d r. İl        a  a   v  a  u        g ç     or a   d      r r   ço   ar l  

 z ll  l r  ola  laz rl r  ld              d r (44, 45). 

4.5.2.1. Işık ve Özellikleri 

 I     o o  ad  v r l     r  l rd   olu a ,   r  ar    l v  a dalga  al  d   ar     

eden bir enerji formudur (45). I      “dalga yüksekliği” ve “dalga boyu” adl      a a 

 z ll    vard r. Dalga       l   ; dalga  al                    o  a    l      r  o  a   

ara   da      a   olara   a   la  r. Dalga       l            arla l     l   lg l    r 
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 avra d r.  Dalga  o u    , dalga  z r  d     z rl   g    r        o  a ara      a     

g    r     d r v   lç    r       r d r (44, 46). 

 I      dalga       l    v  dalga  o u,  o o lar      rj    v   l r    v  

 l   ro a            ru da     rl r      l rl r. El   ro a            ru da     z l      

v     rodalga     lar g    uzu  dalga  o lu     lar d        rj   r   r. K  a dalga 

 o u da       lar               rj l  ul rav ol      lar  v  X     lar d r (46, 47). 

4.5.3. Lazer Işınının Özellikleri 

 El   ro a            ru u  g r   r      v    r  z          lg    d    r ala  

laz rl r   la         a  a  ra   az   z ll  l r vard r (48). Bu  z ll  l r;  o o ro a      , 

koherens, kolimasyon ve enerji  a      l    r (Ş   l 2). 

 
Şekil 2. Nor al      v  laz r           z ll  l r  (Kaynak: Lukac M, 2003:36) 

4.5.3.1. Monokromatisite 

  Nor al        r ço  dalga  o u u bir arada bulundur a   a  ar   , laz r       

tek veya belirli birkaç dalga  o u da     larda  olu  u  ur. Ör      Ru   laz r 694.3 

  ’d , H -Ne lazer 632.8 nm’d    r  z       v r r. Monokromosite, spesifik uygulamalar 

 a da do ular  ç     l rl  dalga  o lar       ç l       ola a  v r r (43, 49). 

4.5.3.2. Koherens  

 Laz r      dalgalar  ara   da uza  al v  za a  al  a    r u u lulu  vard r. 

Uza  al u u ; laz r     lar  ara   da       r  az  or la  o u oldu u a la   a g l r. 

Zamansal uyum ise laz r     lar     dalga  o u u   za a la d          d r. Bunun 

a la  ;      dalgalar     a     azda  ulu  a   ve birbirine paralel ol a  d r (Ş   l 3) (43-

45). 
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Şekil 3. Zamansal ve uzamsal uyum (Kaynak: Coluzzi, 2007:12) 

4.5.3.3. Kolimasyon 

Laz r     lar ,  ol  a  o   z ll     a     d  ço         r d      al  d   a  l r . 

Nor al      ço     a   r  v     a  d   a  l r. Laz r           ço  az  a  l a g    r     

nedeniyle ço       ol a   l  uza     a  l r   adar a        l     ula a  l r. Bu   d  l  

“kolimasyon” (do rul ul u      ) d       ulla  l a  ad r. F   ro       r  l     l  

      l     lg     ola l  la    l  d r l           d r (40, 43, 50). 

4.5.3.4.  Enerji Taşıyıcılık  

Laz r     lar             r  l   ro a       ala  g    vard r v   u a  a l  olara  

enerj   a      l    z ll       a   l rdir (40, 44, 50).        

4.5.4. Lazer İletim Sistemleri 

 Laz r       l r  d   r   l      rj       d   do u a  rgo o    v   a      z 

 l   l     g r       d r. Bu u   a la  a     ç     ll   a l      a a  l             

mevcuttur. 

 Bu larda   l  , u u da a  a  l   o la a ,  ar    l   ollarda  olu a     l rd r. 

Laz r            o u  a  l   l r v         o u da   r u gula a  a l    da   a     la   u 

sistem, CO2 lazerler ve erbiyum grubu lazerl rd   ulla  l r. 

 İ       l            , a      r o      a lodur. E    ,  a    v    ç   ça l  olu , 

d  o , Nd:YAG g       a dalga  o u a  a       azlarda  ulla  l r. Bu       ,    a l  v  a 

   a   z olara   ulla  la  l r a  a    rra     l  l rd  da a ço     a l  u gula alar 

tercih edilir (44, 51).                      
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4.5.5. Lazer Işınının Yayılımı 

 Laz r      ,    rj      d va l  dalga  odu, aral  l  a     odu v    r     a    

 odu ol a   z r   ç  olla  a ar. 

  D va l  dalga  odu,         a a    dal  a  a        r   o u  a laz r          

d va l  v      g ç   v      d   a  l a   olu ,  a    v    a  l   r    rji ileten moddur. 

D va l   odda çal   r    do uda   r al  a arlar    g ll      ç   laz r  aral  larla 

durdurara  çal    r a  g r   r. 

 Aral  l  a     odu, d va l    r laz r         z        a     olu  z r  d    

   a      r  a a  ara  l    la laz r    rj         r   r aç   l  a    d   r aç l   

 a a  ld     oddur. Bu  odda,  a la a    l  d     rj   a la  r.   

 S r     a     odu     ço            rj    v   l  laz r          ço     a   r l r 

 ç    a  l a   v  g r   l  olara  uzu    r l r  o u  a  a a  l a      l   d  çal   r. Ço  

       g ç d   rl r    ula  l a   l      la  a   r       a oldu u  ç   or ala a g ç g r    

az olur (44, 52).  

4.5.6. Lazer Doku Etkileşimleri 

 Laz r          do u  l      l      do u u  o      z ll  l r    g r  d r   ar l  

    ld  g rç  l       d r.  Bu lar; a  or    o ,  l    ,  a    a v   a  l  d r (53). 

 Do u u  laz r         a  or         , laz r do u     l         ll r  ara   da    

ço    r     d l   d r. Do u  ara   da  a  or    d l      rj      ar      g    a  o ,  u 

 ç r    g    do u a a    z ll  l r, laz r   dalga  o u v      yon modu belirler. Doku 

 ç  d    l rl    r dalga  o u da   laz r           ç    olara  a  or    d    ro o or  a    , 

laz r          a  or    o      ar      l rl r. Laz r   do uda        ra  o  d r  l   , 

a  or    o u  l    r  ora   l d r (41). H  oglo   ,   r  z  dalga  o u u  a     r v  

ar  r   l  a  da arlar  a r    v r r   , da a az o   j    ç r   v   z  a  da a  azla 

  r  z          r   da a  o u g r   r (44).  

 İ          l    , laz r            d   do uda      olu  ur ada  do ruda  g ç   d r. 

Bu  z ll  ,        dalga  o u  l   l    l d r. Ör       u    a dalga  o lu d  o  v  Nd:YAG 

g    laz rl r  ç   g ç rg     , Er:YAG, CO2 g    uzu  dalga  o lu laz rl r      ek 

   l   g    r r. 
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 Üç         l      a    a olu ,   d   do uda   r a g    r         da a 

g   r  d   g  d r l          g r  d      d r. Ya    a,        g z g     a ar g r   l     

do ulara g        al  d     l   l  ola  l       r  z ll    r.  

 D rd         l     laz r           a  l   d r. Ya  l  da    rj     azal a   

  d    l             oloj         ld   d l        d r. A r  a  o  u do ularda      a a 

 a l  do u  a ar  g r l   l r (45). 

4.5.7. Lazer Sistemlerinin Sınıflandırılması 

 M d  al v  d   al laz rl r g çl r   ,  ulla  la  a     or a a v  dalga o lar  a 

g r       la d r l rlar.  

4.5.7.1. Güçlerine Göre Lazer Tipleri 

 Laz r    azlar  g çl r    g r   u u a  laz rl r v    r  laz rl r olara        a r l r. 

 Yu u a  laz rl r, d        rj l  v  a  o u  laz rl r olara  da adla d r l rlar. 

Kl      ulla   da     a g   ola   u u a  laz rl r; H l u -Neon (He-Ne), Galyum-

Arsenid (Ga-As), Galyum-Al     u -Arsenid (Ga-Al-As) lazerl rd r. H  r   l 

aktiviteyi uyaran bu lazerler, 1-500  W (  l wa  ) g ç aral    da olu  do ularda   r al 

etkiler yaratmazlar (54, 55).  

 S r  laz rl r           rj l  v  a    a  laz rl r olara  adla d r la , g   ll  l  

  rra   a açlarla  ulla  la  laz rl rd r. E       ulla  la    r  laz rl r, CO2, Nd:YAG ve 

Argo  laz rl rd r. U gulad  lar  g ç 30-100 W (watt) aras  dad r (44, 56). 

4.5.7.2. Elde Edildikleri Aktif Maddeye Göre Lazer Tipleri 

1- Ka    ald    a      add   ulla  la  laz rl r: 

 - Ruby (yakut)  

 - Neodmiyum:Yitriyum-Al     u -Garnet (Nd:YAG) lazer 

 - Holmiyum:Yitriyum-Al     u -Garnet (Hol:YAG) lazer 

 - Erbiyum: Yitriyum-Al     u -Garnet (Er:YAG) lazer 

 - Erbiyum, Kromiyum:Yitriyum-Skandiyum-Galyum-Garnet (Er,Cr:YSSG) lazer 

2- Gaz  ald    a      add   ulla  la  laz rl r: 

 - Helyum-Neon (He-Ne) lazer 
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 - Argon lazer 

 - CO2 lazer 

 - Eksimer lazer  

3- S v   ald    a      add   ulla  la  laz rl r: 

 - Dye lazer 

 - Rhodamine lazer 

4- Yar   l       ald    a      add   ulla  la  laz rl r: 

 - Galyum-Arsenid (Ga-As) lazer 

 - Galyum-Al     u -Arsenid (Ga-Al-As) lazer 

4.5.7.3. Lazer Işınının Dalga Boyuna Göre Lazer Tipleri 

 Laz r     lar , dalga o lar  a g r  d       la d r l rlar. Bu a g r ;  

 - Ul rav ol            ru unda bulunan lazerler: Eksimer lazerler  

 - G r   r           ru u da  ulu a  laz rl r: Argo  v  Po a  u  T  a  l Fo  a  

 (KTP) lazerler 

 - K z l                ru u da  ulu a  laz rl r: Ga:A , Ga:Al:A , Nd:YAG, 

 Er:YAG, Er,Cr:YSSG,CO2 (45) 

4.5.8. Oral ve Maksillofasiyal Cerrahide Kullanılan Lazerler 

4.5.8.1. Argon Lazer 

 Argo  laz r, a     or a   argo  gaz  ola  v         a   a  a      r  l   r   

la  a         rj       a lad      r laz rd r. E    o      ll r  d va l  v  a a   l  ola , 

    r o           l  v       ru u  g r   r        l    d   ola        rra   laz rd r (57). 

Argon lazerlerden 488 nm dalga boyuna sahip olanlar, rezin materyallerin 

 ol   r za  o u v  d      azla  a   l    d   ulla  l r   , 514    dalga boyundaki 

Argo  laz rl r g  g v   o  ,  r     o   g     u u a  do u   rra  l r    a    ra, 

   oglo     ara   da     l      a     d  va   l r l z o lar   v     la a uar 

  r odo  al  a  al  lar     dav    d   ulla  l rlar (45, 58). H r     dalga  o u da d     r  
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do ular  v   u  ara   da  ço  az a  or    d ld     ç   d   ç vr    d   a  la a   u u a  

doku cerrahiler  d   ulla    ava  aj   a lar (59). 

4.5.8.2. Diyot Lazer 

 Ka   a     or a l   ar   l        r laz r   r  ola  d  o  laz rl r; gal u , 

al     u  v  ar        d        o    a  o lar  da  (Ga-As, Ga-Al-A ) olu ur. S r  l  

v  a a   l   odlarda  ulla  la  l   d  ot lazerler fiber optik iletim sistemine sahiptir. 

T  a l  u gula d  lar  da  u u a  do u   rra     d   ulla  la  l r       a   z  odda 

d r   do ularda   va   l r l z o lar    oag la  o u da  ulla  l rlar (57, 60). D     

   rj    v   l  laz r (DESL)   dav    d   ulla  la   ar   l      d  o  laz rl r, 

   o     la  o  v  a r   o  rol  a a   la  ulla  l rlar (44, 61). Diyot lazerler, pigmente 

do ular  ara   da         ora da a  or    o  g    r  l r d     o  az  a la a      l    

 a     da  Argo  laz rl r   g r    d d rl r. E      l  ava  aj ,   ç   v   a   a  l r 

ol alar d r.  

4.5.8.3. Neodymium:YAG (Nd:YAG) Lazer  

 Ka    ald  a      add   ç r   Nd:YAG laz r,   z l           ru da  ulu ur. 

G   ll  l  d va l   odda  ulla  l r v      r o      l                a     r. G zl  

g r              a d     ç   r    r       l    rl      ulla  la  Nd:YAG laz r, d   

     l    d   ulla  l a   z r   a arla a   l  laz rd r (57). Yu u a  do u      ra  o u 

    oldu u  ç   lo al    o  az  a la ada     l d r (62, 63). K  a dalga  o u a  a    

ol a   da  dola   CO2 laz rd   da a  azla    rj   ç r r. P g      do ular  ara   da  

          l   g    r     l  va   l r  a  lar    oag la  o u da v   u u a  do u a 

    l     rra  l rd   ulla  la  l r. A     lç l rd    r CO2 laz r  g r  do u d   r     o u 

da a  azlad r. Ya    a, Nd:YAG laz rl rd   azla oldu u  ç   ç vr  do ular       l       

d    z o u u ola  l r. Bu u        g ç     ç      a l  çal   a a  ara a a  uçlar 

  l      o  roll    r     ld   a  l a      a lar. T  a   z u gula alarda  ul ada a alj z  

 a la ada v  a   z  l  r   dav    d   ulla  l r (45, 64). 

4.5.8.4. Erbiyum Türü Lazerler 

  Er   u u   a   a      add  olara   ulla  ld    u gru  laz rl r,     a r  al  

gru  a  olu ur. Bu larda    r       Erbiyum, Kromiyum: Yitriyum-Skandiyum-Galyum-

Garnet (Er,Cr:YSGG) lazer, ikincisi ise Erbiyum: Yitriyum-Al     u -Garnet 

(Er:YAG) lazerdir. 
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 Er,Cr:YSGG lazer 2780 nm dalga boyuna sahipken, Er:YAG lazer 2940 nm dalga 

 o u a  a     r. H r     laz r d       ru u  g r          z l        l    d    r al r. 

H r            d    r     a   l   odda v   ar    l   ollarda  olu a       l              l  

 ulla  l r. H r              d  uç       da   r u gula a a ara   v  o u  u u da da 0.5 

mikrometre (µ ) ça   da laz r   oda la d     a  uç vard r. D   al u gula alar  ç    u 

v  a  ava  o u  al       l r    v u  ur (57). 

 Su v    dro   a a     r   all r   ara   da  a  or    o lar  ço      oldu u  ç   

 z ll  l   u u a  do u   rra  l r  d , d   v        g      r  do ulara     l   

  rra  l rd  ava  ajl    r laz rd r. B     d   al laz rl r ara   da    az    o  az  a la a  

laz r ç   d  ol alar  da  dola   va   lar za  o u  az oldu u do ularda  ulla     

   r l     d r (44). A r  a       do u a     l     rra     l  l rd  d  r  od l  g 

   a  z a   a olu  uz   r       ara  ad            d l    r   u  laz rl r o   o o  l rd  

 ulla  la  l  l r     ar   , d r  l    o  rol     zor  a la  a   da  dola         l    

o  ra  o lar  da     ra       l       oru a a a a lar   ç   u gu  d   ll rd r (57, 

65). 

 Periimplantitis ve periimplant mukoz       dav    d  d  ç vr   u u a  do u u v  

           l     l    z ll     a     d    dav  a açl   ulla  l r       la     z      

zarar v r  z v          a   r            vard r (66, 67).  

4.5.8.5. CO2  Lazer 

 Aktif madde olarak CO2 gaz   ç r rl r. 10600    dalga  o u  l   l   ro a       

     ru u    z l        lg    d   ulu a  CO2 lazerler,    rj     d va l   oda veya 

aral  l  a     odu da  l   ld          l rd r (45, 68). Fiber sistemler yerine hareketli 

 ollarda  olu a               l   l      a la a  CO2 lazerler; su, kollajen ve hidroksiapatit 

 ara   da      a  or    d l r.   

 CO2 laz rl r   do uda   z    l      ra  o   z ll    vard r. Bu  z ll    a     d  

l      la u ,  a d d az   v  ç    l      r  ra o    l z o lar g    oral  u oza a     l   

  rra  l rd  do u u      l     v  a  u arla   r l a    olu la  ulla  l r (68, 69). Kemik 

do u g     u  ç r    az ola  do ularda,   r al  a          a    ol a    a l  a 

d zava  aj d r (45). 
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4.5.9. Dozaj ve Hesaplaması  

 Laz r u gula alar  da g       r   dav   d    doz aral      z o u u ol a da,     l  

ola     u gu  dozu  u gula  a  d r. Bu a g r ; 

 U gula a     rj  (Joul ) = G ç (  l wa  ) x Za a  ( a    ) 

 Doz = U gula a  E  rj /I   la a  ala  

 Ör     ; 200  W’l     r laz r 10  a    ,       2’lik ala a u gula d    da; 200 

mW x 10 sn = 2000 mJ = iki J enerji elde edilir. Doz ise iki J/iki cm2 = Bir J/cm2 olarak 

   a la  r     u a    za a da    rj   o u lu udur.  

 Laz r     lar  do u a g rd       o ra  a     l r,    l r,  l   l r v  a da  l r. Laz r 

 ro u v    d   do u ara   da   do u u   al  l    v    r  d   a   d l     g r     d   r 

u  urlard r. Ör      laz r        u oza v   a  do u u da  da a  ola  g ç r   , 

hemoglobinden zengin olan kas dokusundan   g    l r  ara   da     ld     ç   da a az 

g ç r. I       a  do u u  da d r           r  ola  l      ç   dozu       l  l     g r   r. 

B  z r     ld    la   d   z  g     g    l    ld   a        r   r  l rd      lar da a ço  

a  or   oldu u  ç   d r   do ulara      ra  o  da a az         az    l    r  l rd  a    

dozla da a d r   do u a ula  la  l r. Laz r, do u a d   u gula d     a d rd      

     ra  o  g    r r   , aç l  u gula alarda      ra  o u azal r (70). 

4.5.10. Düşük Enerji Seviyeli Lazer (DESL) Biyostimülasyonu 

 D     E  rj  S v   l  Laz r (DESL)    o     la  o u, do ulara d       v   d  

   rj   l   ld     ç      ,     v  a    r      a  az. DESL    o     la o u u     r   l 

d z  d           da r     a g    a ul g r      a  z a, laz r    rj          r   ç  

 ro o or adl   o or      rl r  ara   da  a  orbe edilerek metabolik enerjiye 

d      r l    d r (71).   

4.5.10.1. DESL Etki Mekanizması  

 DESL    o     la  o u;    ro dola   da,  Adenozin-Tri-Fosfat (ATP), 

R  o   l    A    (RNA) ve  D o    R  o   l    A    (DNA) sentezinde art    a lar. 

H  r   ç    g r    o o lar    r    m ra   v     o o dr d        a du arl  kromoforlar 

 ara   da     l r. Fo o     rj       r   ç  d  ATP    l  d     r   rol   ra  o u v  

 o     o lar    d      r         a al    rj    ç vr l r. DESL u gula alar  da    r l rd  

  z oloj   d    iklikleri takiben membran g ç rg  l    d  d    ir ve    r     ozu ve 
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 rol   ra  o u g    ç    l     oloj     r çl r  u ara     kalsiyum (Ca) ta    r. Da a 

       dozlarda laz r u gula d    da     ço   azla Ca  al   r. Bu da ATPaz (Adenozin 

Trifosfataz) ve Ca  o  alar         ra   v     ,    r     ATP   o u u         si ve 

   r     a ol z a              o u la  o uçla  r (72, 73). 

4.5.10.2. DESL Biyostimülasyonunda Kullanılan Lazerler 

  He-Ne, Ga-As ve Ga-Al-A  laz rl r DESL    o     la  o u da  ulla  la  

laz rl r olara  l   ra  rd    l r  l   l    rl    , g     zd  da a ço  Ga-As veya Ga-Al-

As lazerler tercih edilmektedir (74, 75).  

 He-Ne lazer; gaz aktif maddeye sahip, 630-660    dalga  o u da   r  z  r   l  

  r laz r olu ,  ara    l      ,   ar do u u, d r   a  al  lar  v   ro    a r da     l  oldu u 

bildirilen bir lazer tipidir. He-N  laz rd ,    rj     %50’d    azla   d r    z         r    

d r  l    d   da a az   r       da a  or   oldu u da    z    l u gula alarda   r    

edilir (76, 77).  

 Ga-A  laz r;  ar   l      a     or a l , 904-910 nm dalga boyunda bir  lazer olup, 

 u  u a  do ulara d r        ra  o   z ll       a     r (78). 

 Ga-Al-A  laz r d   ar   l      a     or a l  830-980 nm dalga boyunda, DESL 

   o     la  o u da    ço   ulla  la  laz r   r d r. H  oglo    v   u  ara   da  ço  az 

a  or    d ld     ç          do u      ra  o u  z ll       a     r (79, 80).  

4.5.10.3. DESL Biyostimülasyonunun Klinik Uygulamaları  

 DESL    o     la  o u; FDA  ara   da  o a la      r v  a r  a     v  d   

     l    d      ço  ala da  ulla      d  a  o u  ulu ur. Bu lar a a  da   rala      r: 

 - Oral mukozadaki cerrahi yaralar 

 - D   ç      av   l r  

 - Re  rr    a   z l z o lar 

 - Post-o  ra    a r  v   d    o  rol  

 - Kemik rejenerasyonu 

 - Romatoid artrit 

 - Osteoartrit 
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 - Kar al     l    dro u  

 - Tendinit 

 - M  o a   al a r     dro u  

 - Or odo     d    ar    l r  

 - Paresteziler 

 - Dentin hassasiyeti (81-89) 

4.5.10.4. DESL Biyostimülasyonunun Doku İyileşmesine Etkisi 

 DESL    o     la  o u      u u a  do uda     d    r  do uda    l     

 o a     l    ar   r            a     r. DESL    o     la  o u  a      r l r   z r         

 d r   vazoa          g    r r v      la a  do uda    rodola     ar   r r (90-92). Bu 

   rodola    ar      a     d     ro la    rol   ra  o u u  ar  a   v   ollaj        z  d  

ar    g     u u a  do u    l       d      l  ola     a  z alar  ar      g ç r (93, 94) 

(R     1). Ç    l     v vo v     v  ro çal   alarda DESL    o     la  o u u   ollaj   

g       r   o u u ar   rd    v   u a  a l  olara  a la l  d r   d   ollaj   do u ar     

oldu u   l r  l     r (95, 96).  

 
Resim 1. A.DESL          ven, arter ve lenfatik damarlar. B. DESL      o     la  o u 

 o ra   vazoaktif etki  ile  g    l     da ar ça lar   l   mikro  dola       ar     

(V:Ven, A:Arter, L: Lenfatik damar, Kaynak: Convissar, 2011:269) 

  DESL    o     la yo u  l   a ro ajlar    ago             ar ar, do u    l       

a a a   da g rç  l        r   r zor    o u   zla  r v     ro la           a   r  

 alg la  r. DESL    o     la  o u u     r   l d z  d  do u    l       d      l  oldu u 

  r d   r  a   da l   o   l rd r. E    l    r l r  d    l   o   l r  z r  d   ar     ar   r    

        a     d  da a   zl   rol   ra  o , gra  la  o  do u u olu u u v   u a  a l  

 r         l za  o  g rç  l   r (75, 97).  
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 DESL    o     la  o u u      r    r l r   z r  d     la a uar   d  a  r 

 alg la  a   da azal a, da a   zl  r j   ra  o  v  a  o al        g        l r  vard r. 

Bu      l      r r j   ra  o u u   zla d r     z ll    d   d   a dala  l r (75, 94). 

 K      or a  o u da DESL    o     la  o u u  olu lu        oldu u     ço  

çal   ada or a a  o  u  ur. H  r  a   v         ar  a    o u u ATP v  ALP  r      d  

ar    v   al   u   alg la  a  , DESL'            l              l   d    

   a  z alar  da    r d r (98). B r d   r    a  z a, va   lar za  o u  ar  a    l  

  d  a  r  al       o u u da o   o la  lar   o  o   l r  d            a la  a   

   l  d d r (12, 99). D   al    la    l        ara   da o   o    gra  o u da   zla d r    

        a    oldu u   l r  l   DESL    o     la  o u u  u gula  a    l   o u u da 

  a dar    r  ro  d r ol a a la   rl           a     r      rd    azla  a  da   a   DESL 

   o     la  o u u gula a           l       ar     ,          l         ve 

    ral za  o u   zla d rd       ld r l     r (11).   

4.5.10.5. DESL Biyostimülasyonunun Güvenliliği ve Kontrendikasyonları 

 Laz r    azlar  d   a l   ulla  l a alar   al  d    dd   arala  alara v  do u 

 a arlar  a       ola  l rl r. Öz ll  l  g zd  r    al,  or  al  a arlar v   a  a   rl   

g l     l r.   

 Laz r    azlar , olu  ura  l    l r   o a     l zararlara g r   ulla        g r     

  l  l r  al a   a a   la ç    l       la d r alara  a    u ul u  ur. Far l  laz r      lar , 

ulu larara   laz r g v  l     a dard  IEC 60825-1 v  Avru a   a dard  EN 60825-1 

 ara   da   a   la      r (100). 2003   l  da  a  la     g    l      la a a g r  

lazerlerin yarata  l    l r      azla  a ar  l     ad   d l   l r  a    u      oz 

d   rl r    g r  Avru a   a dard  EN 60825-1 olu  urul u  ur. 

   Bu      la a a g r ; 

 - S     1, g v  l  laz rl rd r. G çl r  oldu ça d      r. 

 - S     2, g r   r dalga  o lar    (400-700n )  ç r   laz rl rd r. Do ruda   ç    

 a  l ad      r       l    olu  ur azlar. G z  a a  a r  l         oru  ada     rl  

oldu u var a  l a  ad r. 
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 --S     1M v  2M,       çl   a   “Magnifying” laz rl rd r. T     a lar  a g z  ç   

r   l  d   ll rd r a  a  g zl  ,   l   o  v        ç g        l  o    l rl   ulla  l a   

halinde hasar yaratabilir. 

 --S     3R laz rl rd ,  oru ul a a    al  d    l   a   lar  v  g z  a ar  

g l     l r.  

 --S     4     ç     g    0.5 W’ a        laz rl rd r. E    ç      a  a   l  v  g z 

 a ar  g r l r. U gula a ala   da al v al a a    a    alz   l r   ol a a   g r   r. 

T ra      a açla  ulla  la  laz rl r                     d r   r (101). B     laz r 

   azlar      z r  d   a g  g v  l          da oldu u u   l r      r   ar    v u  ur 

(Resim 2). 

 
Resim 2. DESL    o     la  o u da  ulla  la        d r  laz r 



25 

 

 Laz r u gula alar  da g   l olara  u ul a   g r      a l  a g v  l   

protokolleri; 

 - Laz r u gula a  or a a g r   ç        o  roll  ol a   v  u gula a    a   da 

 a  da u ar      ar    ulu  a   

 - Laz r u gula       r o  l   v   a  a  a  a ol a   z r  odada  ulu a    r      

 oru u u g zl  l r  ulla  a   

 - U gula a   ra   da or a da  a          z   v       l r    ulu  a a   

 - S     4 laz rl rl  çal   l r    or a da  a     v   a la            ulu durul a a   

 - U gula ada olu a  l       rra   du a     o  a     ol a     d    l   a l  l  

  r     ld  a   ra  o u v  or a     d al   r  avala d r a v     l r l               a    

ol a      l  d    rala a  l r (101, 102). 

 DESL    o     la  o u u     l      z r  d  olu lu     l r    l     l    rl     

 o  r  d    oldu u duru lar da   z o u udur. Bu lar: 

 1. Ka   r: I  v  ro çal   alar, DESL    o     la  o u u   a   r    r l r    

     l   d   ld      g    r     r. Bu   d  l   a   r, DESL    o     la  onunda kesin 

bir kontrendikasyondur. 

 2. G   l  : F          l r      olara    l    d    d   g   l rd  DESL 

   o     la  o u u gula a   da   aç   l al d r. 

 3. E do r   B zl r: T ro d g      do r     zl rd  a  r   alg la a a   d   ola  l r. 

 4.  Ço u larda  a  a a     o  a  ll r 

 Bu        o  r  d  a  o lar  ar    d  DESL    o     la  o u u  olu  uz 

    l r    g    r     r a g    r  a    ol a a da  a   a  r varl    da,    l     

 a  alar  da v  ço u larda         la lar  da DESL    o     la  o u u gula a  da  

 aç   l al d r (74). 
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5. GEREÇ ve YÖNTEM 

5.1. Deney Hayvanları 

 Bu çal   a Karad   z T      Ü  v r       Ha va  D    l r  Y r l E    

Kurulu’nun 09.10.2013 tarihli, 2013/53 protokol no’lu o a   v  Karad   z T      

Ü  v r       B l    l Ara   r alar Koord  a  o  B r   ’nin 21.03.2014 tarih ve 11140 

kodlu  roj  d        l  Karad   z T      Ü  v r       T   Fa  l     C rra   Ara   r a 

Merkezi’ d    r   l     r. Çal   a  zda 48 adet ergin d    250-300 gr a  rl    da 

wistar rat  ulla  l     r . T    a va lar çal   a                         o  v  a a o    

 al or a  o  aç    da  d   rl  d r l     r. Ratlar Karad   z T      Ü  v r       T   

Fa  l     C rra   Ara   r a M r  z ’nde   r gru   ç   a r   a   l rd , a    la oratuvar 

 ar lar  da  ar  d r l     r (Resim 3). Ha va lar  ç   u gu     a l   a (20 C°±2) 

havala d r a   r   a   ola  v  g     ala    r or a   a la      r. Hayvanlar herhangi bir 

     la a v   z l  o ul u gula a   z     a dar  ra        l     l       r. İ    a  al   

ortama intibak periyodunda   o ra d     a a a   a g ç l     r. 

 
Resim 3. Wistar ra lar    ar  d r l a    
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5.2. Deney Gruplarının Oluşturulması 

  Ara   r a  zda ra lara u gula a a  DESL    o     la  o u dozlar  a g r  

Ko  rol, L5, L10 v  L20 ol a   z r  d r  a a gru a a r l   lard r. Bu a a gru lar da 

 a va lar    a r       d l    l r   a  a a g r  d rd     v      z      a  a al  gru lar  a 

a r l   lard r. 

  1. Grup (Kontrol Grubu): 12 d        olu a   u gru  a d    l r    a  

    alar  da       d       aç l    v    r a g    r   dav  u gula  a   z      l      a    

 d l     r. Sa r    a  o  g  l r    g r  d    l r     al  gru a a r l     r.  

  Ko  rol gru u al  gru lar : 

  1.a. (K/4) Post-o  ra    d rd      a  ada  a r       d l   gru  ( =6) 

  1.b. (K/8) Post-operatif sekizinci haftada sakrifiye edilen grup (n=6)  

  2.Grup (L5 Grubu): 12 d        olu a   u gru  a d    l r    a      alar  da 

      d       aç ld   a   o ra  l  doz       d     l r     olu  uruldu u   a   a v   a    

eden post-o  ra       , d r , al  ,     z, 10 v  12 g  l rd  v    r   a  a     J/  2 DESL 

   o     la  o u u gula      r. Sa r    a  o  g  l r    g r  d    l r     al  gru a 

a r l     r.  

  L5 gru u al  gru lar : 

  2.a. (L5/4) Post-o  ra    d rd      a  ada  a r       d l   gru  ( =6)  

  2.b. (L5/8) Post-operatif sekizinci. haftada sakrifiye edilen grup (n=6) 

  3.Grup (L10 Grubu): 12 d        olu a   u gru  a d    l r    a      alar  da 

      d       aç ld   a   o ra  l  doz       d     l r     olu  uruldu u   a   a v   a    

eden post-o  ra       , d r , al  ,     z, 10 v  12. g  l rd  v    r   a   a 10 J/  2 DESL 

bi o     la  o u u gula      r. Sa r    a  o  g  l r    g r  d    l r     al  gru a 

a r l     r.  

  L10 gru u al  gru lar : 

  3.a. (L10/4) Post-o  ra    d rd     a  ada  a r       d l   gru  ( =6)  

  3.b. (L10/8) Post-operatif sekizinci haftada sakrifiye edilen grup (n=6) 

  4.Grup (L20 Grubu): 12 d        olu a   u gru  a d    l r    a      alar  da 
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      d       aç ld   a   o ra  l  doz       d     l r     olu  uruldu u   a   a v   a    

eden post-o  ra       , d r , al  ,     z, 10 v  12. g  l rd  v    r   a sta 20 J/cm2 DESL 

   o     la  o u u gula      r. Sa r    a  o  g  l r    g r  d    l r     al  gru a 

a r l     r.  

  L20 gru u al  gru lar : 

  4.a. (L20/4) Post-o  ra    d rd     a  ada  a r       d l   gru  ( =6)  

  4.b. (L20/8) Post-operatif sekizinci haftada sakrifiye edilen grup (n=6) 

  Her   r  a va     a      a       oloj       l    a açl   ulla  l     r. Bu nedenle 

deneyim zd   r   l    a     48 ol u  ur (n=48). 

5.3. Deneye Hazırlık 

   A     z           r  a va   ar  lara  a  rl       l rl  d . Uygun anestezi dozu her 

 a va   ç      a la d   a   o ra 50  g/ g    a      dro lor r (Ketasol® %10, Richter 

Pharma, Austria) ve 10 mg/kg  ksilazin hidroklor r (Ro  u ®   j. % 2 sol. Bayer, 

G r a  )     ra  r  o  al olara  u gula d . Anesteziyi takiben bacak medial   lg       

  ld   ra la d  (Resim 4a). A          ç    ov do    o  (B  ad   ®  ol. Ka  u , T r    ) 

 ol   o u  l   lg l    l    lg      l  d  (R     4b). 

            
Resim 4a. T   a  z r  d    ld    ra la  a      Resim 4b. Cildin dezenfeksiyonu 

5.4. Cerrahi Yöntem 

 D      a va lar      a      alar   z r  d      ld     o  az  a la a  a a   la 27 

gaug      l    j    r  l  0.5    lo al a     z   ar   a     dro lor r (Ultracain ® DS, 

Sanofi-Aventis, Frankfurt/Main, Germany)   j     o u  a  ld . Kulla  la a       a  
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   r l   rra    r    z r      rl    r ld  (R     5). T   a   d al   z      ula  a  a a   la 

        uzu            aral l, 25    uzu lu u da   l          a  ld  (R     6). K    

d       o la        ula  lara   a   a  l r    ro o ora  a l    r piyasemen ve bir mm 

ça   da   r ç l   ro d  r z  ard    la   ru    z oloj    rr ga  o u al   da d z   10    

d   al  d         x         o u lar  da  o o or   al       d       olu  uruldu (R     

7). C rra   ala    ru    z oloj    l     a d   a   o ra 3/0 poliglaktin sutur ile primer 

olarak suture edildi (Resim 8). E   o  olara    l   ov do    o   ol   o u  l    l  d . 

 
 Resim 5. S  r l   rra        a     az rla  a   
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Resim 6. Tibia medialinin diseke edilmesi    Resim 7. Kemik defekti 

 

 
 Resim 8. Dokular    u ur   d l     
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5.5. DESL Biyostimülasyon Protokolü  

 Ko  rol gru u d    da   gru lara,  l    a    o  ra  o da         o ra ol a  

 z r   o  -o  ra        , d r , al  ,     z, 10 v  12. g  l rd  DESL    o     la  o u 940 

nm dalga boyunda Ga-Al-As laz r    az   ulla  lara   a  l     r (R     9). DESL 

   o     la  o u   r   a   a  ç   2 ’l   ala a 10  a       r  l , d va l   odda, L5 

gru u da 1.5 W ç     g   , L10 gru u da  ç W ç     g   , L20 gru u da al   W ç     

g    l  v    ra   la     J/  2, 10 J/cm2 ve 20 J/cm2    rj   o u lu lar  da u gula      r 

(Resim 10).  

 
Resim 9. Ga-Al-A  laz r    az        
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Resim 10. DESL    o     la  o u u gula a   

5.6. Sakrifikasyon 

 Sa r    a  o   ç    a va     a       laz    ar       l  u u uldu  a   o ra 

servikal d  lo a  o   l   a r       d ld . H r  a va     a      a  , d z v  a a  

  l  l r  d     r lara  a r ld  v   u u a  do u              z o  v  d       o   l  

ç  ar  lara  d      olu  urula      alar  ld   d ld  (Resim 11). D        lg    d  orga  z  

olan doku     uza la   r l ad .            
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Resim 11. R j   r  ol u  d      ala      ç r   tibia spesmeni   

5.7. Histopatolojik Değerlendirme 

 C rra   olara  ç  ar  la   a  r al     oloj       l   l r  ç   % 10’luk fosfat 

 a  o lu  or ald               al  d . Da a  o ra  r   l r D  al® (Decal chemical 

Cor ora  o , N wYor , USA)  olu  o u da 72  aaa    r  d  al     a  o a  a    u uldu. 

K     do u u da    u u a a  ll         d ld       o ra  r   l r a ar  u al   da 

d  al     a  o   olu  o u u  uza la  a    ç      a d . Y  a a   l    d    o ra 

 r   l r    rar  or ald      ol   o u  ç r       o uldu. Tra   or    l    d    o ra 

u gu  ala larda  al  a  do u  r   l r  ru    do u  a       al  d  v   o  olara   ara     

g   l r    lo la d . Do u  lo lar   am otomatik mikrotom (LEICA RM 2255, US) 

 ard    la do u u   a la g    a  adar 20 μ ’l        l rl   r  l  d , do u a ula    a 

    μ ’l             l r al  d . Al  a       l r 45°C’d      ar   ç  d       a   u  z r  d  

  r    lar   aç l a    ç      l   ld  v  la   z r    al  d . K     al a   l    

 a a la d   a   o ra la   z r    al  a  do ular H  a o   l  &Eoz    l   o a d . Eld  
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 d l    r   ra larda      oloj       l     ç     d  l      ara   r l r (o   o   , 

o   o la  , o   o la  ,    ro la   v  da ar  a    ) DP 71 (Japan)  a  ral       

mikroskobunda (Olympus, BX51, Japan) Analysis 5 Research (Olympus Soft Imaging 

Solu  o , G r a  )  rogra    ulla  lara     a la d . Dokuya ait histopatolojik 

d   rl  d r        a       ro  o  a  a  ld  v   o o ra lar  ç   l r   d j  al or ama 

a  ar ld . 

5.8. İstatistiksel Analiz 

 Eld   d l       o a oloj   v r l r      a        l d   rl  d r     SPSS 17.0 (SPSS 

I  .,C   ago, IL; USA)  a     rogra    ulla  lara   a  ld . So uçlar      a        l 

d   rl  d r      ç   gru lar ara    ar  la   r ada d rd     v      z      a  alarda 

Kruskal Wallis, Mann-W       U       v  g r       duru larda Bo   rro   d z l      

 ulla  ld  ( <0.01). Gru   ç   ar  la   r ada   r   r gru   ç   W l oxo  S g  d-Rank Test 

 ulla  ld  ( <0.05). İ   l      ara   r l r   aralar  da zamana  a l   or la  o  a al z  

S  ar a   or la  o         l  g rç  l    r ld  ( <0.05). 
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6. BULGULAR 

 Çal   a a al  a    ç  r ra          o  v  a  a  a   r      l   l  d  v  çal   a 

d      ra  la   a va  ol ad . Çal   a a al  a  ra lar   a dar   a  a v    loda oldu lar  

 ç   ra lar    a ,   lo g     z ll  l r  a     da  aralar  da a la l   ar   ulu u  

 ulu  ad    a  a  l ad . K     do u u u         a va larda      l       orudu u, 

  ç  r d j   ra  o a u ra ad    v   or al  a  da oldu u g r ld . 

6.1. Histopatolojik Bulgular 

6.1.1. Kontrol Grupları 

 K/4 gru u a a   do u      l r  d ,   r   r    r z do u  ara   da   ar l    ola  

 o u   ra    l r    a  r        a     v         ra    ll r   z r  d  az     arda 

 al           rda    lg l r  g zl       r (R     12).  

 
Resim 12. K/4 gru u da   al  a   r      g zl         r z do u,  osteosit  ve osteoblast 

   r l r  (Y ld z: F  r z do u, Sa  o : O   o   , Üçg  : O   o la  ) 

 K/8 gru u a a   do u      l r  d     , do u  z r  d    r   r  ra    l r   r yer ise 

 al     a  o   a         l rl  oldu u    a  r        a         a    oldu u g zl       r. 

Bu a    olara     a  r        a     da   a  r        a     a g ç       r g    rg    

ola         a r     d    la  ll    l r   oldu u ala lar  zl       r. K   k matriksinin 
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non- o oj   z   a  da ol a            l       r       d va           g    r      olu  

va   l r  a allar    o u la        l rl       r (R     13).  

 
Resim 13. K/8 gru u da  al  a   r      g zl      o -homojenize kemik matriksi,   

osteosit ve va   l r  a al (Y ld z: No - o oj   z         a r    , Sa  o : 

O   o   , Üçg  : Va   l r   a al). 
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6.1.2. DESL Grupları 

 L5/4 gru u u  do u      l r  d ,  o u     r z do uda  a a al  olara      rda , 

 ra    l r    a  r        a     a g ç   v         ra    ll r  d  o   o   l r   ara   da 

  r ala   al           rda    lg l r   zl       r (Resim 14a, Resim 14b). 

 
Resim 14a. L5/4 gru u da  al  a   r      g zl        r z do u, o   o   ,     rdak ve         

damar (Y ld z: F  r z do u, Sa  o : O   o   , O   a  : K   rda , Üçg  : 

Damar) 
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Resim14b. L5/4 gru u da  al  a   r      g zl     kalsifiye     rda ,o   o   ,osteoblast 

v      rda  do u (Y ld z: Kal           rda , Sa  o : O   o   , Sol 

o :O   o la  , O   a  : K   rda  do u) 
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 L5/8 grubunun doku kesitl r  d     ,  ra    l r    a  r        a     da   o -

 o oj   z   a r     ç r    d    r   r la  ll    l r   g r ld     a  r        g ç   

 or u  a     da   r g r     l    rl      az  ala larda      al     a  o   a       a  r  

 d l   ld            d l     r (Resim 15). 

 
Resim 15. L5/8 gru u da  al  a   r      g zl        r z do u, o   o   ,     rda  v       

damar (Y ld z: No - o oj   z         a r    , Sa  o : O   o   , O   a  : 

Va   l r  a al) 

 

 

 

 



40 

 

 L10/4 gru u u  do u      l r  d , g   l olara   ra    l r    a  r       

 a          ra   da   r ala     r z do u ala lar  do u a  a        ,    r z do uda   

   a  r v   a  r       do u u a g ç    or u ola      rda  do u u a  a    ala lar 

g zl  l         r.  Bu lara    olara ,  ra    l r    a  r        a     da     k 

 ra    ll r      z r  d  o   o   l r   ara   da   r ala   al           rda    lg l r  

 zl       r (R     16). 

 
Resim 16. L10/4 gru u da  al  a   r      g zl        r z do u, o   o   , o   o la   v  

 al           rda  (Y ld z: F  r z Do u, Sa  o : O   o it, Sol ok: 

O   o la  ,Üçg  :O   o la  , O   a  : Kal           rda ) 
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 L10/8 gru u u  do u      l r  d     , do u  z r  d   ra    l r    a  r       

 a     da   o - o oj   z   a r     ç r    d    r   r la  ll    l r   g r ld     a  r 

       g ç    or u  a     da ala lar  zl       r. Ho oj   z   a r      a     a  r 

       a        g zl        ol a            l       r        a  olara  

 a a la  ad      g    r     r (R     17). 

 
Resim 17. L10/8 gru u da  al  a   r      g zl      o -homojenize kemik matriksi,  

o   o   , va   l r  a al v  la  ll    ,  al     a  o   a    ve homojenize 

matriks (Y ld z: No -homoj   z         a r    , Sa  o : Osteosit, Ok 

 a  :Va   l r  a al v   la  ll    , Sol o : Kal     a  o   a   , Üçg  :  

Homojenize matriks) 
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 L20/4 grubunu  do u      l r  d , g   l olara   ra    l r    a  r       

 a          ra   da  ol  a  da arl    r  a   g    r      r z do u ala lar  g zl  l  d . 

F  r z do uda     a  r v   a  r       do u u a g ç    or u ola      rda  do u u a 

 a    ala lar g zl  l    z   ,  ra    l r    a  r        a     da       

 ra    ll r      z r  d    r ala   o u   al           rda    lg l r  d   a   ç       r 

(Resim 18). 

 
Resim 18. L20/4  grubundan  al  a    r       g zl         r z  do u, da ar, o   o     v  

 al           rda  (Y ld z: F  r z do u, Üçg  : Da ar,  Sa  o : O   o   ,  Ok 

 a  : Kal           rda ) 
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 L20/8 gru u u  do u      l r  d     , do u a  z r  d   ra    l r    a  r       

 a     da ,  o - o oj   z   a r       a    oldu u  a  r        g ç    or u  a     da 

ala lar   oldu u g zl  l       r. A r  a  o - o oj   z   a r     ç r    d    r   r 

la  ll    l r    a lad    g r l r   ,  u a    olara ,   az  ala larda  al     a  o  

 a       a  r   d l   ld            d l     r (R     19a, R     19b). 

 
Resim 19a. L20/8 gru u da  al  a   r      g zl      o -homojenize kemik matriksi, 

o   o    v   al     a  o   a    (Y ld z: No -homojenize kemik 

matriksi,Üçg  : Va   l r  a al,  Sa  o : O   o   , O   a  : Kalsifikasyon 

 a   ) 
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Resim 19b. L20/8 gru u da  al  a   r      g zlenen non-homojenize kemik 

matriksi, o   o   , va   l r  a al v  la  ll     (Y ld z: No -

homojenize kemik  a r    , Üçg  : Va   l r  a al,  Sa  o : O   o   , 

O   a  : La  ll    ) 
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6.2. Gruplara Ait Hücre Sayım Bulguları  

 Ko  rol d r   a  a gru u a a   histopatolojik inceleme sonucu elde edilen veriler 

Ta lo 1’d   u ul u  ur. 

Tablo 1. Ko  rol d r  hafta grubuna ait histopatolojik inceleme verileri 

 

 

 

 

 

 

 

 

 

 

 

*H r  a va da   d         al  a      oloj            a  la  o   o   , o   o la  , o   o last, 

   ro la   v  da ar  a  lar  

 

 

 

 

 

 

 

 

 

Hayvan no 

 

 

Osteosit 

 a     

 

Osteoblast 

 a     

 

Osteoklast 

 a     

 

Fibroblast 

 a     

 

Damar 

 a     

 

Hayvan 1 940 228 2 908 2 

 

Hayvan 2  1266 788 4 750 18 

 

Hayvan 3 1211 432 0 345 6 

 

Hayvan 4 576 102 3 1280 0 

 

Hayvan 5 672 242 6 0 0 

 

Hayvan 6 891 306 6 0 

 

0 
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 Kontrol sekiz hafta grubuna ait histopatolojik inceleme sonucu elde edilen veriler 

Ta lo 2’d   u ul u  ur. 

Tablo 2. Kontrol sekiz hafta grubuna ait histopatolojik inceleme verileri 

 

 

 

 

 

 

 

 

 

 

*Her hayvandaki defektt   al  a      oloj            a  la  o   o   , o   o la  , osteoklast, 

   ro la   v  da ar  a  lar  

 

 

 

Hayvan no 

 

 

Osteosit 

 a     

 

Osteoblast 

 a     

 

Osteoklast 

 a     

 

Fibroblast 

 a     

 

Damar 

 a     

 

Hayvan 1 1448 0 0 0 0 

 

Hayvan 2  958 64 0 620 6 

 

Hayvan 3 1083 375 0 730 6 

 

Hayvan 4 1563 129 0 0 0 

 

Hayvan 5 1251 18 0 0 0 

 

Hayvan 6 1742 0 0 0 

 

0 
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 L5 d r   a  a gru u a a       o a oloj       l     o u u  ld   d l   v r l r  Tablo 

3’    u ul u  ur. 

Tablo 3. L5 d r  hafta grubuna ait histopatolojik inceleme verileri 

 

 

 

 

 

 

 

 

 

 

 

 

 

*H r  a va da   d         al  a      oloj            a  la  o   o   , o   o la  , o   o la  , 

   ro la   v  da ar  a  lar  

Hayvan no 

 

 

Osteosit 

 a     

 

Osteoblast 

 a     

 

Osteoklast 

 a     

 

Fibroblast 

 a     

 

Damar 

 a     

 

Hayvan 1 641 232 7 466 47 

 

Hayvan 2  767 278 8 137 9 

 

Hayvan 3 662 417 15 391 11 

 

Hayvan 4 721 407 6 279 10 

 

Hayvan 5 504 144 4 226 12 

 

Hayvan 6 550 352 5 224 2 
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 L5 sekiz hafta grubuna ait histopatolojik inceleme sonucu elde edilen veriler 

Ta lo 4’    u ul u  ur. 

Tablo 4. L5 sekiz hafta grubuna ait histopatolojik inceleme verileri 

 

 

 

 

 

 

 

 

 

 

 

 

 

*H r  a va da   d         al  a      oloj            a  la  o   o   , osteoblast, osteoklast, 

   ro la   v  da ar  a  lar  

Hayvan no 

 

 

Osteosit 

 a     

 

Osteoblast 

 a     

 

Osteoklast 

 a     

 

Fibroblast 

 a     

 

Damar 

 a     

 

Hayvan 1 794 0 0 0 0 

 

Hayvan 2  695 66 0 288 0 

 

Hayvan 3 1008 0 0 0 0 

 

Hayvan 4 1391 170 0 0 0 

 

Hayvan 5 1281 100 0 102 3 

 

Hayvan 6 860 42 0 360 0 
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 L10 d r   a  a gru u a a       o a olojik inceleme sonucu elde edilen veriler 

Ta lo 5’    u ul u  ur. 

Tablo 5. L10 d r  hafta grubuna ait histopatolojik inceleme verileri 

 

 

 

 

 

 

 

 

 

 

 

 

*H r  a va da   d         al  a      oloj            a  la  o   o   ,  osteoblast, osteoklast, 

   ro la   v  da ar  a  lar  

 

 

 

 

 

Hayvan no 

 

 

Osteosit 

 a     

 

Osteoblast 

 a     

 

Osteoklast 

 a     

 

Fibroblast 

 a     

 

Damar 

 a     

 

Hayvan 1 1170 90 2 1250 14 

 

Hayvan 2  624 82 4 1095 86 

 

Hayvan 3 342 120 6 760 0 

 

Hayvan 4 526 128 12 920 16 

 

Hayvan 5 490 462 8 1020 18 

 

Hayvan 6 962 396 2 1218 8 
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 L10 sekiz hafta grubuna ait histopatolojik inceleme sonucu elde edilen veriler 

Ta lo 6’da  u ul u  ur. 

Tablo 6. L10 sekiz hafta grubuna ait histopatolojik inceleme verileri 

 

 

 

 

 

 

 

 

 

 

 

 

*H r  a va da   d         al nan histoloj            a  la  o   o   , osteoblast, osteoklast, 

   ro la   v  da ar  a  lar  

 

Hayvan no 

 

 

Osteosit 

 a     

 

Osteoblast 

 a     

 

Osteoklast 

 a     

 

Fibroblast 

 a     

 

Damar 

 a     

 

Hayvan 1 1256 126 0 262 2 

 

Hayvan 2  914 569 0 0 0 

 

Hayvan 3 1435 54 0 384 3 

 

Hayvan 4 840 309 0 0 0  

 

Hayvan 5 1023 339 0 156 21 

 

Hayvan 6 1296 24 0 0 0 



51 

 

 L20 d r   a  a gru u a a       o a oloj       l     o u u  ld   d l   v r l r 

Ta lo 7’d   u ul u  ur. 

Tablo 7. L20 d r  hafta grubuna ait histopatolojik inceleme verileri 

 

 

 

 

 

 

 

 

 

 

 

 

*H r  a va da   d         al  a      oloj            a  la  o   o   , o   o la  , o   o la  , 

   ro la   v  da ar  a  lar  

 

Hayvan no 

 

 

Osteosit 

 a     

 

Osteoblast 

 a     

 

Osteoklast 

 a     

 

Fibroblast 

 a     

 

Damar 

 a     

 

Hayvan 1 681 552 6 452 23 

 

Hayvan 2  938 543 1 307 0 

 

Hayvan 3 994 212 3 703 4 

 

Hayvan 4 652 175 7 158 1 

 

Hayvan 5 597 327 5 123 1 

 

Hayvan 6 818 318 4 220 2 
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 L20 sekiz hafta grubuna ait histopatolojik inceleme sonucu elde edilen veriler 

Ta lo 8’d   u ul u tur. 

Tablo 8. L20 sekiz hafta grubuna ait histopatolojik inceleme verileri 

 

 

 

 

 

 

 

 

 

 

 

 

*H r  a va da   d         al  a      oloj            a  la  o   o   , o   o la  , o   o la  , 

   ro la   v  da ar  a  lar  

 

 

 

 

 

 

 

 

Hayvan no 

 

 

Osteosit 

 a     

 

Osteoblast 

 a     

 

Osteoklast 

 a     

 

Fibroblast 

 a     

 

Damar 

 a     

 

Hayvan 1 1401 120 0 0 0 

 

Hayvan 2  1228 0 0 0 0 

 

Hayvan 3 911 47 0 0 0 

 

Hayvan 4 1100 41 0 0 0 

 

Hayvan 5 1387 10 0 0 0 

 

Hayvan 6 1364 0 0 0 0 
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6.3. Gruplara Ait İstatistiksel Analiz Bulguları  

 Osteosit, osteoblast, osteoklast, fibroblast ve damar  a  lar       r gru   ç   a r  

a r     a        l a al z v r l r  Tablo 9, Tablo 10, Tablo 11, Tablo 12 v  Ta lo 13’   

 u ul u  ur. 

Tablo 9. O   o     ara   r       gru lar ara   v  za a a  a l  istatistiki analizi      

    [Or ala a±  a dar  sapma (minimum-maksimum)] 

Gru   ç   ar  la   r ada            ara   r  ulla  l     r. 

Gru lar ara    ar  la   r ada   ç        ara   r  ulla  l     r. 

A: p<0.05 

z: p>0.05 

d:Ko  rol v  DESL gru lar        d   çl r  d  za a a ( a  alara)  a l   ar  la   r alar   

 : H r   r  a  a  ç  d   o  rol v  DESL gru lar        d  aralar  da  ar  la   r l alar    

 Ost o     a    ; Ko  rol, L5, L10 v  L20 gru lar           d      z      a  ada, 

d rd      a  a a g r  istatistiksel olarak a la l  ar    g    r     r ( <0.05). Bununla 

birlikte d rd     v      z      a  alarda         gru lar ara  nda istatistiksel olarak 

a la l  derecede  ar l l    ulu  a     r ( >0.05). 

 

Grup 

 

4 Hafta 

 

8 Hafta  

 

p 

D   r  

(d) 

  

 

Kontrol 

 

 

L5  

 

 

L10 

 

 

L20 

 

926±277.58 

 (576-1266) 

 

640.83±99.76  

(504-767) 

 

685.67±315.15  

(342-1170) 

 

780±162.40  

(597-994) 

 

1340.8±297.61 

(958-1742)           

 

1004.83±278.14  

(695-1391)      

 

1127.33±236.05  

(840-1435)      

 

1231.83±195.18 

 (911-1401) 

 

0.037A       

 

0.01A 

 

0.037A 

 

0.01A 

 

 

  D   r  

(e)  

 

0.191z 

    

0.212z                                                                                                          
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Tablo 10. Osteoblast  ara   r       gru lar ara   v  za a a  a l  istatistiki analizi    

      [Or ala a±standart sapma (minimum-maksimum)] 

Gru   ç   ar  la   r ada            ara   r  ulla  l     r. 

Gru lar ara    ar  la   r ada   ç        ara   r  ulla  l     r. 

A: p<0.05, B: p<0.01 

z: p>0.05 

d:Ko  rol v  DESL gru lar        d   çl r  d  za a a ( a  alara)  a l   ar  la   r alar   

 : H r   r  a  a  ç  d   o  rol v  DESL gru lar        d  aralar  da  ar  la   r l alar  

 O   o la    a    ; Ko  rol ( <0.05), L20 (p<0.05) ve L5( <0.01) gru lar  da 

    z      a  ada d rd      a  a a g r  istatistiksel olarak a la l  derecede d     

g    r     r. Bununla birlikte d rd     v      z      a  alarda         gru lar ara  nda 

istatistiksel olarak a la l  derecede  ar l l    ulu  a     r ( >0.05). 

  

 

 

 

 

 

 

Grup 

 

4 Hafta 

 

8 Hafta  

 

p 

D   r  

(d) 

  

 

Kontrol 

 

 

L5  

 

 

L10 

 

 

L20 

 

349.67±240.03 

 (102-788) 

 

305±106.89 

 (504-767) 

 

213±169.50  

(102-788) 

 

354.5±160.71 

(144-417) 

 

97.67±144.53  

(0-375)      

 

63±65.12 

 (0-170)     

 

153.5±136.49 

 (24-339)     

 

36.33±45.75 

 (0-120)      

 

0.037A       

 

0.006B 

 

0.262 

 

0.04A 

 

 

  D   r  ( )

  

 

 

0.401z 

 

0.258z 
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Tablo 11. Osteoklast  ara   r       gru lar ara   v  za a a  a l  istatistiki analizi     

      [Or ala a±  a dar   a  a (     u -maksimum)] 

Gru   ç   ar  la   r ada            ara   r  ulla  l     r. 

Gru lar ara    ar  la   r ada   ç        ara   r  ulla  l     r. 

B: p<0.01 

z: p>0.05 

d:Ko  rol v  DESL gru lar        d   çl r  d  za a a ( a  alara)  a l   ar  la   r alar   

 : H r   r  a  a  ç  d   o  rol v  DESL gru lar        d  aralar  da  ar  la   r l alar  

 O   o la    a    ; Ko  rol, L5, L10, L20 gru lar           d  sekizinci haftada, 

d rd      a  a a g r  istatistiksel olarak a la l  derecede d     g    r     r ( <0.01). 

D rd     v      z      a  alarda         gru lar ara   istatistiksel olarak a la l  

derecede  ar l l    ulu  a     r ( >0.05). 

 

 

 

 

 

 

 

Grup 

 

4 Hafta 

 

8 Hafta  

 

p 

D   r  

(d) 

  

 

Kontrol 

 

 

L5  

 

 

L10 

 

 

L20 

 

 

3.5±2.34  

(0-6) 

 

7.5±3.93  

(4-15) 

 

5.67±3.88  

(2-12) 

 

4.33±2.16  

(1-7) 

 

 

0 

 

0 

 

0 

 

0 

 

 

0.007B 

 

0.002B 

 

0.002B 

 

0.002B 

 

 

 

  D   r  ( ) 

 

0.203z 

 

1z 
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Tablo 12. Fibroblast  ara   r       gru lar ara   v  za a a  a l  istatistiki analizi   

      [Or ala a±  a dar   a  a (     u -maksimum)] 

Gru   ç   ar  la   r ada            ara   r  ulla  l     r. 

Gru lar ara    ar  la   r ada   ç        ara   r  ulla  l     r. 

a: p<0.05, z: p>0.05 

B: p<0.01, Z: p>0.05 

d:Ko  rol v  DESL gru lar        d   çl r  d  za a a ( a  alara)  a l   ar  la   r alar   

e: Her   r  a  a  ç  d   o  rol v  DESL gru lar        d  aralar  da  ar  la   r l alar  

 : 4.  a  ada L5 v  L10 gru lar        d  aralar  da  ar  la   r l alar   

g: 4.  a  ada L10 v  L20 gru lar        d  aralar  da  ar  la   r l alar   

 F  ro la    a    ; L10 v  L20 gru lar  da     z      a  ada d rd      a  a a g r  

istatistiksel olarak a la l  derecede d     g    r     r (p<0.01). Kontrol ve L5 

gru lar  da     d r  v      z  a  a  o uçlar  ara   da istatistiksel olarak a la l  derecede 

 ar   ulu  a     r (p>0.05). D rd      a  ada L10 gru u da L5 ve L20 grubundan 

istatistiksel olarak a la l  d r   d            ro la    a     g r l     r (p<0.05). Ancak 

sekizinci haftada     gru lar ara   da istatistiksel olarak a la l  derecede fark 

 ulu  a     r ( >0.05). 

 

Grup  

 

4 Hafta 

 

8 Hafta  

 

p 

D   r     

(d) 

 

 

Kontrol 

 

 

L5  

 

 

L10 

 

 

L20 

 

 

547.17±519.23  

(0-1280) 

 

287.17±120.92  

(137-466) 

 

1043.83±185.43  

(760-1250) 

 

327.17±218.64  

(123-703) 

 

 

225±297.61 

(0-730)     

 

125±278.14  

(0-360)     

 

133.67±236.05  

(0-384)    

 

0            

 

 

0.171Z 

 

0.107Z 

 

0.004B 

 

0.002B 

 

 

  D   r  ( ) 

 

  D   r  ( ) 
 

  D   r  (g) 

 

0.014a 

 

0.004a 

 

0.004a 

 

 

 0.3z 
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Tablo 13. Damar  ara   r       gru lar ara   v  za a a  a l  istatistiki analizi 

[Or ala a±  a dar   a  a (     u -maksimum)] 

Gru   ç   ar  la   r ada            ara   r  ulla  l     r. 

Gru lar ara    ar  la   r ada   ç        ara   r  ulla  l     r. 

z: p>0.05 

B: p<0.01, Z: p>0.05 

d:Ko  rol v  DESL gru lar        d   çl r  d  za a a ( a  alara)  a l   ar  la   r alar   

 : H r   r  a  a  ç  d   o  rol v  DESL gru lar        d  aralar  da  ar  la   r l alar  

 Da ar  a      a     da  L5 v  L20 gru lar  da sekizinci haftada d rd     

 a  a a g r  istatistiksel olarak a la l  derecede   r azal a g r l     r ( <0.01). Ancak 

ko  rol v  L10 gru lar  da d rd     ve sekizinci  a  a d   rl r   a     da  istatistiksel 

olara  a la l   ar l l   g r l       r ( >0.05). Bununla birlikte d rd     ve sekizinci 

haftalarda     gru lar ara  nda  istatistiksel olarak a la l  derecede  ar l l   

 ulu  a     r  ( >0.05). 

 Bu verilere ek olarak,  L5 gru u da d rd      a  ada      ro la    a      l  a    

 a  ada   o   o la    a     ara   da    a        l olara  a la l  d r   d   oz       r  l     

belirlenirken (r=0.25, p<0.05), sekizinci  a  ada      ro la    a     ara   da     

   a        l olara  a la l  d z  d    ga      r  l      a  a      r (r=-0.88, p<0.05).  

 

 

 

Grup 

 

4 Hafta 

 

8 Hafta  

 

p 

D   r  

(d) 

  

 

Kontrol 

 

 

L5  

 

 

L10 

 

 

L20 

 

 

4.33±7.09  

(0-18) 

 

15.17±15.99  

(2-47) 

 

23.67±31.22 

 (0-86) 

 

5.17±8.84 

 (0-23) 

 

 

2±3.09 

 (0-6)         

 

0.5±1.22  

(0-3)         

 

4.33±8.26  

(0-21)        

 

0 

 

 

0.589Z 

 

0.005B 

 

0.121Z 

 

0.007B 

 

 

  D   r  ( ) 

 

0.115z 

 

0.242 z 

 

 

 

 

 



58 

 

7. TARTIŞMA ve SONUÇ 

 K     do u u,  or al  ar larda  a    v           a  z alar       r d  g  

olu  urdu u r  od l  g    a  z a    l  varl        rd r    z ll        r  a  do udur. 

K         o   o la     a   v     o u u       g rç  l   r   , o   o la     a   v    

 o u u da  a    g rç  l   r. Ya    v           a  z alar     r  o u   r     r 

r  od l  g d  g    olu  ururlar. Trav a v  a   rra   o  ra  o lara  a l  olara        

do u      l     ozulur a          l        a  z alar  devreye girer. Kemik 

     l        ozuldu u  u duru larda    l       r        zla d r a  v   oru  uz   r 

   l      a la a   l    d   ol u  ur. Bu çal   a    a a  , DESL    o     la  o u u  

 ar l     rj   o u lu lar  da u gula  a   la       do u    l        z r  d        l r  

ra     alar  d   rl  d r     r. 

 Travma sonucu devital veya iskemik hale gelen        va   l r a      ar  a  , 

  lg     a  a     la g l   o   o rog     r    r l r   o   o la  lara d     r          

 a la  a  ,   r va   l r o   oj        r l r   o   o la  lar  olu  ur a   v  o   o la  lar   

da o   o la  lar a olu  urula         av        la  ll r        a     la doldur a   g    

  r d z     r   l ola   o u u da          l        a la  r (103). K        l      ; 

       g l    rav a    d r     ,         o , lo al  al g    , rad a  o a  a l  

o   o   roz g    lo al      l r    a    ra, Pag  , F  r z D   laz , D a      M ll  u , 

o   o oroz, A v  D v  a          l  l r  v  a  azlal  lar ,  or o al  ozukluklar, anemi 

v  a  or   o   ro d  ulla     g                  l rd   olu  uz     l     l     r   r ç  r 

(104, 105). Bu olumsuz etkileri azaltmak ve k     do u a     l     rra     l  l r 

 o ra   da    l       r        zla d r a  a a   la     ço   l     u gula a 

g l    r l     r. Bu lar;       gr   l r , ç    l          a   rl r , PRF (Pla  l   R    

F  r  ), d      o u lu lu a   l  ul ra o , DESL    o     la  o u g          l rd r 

(106-109). K     gr     u gula alar  da , o oj         gr   l r  o   o  d      

 z ll  l r   a     d           l         ar   r         g    r r   , alloj     v  a 

    oj           gr   l r     ç    l          a   rl r   l   o       d l r    ulla  l a   

 al  d           l        z r  d  olu lu         a    oldu u     ço  çal   ada 

  ld r l    ir (110, 111). B       a   rl r     gr   l rl   o       d l     z   

u gula alar     da          l        z r  d    olu lu     l r  or a a  o  u  ur (112, 

113). K        l           zla d r a  a a   la  ulla  la    r d   r       , PRF 

u gula a   olu   a  ada  al  a   a     z l   r      a la  a  r   j  d l      olu la  ld  
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edilir (114). Bu       l rd   gr    u gula alar    vaz v   r   l   g r    r    ,        

 a   rl r   ld   d l     zor v   al    l  ol alar , PRF d        a  ada   a  al a  olu la 

 ld   d ld     ç     vaz v   r   l   ol a   g    d zava  ajlar  ç r     l rd r. D     

 o u lu lu a   l  ul ra o  v  DESL    o     la  o u;          l           zla d r    

        a    d   r       l r  g r       al   vaz v     a r  u gula a     odudur (115). 

D      o u lu lu a   l  ul ra o     zo  l   r    olu la    r      ra     u arara  

a j og       v  o   oj            ar   r r   , DESL    o     la  o u 

 o o   o od la  o   olu la    r   ç    r  a    r a    o lar z    r         l   r         

   l           zla d r r (116). 

   So    llarda DESL    o     la  o u; g r        al   vaz v v   o uçlar  

  g r l   l r   r        olu u, g r     l   ra  rd           a ol z a    z r    olu lu 

etkilerinin belirtilmesi ve  l     u gula a  ola l    g      d  l rl      la a ç   a  ad r 

(12, 117). DESL uygulamas       l      o a     l    ar   r    d   r       l r   azara  

ava  ajl    la    r d   r u  ur da lo al olara  u gula d      lg d      l  olur   , enjekte 

edilen kimyasal ajanlar v  a oral  olla al  a    d  a    l r gibi sistemik yan etkileri 

ol a a  d r. DESL    o     la  o u u        do u    l                   

d   rl  d r ld    ç    l  çal   alarda DESL’      r   l d z  d  ATP      z    ar   rd   , 

   r   ç   l   ro   a   a z    r    u ard    v     r   l  H’  d   rd          r l     r. 

DESL    o     la  o u u   l          l       u ar da  a  la     r   l r a    o lar 

 a lar (47). Bu    o    a al r a    o lar v     r      ra   da   d      l  l r 

 a     d ,  a ro aj,    ro la  , l   o    g       l    d  rol o  a a     r l r   a   v      

artar (118, 119). Kollaj   v  DNA      z  d  ar   ,    ro    do u u  da a   zl  

uza la   r l a  ,  al   u    r      d ,   r o      r   o     o u da, o   o la   v  

o   o     o     o u da,      va   lar za  o      ar  da ar    g r l     d      ço  

çal   ada DESL    o     la  o u a  a l  g l        o    a al ola lar    a lad    

 l      o uçlar ara   dad r (7, 120-122). DESL    o     la  o u u   a lad    d   r 

 l     d      l  l r ara   da,   do o dral      l       u ar a  ,   z     al    r l r   

 r     ar l la  a      a la a  ,  r o   oj        r l r  ar   r a   v   allu  olu u u u 

u ar a     r al r           u d      l  l r          d        do u    l         zla  r 

(123).  

 Bu çal   ada,        arala  alar   o ra      l          zla d r l a   ve 

 oru  uz   r    l      a la  a   a a   la u gula a    vaz v       l r   r   ,   r a g  
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  r  a         ol ad      ld r l  ,  a  alar  ara   da   ol r   d l   l r ola  v  v  u  a 

ç    l  do ular  z r  d     l       olu lu  a      ola  DESL    o     la  o u u   ar l  

   rj   o u lu lar  da u gula  a   la       do uda olu a  d      l  l r ra      alar  

 z r  d  aç la   r     ol a a   o u  a  o o or   al d     l r  z r  d  

d   rl  d r l   tir. Çal   a  zda olu  urula  d     l r    o u lar , ra larda       

o ar        l  al  d    d   r çal   alarla u u lulu  arz  d         ld    l rl       r 

(124-126). 

 L   ra  rd ,          l          d   rl  d r ld    in vivo çal   alarda   r ço  

 a va   od l   ulla  l     r. Bu lar ara   da      ,  av a ,  o u  g     a va   od ll r  

 ulu  a la   rl    ,  a va         d   a a a  zorlu lar   d    l  ara   r a  lar  a  a 

 od ll r  z r  d  çal   a a     l   l rd r. K        l          d   rl  d r ld      r 

ço  çal   ada d      a va   olara  ra   ulla  l     r (107, 127). Aronson ve ark. (128) 

 a    lar  çal   ada          l          d   rl  d r l      ç   ra   od l     

u gu lu u u d   rl  d r   l rd r. Ra   od l      r           d  l r  olara  d     

 al    l  ol alar ,  ola         d l   l  l r      a     ra          a ol z alar  v  

  z oloj l r   a    da g       lg   a     olu  a       l r    l rd r. Ara   r a  lar; 

ratlarda en uzun      l rd     r  ol a  ,   rra   olara   ola  ula     a la  a   v  

o  ra  o   o ra   ra     or al g  l   a   v   l r    d va   d   l     aç    da      a 

 z r  d  çal   l a      u gu  oldu u u   l r    l rd r. Bu   lg l rd    ola ç  ara    z d  

hayvan model  olara  ra   od l   , o  ra  o    lg    olara  da     a    ulla  a     r    

ettik. 

 Çal   a  zda  a va lar       a d     l r     olu  uru a          d  g   l 

a     z l r      a la  a   da, l   ra  r     l   l r  do rul u u da    a      dro lor r 

ve ksilaz    o    a  o u  ulla  l     r (129, 130). G   l a     z   o ra   a     z  

 a  a l    r a g    r  o  l  a  o   l   ar  la  l a     r. 

 P r o  ra    a      o    u gula a  ,    a larda ru      r u gula a      d      l 

 a va  çal   alar  da  u  o uda   r g r     rl     ulu  a a  ad r. Baz  ara   r alarda 

         l      nin antibiyotik tedavisi uygulamas  la g           ld r l     r. Perry ve 

ark. (131) l vo lo  a    v   rova lo  a    u gula a  ra larda   allu  olgu la  a   da 

g       v      rda   a     da ar    g zl   r    da a az  rg         a     g r ld      

  l r    l rd r. B r d   r çal   ada; ra larda    ur  ra   r  olu  uruldu  a   o ra 
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g   a      v  a va  o      u gula    lar v    r      l        z r  d  olu  uz   r      

g r l  d      l r  l     r (132). Favaro-Pipi ve ark. (129) ra      alar  da d      

olu  urdu lar  çal   ada  o  -o  ra    a      o    u gula a   lar,  ad     u urlar 

a  ld   a   o ra   ld   ov do    o   ol   o u  l  d z             l rd r. B z d  

  r o  ra    a      o     ulla      o u u da l   ra  rd    ç l    l   o uçlarda  v  

          a      l rd   dola   çal   a  zda  ulla d     z d      a va lar  a 

per o  ra    a      o    u gula ad  . 

 D      a va lar   z r  d           l              l  d    çal   alarda  o  -

o  ra    a alj z    laç  ulla d r l a    o u u da       a      o     ulla d r l a   g    

    la l    r  o udur. No    ro d a      la a uar  laçlar         a  z alar  g r    

   loo   j  az   z           o u  a arlar v   u   z     o   o la    ar l la  a   da 

etkili olur (133). Ha va larda       d       olu  urula  çal   alarda    l       olu  uz 

     g    r   l        d     l  a alj z    ulla d r l a a   g r          avu a  ç    l  

çal   a  lara  ar    (134, 135)  a va larda a alj z    ulla                 l       

 z r  d  olu  uz      g    r            avu a  ara   r alar da mevcuttur (134, 136, 

137). Ya  la    r çal   ada farelerd      a  ra   r  olu  urul u  v  farkl   o    ro d 

a      la a uar  laçlar    ulla               a la l    a olu  uz   r        ol ad    

belirt l    ir (137). Bu a  ar    B    v  ar . (136) ra      alar  da  ra  v r  o   o o   

 a   ,     r  d ll r         a o u u gulad  lar  çal   alar  da d  lo   a   ulla        

           l   d r     d  v   o u lu u da azal a a   d   oldu u u  avu  u lard r. 

B r  a  a çal   ada  ar  o     v    do   az   u gula a      ra      a  ra   r  

   l        z r  d       l r  d   rl  d r l    v   o uç a  a    u  g r l    uvv    v  

kemik mukavemet   z r  d  azal            oldu u   l r  l     r (138). Biz de 

çal   a  zda DESL    o     la  o u u     l      z r  d               a l  l    r 

    ld  d   rl  d r l   l      ç   d    l r   zd   ulla d     z ra lara  o  -operatif 

a alj z   u gula ad  . 

 DESL    o     la  o u u               l r     d   rl  d r ld    ç    l  

çal   alarda, laz r u gula a   a  a l   alg la a     o   l r   v          a   rl r     

dola               al        d    l    dav   d l        lg    d      l     l      

  l r  l     r. Bu duru u   o  rol gru u u a     a va   z r  d  u gula a  çal   alarda 

DESL    o     la  o u u        z  o uçlar v r       aç  la       r       ola  l      

g r        r v r l     r. (12, 139, 140). Bu   d  l    z d  çal   a  zda DESL 
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   o     la  o u u   u     l              l r      l     a a   la     a d     l r    

 a va lar        a a lar   z r  d  olu  urdu  v   o  rol gru u u a r   a va larda 

olu  urula  d     l r  z r  d  d   rl  d rd  . 

 Laz r            ra          l r   l  olara   a  do u u da     l      olu , Abergel 

ve ark. (95)  ara   da     v  ro or a da    a    ld  d    ld   d l      ro la  lar  z r  d  

d        rj    v   l  laz r u gula a       ollaj    r      d  ar     a lad    or a a 

 o  u , 1987   l  da  a  la    r d   r çal   ada H -Ne lazerin farelerde deneysel olarak 

olu  urula   aralara u gula  a         l      z r  d      l r  d   rl  d r l     r  (141). 

Do ularda  o la   ollaj       ar  v  g r l    uvv           l  d    çal   ada, 

yaralardaki gerilme kuvvetinde lazer uygulanan grupta bir     v          a  alarda a la l  

ar    g zl   r   ,     a   o u da  o la   ollaj       ar  da  o  rol gru u a g r  ar    

oldu u   l r  l     r. C   urov (142)   ara   da  da laz r          kemik dokuda 

   l         zla d r           oldu u   ld r l     r (143, 144). Laz r            r al      

olu  ur a   z         do u g    d r   do ularda     l  ola  l      ç   do ulara      r  

ola  l    z ll             r laz r   r  ola  d        rj    v   l  laz rl r  l  u gula  a   

gerekmektedir (13, 145). D        rj    v   l  laz r (DESL) u gula a      

   o     la  o         g    r       d    l  DESL    o     la  o u olara  da 

adland r la  u gula ada         ulla  la  laz r   rl r , Ga-Al-As ve He-Ne lazerlerdir 

(146). 

 He-N  laz r  ulla  la    r çal   ada ra      alar  da olu  urula  d   ktlere post-

o  ra    al   g    o u  a H -Ne lazer uygulan    v  a la l  d r   d  o   o la   v  

o   o la      r  ar     oldu u g zl n     r. Bununla birlikte alkalen fosfataz enziminde 

d         zl , da a  o ra  ava    r ar    oldu u         d l     r (127). Peccins ve ark. 

(147) 15  av a     a     ur v      alar  da olu  urdu lar  d     l r  H -Ne lazer ile  

DESL    o     la  o u u gula    v   o  rol a açl   ulla  la   ol     a v     ur  l  

 ar  la   rd  lar  da çal   a gru u da     ada da a  azla ol a   z r    r           

dokuda da    l    d  ar    oldu u u  a  a   lard r. H -Ne lazerin kemik dokuda etkili 

oldu u u g    r    u çal   alara  ar    Dav d v  ar . (148)    ra  d ll r      l        

     l r      a  ra   rl r  d  He-Ne lazerin    l         r           ol ad     o u u a 

var   lard r. Ba a  v  ar . (145) ise diyabetik ratlarda He-Ne lazer uygulanan tibia 

     l r        a    d   rl  d r      o u u da  o  rol gru u a g r  da a            

d   rl r    ula  ld        l r    l rd r. A    ara   r a  lar H -N  laz r  l   av a  
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   urlar  da   d     l r  DESL    o     la  o u u gula   lar v           l       d  

    oloj     r d      l   ol ad    g       o   a    olara  da a g ç  z   r        a     

olu  u u u   l r    l rdir. Bu duruma sebep olarak da He-Ne lazerin penetrasyon 

d r  l           rl  ola a a  l              r   l rd r (149, 150). 

 D        rj    v   l  laz rl r   do uda     l  ola  l      ç    ro o or adl     r  

 ç  r      rl r  ara   da  a  or    d l     g r       d r. U gula d  lar  do uda a la l  

    arda   r al d      l    a  a a  d        rj    v   l  laz rl rd ,    a dalga  o lu 

    lar  ro o orlar  ara   da  uzu  dalga  o lu     lar  adar     a  or    d l   z,        

    arda  aç l   g    r rl r v  dola     la do u a      r  ola azlar (43, 151). He-Ne 

lazerler 600-700    dalga  o u aral    da olu ,   z   l      g    r rl r    Ga-Al-As 

lazerler 800-980    aral    da dalga  o u a v  da a d r        ra  o   z ll      

sahiptirler (41, 152).  Ga-Al-AS laz rl r,  u  l     az   v   d      l      g r r   da a 

der   do ulara      r  ol alar   a   i d   ra    u gula alarda da a     l   o uçlar  ld  

etme    a    u  a  ad rlar. Pinheiro ve ark. (153)  a    lar  çal   ada 632.8 nm dalga 

boyunda He-N  laz r      rj       %37’     0.5  l    r    ara   do u d r  l    d  

 a             l r  r   ,   z l      dalga  o lar         a       rj      ar           

d r  l      a             l r  r     z l      dalga  o u da çal   a     r ih etiklerini 

  l r    l rd r.  

 DESL    o     la  o u a a   la çal   a  zda H -N  laz r  g r        

   l        z r  d  da a olu lu  o uçlar    ld r l   v  da a d r   do u      ra  o u 

 z ll       a    Ga-Al-A  laz r          ulla  l     r. 

 Favaro-Pipi ve ark. (129) DESL    o     la o u v  d      o u lu lu a   l  

ul ra o        l r           do u    l        z r  d         l  l r    ra      alar  da 

olu  urdu lar  d     l r  z r  d   ar  la   r   lard r. Ga-Al-A  laz r    az   ulla  la  

çal   a  o u u da DESL    o     la  o u u gula a   a va larda ul ra o  v   o  rol 

gru lar  a g r  da a olgu         ra    ll r , da a            arda       olu u u 

tespit edil     a a  d      o u lu lu a   l  ul ra o  u gula a    l   o  rol gru u 

ara   da  ar l l   g r l  d      l r  l     r. Ara   r a  lar, DESL    o     la  o u u  

o   og   z    u arara           l          a   da  ulu du u u   l r  r   , d     

 o u lu lu a   l  ul ra o u  o   o la   a   va  o u  l         a   /      

   a  z a      ar      g ç rd      a  a  u gula a         d    a  a l  olara   o  rol 
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grubu ile ara   da  ar l l   g r l      ola  l         avu  u lard r (154). B r d   r    

v  ro çal   ada, o   o la        r    l  r    Ga-Al-A  laz r  l  DESL    o     la  o u 

u gula     v  çal   a  o u u da    o o dr  al  a     o a    l    ar  l        r l rd , 

mitokondriyal aktivite ar     v     r   rol   ra  o u g zl     , dola     la DESL 

   o     la  o u u  o   o la        r    l  r   z r  d  u ar         g    rd    

  l r  l     r (89). Guzzardella ve ark. (155) ra     urlar  da olu  urdu lar        

defektlerine Ga-Al-A  laz r  l  DESL    o     la  o u u gula   lar v  çal   a 

 o u u da DESL    o     la  o u u  o   o la   a   v        ar   rara  o   og   z    

  zla d rd       l r    r   l rd r. Ga-Al-As lazer kulla  lara   a  la  DESL 

   o     la  o u u        do u a           d   rl  d r ld      r  a  a çal   ada, ra  

   uru da  ara  la  d     l r  DESL    o     la  o u u gulan     r. DESL 

   o     la  o u uygulanan  a va larda  r             l       d      d   ollajen 

l  l rd  ar    g zl   r   , g ç          l       d      d  ise iyi organize kemik 

 ra    ll r  d   o  rol gru u a g r  a la l  d r   d  ar    g zl       r (156). 

 DESL    o     la  o u u       l    d  rol o  a a   ara   r l r; dalga  o u,  

   rj   o u lu u,  o la      la a   r    v      la a       rarla  a     ar  oldu u 

  l r  l     r (157). Schnidl ve ark. (158) d        rj    v   l  laz rl r  ç   a a  da   

 ara   r l r   a   la   lad r: Dalga  o u 300-10600    ara   da,     la a   r    10  l  

3000  a     ara   da, 0.01 J/  2 ile 100 J/cm2    rj   o u lu u da, 0.01 W/cm2 ile 10 

W/cm2 g ç  o u lu u da u gula  al d r.  Çal   a  zda   r   a   a u gula a  g çl r 

1.5 W,  ç W v  al   W,    rj   o u lu lar      J/  2, 10 J/cm2 ve 20 J/cm2 v      la a 

  r      r   a   a 10  a     olara  u gula     olu ,  u d   rl r S    dl  ve ark. 

 ara   da   a   la a   ara   r l r aral    dad r.  

 Kulla  la  laz r   dalga  o u, do u u  a  or    d         rj      ar  la v   u a 

 a l  olara     r   l a   v   l rl  do ruda   l    l d r (159). Far l  dalga  o lu laz rl rl  

 a  la  DESL    o     la  o lar     do ular v     r l r  z r  d        l r ,     ço  

çal   ada d   rl  d r l     r. Postherpetik nevralji tedavisinde DESL b  o     la  o u 

 ulla  la    r çal   ada (160) ara   r a  lar 633    dalga  o lu laz r  l  olu lu  o uç 

ala ad  lar      l r  r   ,   r d   r ara   r ada 830    dalga  o lu laz r  ulla        

 o    r        vralj  a r      a la l  d r   d  azal       o u u a var l     r (161). Dalga 

boyu 633 nm olan laz r   830    dalga  o lu laz r  g r  da a  a ar   z  o uç 

v r       ,   ld        a a alar    g ç         o u u da do ulara da a az      r  
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ola  l     d    a  a la d      l r  l     r (162). Pinheiro ve ark. (163) kemik 

 arala  alar  da DESL    o     la  o u a a   la  ulla  la  830    dalga  o lu 

infrared spektruma ait bir lazerin, 632.8 nm v  a 790    g    g r   r      ru a a   

laz rl r  g r  da a     l  oldu u u  avu  u lard r. Far l  dalga  o lu laz rl r 

 ulla  lara   a  la  DESL    o     la  o u u  o   o oro    ra larda olu  urula        

d     l r        l        z r  d        l r     d   rl  d r ld      r  a  a çal   ada 660 

nm dalga boylu lazerin 808    dalga  o lu laz r  g re fibroblast proliferasyonu 

 z r  d  da a     l  oldu u g r l     r (3). Pires-Oliveira ve ark. (164) osteoporotik 

 a va   od l  d  904    dalga  o lu laz r  ulla ara   a  la  DESL 

   o     la  o u u           l         olu lu      g    rd        l r    l rd r.  

 L   ra  rd , Ga-Al-A  laz r  l  DESL    o     la  o u  a  la  ç    l  

çal   alarda    l  la 810   ,  830   , 904    dalga  o lar  da laz rl r  ulla  l    olu , 

940 nm dalga boyunda bir Ga-Al-A  laz r    az   l   a  la  DESL    o     la  o u u  

   v vo or a da          l                   d   rl  d r ld        rl   a  da çal   a 

 ulu  a a  ad r (85, 107, 165). Çal   a  zda  ulla  la  940    dalga  o lu Ga-Al-As 

laz r    az   l  DESL    o     la  o u u gula a    a     d , H -N  v   az  g r    

d     dalga  o lu Ga-Al-A  laz rl r  g r  da a        dalga  o lu   r Ga-Al-As lazer 

   az  la DESL u gula  a     , do u  ara   da  daha fazla miktarda enerjinin absorbe 

 d l        a la ara  da a           o     la         g    r   l      d     l     r. 

  Arndt Schulz  a u u, DESL’l r   doza  a l      l r    aç  la a   ç       olara  

 ulla  la    r  a u dur. Bu  a u a g r  g r  d     m   arda      la  o lar, v  al 

a   v      ço  az     l r   , da a g çl       lasyonlar daha fazla etkiler ancak optimal 

    r  g ç        la  o lar v  al a   v       a   lar v  biyolojik olarak inhibe edici 

 z ll     olurlar (151, 166). Bu  a u a u gu  olara  DESL  l             ar    rj  

u gulad    da    o     la  o  olu  a  a,  a a  ço   azla    rj  u gula d    da 

bi o     la          a  olu     o        o  g l       d r (167).   Biyoinhibisyona neden 

ola     a  z a  a  olara  a la  la a a da            arda  r   l   r a     o   j   

  r vl r     o   da      r    ar   rara     o ro     al             l d    v     l    

   o o dr  al    rj   r        durdurara     roz v  a o  oza       oldu u 

d     l     d r (168). B  o        o ,   z     dav d  a r   o  rol  a a   la DESL 

   o     la  o u  a  ld    da           r  z ll        do u    l          u ar l a      

     d    duru larda              r  z ll    r. H  r     a ol z a           la  o u da 
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rol o  a a   o or      r,  olu u  z    r       r   al   z    ola     o ro    o   daz’d r 

(152). M  o o dr   ara   da   r   l      r   o    ,    o r     o   daza  a la ara  

o   j       r    al r v   olu u u         d r. S  o ro    o   daz  ara   da  a  or   

 d l   laz r     lar    ,  azla    r   o       ç z l        a la ara     o o dr  

        o u u   r     ç v rd     l r    r l     r.  DESL    o     la  o u u     r  

ç   rd    v     o o dr  ara   da  l         a la a   ol   ll r ola  r a     o   j     rl r  

v  r a        roj     rl r          d r      l    a         z ,  ro          z ,   z   

a   va  o u da ar    oldu u,    l       r   rol   ra  o u,   gra  o u v   ol   l 

ad z o u da ar     a la d      ld r l     r (151). 

 DESL    o     la  o u u  doza  a l                l  d       v  ro çal   alar, 

 a va  d    l r  v   l     çal   alarda d     dozlu laz r u gula alar            dozlu 

lazer uygulamalar  a g r  da a      o uç v rd      ld r l   l    ra  r,         d    dozu  

v           l                l  ola  dozu      ar   o u u da   r g r     rl    

 ulu  a a  ad r. Baz  ara   r a  lar (169, 170)          l                dozlarda 

DESL    o     la  o u u   a dal  ola a      avu ur   ,  az lar  (61, 171) ise daha 

d     dozlar       l  ola a           r     r. Doz    a la a    a  l r      2’    d     

   rj      ar     a la ara  u gula a  doz   l rl   r. Bu a g r , g ç (watt) x zaman 

( a    ) =    rj  (joul )  or  l   l   ld   d l      rj      ar     laz r       a  aruz  ala  

alana (cm2)   l                d  u gula a     rj      o u lu u  ld   d l     d r. 

E  rj   o u lu u, DESL    o     la  o u u       l    d      l  rol  ola    r 

 ara   r d r. Çal   a  zda DESL    o     la  o u u gular     ulla d     z      ala   

a arla a  l r    o     la  o   a l       20     o al   o  a u gula  a    l   ç   2’l   

  r da r   l ala da laz r             g    r      a la     olu , 1.5 W,  ç W v  al   W 

g çl rd  10  a     d va l   odda     la a  a  l     r. B   J/  2    rj   o u lu u  ld  

       ç   15 joul , 10 J/  2    rj   o u lu u  ld         ç   30 joul  v  20 J/  2 enerji 

 o u lu u  ld         ç   60 joul  g    d     rj  u gula      r. Fo al   o  ça          

    rd        ala a laz r u gula  a   a    a   a   a a a       l     a    ol a   g    

duru larda     la a a  ala a a      a   a  ar l   o  alarda  u gula a  a  lara  

u gula a   o la  doz ar   r la  l r.  

 Kim ve ark. (172) DESL    o     la  o u u    r odo  al do ular  z r  d    

etkisi   ara   r   lard r. Ara   r a  lara g r ,      o  a a 4.98 J/  2  g l         ld  

toplam yedi noktadan uygula a  g  l   34.86 J/  2     rj   o u lu u  a ar l    r  o uç 
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v r     r. P     ro v  ar . (153)  ara   da   a  la  bir çal   ada, ra larda olu  urula  

defektler d r  J/  2    rj   o u lu u da DESL    o     la  o u u  d r  ad    ar l  

 o  ada  u gula  a            d  16 J/  2’l     r toplam dozda bir DESL 

   o     la  o u u gula a       o  rol gru u a g r  a la l      arda       ar     

 a lad      ld r l     r. Çal   a  zda, l   ra  rd        d      ala      laz r       a 

 aruz   ra  ld       z r çal   alarda (153, 173, 174) oldu u g   ; ra      alar  da 

olu  urula  d      ala             x       =10   2=0.1 cm2 ol a   v   ç   2 ça   da 

da r   l   r ala        la  a            d      d      ala      a la a     deniyle, fokal 

  o  d    da  al a      al  ol ad    g z     d   u ulara    r   a   a      o  ada  

    la a  a  l     r. 

 L   ra  rd  DESL    o     la  o u u           l                   

d   rl  d r ld       v  ro çal   alarda g   ll  l  da a d        rj   o u lu lar  da 

DESL    o     la  o u u gula  r   ,    v vo çal   alarda da a           rj  

 o u lu lar   ulla  l     r (150, 175-179). Bu duru ,    v vo çal   alarda laz r          

  l rl    r  al  l   a   do u u g ç r         do u a ula a a  adar do u a      r  ol a   

g r  l l      v u    ,    v  ro çal   alarda d r    olara     r  d z    d      la a  l     

nedeniyl       ra  o       a    ulu  a a    l  aç  la a  l r. 

 Oliveira ve ark. (89)  ara   da  o   o la        r    l  r    u gula a  DESL 

   o     la  o u u       l       d   rl  d r ld    çal   ada;  ç J/  2  o u lu  a 24 

 aa  aral  larla  o la   ç   a   DESL    o     la  o u u   ard  da   24 v  48.  aa l rd  

 a  la      la alar    o u da    o o dr   l a   v   d  ar    v  o   o la        r  

  l  r  d   ro  l ra  o  oldu u         d l     r. Çal   a     o u u da  ç J/  2  

 o u lu  a u gula a     rj              r       la  o u da     l  oldu u   l r  l     r. 

 Shimizu ve ark. (180) ra   alvar u u da   ld   d l      r    l  r   z r  d      

seans 3.75 J/cm2    rj   o u lu u da DESL    o     la  o u v  r  o    a       l   

   z r          a   r     (rIGF-1) kemi   od l  or a  o u  z r    u ar        l r  

oldu u u or a a  o  u lard r. Ara   r a  lar, laz r u gula a    l         

konsantrasyonda rIGF-1’      z r ora larda        a lad      g zl  l     v   od l 

formasyonunda etkili olan IGF-1 proteininin sentezinde g   d z    d       la  o   ld  

     l r    g    r   l rd r. Ra oul  G a roud  v  ar . (181)  av a   alvar u lar  da 

olu  urdu lar  d     l r  z r  d  DESL    o     la  o u v  B o-Oss greft materyalinin 
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o   og   z    z r    etkilerini a r  a r  v    rl      ulla ara   ar  la   r   lard r. Ga-Al-

A  d  o  laz r    az   l  d r  J/  2    rj   o u lu u da DESL    o     la  o u,  l  

uygulama cerrahiden sonrak  g   ol a   z r  48  aa      r 20 g    o u  a 

u gula      r. Çal   a  o u u da,      olu a            ar     d r  J/  2’l   DESL 

   o     lasyonu ve Bio-O   gr     a  r al       rl     u gula d     r   l rd      azla 

oldu u,  u u   ra   la  ad    B o-O  ,  ad    DESL    o     la  o  v   o  rol 

gru lar      a           g    r l     r. Ozawa ve ark. (1)  ara   da   a  la     v  ro 

çal   ada ra   alva u u da   ld   d l   o   o la        r    l  rl r    Ga-Al-As lazer 

ile 3.82 J/cm2    rj   o u lu u da DESL    o     la  o u u gula      r. Çal   a 

 o u u da DESL    o     la  o u u   r    d    d  o   o la    rol   ra  o u u 

ar   rd    g r l     r. 

 Lirani-Galvao ve ark. (182) ra larda     a o   o o  l r  olu  urdu lar  çal   ada 

  a    a   a 112 J/  2  o u lu  a    rj  u gula  a            o ar     z r  d   tkili 

oldu u u  avu  u lard r. Cerqueira ve ark. (183)  o u larda d   ra    o   o ra   

 o  ol da  o    r  odu da DESL    o     la  o u u  16 J/  2    rj   o u lu u da 

u gula  a    l  da a  azla        ra    l  olu  u u u   l r    l rd r. Bla a v  ar . 

(184) ra     urlar  da olu  urula  d     l r  DESL    o     la  o u u gulad  lar  

çal   a  o u unda 10 J/cm2  o u lu  a    rj  u gula  a    l  laz r u gula  a a  gru a 

g r  da a            arda             a    ala   oldu u u   ld r   l rd r. Bossini ve 

ark. (133)     o   o oro    ra lar       alar  da olu  urdu lar  d     l r  60 J/  2 ve 120 

J/cm2  o u lu larda    rj  u gula   lard r. Çal   a  o u u da  z ll  l  120 J/  2’l   

gru  a da a            arda  ollaj      r l  v   u    r ll rd  da a d z  l    r dizilim 

oldu u g r l     r. Hem 60 J/cm2, hem 120 J/cm2    rj   o u lu lar  da  osteoblast 

d   ra    a  o u da v   r      d  g r v ala  COX-2 (siklooksijenaz-2) , Cbfa-1(core-

binding factor alpha-1) v  VEGF (va   l r   do  l al grow    a  or) g     ol   ll rin 

     z  d  ar    oldu u          o    a al a al z  l  or a a  o  u  ur. Ba  a   r 

çal   ada ra   od l  d  DESL    o     la  o u u           l        z r  d    etkisi 

ara   r l     r. Bu çal   ada olu  urulan kemik defektlerine ksenogreft uygula     ve 

Ga-Al-As lazer 16 J/cm2 enerj   o u lu u da  ulla  l     r. Çal   a  o u u da DESL 

   o     la  o u uygulanan  a va larda  o  rol gru u  a g r           l       d  ar    

g zl       r (185). Gomes ve ark. (186)  ara   da   a  la  bir çal   ada 32  av a    

 a d  ular  ol        d  l r  ç   l    v   o         d a     la     rl    r l     r. 
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Ha va lar  o  rol,     J/  2, 10 J/cm2, 20 J/cm2 gru lar  a a r l    v  DESL 

   o     la  o u   r     la a u gula a a  dozu   ar       la       d al   ,  ar    

la  ral    ola a      ld           doza   l   r    a  l     r. İ  la     a  l  esi, kemik-

   la      a   v     la     vl r  ara   da olu a                 ar  g     ara   r l r   

d   rl  d r ld    çal   ada    la     a  l     , r zo a    r  a   a al z   l        d l    v  

20 J/cm2 gru u da          a  l        ld   d ld    g r l     r. Kemik-   la      a   

    ar  20 J/  2 gru u da           oldu u         d l   ,            ala   10 J/cm2 ve 

20 J/cm2 gru lar  da  o  rol gru u a g r  da a         ulu  u  ur.  

  Çal   a  zda DESL    o     la  o u u        d     l r        l       

 z r  d              d   rl  d r l         rj   o u lu lar , Go    v  ar . (186) 

 ara   da   a  la  çal   ada    ara   r l r     z r     ld      J/  2, 10 J/cm2, 20 J/cm2 

olara  u gula      r. Go    v  ar . çal   alar  da  ar l    r  a va   od l  ola   av a  

 od l     ulla d  lar ,  ar l  dalga  o u da   r laz r    az  la DESL    o     la  o u 

u gula    oldu lar  v   ar l    r   rra     l    o ra      l           l d  l r   ç  , 

çal   a  zda    a va   od l    , dalga  o u v  u gula a    rra     l  d   

 a  a la a   ar  l l  larda   a     z olara , a       rj   o u lu lar  da  DESL 

u gula  a    a     d  g       r    rj   o u lu u aral    da   DESL    o     la  o u 

uygulamalar          l  l r     d   rl  d r l     a açla      r.  

 DESL    o     la  o u u       l       u gula a    l    a da  a l  oldu u 

  l       d r. B  o     la  o  a a   la DESL u gula a    l    a da r l   ra  rd   ar l  

      l r   v u  ur. Baz  ara   r a  lar post-o  ra        doz DESL    o     la  o u 

u gula a  olu u   r         l rd r (126, 129). Bu a  ar      rd    azla   a       la a 

 a  l a         o     la  o           ar   rd       avu a  ço   a  da ara   r a da 

 ulu  a  ad r (6, 181, 187, 188). G   ll  l  DESL  ro o ol       r g   u gula d    

ara   r alarda da a d     dozlar   r     d l r   , 48  aa      r DESL    o     la  o u 

 a  la  ara   r alarda da a         r doz   r     d l     r (189, 190). 

 Barbosa ve ark. (191) ra     urlar  da  a  la  o   o o  l r ,  o  -operatif  660nm 

dalga  o lu   r  z  laz r v  830    dalga  o lu Ga-Al-As lazeri osteotomiden hemen 

 o ra v   a     d   48  aa      r ol a   z r ,  a  ada  ç   r    d , 14 v  21 g  l   

dozlar u gula   lard r. Çal   ada  ulla  la   ar l  laz rl r   dalga  o lar  v  u gula a  

  a    a  lar   ar    d     rj   o u lu u, u gula a   r    ve ç      odu g    
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 ara   r l r a        ld   a     u ul u  v  ost o o   ala   da         o ar    optik 

da    o   r   l   lç l     r. Ga-Al-A  laz r  l     o     l   d l   d     l r,  o  rol 

gru u a g r    d  v  14 g  l   gru larda a la l  d r   d  o ar l      ,   r  z  laz r 

 ulla  la  gru larda  o  rol gru u a g r  a la l        o ar     ad      d     g  d  

g zl       r. Bu do rul uda   r  z  laz rl r   do u    l          da a  r    d      d  

    l  ola  ld   ,   z l           ru da   Ga-Al-A  laz r       da a uzu    r     l       

 a     a la a  l            r l     r. Bu duru , laz r   do u      ra  o   z ll       

  r  z  laz rd    z l       laz r  g r  da a az ol a   a  a la      r (186, 192). Bununla 

birlikte h     r  z ,       z l      dalga  o u da   laz rl rl   a  la  DESL 

   o     la  o u  a     d ;   do  l al    r   rol   ra  o u u  u ar l a  ,    ro la   

ar        v   u a  a l   ollaj        z     u ar l a  , o   o rog     r    r l r  , 

o   o la  lar   v  o   o la  lar   u ar lara        o ar        a la  a  , DNA v  RNA 

     z  d  ar   la   ra  r    r           d  v   ro          z  d  ar    g r ld    

l   ra  rd    rço   ar l  çal   ada vurgula      r (7, 189, 193-196). 

 Hubler ve ark. (61) d   ra    o  o   og   z   o ra   olu a         DESL 

   o     la  o u u gula a           l      d   rl  d r    a a   la  a    lar  

çal   ada,      av a a  ç g  l   la       r     ard  da  0.7   /g   r     d    d  g   

 o u  a d   ra    o  o   og   z   a     v  10 g  l    o  ol da  o    r      

   l    l rd r. B    av a da   ç     o  ol da  o    r     o u  a 48  aa      r ol a  

 z r    rra     l    o ra       , d r , al  ,     z v  10. g  l rde  830 nm dalga boylu Ga-

Al-A  laz r    az   l  DESL    o     la  o u u gula   lard r. DESL    o     la  o u 

u gula a   av a larda    r  a            rag a lar      r      rl         d    l  

çal   a d      ra  l   , DESL u gula a  d   r      av a da  al  a  do u  r   l r , 

d   ra    o  o   og   z    lg    d         olu a              a al  a    ,  al   u , 

 o  or ora lar  v   r   al  a            l       a a   la X-       loro a   v  X-      

d  ra    o u  l      l       r. Çal   a  o u u da DESL    o     lasyonu uygulanan 

grupta da a            arda Ca, P ve mineralizasyon olu  u u belirtirken, difraktogram 

 o u u da      olu a             r   al  a        dro   a a       z r    r  a  da oldu u 

g r l     r. 

 Bossini ve ark. (133)  ara   da   a  la    r çal   ada o   o oro    ra lar  z r  d  

olu  urula      a d     l r      rra  d          o ra v   a     d      , d r , al  ,     z, 

10 v  12. g  l rd  DESL    o     la  o u  a  l     r. Çal   a  o u u da   r     laz r 
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u gula a  gru  a da  o  rol gru u a g r  da a        oranda      olu a        ve 

gra  la  o  do u u olu  u u         d l     r. 

 Fangel ve ark. (197)    o  l  a  adl     oa       r  a  r al   DESL 

   o     la  o u  l    rl     u gula  a      o   o      ra larda            o   a    

 a      z r  d       l r    40 ra   z r  d      l    l rd r. B  o     la  o , ilk doz 

  rra  d          o ra, d   r dozlar  a     d      , d r , al  ,     z 10, 12. g  l rd  

ola a      ld  u gula      r. Gru lar  o  rol gru u, d        ad       o  l  a  

doldurulan grup, defekte sadece lazer uygulanan grup ve  defekte biyosilikat ile birlikte 

laz r u gula a  gru  olara  v    r gru  a 10’ar ad   ra  ola a      ld  d z  l       r. 

H   o a oloj   a al z  o u u da  z ll  l     o   l  a   l    rl     laz r u gula a  gru  a 

            v   d         a     g zl     ,    o   a    a al z  o u u da da      a    

gru  a    o   a     z ll  l rd  ar    oldu u  o u u a var l     r. 

 B z d  çal   a  zda DESL    o     la  o  u gula a    l     , DESL 

   o     la  o u  a  la  çal   alar       ço u  l  u u lu ola a      ld   l  dozu  

  rrra     l  d          o ra,  a     d   dozlar        o  -o  ra       , d r , al  ,     z, 

10 v  12. g  l rd  ola a      ld  belirledik (133, 181, 197). 

 DESL    o     la  o u u       l        l rl       r d   r  a   r d  laz r   

do u a u gula  a   r   d r. Par  v  ar . (198)  ara   da   a  la    r çal   ada ra larda 

d   ç      o lu lar  a DESL    o     la  o u u gula a   r                l       

 z r           d   rl  d r l     r. S          r  a  al     ulu  a a  24 ra     a  v   ol 

 a   ll r   r      olar d  l r  ç   l   ,  a va lar    r,     v      da   a     la a a 

maruz kalanlar v   o  rol gru u ol a   z r  d r  gru a a r l     r. Ga-Al-A  laz r    az  

 l  DESL    o     la  o u u gula     v    r da   ada u gula a     rj   o u lu u 

13.95 J/cm2 olara     a la      r. Bu a g r  gru lara 13.95, 27.9, 69.75 J/  2 enerji 

 o u lu u da DESL    o     la  o u u gula      r. Bu durumda 69.75 J/cm2 enerji 

 o u lu u a ula  la      da   a     la a     a  ld    gru  a               arda 

o   oj     v          a   rl r    a   Ru x2 g    g  l r   a r  a  mRNA ve proteinlerin 

     z  d  ar    g r l     r. Ara   r a  lar çal   a  o uçlar  do rul u u da,     la a 

  r    d    ar   la do ru ora   l  olara  ra lar   ç      o   l r  d             olu u u 

v      ral za  o u da   zla  a oldu u u   l r    l rd r. Bu  a  d ; klinik 

u gula alarda  z ll  l  g ç    l             ola            a  al    ola    r  l rd  
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   l       r          al  lara   a a   al         ar   r la  l       l r    r l     r (198). 

 Vasconcellos ve ark. (199)  ara   da   or al v  o   o                a  u  

   la     rl    r l     v  DESL    o     la  o u u gula a               l      

          d   rl  d r ld    çal   ada, ra larda olu  urula   o o or   al    ur 

defektlerine titanyum silindirik impla     rl    r l     r. DESL    o     la  o u  o la  

  d    a    a  l    olu ,   r   a   a   r da   a 30’ar  a    l   u gula alar    l  d  

toplam 16 J/cm2  o u lu  a    rj  u gula      r. DESL    o     la  o    a     a   a 

100  a       r     r     la a  ro o ol     u gula d     u çal   a     o u u da da 

laz r u gula a  gru lar         d  laz r u gula  a a  gru lara g r  a la l      arda 

            a             d l     r. 

 Pereira ve ark. (200)  ara   da   a  la    r  a  a çal   ada,    ro la     l  r 

or a   da DESL    o     la  o u u gula a         r             v   ro ollajen 

sentezine etkisi d   rl  d r l     r. Çal   ada, DESL    o     la  o u  a  l r    

u gula a g    v   o al   o  d   rl r   a     u ul u ,  u gula a   r    d      r l    

 ur    l  u gula a     rj   o u lu u u  da d      r l      olu la  ç çal   a gru u v  

bir kontrol grubu olu  urul u  ur. Çal   a gru lar  da  birincisine al    aa  ara  l      

J/cm2    rj   o u lu u da 16’ ar  a    l         a   ol a   z r   o la  d r  J/  2 

 o u lu  a    rj  u gula      r. İ      gru  a al    aa  ara  l   l    a     r J/  2 enerji 

 o u lu unda sekiz saniye, ikinci seans iki J/cm2    rj   o u lu u da 16  a     ol a  

 z r   o la   ç J/  2  o u lu  a    rj  u gula      r. Üç     gru  a      l    a       

J/cm2    rj   o u lu u da 16  a    ,          a    ç J/cm2    rj   o u lu u da 24 

saniye ol a   z r   o la      J/  2  o u lu  a    rj  u gula      r. Çal   a 

 o u u da  ç J/  2 v  d r  J/  2    rj   o u lu u da     la a a  aruz  ala  gru lar 

 o  rol gru u a g r  a la l  d r   d  ar        ro la      r   a     v     ro la      r  

         g    r     r. Bununla birlikte b   J/  2  o u lu  a     la a  gru       o  rol 

grubu il     z r   r  o uç v r   ,   r     gru  a da,  ç J/cm2 v  d r  J/  2 gru lar  da  

a la l  d r   d  d     d   rl r  ld   d l     r. Çal   a  o u u da ara   r a  lar, DESL 

biyos    la  o u u  doza  a l       l         l rl    r  o  a a  adar ar          ç J/  2 

v  d r  J/  2’l   gru larda   ar     l  aç  la a  l          l r    l r,   l rl    r  o  ada  

 o ra         d            oldu u u     J/  2’l   gru  a d      l   ol a a    l   l    l  

ola  l          l r    l rd r. Bu çal   ada     la a  ro o ol , u gula a  g      a    

 u ulara  u gula a   r       d      r l      o u u da u gula a     rj   o u lu u u  da 
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d      r l        l  d  u gula      r. B z   çal   a  zda     u gula a    r  10  a     

 l   a     u ul u  olu , u gula a  g çl r   d      r l      olu  l   ar l     rj  

 o u lu lar  da DESL    o     la  o u u gula      r.  

 K        l          a va   od l   z r  d  d   rl  d r       ço  çal   ada 

 r    v  g ç d              l           l       r. A  a   r    v  g ç d     olara  

 a g   a  alarda            l          d   rl  d r l       o u u, l   ra  rd   ar l  za a  

aral  lar  da  l  al       r. K        l              l       r   , çal   alarda  ulla  la  

d      a va   a g r   ar l l   g    r     d r. Far l r    ulla  ld    çal   alarda       

   l       d r   a  ada  a a la  r   , d      a va   olara  ra lar    ulla  ld    

çal   alarda          l             l             -al    a  a    uldu u dola     la g ç 

d    d       l            l        ç      az  u   r   adar    l       g r       

  ld r l     r (201, 202). Er             l              l  d    ra   od ll r  d  

     u       a  a    l       g r         l r  l   ,  u   r d        olu a   allu  

 a         u u a l    da  dola       oloj   v   z ll  l     o   a    a al zl rd  

    l          zorlu u a d   a  ç   l     r. (203).  

 DESL    o     la  o u u   av a larda  alvar al d         l        z r  d    

          d   rl  d r ld      r çal   ada  r    v  g ç d    d       l    , d rd     v  

    z      a  alarda  a  la   a r    a  o larla d   rl  d r l     r. Ara   r a  o u u da  

DESL    o     la  o u  a  la   av a larda,  o  rol gru lar  a g r  da a  azla       

   l       g r ld   , a  a  d r  v      z      a  alar ara   da      olu a            ar  

 a     da  a la l   ar l l   ol ad      l r  l     r (181). 

 Nissan ve ark. (125)  ara   da   a  la    r çal   ada ra larda olu  urula    la  ral 

 a d  ula d     l r  d    a   ara   o  rol  ol  ara  çal   a gru u ol a   z r  d r  

mW/cm2 ve 22.4 mW/cm2  g ç  o u lu larda DESL    o     la  o u u gula      r. 

U gula a    l   , olu  urula  gru lara g r   o  -o  ra      r,     v  d rd      a  alarda 

 a r       d l     r  a va a  a r    a  o  za a   a d     r g   ola a      ld  

  l rl       r. Ra lara rad oa      al   u   zo o u ola  45Ca   j      d l    v       

olu a   allu  a   rad o al   u    r        g r  o   oj     a   v    d   rl  d r l     r. 

Çal   a  o u u da ara   r a  lar, d r   W/  2 g ç  o u lu u da DESL 

   o     la  o u  a  la   a va larda     la a    lg l r    ç rd    rad o al   u  

    ar      o  rol   lg l r    g r  a la l  d r   d  ar          l r    l rd r. D r  
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 a  al   gru larda      a  al   gru lara g r  a la l  d r   d         rad o al   u  

b r         , doza  a l  olara  DESL      l       ar  a    l  aç  la a  l            

  r   l rd r. Ö    a da  22.4  W/  2  o u lu  a g ç u gula a  ra larda  o  rol 

  lg l r   l   ar l l   g r l       r. Bu çal   ada d        lg    d     allu lar d         

k r     d ld       o ra  a  r   j  d l    v   ç r        a al olara      l       r. Bu 

     l  do ular    r             l       d      d  d   rl  d r l   l    ,     oloj   

v  a    o   a    a al z  a  la  çal   alar   a        r      a  ada  a  la  l     r. 

 O radov ç v  ar . (204)          l       d  olu lu        oldu u   l r  l    

bikalsiyum fosfat/polilaktid-koglikolid (BCP/PLGA) biyomateryalinin ratlarda deneysel 

olara  olu  urul u   a d  ular d     l r     la     d l     v  ard  da  Ga-Al-As veya 

He-N  laz r u gula a               l                  d   rl  d r   l rd r. DESL 

   o     la  o lar ,  l    a      rra  d          o ra, d   r   a  lar  a     d   d r  g   

        u gula      r. Ha va lar    , al   v      z      a  alarda  a r       d l    v  

         l           o or o   r   olara      l       r. So uç a,     v  al    a  al   

gru larda, laz r u gula  a a   o  rol gru lar  a g r             arda            

 a     g r l     r. S   z  a  ada      o  rol v  laz r gru lar   l  arada a la l  

d      l   ol ad      l r  l     r. Ara   r a  lar çal   a  o u u da; DESL 

   o     la  o u u        d     l r        l           r    d      d      l  oldu u u 

ve BCP/PLGA implante ed l    a  r al       gra  o u u  ola la   rd      

  l r    l rd r. 

 B r d   r çal   ada, ra larda d      l olara  olu  urula   a d  ula d     l r    

   oa      a  v  DESL    o     la  o u u gula a         l      z r           

d   rl  d r l    ir. Çal   ada 36 ad   ra     ar    a  ad       oa      a , d   r  ar    a 

        DESL    o     la  o u     d     oa      a  u gula a    a  l     r. DESL 

   o     la  o u d r    a   v    r   a    a   a d r  J/  2    rj   o u lu u da 

u gula      r. H   oloj   d   rl  d r    ç    a va lar d r ,     z v  12.  a  alarda 

 a r       d l     r. B  oa      a  u gula a   a  lav  olara  DESL    o     la  o u 

 a  la   a va larda d r  v      z      a  alarda a la l      arda ar              l       

g zl       r. 12.  a  ada     laz r u gula a  v  u gula  a a  gru lar ara   da  ar l l   

ol ad      l r  l     r (205).  
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 L   ra  rd           l           r    v  g ç d    d  d   rl  d r l      hafta 

 o u u da  ar l  çal   alar ol a la   ra  r çal   a  zda g ç d              l      , 

E   or   ara   da    ld r ld     z r  (206) ra lar  z r  d  g ç d              l          

    l     l      ç   g r          u  al    a  al   za a  d l      d   ç    ala a      ld  

    z  a  ada d   rl  d r l     r. Çal   a  zda  r    d              l           

l   ra  rd       z r çal   alar (181, 207, 208) do rul u u da  o  -o  ra    d rd     

 a  ada d   rl  d r l     r. 

 DESL    o     la  o u u           l        z r  d      l r      ço  çal   ada 

       stokimya,    o   a    a al z v      ololoj   a al z g     ar l        ler 

 ulla  lara      l       r (197, 209). İ        o    a al     l   l r, g   l olara  

 a al  v  u gula a   teknik hassasiyet gerektiren a al zl r ol alar         l  daha az 

tercih edilirler (210). Baz  çal   alarda  allu u   a la l       d   rl  d r l     

a a   la    o   a    a al z u gula      r (211). L   ra  rd        ço  çal   ada     

dokular histolojik analiz  l     r   l d z  d      l       r (12, 126, 205). Kemik dokuyu 

olu  ura      l    r   l  l  a lar o   o la  , o   o   , o   o la   v     ro la  lard r. 

K     do u u    l   r   ,   lg d   l  olarak olu a   a              ç  d  da ar olu u u 

 a lar. F  ro la     a   v     o u u  ollaj      r ll r   a  do u u ala lar  olu  ururlar v  

 u ala larda olu a  o   oj        r l r   o   o la  lara v  o   o la  lar   da o   o   l r  

d                  d           l        a a la  r.  Bu sebeple, bu çal   alarda kemik 

   l        a  z a   da            l      ara   r l r; osteoblast, osteosit, osteoklast, 

fibroblast    r l r   l       olu a  da arlar ve kollajen fibrilleridir.  

 Garavello ve ark. (189, 212) ra      alar  da  r z  l  olu  urulan defektlere     a r  

grupta 31.5  J/cm2 ve 94.5 J/cm2    rj   o u lu lar  da lazer u gula    v   o  -operatif  

    z v  15. g  l rd     r   l r  z r  d      o or o   r       l   l r  a  l     r.  

Çal   ada 94.5 J/cm2    rj   o u lu u da DESL    o     la  o u  a  la   grupta 31.5 

J/cm2    rj   o u lu u gru una g r  a la l  d r   d   azla da ar olu u u g r l r   , 

  r     laz r gru u u  da  o  rol gru u da   azla da ar olu u u g    rd    g r l     r. 

DESL      l       za a a  a l  d           l      olara , lazer uygulanan gruplarda 

da ar olu u u da   ar          z     g  d , 15. g  d    d   da a  azla oldu u, za a  

 l rl d  ç          r      g    r    ola  l            r l     r.  
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 B  z r     ld  K adra v  ar . (12) ra   alvar u u da olu  urula        

defektlerine g  l   23 J/  2  o u lu  a    rj   l  DESL    o     la  o u u gulad  lar  

çal   alar  da 14. g  d       da ar olu u u u   28. g    g r  da a  azla oldu unu 

  ld r   l rd r.  

 DESL    o     la  o u u  ra larda    oral         la lar   z r  d          n 

ara   r ld      r çal   ada,  a r    a  o  g       adar   r g      ur d   al  d           

 la     lg      DESL    o     la  o u u gula     v   a va lar yedi, 14 ve 21. 

g  l rd   a r       d l   l rd r. Y    da ar olu u u  a     da  14 v  21. g  l rd  

DESL    o     la  o u  a  la  gru  a da a             da ar olu u u g r l     r. 

A    za a  d l  l r  d  laz r u gula a  gru  a da a g      al           rda  ala   

g r l   l    rl    , 21. g  d   o dro     a         o  rol gru u da DESL 

   o     la  o u gru u a g r  da a  azla oldu u g zl       r. F  oral        

 la lar     DESL    o     la  o u da      l    d   ,  a  a   d  v  14. g  l rd  

kontrol grubunda femur uzu lu u u  da a  azla  lç ld            d l     r. Çal   a  lar 

 u duru u; DESL    o     la  o u a  a l       da ar olu u u ar         o dro   l r   

 r     l       v   al           rda    olu  a   a  v     l        ur uzu lu u u     a 

 al a   a  a l  ola  l         l  d    r    o  z  l  aç  la   lard r (213). Bizim 

çal   a  zda ise da ar olu u u,       gru larda d rd      a  ada     z      a  a a 

g r         ol a    l    g    r   l    rl     d rd      a  ada   ar     da ar  a    , 

sadece L5 v  L20 gru lar  da    a       l olara  a la l   ulu  u  ur.  

 Medina-Huertas ve ark. (214) o   o la      z r     r l r   DESL 

   o     la  o u  o ra   da al al    o  a az a   v      v  a   j      z ll  l r  

 a     da      l         l    d      d   rl  d r    a a   la  a    lar  çal   ada, 

o   o la      z r      r l r  Ga-Al-A  d  o  laz r  l  DESL    o     la  o u 

u gula   lard r. Çal   ada 24 saat sonunda lazer uygulanan grupta        a        

  l r  çl r  d     r  ola  ALP ar     g r l    r. Bununla birlikte, osteblast 

   r l r  d       o     la          da a g   r      o   l r v          a   rl r  d  ar    

        d l     r. Bu    o     la  etkinin, o   o la  lar   o o r    z ll  l r   a     d  

   d l r   ara   da   al  a     o   l r   laz r    rj    u gula a   a v rd      r  a    

oldu u   ld r l     r (215). Khadra ve ark. (12) da rat kalvayumundaki defektlerde hem 

14     28. g  l rd  DESL u gula a   a va larda DESL u gula  a a   a va lara g r  

        a  da o   o la   oldu u u ra or      l rd r. Stein ve ark. (216)  ara   da  
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 a  la     r    l  r  çal   a   da, 632    dalga  o u v  10  W g ç   DESL 

   o     la  o u H -Ne lazer  ulla  l    v  o   o la    ar l la  a      ar     ,    l    

         l            zla d    or a a  o ul u  ur. H  r    l  r    DESL 

b  o     la  o u u gula a   a  a   r çal   ada,        od ll r  d  bir v  12. g  l r 

ara   da ar    g r l   , 14. g  d           azald      l r  l     r. Nor al  ar larda 21 

g  d  olu a         od ll r , DESL    o     la  o u  a  la    l  rl rd  13 g  d  

olu  u  ur (1). Bu  o uç, DESL    o     la  o u u   r    d    d  o   o la     

 ro  l ra  o u  ar        g    r     r. A   a a     r    d    d , ALP a   v      d  d  

ar    oldu u   l r  l     r. ALP’       r   ar l la  a     g    r     r   l r  ç oldu u, 

çal   a  o u u da    r   ar l la  a   da  r    d    d    l rg       arda ar    oldu u, 

dola     la DESL    o     la  o u u   r    d    d  o   o la    ar l la  a   a v  

 rol   ra  o u a olu lu  a      oldu u   ld r l     r. Bu ara   r a  o u u da, DESL 

   o     la  o u u       l    d      la a     a  ld       l      az         l  rol 

o  ad   ,  r    d    d     r   ar l la  a   v   rol   ra  o u g    a   v   l r   da a 

 azla oldu u,    r   l d z  d  aç  la      r. Çal   a  z    o uçlar  da  r    v  g ç 

   l     d    l r  d  o   o la    a      a     da  gru lar   a la l   ar l l   g    r     

do rul u u da,    z r ara   r alarla (5, 180, 217) da u u lulu  g    r     r. Bizim 

çal   a  zda da L10 gru u  ar ç       gru larda o   o la    a        d rd      a  ada 

    z      a  a a g r  a la l  d r   d         d   rl r   a    oldu u g r l    

(p<0.05), L10 grubunda da d rd      a  ada   o   o la   d   r         z      a  a a g r  

       ol a    l    g zl      a  a ,    a        l olara  a la l   ulu  a     r. Bu 

do rul uda S     v  ar . (216) ve Ozawa (1)’    çal   alar   o u u da  ld   d l   

o   o la   d   ra    a  o u u     l         r    d      d  da a  azla oldu u  ulgu u 

da çal   a  z    o uçlar   l   r        d r. A r  a çal  a  zda o   o la      r l r     

    z      a  ada d rd      a  a a g r  da a d     d   rl r   a    ol a  ,         

 a ura  o u a  a l  olara  o   o la  lar   o   o   l r  d          l  aç  la a  l r. 

 Da Cunha ve ark. (218)  ara   da   a  la    r ara   r ada    ur   lg      

rad o  ra   u gula     ra larda DESL    o     la  o u u           l                

d      l olara  ara   r l     r. Ko  rol gru u da   ra lara  ad    rad o  ra   u gula    , 

 ç  ar l  çal   a gru u da   ra lara da   r gru  a rad o  ra  d       ,   r gru  a 

rad o  ra  d          o ra v    r gru  a da rad o  ra  d   d r   a  a  o ra  o la    d  

  a   DESL    o     la  o u u gula      r. B      a va lar rad o  ra    o ra   al      
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 a  ada  a r       d l     r. Çal   a  o u u da   m rad o  ra          v  rad o  ra  d   

d r   a  a  o ra DESL    o     la  o u u gula a  gru larda o   o     a     da a la l  

ar    oldu u g r l     r. D r  uda  v  ar . (219) da     ad    r     a u u    la  ral 

 l a       l r    d rd r ad      la     rl    rd  l r  çal   alar  da  o   o     a        

 a     da  DESL    o     la  o u u gula a    lg l rd  u gula  a a    lg l r  g r  

a la l  d r   d         oldu u u   ld r   l rd r. B z   çal   a  z    o uçlar  da 

o   o    d   rl r        gru larda     z      a  ada d rd      a  a d   rl r    g r  

a la l  d r   d          ulu  u  ur (p<0.05). Bu durum, kemik maturasyonunun 

g rç  l       l  o  o     a        ar a a      l  d  aç  la a  l r. Bununla birlikte kontrol 

v  DESL    o     la  o u gru lar  ara   da     a la l   ar l l   g r l       r.  

 N  ola v  ar .  ara   da  DESL    o     la  o u u     r  a   v       z r  d    

         d   rl  d r ld      r  a va  çal   a   da 48 ad   ra       uru da d      

olu  urul u  v  24  a va a   l    o ra      , d r , al   v      z     g  l rd  DESL 

   o     la  o u u gula    , 24  a va a      o  rol gru u ol alar  a a   la DESL 

   o     la  o u u gula  a     r. Ha va lar   rra     l  d      , 15 v  25 g    o ra 

 a r       d l    v      o or o   r   a al z  a  l     r. DESL    o     la  o u  a  la  

hayvanlarda kontrol gru u da  l r  g r      v  25. g  l rd    d   rl  d r  l rd  

           arda o   o la     z   ala   oldu u         d l     r (4). B  z r     ld  A  ara 

v  ar .  a    lar     v  ro çal   ada ra         l    d    ld   d l    o   o la    r   r  r 

   r l r  d   olu a    l  r ,     z g   DESL    o     la  o u  a  l     r. Çal   a 

 o u u da g  l     r,  ç v  al   da   a   r l rd  DESL    o     la  o u u gula a  

  l  rl rd  o   o la    ar l la  a   da ar    g r ld      ld r l     r (220). A  a   a  a 

  r    r    l  r  çal   a   da DESL u gula a      o   o la   v  o   o la    ar l la  a   

 a     da   ar  olu  ur ad      ld r l     r (221). B r d   r çal   ada da ra      a   

 z r  d  olu  urula  d     l rd  DESL    o     la  o u  a  la  gru  a     z     g  d  

15. g    g r  o   o la  lar    a     da DESL    o     la  o u  a  l a a  gru a g r  

ar    g r ld    belirtil   tir. (189). Biz   çal   a  z    o u u da da       gru larda 

 r    d    d  o   o la      r l r  g ç d      g r  a la l  d r   d         

g r l     r (p<0.05). Gru lar ara   da o   o la   d   rl r   a     da   ar l l   

g r l       r (p>0.05). O   o la      r l r              l           r    d      d  

g ç d        g r   azla ol a  ,  u    r l r   d      ala   da    l          

uza la   r l a   g r vl r      r    g   r  l r   l  aç  la a  l r. 



79 

 

 DESL    o     la  o u u     ro la   a   va  o u  a la ara   ara    l       

 z r  d  olu lu     l r  oldu u u   l r        ço  çal   a   v u  ur (158, 222). 

Sharifian ve ark. (223) a   l  DESL    o     la  o u u gula a       ara    l       

 z r  d        l r    d   rl  d rd  l r  çal   alar  da diyabetik ve diyabetik olmayan 

ra larda,   r  a va      r    lg      d r      z o u  a    lard r. Çal   a gru u da 

insizyonlara 0.2 J/cm2  o u lu  a    rj   ulla ara  DESL    o     la  o u uygularken, 

kontrol grubundaki hayvanlara ise DESL bi o     la  o u u gula a   lard r. Çal   a 

 o u u da  a ro aj  a    ,      da ar olu u u v     ro la   d   rl r   a     da  

DESL u gula a   a va larda DESL u gula  a a lara g r      d  a     ,     d  

d  a      ol a a  ra larda a la l    r  ar  g r l     r. A r  a  a       ro la   grow   

factor (b-FGF) g        z  d  d  DESL u gula a         a va larda a la l  ar    

g zl       r. U u  z v  ar . (224) ç    l  dalga  o lar  da DESL    o     la  o u u , 

35 adet rat   oral  u oza   da d      l olara  olu  urula   u oz      z r  d      l r    

d   rl  d r   l rd r. Çal   a  o u u da  980    dalga  o lu laz r   u gula d    gru  a 

F  ro la   Gro   Fa  or'   (FGF) a la l  d r   d  ar     oldu u  ulu  u  ur. Bu 

bulgular, 980    dalga  o lu d  o  laz r      ro la              v   rol   ra  o u u 

ar   rara   ara    l           zla d rd      or a a  o  u  ur. B  z r     ld  Re Poppi ve 

ark. (3)  ara   da   a  la    r d   r çal   ada, ovar    o    a  la  18 ra   z r  d     ur 

d     l r  olu  urul u  v  d        lg      DESL    o     la  o u u gula      r. 

Çal   a  o u u da DESL    o     la  o u u     ro la   olu u u da ar   a   d   

oldu u ra or  d l     r. Pinheiro ve ark. (185) da, DESL    o     la  o u  o u u da 

 ollaj    r      d  ar    oldu u u g r    v   u                a   rl r      z llikle de 

FGF  r      d    ar   la  l    l  ola  l          l r    l rd r. Çal   a  zda        

 a   rl r    oda la  l a a la   rl    , DESL u gula a    a  la        gru larda 

d rd     haftada sekizinci  a  a a    a la,    ro la    a      a     da   u çal   a 

 o uçlar   l  u u lulu  g    r         ld  a la l  d r   d         d   rl r        

 d l     r (p<0.05). Çal   a  zda      ro la   d   rl r   r             l          

d   rl  d r ld    d rd      a  ada L10 gru u da       gru larda         ol a    l  i 

g    r   l    rl      u ar     al  z a L10 grubunda, L20 v  L5 gru lar  a g r  

istatistiksel olarak a la l  olara   ulu  u  ur. Ancak se  z      a  ada       gru larda 

   ro la    a  lar  da azalma    l    g r l   ,  u azalma yine L10 grubunda istatistiksel 

olara  a la l   ulu  u  ur.. K      a ura  o u g rç  l     ç  or a da      ro la   
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 a        azala a     l       d r. 10 J/cm2    rj   o u lu u da DESL    o     la  o u 

u gula a  L10 gru u da  r    d    d  a la l     ro la     a   v    ar      a la      r. 

Y    a    gru  a g ç d    d         ro la  lar or a da    az     arda  ulu ara  

           r z    l             al d r   d  oldu u   l rl       r. Doku kesitlerinde 

 ra    l r    a  r        a     da ,  o - o oj   z   a r     ç r    d    r   r 

la  ll    l r   g r ld     a  r        g ç    or u da ala lar    zl      , L10 

gru u da g ç d    d         a ura  o u a  a   da  ulu uldu u u g    r     r. 

 Vasconcellos ve ark. (130) ra larda    ur   lg        rl    r l     plant 

ç vr    d             l              l  d    çal   alar nda o   o oro    v   a l  l  

ra larda  DESL    o     la  o u u gula  a a larda         a  ada olgu la  a    

       a r     v    r aç ad   d z    z        ra    l  oldu u u   l rl    l rd r. Buna 

 ar    DESL    o     la  o u  u gula a  ra larda          a  ada da a         a  da  

         r    oldu u u   l r    l rd r. Al       a  ada      a l  l  ra larda    la    l  

      ara   da olu a   rg            ar     DESL u gula a  gru larda a la l  

der   d         oldu u u or a a  o  u lard r. Çal   ada,  a l  l  ra larda u gula a  

DESL    o     la  o u  o u u da laz r u gula  a a  gru a g r      v  al      

 a  alarda da a              olu u u g zl       r. O   o oro    ra larda     DESL 

   o     la  o u u          a  ada            arda       olu u u  a lad    

  l r  l     r. 

 Favaro-Pipi ve ark. (129)  ara   da  ra larda olu  urula        d     l r  de 

DESL    o     la  o u u   z ll  l           l           r    d      d      l  

oldu u u g    r     r. Ara   r a  lar,   o  -o  ra   . 14. g  d   o  rol gru u da      

      olu u u, gra  la  o  do u u  ara   da   ar l    v  r  od l  g g    r         

 ra    ll r   g zl   r   , DESL    o     la  o u u gula a  gru  a  o  rol gru u a g r  

           arda            olu u u v   o u  va   lar za  o , o   oj     a   v    v  

 r   r       olu u u g    r    a  do u u             l rd r. 25. g  d   o  rol 

grubunda kemik d       d  olgu la            ra    ll r  g r l    olu , DESL 

   o     la  o u u gula a  gru  a     olgu         ra    ll r      a    ra        l    

ala lar     da olu  a a  a lad    g zl       r. Ba  a   r çal   ada,  ar l     rj  

seviyelerinde DESL biyost   la  o unun  r     ara    l       d      d        

 a r    orga  za  o u  z r  d               l       r. Mor o   r   a al z  o u u da 

      DESL u gula a  gru larda  o  rol gru u a g r   ra    l r           ar  da  o  -
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o  ra    15. g  d  ar    g zl       r.  H   oloj   a al z  o u u da da 15. g  d   0.3 J v  

0.9 J    rj l rd  DESL    o     la  o u u gula a  gru larda  ollaj      r ll r  d  

la  ll r d z l     a      r g r      ld   d l   , o   o lar    o  rol gru lar  a g r  da a 

d z  l    r  a    aza d   , o   o la   v  o   o   l r   d          r   r  d  v   ç r    d  

  rala d            d l     r (189). 

 Çal   a  zda  o  rol gru lar  da d rd      a  ada           r z do u 

 ara   da   ar l    ola   o u   ra    l r    a  r        a     g zl   r    L5 gru u da 

d rd      a  ada  o u     r z do uda  a a al  olara      rda  v   ra    l r    a  r 

       a     a g ç   g zl       r. L10 gru u u  d rd      a  ada   d   rl  d r     

 o u u da    a  r v   a  r       do u u a g ç    or u ola      rda  do u u a  a    

ala lar g zl         r. Bu do rul uda L10 gru u da    a  r v   a  r       do u u a 

g ç    or u ola      rda  ala lar     g zl         v     r z do u ala lar     do u a 

 a    ol a  ,  r    d    d  L10 gru u da  ld   d l             ro la     a   v     l  

 l    l  ol a   a  a la a  l r. Bu  o uç, P     ro v  G r   (225)’    DESL 

   o     la  o u u           l           r    d      d     ro la     aktiviteyi 

uyard     o u u  l  u u ludur. L20 gru u u  d r   a  al   d   rl  d r     d  

 ra    l r    a  r        a          ra   da  ol  a  da arl    r  a   g    r      r z 

do u ala lar  g r l     r. Bu gru  a    a  r           a  r        g ç    or u ola  

    rda  do u u a  a    ala lar g zl        ol a la   rl         oloj        l rd     r z 

do u u    ra   da            arda da arla  a g r l       , DESL 

   o     la  o u u  da ar olu u u  z r  d  olu lu        oldu u u   l r    çal   alar 

(213, 226)  l  u u lu oldu u d     l   l r. S   z      a  ada    o uçlarda           

gru larda    a  r           a  r        g ç       r  arametresi olan kemik 

 a r     d  la  ll    l r g r l   ,  o   o oj   z         a r        ol a   

   l        d va           or a a  o  u  ur. Bu  o uç, DESL    o     la  o u u  

 r    d    d       l       da a  azla oldu u u   l r    l   ra  rd        ço  çal   a (1, 

3, 227) ile uyumludur.   

 L   ra  rd  DESL    o     lasyonu uygulanan kemik dokusunda osteosit, 

o   o la  , o   o la  ,    ro la   v  da ar  a     g     ara   r l r   za a a  a l  olara  

g    r    oldu lar   or la  o u     l         rl   a  da çal   a  ulu  a a  ad r. 

Çal   a  zda L5 gru u da d rd      a  ada    ro la   v  o   o la    a  lar  ara   da 

        d l      a        l olara  a la l   oz      l    ,        a ar  g rç  l       lg d   l  
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olara  o   o la  lar   r zor    o  a a   la ço ald    v  da a  o ra   lg d     ro la     

a   v    ar     oldu u bilgisi ile uyumludur. A r  a  ekizinci  a  ada      ro la    a      ile 

d rd      a  ada      ro la    a     ara   da    a        l olara  a la l  d z  d    ga    

  r  l      a  a     ol a   da, g ç d    d     ro la     a   v       azald      lg     l  

uyumlu bir veridir (23). Bunun sonucu olarak; DESL biyostimulasyonun d        rj  

 o u lu u da  ulla  l a   duru u da    r   l a   v   l r    or al    l       r      

 a        ld     r d      d     l   l r. 

 Çal   a  z   l    a  o lar  da  biri, kontrol grubunun DESL    o     la  onunun 

sistemik etkiler     l            a a   la  ar l   a va larla olu  urul a  d r. Bu duru , 

a a o     ar l l  lar            ar   r    ola  l r. A  a  a     a va    d   r     a      

 o  rol olara   ulla  l a     , DESL    o     la  o u  o u u    o   l r   v         

 a   rl r     dola               al        d    l    dav   d l        lg    d  

    l     l      d     l     r. Bu   zd    o  rol gru u olara  a     a va    d   r 

    a    ulla  l a     r. 

 Çal   a  z     r d   r l    a  o u da,          l          d   rl  d r l   i 

a a   la ra lar    ulla  l a  d r. Ra larda     a        ço         r  u u a  do u v    l  

 l   r  l d r. A  a     a da  u duru ,   raz da a  ar l l   g    r r. Bu   zd   doku 

     ra  o   z ll      d    l  d r   do ulara    uz  d   ld     ç   tercih edilen Ga-Al-

As diyot lazerlerin insan kemik doku u da g    rd           , ratlardaki etkiden  ar l  

ola  l      d  u u ul a al d r. 

 Çal   a  o u u da DESL v   o  rol gru lar  ara   da        ara   r l r  d  

a la l   ar l l   ol a a     ,  ulla  la  laz r   dalga boyuna veya DESL 

   o     la  o u u  u gula d    g ç v  za a a  a l  ola  l      d     l     r. 

Çal   a  zda          l          a      ol ad    g r l       J/  2, 10 J/cm2 ve 20 

J/cm2    rj   o u lu lar   , u gula a  g     azal  l       la a   r       ar   r l a   la 

u gula a   ,          l        z r  d   ar l      l r  ola  l      g z     d  

 u ul al d r. L   ra  rd         dalga boylu (940 nm) d  o  laz r  ulla              

   l                   d   rl  d r ld     az  çal   alarda (214, 228), DESL 

   o     la  o u u  o   o la     a   v     z r  d  u ar           oldu u or a a 

 o ul u  ur. Bu u la   ra  r        dalga  o lu d  o  laz rl r    ar l     rj  

 o u lu lar  da u gula alar      ar  la   r ld        rl   a  da    v vo çal   a 
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bulunma a  ad r. S ç    oldu u uz        dalga boylu (940 nm) laz r    az           

   l        z r  d  uzu  d    d  a la l    r  a         ol ad   , a  a  kemik 

   l           r    d      d   z ll  l  10 J/  2    rj   o u lu u da  ulla  ld    da 

   ro la     a   v           l         g r l     r. Bu v r ,    ro la     a   v    ar     a 

     aç du ula   u u a  do u    l           ozuldu u d  a       a  alarda DESL 

   o     la  o u u gula  a   a     l   olara  d  a       a va   od l  çal   alar   ç   

    l      l  d   l r. Bununla beraber,        dalga  o lu laz r  l     o     la  o  

sonucunda          r l r     profileras o lar     ar        g    r      v  ro çal   alar   

   v vo çal   alar  l  d     l       g r       d r. Bu   r        dalga  o lu lazerlerin 

k        l        z r  d        l r      ar l    r , g ç v     rj   o u u lar  da 

u gula d    da a  a  a l  v  d  a l     v vo çal   alara      aç vard r.   
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8. SONUÇLAR 

1. 940 nm dalgaboylu Ga-Al-A  d  o  laz r  ulla ara     , 10 v  20 J/  2 enerji 

 o u lu lar  da DESL    o     la  o u u gula a      o   o   , o   o la  , 

o   o la   v  da ar olu u u  a     da   o  rol gru u  l  ara   da  r    v  g ç 

d    d  a la l    r  ar l l   g r l       r.  

2. 10 J/cm2  o u lu  a  a  la  DESL    o     la  o u u   r    d           

   l              l  d    d rd      a  ada    ro la   a   v            J/  2 ve 20 J/cm2 

 o u lu  a   DESL    o     la  o lar  a g r  a la l  d r   d  ar   rd    

g r l     r (p<0.05).  

3. Ko  rol v  DESL    o     la  o u gru lar           d  o   o     a         z     

 a  ada d rd      a  a a g r     a        l a la l  d r   d  ar      r ( <0.05). 

Osteoblast ve osteoklast  a  lar          z      a  ada d rd      a  a a g r  

   a        l a la l   ar  d r   d  azal     r (p<0.05). 

4. Da ar olu u u  a     da  5 J/cm2 ve 20 J/cm2 DESL    o     la  o u u gula a  

gru larda d r  v      z      a  alar ara   da    a        l olara  a la l    r azalma 

g zl       r (p<0.05). 

5. L5 gru u da    ro la   v  o   o la    a     da     z      a  ada, d rd      a  a a 

g r  a la l  d r   d  azal a          d l     r ( <0.05). 

6. 940 nm dalga boylu Ga-Al-A  laz r            r l r   z r  d          nin incelenmesi 

a a   la u gula a a     rj      ar    , g     azal  l   u gula a   r       ar   r lara  

u gula d     d ld     a  a  a va  çal   alar  a      aç vard r. 

 

 

 

 

 

 

 



85 

 

9. KAYNAKLAR 

1. Ozawa Y, Shimizu N, Kariya G,Abiko Y (1998). Low-energy laser irradiation 

stimulates bone nodule formation at early stages of cell culture in rat calvarial 

cells. Bone 22: 347-354. 

2. Sahar M. Adel KEAaAAS (2011). Effect of Low Level Laser Therapy on Bone 

Histomorphometry in Rats. Life Science Journal 8: 372-378. 

3. Re Poppi R, Da Silva AL, Nacer RS, Vieira RP, de Oliveira LV, Santos de Faria 

Junior N,de Tarso Camilo Carvalho P (2011). Evaluation of the osteogenic effect 

of low-level laser therapy (808 nm and 660 nm) on bone defects induced in the 

femurs of female rats submitted to ovariectomy. Lasers Med Sci 26: 515-522. 

4. Nicola RA, Jorgetti V, Rigau J, Pacheco MT, dos Reis LM,Zangaro RA (2003). 

Effect of low-power GaAlAs laser (660 nm) on bone structure and cell activity: an 

experimental animal study. Lasers Med Sci 18: 89-94. 

5. Ueda Y,Shimizu N (2001). Pulse irradiation of low-power laser stimulates bone 

nodule formation. J Oral Sci 43: 55-60. 

6. Diniz JS, Nicolau RA, de Melo Ocarino N, do Carmo Magalhaes F, de Oliveira 

Pereira RD,Serakides R (2009). Effect of low-power gallium-aluminum-arsenium 

laser therapy (830 nm) in combination with bisphosphonate treatment on 

osteopenic bone structure: an experimental animal study. Lasers Med Sci 24: 347-

352. 

7. Trelles MA,Mayayo E (1987). Bone fracture consolidates faster with low-power 

laser. Lasers Surg Med 7: 36-45. 

8. Yaakobi T, Maltz L,Oron U (1996). Promotion of bone repair in the cortical bone 

of the tibia in rats by low energy laser (He-Ne) irradiation. Calcif Tissue Int 59: 

297-300. 

9. Rochkind S, Kogan G, Luger EG, Salame K, Karp E, Graif M,Weiss J (2004). 

Molecular structure of the bony tissue after experimental trauma to the mandibular 

region followed by laser therapy. Photomed Laser Surg 22: 249-253. 

10. Dortbudak O, Haas R,Mallath-Pokorny G (2000). Biostimulation of bone marrow 

cells with a diode soft laser. Clin Oral Implants Res 11: 540-545. 



86 

 

11. Khadra M, Ronold HJ, Lyngstadaas SP, Ellingsen JE,Haanaes HR (2004). Low-

level laser therapy stimulates bone-implant interaction: an experimental study in 

rabbits. Clin Oral Implants Res 15: 325-332. 

12. Khadra M, Kasem N, Haanaes HR, Ellingsen JE,Lyngstadaas SP (2004). 

Enhancement of bone formation in rat calvarial bone defects using low-level laser 

therapy. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 97: 693-700. 

13. Honmura A, Yanase M, Obata J,Haruki E (1992). Therapeutic effect of Ga-Al-As 

diode laser irradiation on experimentally induced inflammation in rats. Lasers 

Surg Med 12: 441-449. 

14. Raisz LG (1999). Physiology and pathophysiology of bone remodeling. Clin 

Chem 45: 1353-1358. 

15. RE. Baron (1996). Anatomy and ultrastructure of bone. Lippincott-Raven 

Publishers, New York 152-159. 

16. WSS. Jee (2001). Bone Mechanics Handbook, 2nd ed., CRC Press, Florida. 

17. H. Fleisch (1997). Bisphosphonates in Bone Diseases. From the Laboratory to the 

Patient. 3rd. Parthenon Publishing Group, New York, 145-150. 

18. Chambers TJ (1980). The cellular basis of bone resorption. Clin Orthop Relat Res: 

283-293. 

19. Bonewald LF (1999). Establishment and characterization of an osteocyte-like cell 

line, MLO-Y4. J Bone Miner Metab 17: 61-65. 

20. Ignac Fogelman GG, Hans Van der Wall (2012). Radionuclide and hybrid bone 

imaging, Springer, Berlin, 173-194. 

21. Xing L, Boyce BF (2005). Regulation of apoptosis in osteoclasts and osteoblastic 

cells. Biochem Biophys Res Commun 328: 709-720. 

22. McLean F UM (1968). Bone. Fundamentals of the physiology of skeletal tissue.  

University of Chicago Press, Chicago, 435-436. 

23. Buckwalter JA, Glimcher MJ, Cooper RR,Recker R (1996). Bone biology. II: 

Formation, form, modeling, remodeling, and regulation of cell function. Instr 

Course Lect 45: 387-399. 

24. Burchardt H (1983). The biology of bone graft repair. Clin Orthop Relat Res: 28-

42. 



87 

 

25. N. Soydan (1985). G   l H   oloj . İ.Ü. Ba    v  v  F l  M r  z , İ  a  ul,108-

112. 

26. Gehron Robey P (1989). The biochemistry of bone. Endocrinol Metab Clin North 

Am 18: 858-902. 

27. Lumachi F, Camozzi V, Tombolan V,Luisetto G (2009). Bone mineral density, 

osteocalcin, and bone-specific alkaline phosphatase in patients with insulin-

dependent diabetes mellitus. Ann N Y Acad Sci 1173 Suppl 1: E64-67. 

28. Villarreal XC, Mann KG,Long GL (1989). Structure of human osteonectin based 

upon analysis of cDNA and genomic sequences. Biochemistry 28: 6483-6491. 

29. Ju gu  ra L.C. CJ, K ll  R.O. (1998). T   l H   oloj . 8. Ba   . Bar   K  a  v  

L d. S  , İ  a  ul. 

30. Jung RE, Glauser R, Scharer P, Hammerle CH, Sailer HF,Weber FE (2003). 

Effect of rhBMP-2 on guided bone regeneration in humans. Clin Oral Implants 

Res 14: 556-568. 

31. You g B HJ (2000). W  a   r’  Fu    o al H   olog . 4  . C ur   ll L v  g  o  , 

286-291. 

32. Gunness M,Hock JM (1993). Anabolic effect of parathyroid hormone on 

cancellous and cortical bone histology. Bone 14: 277-281. 

33. Luiz Carlos Junqueira JC (2003). Basic Histology. 10th. McGraw-Hill, New York, 

121-130. 

34. Taichman RS (2005). Blood and bone: two tissues whose fates are intertwined to 

create the hematopoietic stem-cell niche. Blood 105: 2631-2639. 

35. Ar  ur C. Gu  o  JEH (2007). T     F z oloj . 11. Ba   . No  l T   K  a  vl r , 

İ  a  ul, 957-960. 

36. Fernandez-Tresguerres-Hernandez-Gil I, Alobera-Gracia MA, del-Canto-

Pingarron M,Blanco-Jerez L (2006). Physiological bases of bone regeneration II. 

The remodeling process. Med Oral Patol Oral Cir Bucal 11: E151-157. 

37. Kobayashi S, Takahashi HE, Ito A, Saito N, Nawata M, Horiuchi H, Ohta H, Ito 

A, Iorio R, Yamamoto N,Takaoka K (2003). Trabecular minimodeling in human 

iliac bone. Bone 32: 163-169. 

38. Fernandez-Tresguerres-Hernandez-Gil I, Alobera-Gracia MA, del-Canto-

Pingarron M,Blanco-Jerez L (2006). Physiological bases of bone regeneration I. 



88 

 

Histology and physiology of bone tissue. Med Oral Patol Oral Cir Bucal 11: E47-

51. 

39. Bloch H (1990). Solartheology, heliotherapy, phototherapy, and biologic effects: a 

historical overview. J Natl Med Assoc 82: 517-518, 520-511. 

40. Strauss RA,Fallon SD (2004). Lasers in contemporary oral and maxillofacial 

surgery. Dent Clin North Am 48: 861-888. 

41. Coluzzi DJ (2000). An overview of laser wavelengths used in dentistry. Dent Clin 

North Am 44: 753-765. 

42. Silfvast WT (2004). Laser Fundamentals. Cambridge University Press, 

Cambridge. 

43. Tuna N (2001). El   ro  ra  . No  l T   Ya     l  , İ  a  ul, 155-161. 

44. Convissar RA (2011). Laser Fundamentals. Principles and Practice of Laser 

Dentistry  (Ed: Donald J. Coluzzi RAC). Mosby Elsevier, Missouri, 12-15. 

45. Coluzzi DJ (2004). Fundamentals of dental lasers: science and instruments. Dent 

Clin North Am 48: 751-770. 

46. Leon Goldman RJR (1971). Lasers in Medicine. Gordon and Breach, Science 

Publishers Inc, New York. 

47. Karu TI (1986). Molecular mechanism of the therapeutic effect of low-intensity 

laser irradiation. Dokl Akad Nauk S. 291: 1245-1249. 

48. Serel S, Kaya B, Sara Y, Heper AO,Can Z (2010). Histopathological and 

electrophysiological study of CO(2), Er:YAG, and CO (2) + Er:YAG laser effect 

on peripheral nerve. Aesthetic Plast Surg 34: 193-199. 

49. Horch H. DH (2005). New aspects of lasers in oral and craniomaxillofacial 

surgery. Medical Laser Application 20: 7-11. 

50. Alling GC. (1997). Laser Applications in Oral and Maxillofacial Surgery. W.B. 

Saunders, Philedelphia 309-317. 

51. Verdaasdonk RM,van Swol CF (1997). Laser light delivery systems for medical 

applications. Phys Med Biol 42: 869-894. 

52. Neff A, Kolk A, Deppe H, Horch HH (1999). [New aspects for indications of 

surgical management of intra-articular and high temporomandibular dislocation 

fractures]. Mund Kiefer Gesichtschir 3: 24-29. 



89 

 

53. Dederich DN (1993). Laser/tissue interaction: what happens to laser light when it 

strikes tissue? J Am Dent Assoc 124: 57-61. 

54. Cernavin I, Pugatschew A, de Boer N,Tyas MJ (1994). Laser applications in 

dentistry: a review of the literature. Aust Dent J 39: 28-32. 

55. Myers ML (1991). The effect of laser irradiation on oral tissues. J Prosthet Dent 

66: 395-397. 

56. Lewis Clayman PK (1997). Lasers in Maxillofacial Surgery and Dentistry. 

Thieme, New York, 111-117. 

57. Convissar RA (2011). Lasers in Implant Dentistry. Mosby, Missouri, 114-116. 

58. Powell GL ER, Blankenau RJ, Schouten JR (1995). Evaluation of argon laser and 

conventional light-cured composites. J Clin Laser Med Surg 13: 315-317. 

59. Finkbeiner RL (1995). The results of 1328 periodontal pockets treated with the 

argon laser: selective pocket thermolysis. J Clin Laser Med Surg 13: 273-281. 

60. Saleh HM,Saafan AM (2007). Excision biopsy of tongue lesions by diode laser. 

Photomed Laser Surg 25: 45-49. 

61. Hubler R, Blando E, Gaiao L, Kreisner PE, Post LK, Xavier CB,de Oliveira MG 

(2010). Effects of low-level laser therapy on bone formed after distraction 

osteogenesis. Lasers Med Sci 25: 213-219. 

62. Deppe H,Horch HH (2007). Laser applications in oral surgery and implant 

dentistry. Lasers Med Sci 22: 217-221. 

63. Myers TD (1991). Lasers in dentistry. J Am Dent Assoc 122: 46-50. 

64. White JM, Goodis HE, Setcos JC, Eakle S, Hulscher BE,Rose CL (1993). Effects 

of pulsed Nd:YAG laser energy on human teeth: a three-year follow-up study. J 

Am Dent Assoc 124: 45-51. 

65. Stubinger S, Ghanaati S, Saldamli B, Kirkpatrick CJ,Sader R (2009). Er:YAG 

laser osteotomy: preliminary clinical and histological results of a new technique 

for contact-free bone surgery. Eur Surg Res 42: 150-156. 

66. Schwarz F, Bieling K, Sculean A, Herten M,Becker J (2004). [Treatment of 

periimplantitis with laser or ultrasound. A review of the literature]. Schweiz 

Monatsschr Zahnmed 114: 1228-1235. 

67. Haj-Ali R,Walker MP (2002). A provisional fixed partial denture that simulates 

gingival tissue at the pontic-site defect. J Prosthodont 11: 46-48. 



90 

 

68. Pogrel MA (1989). The carbon dioxide laser in soft tissue preprosthetic surgery. J 

Prosthet Dent 61: 203-208. 

69. Frame JW (1985). Carbon dioxide laser surgery for benign oral lesions. Br Dent J 

158: 125-128. 

70. De Nguyen T,Turcotte JY (1994). Lasers in dentistry and in oral and maxillofacial 

surgery. J Can Dent Assoc 60: 227-228, 231-226. 

71. Karu T (1989). Photobiology of low-power laser effects. Health Phys 56: 691-704. 

72. Buravlev EA, Zhidkova TV, Vladimirov YA,Osipov AN (2013). Effects of laser 

and LED radiation on mitochondrial respiration in experimental endotoxic shock. 

Lasers Med Sci 28: 785-790. 

73. Hilf R, Murant RS, Narayanan U,Gibson SL (1986). Relationship of 

mitochondrial function and cellular adenosine triphosphate levels to 

hematoporphyrin derivative-induced photosensitization in R3230AC mammary 

tumors. Cancer Res 46: 211-217. 

74. Tu a H. Laz r BM, Ku  al YG (2010). F z    l T   v  R  a  l  a  o . 2. Ba   . 

A r     Ba    v , A  ara. 

75. Walsh L, Goharkhay, K., Verheyen, P.,Moritz, A. (2006). Low Level Laser 

Therapy (LLLT). Oral Laser Application.  (Ed: Moritz A). Quintessence, Berlin, 

521-539. 

76. Nissan M, Rochkind S, Razon N,Bartal A (1986). HeNe laser irradiation delivered 

transcutaneously: its effect on the sciatic nerve of rats. Lasers Surg Med 6: 435-

438. 

77. Carvalho PT, Mazzer N, dos Reis FA, Belchior AC,Silva IS (2006). Analysis of 

the influence of low-power HeNe laser on the healing of skin wounds in diabetic 

and non-diabetic rats. Acta Cir Bras 21: 177-183. 

78. Leal Junior EC, Lopes-Martins RA, de Almeida P, Ramos L, Iversen VV,Bjordal 

JM (2010). Effect of low-level laser therapy (GaAs 904 nm) in skeletal muscle 

fatigue and biochemical markers of muscle damage in rats. Eur J Appl Physiol 

108: 1083-1088. 

79. Kulekcioglu S, Sivrioglu K, Ozcan O,Parlak M (2003). Effectiveness of low-level 

laser therapy in temporomandibular disorder. Scand J Rheumatol 32: 114-118. 



91 

 

80. Marei MK, Abdel-Meguid SH, Mokhtar SA,Rizk SA (1997). Effect of low-energy 

laser application in the treatment of denture-induced mucosal lesions. J Prosthet 

Dent 77: 256-264. 

81. Walsh LJ (1997). The current status of low level laser therapy in dentistry. Part 2. 

Hard tissue applications. Aust Dent J 42: 302-306. 

82. Walsh LJ (1997). The current status of low level laser therapy in dentistry. Part 1. 

Soft tissue applications. Aust Dent J 42: 247-254. 

83. Neiburger EJ (1995). The effect of low-power lasers on intraoral wound healing. 

N Y State Dent J 61: 40-43. 

84. Tuner J HL (2010). Medical Indications. The New Laser Theraphy Handbook.  

(Ed: Tuner J HL). Prima Books Co. , Grangesberg:, 527-565. 

85. Gur A, Sarac AJ, Cevik R, Altindag O,Sarac S (2004). Efficacy of 904 nm gallium 

arsenide low level laser therapy in the management of chronic myofascial pain in 

the neck: a double-blind and randomize-controlled trial. Lasers Surg Med 35: 229-

235. 

86. Bulow PM, Jensen H,Danneskiold-Samsoe B (1994). Low power Ga-Al-As laser 

treatment of painful osteoarthritis of the knee. A double-blind placebo-controlled 

study. Scand J Rehabil Med 26: 155-159. 

87. Branco K,Naeser MA (1999). Carpal tunnel syndrome: clinical outcome after low-

level laser acupuncture, microamps transcutaneous electrical nerve stimulation, 

and other alternative therapies--an open protocol study. J Altern Complement Med 

5: 5-26. 

88. Meneguzzo DT, Lopes LA, Pallota R, Soares-Ferreira L, Lopes-Martins 

RA,Ribeiro MS (2013). Prevention and treatment of mice paw edema by near-

infrared low-level laser therapy on lymph nodes. Lasers Med Sci 28: 973-980. 

89. Pires Oliveira DA, de Oliveira RF, Zangaro RA,Soares CP (2008). Evaluation of 

low-level laser therapy of osteoblastic cells. Photomed Laser Surg 26: 401-404. 

90. Schaffer M, Bonel H, Sroka R, Schaffer PM, Busch M, Reiser M,Duhmke E 

(2000). Effects of 780 nm diode laser irradiation on blood microcirculation: 

preliminary findings on time-dependent T1-weighted contrast-enhanced magnetic 

resonance imaging (MRI). J Photochem Photobiol B 54: 55-60. 



92 

 

91. Nunez SC, Nogueira GE, Ribeiro MS, Garcez AS,Lage-Marques JL (2004). He-

Ne laser effects on blood microcirculation during wound healing: a method of in 

vivo study through laser Doppler flowmetry. Lasers Surg Med 35: 363-368. 

92. Pereira MC, de Pinho CB, Medrado AR, Andrade Zde A,Reis SR (2010). 

Influence of 670 nm low-level laser therapy on mast cells and vascular response of 

cutaneous injuries. J Photochem Photobiol B 98: 188-192. 

93. Medrado AR, Pugliese LS, Reis SR,Andrade ZA (2003). Influence of low level 

laser therapy on wound healing and its biological action upon myofibroblasts. 

Lasers Surg Med 32: 239-244. 

94. Convissar RA (2011). Low-Level Lasers in Dentistry. Principles and Practice of 

Laser Dentistry.  (Ed: Jan Tuner PHB-K). Elsevier, Missouri, 269. 

95. Abergel RP, Lyons RF, Castel JC, Dwyer RM,Uitto J (1987). Biostimulation of 

wound healing by lasers: experimental approaches in animal models and in 

fibroblast cultures. J Dermatol Surg Oncol 13: 127-133. 

96. Reddy GK, Stehno-Bittel L,Enwemeka CS (2001). Laser photostimulation 

accelerates wound healing in diabetic rats. Wound Repair Regen 9: 248-255. 

97. Bisht D, Mehrotra R, Singh PA, Atri SC,Kumar A (1999). Effect of helium-neon 

laser on wound healing. Indian J Exp Biol 37: 187-189. 

98. de Souza Merli LA, de Medeiros VP, Toma L, Reginato RD, Katchburian E, 

Nader HB,Faloppa F (2012). The low level laser therapy effect on the remodeling 

of bone extracellular matrix. Photochem Photobiol 88: 1293-1301. 

99. JS Rohenshein (1997). Laser biostimulation: photobioactivation, a modulation of 

biologic processes by low-intensity laser radiation. Lasers in maxillofacial surgery 

and dentistry.  (Ed: Clayman L KP). Thieme, New York, 165-174. 

100.Parker S (2007). Laser regulation and safety in general dental practice. Br Dent J                        

202: 523-532. 

101.Piccione PJ (2004). Dental laser safety. Dent Clin North Am 48: 795-807.  

102.Edwards BE, Barnes LK, Gibbs JB,Nguyen GB (2002). Medical laser safety  

hazard evaluation. Health Phys 83: S36-44. 

103.Kalfas IH (2001). Principles of bone healing. Neurosurg Focus 10: E1. 

104.Hayda RA, Brighton CT,Esterhai JL, Jr. (1998). Pathophysiology of delayed  

healing. Clin Orthop Relat Res: S31-40. 



93 

 

105.Waters RV, Gamradt SC, Asnis P, Vickery BH, Avnur Z, Hill E,Bostrom M 

(2000). Systemic corticosteroids inhibit bone healing in a rabbit ulnar osteotomy 

model. Acta Orthop Scand 71: 316-321. 

106.Karunakar P, Prasanna JS, Jayadev M,Shravani GS (2014). Platelet-rich fibrin, "a 

faster healing aid" in the treatment of combined lesions: A report of two cases. J 

Indian Soc Periodontol 18: 651-655. 

107.Tim CR, Pinto KN, Rossi BR, Fernandes K, Matsumoto MA, Parizotto 

NA,Renno AC (2014). Low-level laser therapy enhances the expression of 

osteogenic factors during bone repair in rats. Lasers Med Sci 29: 147-156. 

108.Ueno M, Urabe K, Naruse K, Uchida K, Minehara H, Yamamoto T, Steck R, 

Gregory L, Wullschleger ME, Schuetz MA,Itoman M (2011). Influence of internal 

fixator stiffness on murine fracture healing: two types of fracture healing lead to 

two distinct cellular events and FGF-2 expressions. Exp Anim 60: 79-87. 

109.Dijkman BG, Sprague S,Bhandari M (2009). Low-intensity pulsed ultrasound: 

Nonunions. Indian J Orthop 43: 141-148. 

110.Silva AM, Astolphi RD, Perri SH,Koivisto MB (2013). Filling of extraction 

sockets of feline maxillary canine teeth with autogenous bone or bioactive glass. 

Acta Cir Bras 28: 856-862. 

111.De Stavola L,Tunkel J (2013). Results of vertical bone augmentation with 

autogenous bone block grafts and the tunnel technique: a clinical prospective 

study of 10 consecutively treated patients. Int J Periodontics Restorative Dent 33: 

651-659. 

112.Bibbo C, Nelson J, Ehrlich D,Rougeux B (2015). Bone morphogenetic proteins: 

indications and uses. Clin Podiatr Med Surg 32: 35-43. 

113.Lissenberg-Thunnissen SN, de Gorter DJ, Sier CF,Schipper IB (2011). Use and     

efficacy of bone morphogenetic proteins in fracture healing. Int Orthop 35: 1271-

1280. 

114.Joseph VR, Sam G,Amol NV (2014). Clinical evaluation of autologous platelet 

rich fibrin in horizontal alveolar bony defects. J Clin Diagn Res 8: ZC43-47. 

115.Hantes ME, Mavrodontidis AN, Zalavras CG, Karantanas AH, Karachalios 

T,Malizos KN (2004). Low-intensity transosseous ultrasound accelerates 



94 

 

osteotomy healing in a sheep fracture model. J Bone Joint Surg Am 86-A: 2275-

2282. 

116.Kocyigit ID, Coskunses FM, Pala E, Tugcu F, Onder E,Mocan A (2012). A   

comparison of the low-level laser versus low intensity pulsed ultrasound on new 

bone formed through distraction osteogenesis. Photomed Laser Surg 30: 438-443. 

117.Romano CL, Romano D,Logoluso N (2009). Low-intensity pulsed ultrasound for 

the treatment of bone delayed union or nonunion: a review. Ultrasound Med Biol 

35: 529-536. 

118.Young S, Bolton P, Dyson M, Harvey W,Diamantopoulos C (1989). Macrophage 

responsiveness to light therapy. Lasers Surg Med 9: 497-505. 

119.Passarella S, Casamassima E, Quagliariello E, Caretto G, Jirillo E (1985). 

Quantitative analysis of lymphocyte-Salmonella interaction and effect of 

lymphocyte irradiation by Helium-Neon laser. Biochem Biophys Res Commun 

130: 546-552. 

120.Yamada K (1991). Biological effects of low power laser irradiation on clonal 

osteoblastic cells (MC3T3-E1). Nihon Seikeigeka Gakkai Zasshi 65: 787-799. 

121.Gordjestani M, Dermaut L,Thierens H (1994). Infrared laser and bone 

metabolism: a pilot study. Int J Oral Maxillofac Surg 23: 54-56. 

122.K. Motomura (1984). Effects of various laser irradiation on callus formation after 

osteotomy. Nippon Reza Igakkai Shi (The Journal of Japan Society for Laser 

Medicine) 4: 195-196. 

123.Nagasawa A KK, Takaoka K (1988). Experimental evaluation on bone repairing 

activation effect of lasers based on bone morphologic protein. Nippon Reza 

Igakkai Shi (The Journal of Japan Society for Laser Medicine) 9: 165-168. 

124.Ribeiro DA,Matsumoto MA (2008). Low-level laser therapy improves bone 

repair in rats treated with anti-inflammatory drugs. J Oral Rehabil 35: 925-933. 

125.Nissan J, Assif D, Gross MD, Yaffe A,Binderman I (2006). Effect of low 

intensity laser irradiation on surgically created bony defects in rats. J Oral Rehabil 

33: 619-924. 

126.Pretel H, Lizarelli RF,Ramalho LT (2007). Effect of low-level laser therapy on 

bone repair: histological study in rats. Lasers Surg Med 39: 788-796. 



95 

 

127.Barushka O, Yaakobi T,Oron U (1995). Effect of low-energy laser (He-Ne) 

irradiation on the process of bone repair in the rat tibia. Bone 16: 47-55. 

128.Aronson J, Shen XC, Skinner RA, Hogue WR, Badger TM,Lumpkin CK, Jr. 

(1997). Rat model of distraction osteogenesis. J Orthop Res 15: 221-226. 

129.Favaro-Pipi E, Feitosa SM, Ribeiro DA, Bossini P, Oliveira P, Parizotto 

NA,Renno AC (2010). Comparative study of the effects of low-intensity pulsed 

ultrasound and low-level laser therapy on bone defects in tibias of rats. Lasers 

Med Sci 25: 727-732. 

130.de Vasconcellos LM, Barbara MA, Deco CP, Junqueira JC, do Prado RF, 

Anbinder AL, de Vasconcellos LG, Cairo CA,Carvalho YR (2013). Healing of 

normal and osteopenic bone with titanium implant and low-level laser therapy 

(GaAlAs): a histomorphometric study in rats. Lasers Med Sci. 

131.Perry AC, Prpa B, Rouse MS, Piper KE, Hanssen AD, Steckelberg JM,Patel R 

(2003). Levofloxacin and trovafloxacin inhibition of experimental fracture-

healing. Clin Orthop Relat Res: 95-100. 

132.Haleem AA, Rouse MS, Lewallen DG, Hanssen AD, Steckelberg JM,Patel R 

(2004). Gentamicin and vancomycin do not impair experimental fracture healing. 

Clin Orthop Relat Res: 22-24. 

133.Bossini PS, Renno AC, Ribeiro DA, Fangel R, Ribeiro AC, Lahoz Mde 

A,Parizotto NA (2012). Low level laser therapy (830nm) improves bone repair in 

osteoporotic rats: similar outcomes at two different dosages. Exp Gerontol 47: 

136-142. 

134.Huo MH, Troiano NW, Pelker RR, Gundberg CM,Friedlaender GE (1991). The 

influence of ibuprofen on fracture repair: biomechanical, biochemical, histologic, 

and histomorphometric parameters in rats. J Orthop Res 9: 383-390. 

135.Boursinos LA, Karachalios T, Poultsides L,Malizos KN (2009). Do steroids, 

conventional non-steroidal anti-inflammatory drugs and selective Cox-2 inhibitors 

adversely affect fracture healing? J Musculoskelet Neuronal Interact 9: 44-52. 

136.Beck A, Krischak G, Sorg T, Augat P, Farker K, Merkel U, Kinzl L,Claes L 

(2003). Influence of diclofenac (group of nonsteroidal anti-inflammatory drugs) 

on fracture healing. Arch Orthop Trauma Surg 123: 327-332. 



96 

 

137.Mullis BH, Copland ST, Weinhold PS, Miclau T, Lester GE,Bos GD (2006). 

Effect of COX-2 inhibitors and non-steroidal anti-inflammatory drugs on a mouse 

fracture model. Injury 37: 827-837. 

138.Dimmen S, Nordsletten L,Madsen JE (2009). Parecoxib and indomethacin delay 

early fracture healing: a study in rats. Clin Orthop Relat Res 467: 1992-1999. 

139.Rochkind S, Rousso M, Nissan M, Villarreal M, Barr-Nea L,Rees DG (1989). 

Systemic effects of low-power laser irradiation on the peripheral and central 

nervous system, cutaneous wounds, and burns. Lasers Surg Med 9: 174-182. 

140.Schindl A, Heinze G, Schindl M, Pernerstorfer-Schon H,Schindl L (2002). 

Systemic effects of low-intensity laser irradiation on skin microcirculation in 

patients with diabetic microangiopathy. Microvasc Res 64: 240-246. 

141.Lyons RF, Abergel RP, White RA, Dwyer RM, Castel JC,Uitto J (1987). 

Biostimulation of wound healing in vivo by a helium-neon laser. Ann Plast Surg 

18: 47-50. 

142.Chekurov PR, Yeremin, A. V (1976). Investigation of the Stimulating Effect of 

Laser Light on Bone Tissue Repair Processes. Alma-Ata. 

143.Yamada K (1991). Biological effects of low power laser irradiation on clonal 

osteoblastic cells (MC3T3-E1). The Journal of the Japanese Orthopedic 

Association 65: 101-114. 

144.Inyushin VM,Chekurov PR (1976). Biostimulation Through Laser Radiation and 

Bioplasma. Danish Society for Psychical Research. 

145.Khalighi HR, Anbari F, Beygom Taheri J, Bakhtiari S, Namazi Z,Pouralibaba F 

(2010). Effect of Low-power Laser on Treatment of Orofacial Pain. J Dent Res 

Dent Clin Dent Prospects 4: 75-78. 

146.AlGhamdi KM, Kumar A,Moussa NA (2012). Low-level laser therapy: a useful 

technique for enhancing the proliferation of various cultured cells. Lasers Med Sci 

27: 237-249. 

147.Peccin MS, de Oliveira F, Muniz Renno AC, Pacheco de Jesus GP, Pozzi R, 

Gomes de Moura CF, Giusti PR,Ribeiro DA (2013). Helium-neon laser improves 

bone repair in rabbits: comparison at two anatomic sites. Lasers Med Sci 28: 

1125-1130. 



97 

 

148.David R, Nissan M, Cohen I,Soudry M (1996). Effect of low-power He-Ne laser 

on fracture healing in rats. Lasers Surg Med 19: 458-464. 

149.Bayat M, Javadieh F,Dadpay M (2009). Effect of He-Ne laser radiation on 

healing of osteochondral defect in rabbit: a histological study. J Rehabil Res Dev 

46: 1135-1142. 

150.Bayat M, Abdi S, Javadieh F, Mohsenifar Z,Rashid MR (2009). The effects of 

low-level laser therapy on bone in diabetic and nondiabetic rats. Photomed Laser 

Surg 27: 703-708. 

151.Huang YY, Chen AC, Carroll JD,Hamblin MR (2009). Biphasic dose response in 

low level light therapy. Dose Response 7: 358-383. 

152.Karu TI,Kolyakov SF (2005). Exact action spectra for cellular responses relevant 

to phototherapy. Photomed Laser Surg 23: 355-361. 

153.Pinheiro AL, Limeira Junior Fde A, Gerbi ME, Ramalho LM, Marzola C, Ponzi 

EA, Soares AO, De Carvalho LC, Lima HC,Goncalves TO (2003). Effect of 830-

nm laser light on the repair of bone defects grafted with inorganic bovine bone 

and decalcified cortical osseus membrane. J Clin Laser Med Surg 21: 301-306. 

154.Gebauer D, Mayr E, Orthner E,Ryaby JP (2005). Low-intensity pulsed 

ultrasound: effects on nonunions. Ultrasound Med Biol 31: 1391-1402. 

155.Guzzardella GA, Fini M, Torricelli P, Giavaresi G,Giardino R (2002). Laser 

stimulation on bone defect healing: an in vitro study. Lasers Med Sci 17: 216-220. 

156.Gerbi ME, Pinheiro AL, Marzola C, Limeira Junior Fde A, Ramalho LM, Ponzi 

EA, Soares AO, Carvalho LC, Lima HV,Goncalves TO (2005). Assessment of 

bone repair associated with the use of organic bovine bone and membrane 

irradiated at 830 nm. Photomed Laser Surg 23: 382-388. 

157.Lomke MA (2009). Clinical applications of dental lasers. Gen Dent 57: 47-59. 

158.Schindl A, Schindl M, Pernerstorfer-Schon H,Schindl L (2000). Low-intensity 

laser therapy: a review. J Investig Med 48: 312-326. 

159.Karsai CRaS (2011). Laser and IPL Technology in Dermatology and Aesthetic 

Medicine. Springer-Verlag, Berlin, Heiledberg. 

160.Walker J. B.  ALK, Cooney M. M. , Goldstein J. , Tamayoshi S. , Segal-Gidan F. 

(1988). Laser therapy for pain of trigeminal neuralgia. Clinical Journal of Pain 3: 

183-187. 



98 

 

161.Moore K. C.  HN, Kumar P. S. , Jayakumar C. S. , Ohshiro T. (1988). A double 

blind crossover trial of low level laser therapy in the treatment of postherpetic 

neuralgia. Laser Therapy 1: 7-9. 

162.Smith K (1991). The photobiological basis of low-level laser radiation therapy. 

Laser Ther 3: 19-24. 

163.Pinheiro A.L.B. OMG, Martins P.P.M., Ramalho L.M.P, Oliveira M.A.M., Junior 

A.N., Nicolau R.A. (2001). Biomodulatory effects of LLLT on bone regeneration. 

Laser Therapy 13: 73-79. 

164.Pires-Oliveira DA, Oliveira RF, Amadei SU, Pacheco-Soares C,Rocha RF 

(2010). Laser 904 nm action on bone repair in rats with osteoporosis. Osteoporos 

Int 21: 2109-2114. 

165.Saito S,Shimizu N (1997). Stimulatory effects of low-power laser irradiation on 

bone regeneration in midpalatal suture during expansion in the rat. Am J Orthod 

Dentofacial Orthop 111: 525-532. 

166.Chow RT, Heller GZ,Barnsley L (2006). The effect of 300 mW, 830 nm laser on 

chronic neck pain: a double-blind, randomized, placebo-controlled study. Pain 

124: 201-210. 

167.Sommer AP, Pinheiro AL, Mester AR, Franke RP,Whelan HT (2001). 

Biostimulatory windows in low-intensity laser activation: lasers, scanners, and 

NASA's light-emitting diode array system. J Clin Laser Med Surg 19: 29-33. 

168.al-Watban FA,Andres BL (2001). The effect of He-Ne laser (632.8 nm) and 

Solcoseryl in vitro. Lasers Med Sci 16: 267-275. 

169.Oliveira P, Sperandio E, Fernandes KR, Pastor FA, Nonaka KO,Renno AC 

(2011). Comparison of the effects of low-level laser therapy and low-intensity 

pulsed ultrasound on the process of bone repair in the rat tibia. Rev Bras Fisioter 

15: 200-205. 

170.Fangel R, Bossini PS, Renno AC, Granito RN, Wang CC, Nonaka KO, Driusso 

P, Parizotto NA,Oishi J (2014). Biomechanical properties: effects of low-level 

laser therapy and Biosilicate(R) on tibial bone defects in osteopenic rats. J Appl 

Biomater Funct Mater 12: 271-277. 

171.Vescovi P, Merigo, Manfredi M, Meleti M, Fornaini C, Bonanini M, Rocca JP, 

Nammour S (2008) Nd:YAG laser biostimulation in the treatment of 



99 

 

bisphosphonate-associated osteonecrosis of the jaw: clinical experience in 28 

cases. Photomed Laser Surg 26: 37-46. 

 172.Kim YD, Kim SS, Kim SJ, Kwon DW, Jeon ES,Son WS (2010). Low-level laser 

irradiation facilitates fibronectin and collagen type I turnover during tooth 

movement in rats. Lasers Med Sci 25: 25-31. 

173.Nascimento SB, Cardoso CA, Ribeiro TP, Almeida JD, Albertini R, Munin 

E,Arisawa EA (2010). Effect of low-level laser therapy and calcitonin on bone 

repair in castrated rats: a densitometric study. Photomed Laser Surg 28: 45-49. 

174.Silva Junior AN, Pinheiro AL, Oliveira MG, Weismann R, Ramalho LM,Nicolau 

RA (2002). Computerized morphometric assessment of the effect of low-level 

laser therapy on bone repair: an experimental animal study. J Clin Laser Med Surg 

20: 83-87. 

175.Asai T, Suzuki H, Kitayama M, Matsumoto K, Kimoto A, Shigeoka M,Komori T 

(2014). The long-term effects of red light-emitting diode irradiation on the 

proliferation and differentiation of osteoblast-like MC3T3-E1 cells. Kobe J Med 

Sci 60: E12-18. 

176.Basso FG, Turrioni AP, Soares DG, Bagnato VS, Hebling J,de Souza Costa CA 

(2014). Low-level laser therapy for osteonecrotic lesions: effects on osteoblasts 

treated with zoledronic acid. Support Care Cancer 22: 2741-2748. 

177.Huertas RM, Luna-Bertos ED, Ramos-Torrecillas J, Leyva FM, Ruiz C,Garcia-

Martinez O (2014). Effect and clinical implications of the low-energy diode laser 

on bone cell proliferation. Biol Res Nurs 16: 191-196. 

178.Bloise N, Ceccarelli G, Minzioni P, Vercellino M, Benedetti L, De Angelis MG, 

Imbriani M,Visai L (2013). Investigation of low-level laser therapy potentiality on 

proliferation and differentiation of human osteoblast-like cells in the 

absence/presence of osteogenic factors. J Biomed Opt 18: 128006. 

179.Park JJ,Kang KL (2012). Effect of 980-nm GaAlAs diode laser irradiation on 

healing of extraction sockets in streptozotocin-induced diabetic rats: a pilot study. 

Lasers Med Sci 27: 223-230. 

180.Shimizu N, Mayahara K, Kiyosaki T, Yamaguchi A, Ozawa Y,Abiko Y (2007). 

Low-intensity laser irradiation stimulates bone nodule formation via insulin-like 

growth factor-I expression in rat calvarial cells. Lasers Surg Med 39: 551-559. 



100 

 

181.Rasouli Ghahroudi AA, Rokn AR, Kalhori KA, Khorsand A, Pournabi A, 

Pinheiro AL,Fekrazad R (2014). Effect of low-level laser therapy irradiation and 

Bio-Oss graft material on the osteogenesis process in rabbit calvarium defects: a 

double blind experimental study. Lasers Med Sci 29: 925-932. 

182.Lirani-Galvao AP, Jorgetti V,da Silva OL (2006). Comparative study of how 

low-level laser therapy and low-intensity pulsed ultrasound affect bone repair in 

rats. Photomed Laser Surg 24: 735-740. 

183.Cerqueira A, Silveira RL, Oliveira MG, Sant'ana Filho M,Heitz C (2007). Bone 

tissue microscopic findings related to the use of diode laser (830 nm) in ovine 

mandible submitted to distraction osteogenesis. Acta Cir Bras 22: 92-97. 

184.Blaya DS, Guimaraes MB, Pozza DH, Weber JB,de Oliveira MG (2008). 

Histologic study of the effect of laser therapy on bone repair. J Contemp Dent 

Pract 9: 41-48. 

185.Pinheiro AL, Limeira Junior Fde A, Gerbi ME, Ramalho LM, Marzola C,Ponzi 

EA (2003). Effect of low level laser therapy on the repair of bone defects grafted 

with inorganic bovine bone. Braz Dent J 14: 177-181. 

186.Gomes FV, Mayer L, Massotti FP, Baraldi CE, Ponzoni D, Webber JB,de 

Oliveira MG (2014). Low-level laser therapy improves peri-implant bone 

formation: resonance frequency, electron microscopy, and stereology findings in a 

rabbit model. Int J Oral Maxillofac Surg. 

187.dos Reis FA, Belchior AC, de Carvalho Pde T, da Silva BA, Pereira DM, Silva 

IS,Nicolau RA (2009). Effect of laser therapy (660 nm) on recovery of the sciatic 

nerve in rats after injury through neurotmesis followed by epineural anastomosis. 

Lasers Med Sci 24: 741-747. 

188.Khadra M (2005). The effect of low level laser irradiation on implant-tissue 

interaction. In vivo and in vitro studies. Swed Dent J Suppl: 1-63. 

189.Garavello-Freitas I, Baranauskas V, Joazeiro PP, Padovani CR, Dal Pai-Silva 

M,da Cruz-Hofling MA (2003). Low-power laser irradiation improves 

histomorphometrical parameters and bone matrix organization during tibia wound 

healing in rats. J Photochem Photobiol B 70: 81-89. 



101 

 

190.Matsumoto MA, Ferino RV, Monteleone GF,Ribeiro DA (2009). Low-level laser 

therapy modulates cyclo-oxygenase-2 expression during bone repair in rats. 

Lasers Med Sci 24: 195-201. 

191.Barbosa D, de Souza RA, Xavier M, da Silva FF, Arisawa EA,Villaverde AG 

(2013). Effects of low-level laser therapy (LLLT) on bone repair in rats: optical 

densitometry analysis. Lasers Med Sci 28: 651-656. 

192.Basford JR (1995). Low intensity laser therapy: still not an established clinical 

tool. Lasers Surg Med 16: 331-342. 

193.da Silva RV,Camilli JA (2006). Repair of bone defects treated with autogenous 

bone graft and low-power laser. J Craniofac Surg 17: 297-301. 

194.Freitas IGF BV, Cruz-H  l  g MA (2000). La  r         o  o   og      . A  l 

Surf Sci 154–155: 548–554. 

195.Schlager A, Kronberger P, Petschke F,Ulmer H (2000). Low-power laser light in 

the healing of burns: a comparison between two different wavelengths (635 nm 

and 690 nm) and a placebo group. Lasers Surg Med 27: 39-42. 

196.Karu T, Pyatibrat L,Kalendo G (1995). Irradiation with He-Ne laser increases 

ATP level in cells cultivated in vitro. J Photochem Photobiol B 27: 219-223. 

197.Fangel R, Bossini PS, Renno AC, Ribeiro DA, Wang CC, Toma RL, Nonaka KO, 

Driusso P, Parizotto NA,Oishi J (2011). Low-level laser therapy, at 60 J/cm2 

associated with a Biosilicate((R)) increase in bone deposition and indentation 

biomechanical properties of callus in osteopenic rats. J Biomed Opt 16: 078001. 

198.Park JB, Ahn SJ, Kang YG, Kim EC, Heo JS,Kang KL (2013). Effects of 

increased low-level diode laser irradiation time on extraction socket healing in 

rats. Lasers Med Sci. 30: 719-726. 

199.de Vasconcellos LM, Barbara MA, Deco CP, Junqueira JC, do Prado RF, 

Anbinder AL, de Vasconcellos LG, Cairo CA,Carvalho YR (2014). Healing of 

normal and osteopenic bone with titanium implant and low-level laser therapy 

(GaAlAs): a histomorphometric study in rats. Lasers Med Sci 29: 575-580. 

200.Pereira AN, Eduardo Cde P, Matson E,Marques MM (2002). Effect of low-power 

laser irradiation on cell growth and procollagen synthesis of cultured fibroblasts. 

Lasers Surg Med 31: 263-267. 

201.Einhorn TA (2005). The science of fracture healing. J Orthop Trauma 19: S4-6. 



102 

 

202.Claes L, Blakytny R, Gockelmann M, Schoen M, Ignatius A,Willie B (2009). 

Early dynamization by reduced fixation stiffness does not improve fracture 

healing in a rat femoral osteotomy model. J Orthop Res 27: 22-27. 

203.Histing T, Garcia P, Holstein JH, Klein M, Matthys R, Nuetzi R, Steck R, 

Laschke MW, Wehner T, Bindl R, Recknagel S, Stuermer EK, Vollmar B, 

Wildemann B, Lienau J, Willie B, Peters A, Ignatius A, Pohlemann T, Claes 

L,Menger MD (2011). Small animal bone healing models: standards, tips, and 

pitfalls results of a consensus meeting. Bone 49: 591-599. 

204.Rad  la O radov ç LK, Draga  M  a lov ç, N  ad Ig ja ov ç, Draga  

U  o ov ç (2007). Co  ara  v  E    a   A al     o  B o a  r al  a d So   

Lasers in Repair of Bone Defects Journal of Oral Laser Applications 7: 161-166. 

205.AboElsaad NS, Soory M, Gadalla LM, Ragab LI, Dunne S, Zalata KR,Louca C 

(2009). Effect of soft laser and bioactive glass on bone regeneration in the 

treatment of bone defects (an experimental study). Lasers Med Sci 24: 527-533. 

206.Einhorn TA (1999). Clinically applied models of bone regeneration in tissue 

engineering research. Clin Orthop Relat Res: S59-67. 

207.Li KH, Cheng L, Zhu Y, Deng GB,Long HT (2013). Effects of a selective 

cyclooxygenase-2 inhibitor (celecoxib) on fracture healing in rats. Indian J Orthop 

47: 395-401. 

208.Zacchetti G, Dayer R, Rizzoli R,Ammann P (2014). Systemic treatment with 

strontium ranelate accelerates the filling of a bone defect and improves the 

material level properties of the healing bone. Biomed Res Int 2014: 549785. 

209.Marques L, Holgado LA, Francischone LA, Ximenez JP, Okamoto R,Kinoshita 

A (2014). New LLLT protocol to speed up the bone healing process-histometric 

and immunohistochemical analysis in rat calvarial bone defect. Lasers Med Sci. 

210.Keithley EM, Truong T, Chandronait B,Billings PB (2000). 

Immunohistochemistry and microwave decalcification of human temporal bones. 

Hear Res 148: 192-196. 

211.Fleming B, Paley D, Kristiansen T,Pope M (1989). A biomechanical analysis of 

the Ilizarov external fixator. Clin Orthop Relat Res: 95-105. 

212.Garavello I, Baranauskas V,da Cruz-Hofling MA (2004). The effects of low laser 

irradiation on angiogenesis in injured rat tibiae. Histol Histopathol 19: 43-48. 



103 

 

213.Oliveira SP, Rahal SC, Pereira EJ, Bersano PR, Vieira Fde A,Padovani CR 

(2012). Low-level laser on femoral growth plate in rats. Acta Cir Bras 27: 117-

122. 

214.Medina-Huertas R, Manzano-Moreno FJ, De Luna-Bertos E, Ramos-Torrecillas 

J, Garcia-Martinez O,Ruiz C (2014). The effects of low-level diode laser 

irradiation on differentiation, antigenic profile, and phagocytic capacity of 

osteoblast-like cells (MG-63). Lasers Med Sci 29: 1479-1484. 

215.Pyo SJ, Song WW, Kim IR, Park BS, Kim CH, Shin SH, Chung IK,Kim YD 

(2013). Low-level laser therapy induces the expressions of BMP-2, osteocalcin, 

and TGF-beta1 in hypoxic-cultured human osteoblasts. Lasers Med Sci 28: 543-

550. 

216.Stein A, Benayahu D, Maltz L,Oron U (2005). Low-level laser irradiation 

promotes proliferation and differentiation of human osteoblasts in vitro. Photomed 

Laser Surg 23: 161-166. 

217.Ueda Y,Shimizu N (2003). Effects of pulse frequency of low-level laser therapy 

(LLLT) on bone nodule formation in rat calvarial cells. J Clin Laser Med Surg 21: 

271-277. 

218.Da Cunha SS, Sarmento V, Ramalho LM, De Almeida D, Veeck EB, Da Costa 

NP, Mattos A, Marques AM, Gerbi M,Freitas AC (2007). Effect of laser therapy 

on bone tissue submitted to radiotherapy: experimental study in rats. Photomed 

Laser Surg 25: 197-204. 

219.Dortbudak O, Haas R,Mailath-Pokorny G (2002). Effect of low-power laser 

irradiation on bony implant sites. Clin Oral Implants Res 13: 288-292. 

220.Aihara N, Yamaguchi M,Kasai K (2006). Low-energy irradiation stimulates 

formation of osteoclast-like cells via RANK expression in vitro. Lasers Med Sci 

21: 24-33. 

221.Bouvet-Gerbettaz S, Merigo E, Rocca JP, Carle GF,Rochet N (2009). Effects of 

low-level laser therapy on proliferation and differentiation of murine bone marrow 

cells into osteoblasts and osteoclasts. Lasers Surg Med 41: 291-297. 

222.Al-Watban FA, Zhang XY,Andres BL (2007). Low-level laser therapy enhances 

wound healing in diabetic rats: a comparison of different lasers. Photomed Laser 

Surg 25: 72-77. 



104 

 

223.Sharifian Z, Bayat M, Alidoust M, Farahani RM, Bayat M, Rezaie F,Bayat H 

(2014). Histological and gene expression analysis of the effects of pulsed low-

level laser therapy on wound healing of streptozotocin-induced diabetic rats. 

Lasers Med Sci 29: 1227-1235. 

224.Usumez A, Cengiz B, Oztuzcu S, Demir T, Aras MH,Gutknecht N (2013). 

Effects of laser irradiation at different wavelengths (660, 810, 980, and 1,064 nm) 

on mucositis in an animal model of wound healing. Lasers Med Sci. 

225.Pinheiro AL,Gerbi ME (2006). Photoengineering of bone repair processes.  

Photomed Laser Surg 24: 169-178. 

226.Cury V, Moretti AI, Assis L, Bossini P, Crusca Jde S, Neto CB, Fangel R, de 

Souza HP, Hamblin MR,Parizotto NA (2013). Low level laser therapy increases 

angiogenesis in a model of ischemic skin flap in rats mediated by VEGF, HIF-

1alpha and MMP-2. J Photochem Photobiol B 125: 164-170. 

227.Piva JA, Abreu EM, Silva Vdos S,Nicolau RA (2011). Effect of low-level laser 

therapy on the initial stages of tissue repair: basic principles. An Bras Dermatol 

86: 947-954. 

228.Jawad MM, Husein A, Azlina A, Alam MK, Hassan R,Shaari R (2013). Effect of 

940 nm low-level laser therapy on osteogenesis in vitro. J Biomed Opt 18: 

128001. 

 

 

 

 

 

 



1
Rectangle

1
Rectangle

1
Rectangle

1
Rectangle

1
Typewriter
105



106 

 

ÖZGEÇMİŞ 

KİŞİSEL BİLGİLER 

Adı, Soyadı                   : Kerem Turgut ATASOY 

Doğum tarihi ve yeri   :1984/Kurtalan/SİİRT 

Telefon     : 0462 3774729 

E-posta     : keremturgutatasoy@hotmail.com 

 

EĞİTİM BİLGİLERİ 

Derece                                     Mezun Olduğu Kurumun Adı                   Mezuniyet                      

                     Yılı 

Lisans /Yüksek Lisans           Mar ara Ü  . D   H  . Fa .                        2008  

  

AKADEMİK/MESLEKİ DENEYİMİ 

Görevi    Kurum                            Süre  

D   H             Co   d    A  z D   Sa l    M r  z /İ  a  ul     2008-2009 

Ara   r a G r.                        KTÜ D   H    l    Fak l    /Tra zo                2009-2015 

 

YABANCI DİL 

İ g l z  : ÜDS-2011: 78.75 

 

UZMANLIK ALANI 

Oral C rra  , T   oro a d  ular E l   Ha  al  lar  Ta   v  T dav     

 

ÖDÜLLER  

YAYINLAR  

SCI EXPANDED KAPSAMINDAKİ DERGİLERDE YAYINLANAN 

MAKALELER: 

1.Ungor C, Atasoy KT, Taskesen F, Cezairli B, Dayisoylu EH, Tosun E.Senel FC. Short-

term results of prolotherapy in the management of temporomandibular joint dislocation. J 

Craniofac Surg Mar;24(2):411-5.doi: 10.1097/SCS.0b013e31827ff14f. 

mailto:taskesenfatih@gmail.com


107 

 

SCI EXPANDED KAPSAMI DIŞINDAKİ DERGİLERDE YAYINLANAN 

MAKALELERİN KÜNYESİ 

 

ULUSAL BİLİMSEL DERGİLERDE YAYINLANAN MAKALELERİN 

KÜNYESİ 

1.Ungor C, Atasoy KT, Senel FC. Ya l     d  a  o a  a l  olara     l       r    d  

maksiller si     d   al    la  lar     gra  o u: 2 va a ra oru A a  r  Ü  v. D   H  . 

Fa . D rg. C l :24, Sa  :1, Y l: 2014, Sa  a: 93-97. 


