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ABSTRACT 

The aim of this study was to investigate the effects of four low-level laser with different 

wavelengths (940 nm, 650 nm, 532 nm, 405 nm) with equal power and energy density 

on tooth movement using histological and immunohistochemical methods. In our study, 

a total of 45 Wistar albino rats were used and the total duration of the experiment was 

14 days. Between the maxillary incisor teeth of all animals and the maxillary left 1st 

molar teeth, nickel-titanium closed helical springs were placed with the help of fine 

stainless steel wires to apply 50 g force and experimental orthodontic tooth movement 

was created. The animals diveded into 5 groups that each group consist of 9 animals; 

and the left side of the rats in control group was used as a positive control group and the 

right side as the negative control group. Except for the control groups, the other groups 

were treated with low-level laser therapy at mesial, buccal, palatal sides of the maxillary 

left first molar teeth. Lasers were applied for 3 minutes on each surface, totally 9 

minutes (total dose 54 J/cm
2
), and was repeated in forty-eight hour intervals starting 

from the first day. Before applying the apparatus (T0) and at the end of the experiment 

(T1), the distance between the incisors and the 1st molar teeth mesial in the upper jaw 

was measured with a digital caliper and the difference of T0-T1 was recorded for the 

right and the left sides, seperately. In order to determine the amount of pure 

mesialisation tooth movement, the difference in distance on the right side was removed 

from the distance difference on the left side. At the end of the experiment, the left and 

right semi maxilla in the control group and the left semi maxilla in the lasers group of 

the rats were prepared for histological and immunohistochemical analysis. In the 



 viii 

preparations, the PDL distance, bone area between the roots, TRAP and ALP 

immunoreactivity densities were evaluated on the 1st molar tooth. The amount of pure 

mesialisation tooth movement is significantly higher in the 650 nm laser group than in 

the positive control and 405 nm laser groups. Bone area between the roots is greater in 

the 650 nm and 940 nm laser groups than in the negative control and 405 nm laser 

groups. PDL-B, PDL-C and PDL-E distances were not different between groups; PDL-

A, PDL-D and PDL-F distances differed between groups. There was no significant 

difference in ALP immunoreactivity density in mesial and distal sides. The intensity of 

TRAP immunoreactivity was similar at the distal side among the groups; at the mesial 

side were higher in the positive control group than 405 nm and 650 nm laser groups. It 

has been determined that the 650 nm laser is more effective in accelerating the 

movement of teeth and increasing the bone area between the roots compared to the other 

wavelengths. 

Key words: Low-level laser therapy; accelerated tooth movement; bone area between 

the roots; PDL; TRAP; ALP. 
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(181) (185). 

kontrol edilebilir (186). 

2.5.4.Lazer-  

 2.3): 
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4) 
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absorbe edilmektedir (185, 188) 
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(190). 

2.5.5. Lazerlerin Fotobiyolojik Etkileri 
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ve "Doppler Flowmetry
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Lazer doppler flowmetry ise 
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r (198). Diyot 
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(217). 

2.5.9.3.Biyolojik Etkileri 

(175, 218): 

1.Beta-endorfinlerin s  

 

 

 

 

 

 

  

 



42 

 

 

 

 

 

14. Minimal skar ve azal  

 

fibroblastl

-

calanma hissedebilir (181). 

(219). 

1064 nm ve 8 j/cm
2
 

derived growth factor  

(220). 

Anjiogenesis modifikasyonu; 

2
 ve 40 j/cm

2
) 

(221). 
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Analjezik ve antiiflamatuar etki; 

 

meta

(222) -lif 

(223, 

224). 

(225). Analjezik 

etkiden, belirgin plasebo po

 

 

 Lazerin hem lokal hem 

2 lazer defokus 

(226)

(227). 

- (228); Nissan ve ark. ise 

(229)  

 

J / cm
2
). 
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veya 2 joule (J). 

2

doku dozu 2 J/cm
2
 

2
 

cm
2
 

2
 

 

 

 

ki 

 

kemik de mukoza kadar 

 

(217). 
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-

 

(175). 

 

lazer veya LED cihaz (hatta geleneksel 5 mW la

(217). 

Bensa - -670 nm ve 780nm-

-

-3 j/cm
2 2 

-analizde 

(230). 

2.5.9.5.  

 

(231)
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(232). 

2.5  

 

1. Anestezi: 

(233). 

(234) dental 

- 

gerekir. 

 - 6 J ve etkilenen 

taraftaki submandibuler lenf nodl

(235)

 

: 

ilerlemel

(236, 237). 

(238). 
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4. Endodonti: 

 

- rahide intraoperatif ve 

(239), 

(240).  

(241) ve pulpotomide 

 

 

zaltacak, yara 

(242)
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6. -

(243). 

ilk prodrom

tekrarlayan HSV-

(244). 

 

 sonra ve daha 

 

(245)

(246). RANKL, kemik rezorpsiyonunda rol oynayan osteoklast 

 

 

ancak 

- 12 J / cm
2
'dir.  

2 

e ibuprofenin aksine, 635 nm 

2'nin (sitozolik: 

cPLA2 2 (247).  

Aimbire ve ark. akut inflamasyonda -

(248).  

cuttur (249). 

(250). DDLT, nonsteroidal antiinflamatuar 
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(251). Abiko 

lenlerin 

(252). 

9. Mukozit: 

(253)

oluncaya kadar tedavi rejimi boyunca 

-6 J / cm
2
'de tavsiye edilir (254) nflamatuar mukozal durum 

DDLT ile tedavi edilebilir. 

 

 

2 

 

11. Parestezi: -

eden parestezilerde 

tavsiye edilir.  

(255). Ozen ve ark. 

(256). 
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12. Restoratif Tedavi: 

(257)

- 16 J lazer uygu -

- 

daha kolay etkilenen C liflerinin 

 

travmati

(258). Preparasyon 

-  

ce 2 J / cm
2
 660 nm lazer 

(258). 

14. Periodontoloji: Kronik periodontal inflamasyon, PGE2 

(259)

hastalarda daha tatmin edici bir prognoz 

-8 (MMP-8) 

i 

(260). 
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(261) 2 sentezinin 

inhibe edilmesinde de etkilidir (262). -

2 (263).  

-1 beta (IL-

(264)

-

(265).  

Safavi ve ark. LPT'nin IL- -

- -

IL- - inde inhibe edici; PDGF ve TGF-

(266)

 

(267). Nokta 

- 

 

(268). DDLT, diyabetik hastalar ve 

(19, 269). 

15. Kemik Rejenerasyonu: 

a
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(270). 

 2, 

 

 

(271)

(215). 

Ladalardo ve ark. 

(272)  

2
 

(273). Corona ve ark. 

(274)

n - 

 

 

 Burun 

 

 

(275). Belirtiler

(276). 
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erken temasla birlikte palpasyonda hassasiyet olur. Erken temaslar kondili geriye iter, 

(277)

 

tedavi edilebilir (278)

bulundurularak 10 - 

 

19. Temporomandibular bozukluk (TMB): 

gi

 

(279). 
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idir (280). Lenfatik sistemin 4 J ile tedavi edilmesi kronik 

 

(281)

 

 

(282)

demektir.  

  

 

(282)

- 4 J olarak uygulanma
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-

 

 

 

1. Mine remineralizasyonu: 

artma

(283). Demineralizasyon 

ve CO2 

(284). 

(285). 

erir, 

 

(284)

(286). White ve 

Goodish, -

(204). Steiner-Oliveira ve ark., CO2 lazerin (1,5 - 11,5 J/cm
2
) 
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2
 ve demineralizasyonu inhibe 

2
 (287). 

sa

(285). Hsu ve ark. ise ablasyon dozundan daha 

(288). 

 

(289)

kontaminasyon riskinin 

 

-  (290). Krater 

 

(291)

 

(292). Yine de ba
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k - 520 nm dalga 

boyunda mavi- (293)

me 

k fark 

(293, 294). 

4. Debonding: 

(295, 296)

CO2, Nd-YAG veya Er-

edilebilmektedir (295, 296).  

 

(297). 

getirebilir. 

(298).  
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6  

ansiyal suprakrestal fiberotomi 

(299)

(300). 

7. Tellerin Lehimlenmesi: Ortodontide tedavi 

ilen modifiye ark teliyle selektif 

kuvvet ve tork uygulanabilir (301).  

Fornaini ve ark. 

(302). 

i: 

(303). 
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2.5  

ebilir. 

 Van 

OBA [Macro Chem] ve Light-

lazer (Ga-Al-As diyot lazer; 27.54 J/cm
2

(304). 

 

-steroid anti-

(305, 306).  

 al 

yeters (307)
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(308). 

 

MMP-9 (matriks metalloproteinaz-

(169, 309). Yoshida ve ark. 

(310). Cruz v

kez diyot lazer (780 nm, 10 sn, 20 mW, 5 J/cm
2

(311). 

(312). 

kontrol grubu ve lazer 

(313)

 

(314).  
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a kontrol 

uygulanan grupta ilk 0- -42 

 

(315) nda 

(316)

(317).  

-analizde, 

dozlarda (2,5, 5, ve 8 J/cm
2 2

 ve 

(318). 

lazer modu, maruz k

(313). 

 

(319)
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(320). 808 nm dalga 

(321).  

h

(26)

(322). 

 

sonra % 3-

(323).  

n mini vidaya 3 ay 

(22)

(324). 
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aylarda periapikal radyograf alarak 

(325)

(25). 

 

(326)

(327)

(328). 

 

 

-

(329). 

10. Post-  

(330). 

 

takdirde hasta, 

(331, 332). 
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(192):  

- 

 

- 

(400 nm  

 

- 

temas ettiklerinde hasar olu  

 

 

  W) orta 

 

- 

 

(333): 

parametrelerini iyi bilmelidir. 

2 
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periyodu tavsiye edilmektedir. 

 

 

 

 

 

 

11. Lazer  

 

2.6.Analizler 

 

2.6.1.1.Tartarat Rezistan Asit Fosfataz (TRAP) Boyama 

(334)

tespiti (335).  

(336) den 

(337). 
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2.6.1.2.Alkalen Fosfataz (ALP) Boyama 

kaynaklanmakta; plasental, karsinoplasental, intestinal ve hepatik-renal/iskelet olmak 

(338).  

- -ALP kemik 

enel 

(339). 
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-DEKAM) 

-

-

(Proje kodu: TDH-2018-8141). 

 

 

- -651, Washington, ABD) 

- Ultimate Nikel-

Houston, TX, 77056, ABD)  

- Kesici pens (Dentaurum; 016-153-00, Germany) 

- -030-00, Germany) 

- Asma motor, klinik piyasemen ve anguldruva 

-  

- are 

-  
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- 

CA 91016, ABD) 

-  

- 0,01 hassasiyetinde dijital kumpas 

-  

- lleri 

-  

- %10 luk formalin  

-  

-  

 

an International B.V., Holland) 

 

 

. Rabbit Anti-TRAP/Tartrate Resistant Acid Phosphatase Polyclonal Antibody 

(Bioss bs-6434R) 

. Anti-Alkaline Phosphatase antibody (Abcam ab95462) 

. -Polyvalent, HRP 

(Thermo Scientific TP-125-HL) 

. DAB Plus Substrate Staining System (Thermo Scientific TA-125-HDX) 

. -125-

ADQ) 

. Phosphate buffered saline (P4417-100 TAB Sigma) 

. Xylene 2.5 lt (Sigma 16446) 

. Polizinli lam 72 Ad/Kt 

. Citrate buffer, pH 6; 125mL (Thermo TA-125-PM1X) 

. EDTA buffer, pH 8; 125mL (Thermo TA-125-PM2X) 

. Lamel Cover Glass 18x18mm ve 22x22mm 

. Lam Saklama Kutusu 
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. MAPE 

.  

. Absolute Ethanole 2.5 lt Merck 1.00983.2511 

. - Thermo  6769006 

. Phosphomolybdic acid hydrate (51429-74-4) 

 

 

 C 

 

ve deney sonunda 
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Grup 1 (Negatif Kontrol Grubu: AK) 

9 a

 

Grup 2 (Pozitif Kontrol Grubu: AD) 

 

Grup 3 (405 nm dalga boyunda lazer: B) 

 

Grup 4 (532 nm dalga boyunda lazer: C) 

uygulanm

 

Grup 5 (650 nm dalga boyunda lazer: D) 

 dalga boyuna sahip DDLU 

 

Grup 6 (940 nm dalga boyunda lazer: E) 
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3.  

(340)

-

 

an

se

mesafede 
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2 

- .  

p

18 J/cm
2
, toplam doz 54 J/cm

2
 

  

 

 

  

 

 

 

sol 1sol
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3.2.6.Deneklerin Sakrifiye Edilmesi 

De

sadece 

 

 

  

in Analizi 

 

 



74 

 

Tablo 3.1. Rutin histolojik doku takibi metodu. 

      

1 %4 Formaldehit 72 saat 8  1 saat 

2 Musluk suyu 1 gece 9  1 saat 

3 %50 Alkol 1 saat 10 Ksilen 20 dakika 

4 %70 Alkol 1 saat 11 Ksilen 20 dakika 

5 %80 Alkol 1 saat 12 Ksilen 20 dakika 

6 %96 Alkol 1 saat 13  1 gece 

7  1 saat 14 Bloklama  

 

 

kesitler 

 

Tablo 3.2. temi. 

      

1  1 saat 16 Distile Su 5 dakika 

2 Ksilen I 10 dakika 17 Fosfomolibdik asit 5 dakika 

3 Ksilen II 10 dakika 18  2-5 dakika 

4 Ksilen III 10 dakika 19 Distile Su 5 dakika 

5 Absolu Alkol I 5 dakika 20  2 dakika 

6 Absolu Alkol II 5 dakika 21 Distile Su 5 dakika 

7 %96 Alkol 5 dakika 22 %50 Alkol 2 dakika 

8 %70 Alkol 5 dakika 23 %70 Alkol 2 dakika 

9 %50 Alkol 5 dakika 24 %96 Alkol 2 dakika 

10 Akarsu 2 dakika 25 Absolu Alkol I 10 dakika 

11 Hematoksilen 5-8 dakika 26 Absolu Alkol II 10 dakika 

12 Akarsu 5 dakika 27 Ksilen I 20 dakika 

13 Asit alkol 30 saniye 28 Ksilen II 20 dakika 

14 Akarsu 5 dakika 29 Ksilen III 20 dakika 

15 Asit fuksin 1-2 dakika 30 Kapatma  
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(Rabbit anti- tartrate resistant acid phosphatase (TRAP)/TRAP polyclonal antibody 

from Abcam (Cambridge, Massachusetts, USA)) ve ALP (Anti-alkaline phosphatase 

(ALP) antibody, 100 ml from Abcam (Cambridge, Massachusetts, USA)) primer 

-biotin kiti 

(Ultravision Polyvalent (Rabbit-Mouse) Horseradish Peroxidase (HRP) Kit, 125 ml 

fro -

-
o
C 

edildi ve 10 daki

peroksit (H2O2

-

muamele edilen kesitler 

diaminobenzidin (DAB) (Diaminobenzidine chromogen and substrate system, 125 ml 

from Thermo Fisher Scientific (Waltham, Massachusetts, USA)) substrat ile 5 dakika 

muamele edildikten sonra 5 dakika deiyoinze H2
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3.3.3.1.Masson Trikrom Boyamada Histomorfomet  

 

-A: M-

servikal; PDL-B: M- -C: M-apikal; PDL-D: D-apikal; PDL-E: D-orta 

-F: D-  

 

 PDL mesa  

 

n en apikal 

2 
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3.3.  

TRAP ve ALP 

mikroskobunda, deneklere ait her bir kesitin maksil

arak TRAP ve 

ALP  

na 
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(Microsoft Office Excel 16.22, Microsoft, Washington, ABD) kaydedildi. Veriler, SPSS 

24.0 (Statistical Package for Social Sciences, Version 24.0, SPSS Inc., Chicago, IL, 

-Wilk testi, homojeniteleri ise Levene testi 

 

- - -

 

(PDL-A; PDL-B; PDL-C; PDL-D; PDL-E, 

PDL-F

non-parametri

Kruskall-
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.  

testi, Post-  

p
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4. BULGULAR 

 

 

-

- -

4.1). 

Tablo 4.1. . 

GRUP/ZAMAN 
A B C D E 

p 
Ort. S.S. Ort. S.S. Ort. S.S. Ort. S.S. Ort. S.S. 

 139,56 9,03 143,44 8,86 138,22 12,35 143,89 10,75 139,90 20,51 0.890 

 126,89 7,75 135,22 10,86 130,00 12,02 137,67 11,24 132,50 19,86 0,314 

 139,11 7,59 144,67 10,01 135,22 8,51 138,22 11,81 135,80 21,67 0,489 

 148,00 7,83 149,33 9,70 142,66 9,57 147,00 10,65 146,00 19,10 0,612 

0.-  -12,67 3,32 -8,22 4,35 -8,22 3,42 -6,22 1,20 -7,40 2,22 <0.001* 

1.-7. g  12,22 6,34 9,44 4,39 5,22 8,24 0,56 5,88 3,30 8,42 <0.001* 

7.-  8,89 3,95 4,67 3,16 7,44 9,65 8,78 2,64 10,20 7,70 <0.001* 

Ort.: Ortalama; S.S.: Standart Sapma 

A: Kontrol grubu; B: 405 nm lazer grubu; C: 532 nm lazer grubu; D: 650 nm lazer grubu; E: 940 nm lazer 

grubu  

p<0,05 

 

Ortodontik kuvvet uygulanan maksiller sol 1. molar - -

 

-
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Tablo 4.2. -T1) ve bu 

  Kontrol 

 

 

  Saf Mezializasyon 

Ort. S.S. Ort. S.S. Ort. S.S. 

A (Kontrol) 1,665 0,333 1,198 0,551 0,467 0,357 

B (405 nm) 1,518 0,391 0,873 0,327 0,644 0,261 

C (532 nm) 1,494 0,375 0,763 0,345 0,731 0,173 

D (650 nm) 1,493 0,265 0,616 0,212 0,878 0,201 

E (940 nm) 1,320 0,321 0,597 0,341 0,723 0,230 

1. molar 

A: Kontrol grubu; B: 405 nm lazer grubu; C: 532 nm lazer grubu; D: 650 nm lazer grubu; E: 940 nm 

lazer grubu 
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Tablo 4.3. Saf mezi  

Grup/ 

n 

Saf Mezializasyon (SM)   

P 

 
Ortalama Standart sapma   

AK 0,000 0,000 0,000 0,000 

 

<0.001* 

AD 0,467 0,357 0,192 0,741 

B 0,644 0,261 0,443 0,845 

C 0,731 0,173 0,598 0,864 

D 0,878 0,201 0,724 1,032 

E 0,723 0,230 0,559 0,887 

 

B: 405 nm lazer grubu; C: 532 nm lazer grubu; D: 650 nm lazer grubu; E: 940 nm lazer grubu 

p<0,05 
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4.3.1.  

-A, PDL-D ve PDL-F 

 

PDL-A mesafesi, AK grubunda 

-A mesafesi, C 

 

PDL-

-D mesafesi, AD 

 

PDL-

-F mesafesi, E 

-F 

ubunda da yine 
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Tablo 4.4.  

Grup/ 

 

 

 

p 

 

 

Grup/ 

 

 Orta

 

 

 

p 

Ortalama Standart 

sapma 

Alt 

  

Ortalama Standart 

sapma 

Alt 

  

AK 0,178 0,009 0,169 0,188  

 

 

0,042* 

AK 0,174 0,021 0,152 0,196  

 

 

0,040* 

AD 0,266 0,066 0,211 0,320 AD 0,215 0,050 0,173 0,257 

B 0,257 0,084 0,187 0,328 B 0,227 0,036 0,197 0,256 

C 0,228 0,075 0,135 0,322 C 0,276 0,102 0,150 0,402 

D 0,244 0,051 0,197 0,291 D 0,259 0,062 0,201 0,316 

E 0,252 0,025 0,229 0,275 E 0,215 0,035 0,182 0,247 

AK 0,191 0,035 0,154 0,228  

 

 

0,271 

AK 0,179 0,055 0,122 0,236  

 

 

0,469 

AD 0,198 0,066 0,142 0,253 AD 0,191 0,048 0,151 0,231 

B 0,217 0,105 0,129 0,305 B 0,187 0,066 0,133 0,242 

C 0,193 0,074 0,101 0,285 C 0,191 0,076 0,096 0,286 

D 0,240 0,061 0,184 0,297 D 0,245 0,081 0,170 0,319 

E 0,248 0,054 0,198 0,298 E 0,192 0,053 0,143 0,241 

AK 0,158 0,025 0,132 0,184  

 

 

0,179 

AK 0,136 0,015 0,120 0,152  

 

 

0,007* 

AD 0,237 0,103 0,151 0,322 AD 0,225 0,048 0,185 0,266 

B 0,223 0,044 0,187 0,260 B 0,198 0,060 0,148 0,248 

C 0,194 0,086 0,087 0,302 C 0,179 0,018 0,157 0,202 

D 0,225 0,044 0,185 0,266 D 0,218 0,063 0,161 0,276 

E 0,218 0,040 0,181 0,255 E 0,153 0,029 0,127 0,180 

PDL-A: Mezial-servikal; PDL-B: Mezial- -C: Mezial-apikal; PDL-D: Distal-apikal; PDL-E: Distal- -F: Distal-

servikal 

AK: Negatif kontrol grubu; AD: Pozitif kontrol grubu; B: 405 nm lazer grubu; C: 532 nm lazer grubu; D: 650 nm lazer grubu; E: 940 nm 

lazer grubu  

p<0,05 
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D grubundaki o

 

 

 

Tablo 4.6.   

Grup

/ 

ken 

  

P 
Ortalama Standart sapma   

AK 0,351 0,059 0,289 0,413  

 

 

0,020* 

AD 0,467 0,135 0,354 0,581 

B 0,407 0,090 0,332 0,483 

C 0,447 0,106 0,316 0,579 

D 0,502 0,098 0,411 0,593 

E 0,594 0,124 0,480 0,709 

i. 

lazer grubu; 

C: 532 nm lazer grubu; D: 650 nm lazer grubu; E: 940 nm lazer grubu  

p<0,05 
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4.3.2.1.  

 

TRAP-

recede 
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405 nm lazer grubu; C: 532 nm lazer grubu; D: 650 nm lazer grubu; E: 940 nm lazer grubu; m: mezial; d: 

distal; PDL: Periodontal ligament; Alv: Alveoler kemik; D: dentin) 
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Tablo 4.7.  

 

Grup/ 

 

   

P 

 
Ortalama Standart sapma   

AK 97489,83 10017,30 86977,32 108002,34  

 

 

0,002* 

AD 109420,33 8769,17 100217,65 118623,02 

B 91678,83 7313,39 84003,90 99353,77 

C 94642,00 7232,19 87052,28 102231,72 

D 87169,17 4934,65 81990,56 92347,77 

E 98521,00 11046,92 86927,97 110114,03 

AK 99006,67 9034,43 89525,62 108487,72  

 

 

0,188 

 

 

AD 113892,17 18793,44 94169,67 133614,67 

B 98290,83 13332,86 84298,86 112282,81 

C 96798,67 12373,72 83813,24 109784,09 

D 96944,50 11276,09 85110,97 108778,03 

E 102087,83 7718,58 93987,68 110187,99 

 

TRAP- -D:  Distalde TRAP 

 

AK: Negatif kontrol grubu; AD: Pozitif kontrol grubu; B: 405 nm lazer grubu; C: 532 nm lazer 

grubu; D: 650 nm lazer grubu; E: 940 nm lazer grubu 

p<0,05 
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Tablo 4.8.  

 

Grup/ 

 

   

 

P 

 

Ortalama 
Standart 

sapma 
  

AK 91407,33 9956,05 80959,10 101855,56  

 

 

0,061 

AD 99344,50 18454,73 79977,44 118711,56 

B 92642,83 13129,49 78864,28 106421,39 

C 111564,00 11419,06 99580,43 123547,57 

D 100152,33 14803,11 84617,42 115687,25 

E 87006,00 13262,68 73087,67 100924,33 

AK 94242,00 11511,02 82161,93 106322,07  

 

 

0,684 

AD 95137,17 18492,85 75730,11 114544,22 

B 99018,83 22370,35 75542,59 122495,08 

C 108767,00 2929,26 105692,93 111841,07 

D 101704,83 21937,68 78682,65 124727,01 

E 95051,17 18401,12 75740,28 114361,95 

ALP- -D:  Distalde ALP boyama 

 

AK: Negatif kontrol grubu; AD: Pozitif kontrol grubu; B: 405 nm lazer grubu; C: 532 nm lazer 

grubu; D: 650 nm lazer grubu; E: 940 nm lazer grubu 

p<0,05 
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Pozitif kontrol grubu; B: 405 nm lazer grubu; C: 532 nm lazer grubu; D: 650 nm lazer grubu; E: 940 nm 

lazer grubu; m: mezial; d: distal; PDL: Periodontal ligament; Alv: Alveoler kemik; D: dentin) 
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olarak gecikebilmekte ve d

(10). Geleneksel ortodontik 

(11, 12). 

n 

(341). 

(14) (19)

(222), fibroblast ve kondroblast proliferasyonu (15, 16), kollajen sentezi (17), sinir 

rejenerasyonu (18) (20) gibi 
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kabul edilmektedir (342). 

fibronektin, tip I kollajen, MMP-9 (matriks metalloproteinaz-9), katepsin K, 

hare (169, 309). Ka (343), 

 

(310). Cruz ve 

, 

10 sn, 20 mW, 5 J/cm
2

(311).  

(313-316). Goulart ve ark. 

uygulanan grupta ilk 0- -42 

(315). Limpanichkul ve ark. kanin distalizasyonu 

(313). 
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-

sek dozlara (20 

(318)

azerin 

(313). 

 

inin 

Bu klinik 
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(71). Jee 

(344)

(345-347)

el ve 

tercih edilmektedir (348)

kalsiyum dengesinin 

(348). 

(349); periodontal ligament (350) ve 

(351) 

(349)

(352)

(353) -

- turur (354). Bu durum 

 

(162) 
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(355)

 

 

(69, 348, 356, 357)

2-

Whitten etki (358) 

 

 

 

  

rondeller (359) (26), simante edilen 

apareyler (360) (361) 

rondel 

tercih edilme (362)

(363) 

(348)
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-

(348, 364, 365) an 

- -

(348). Bu veriler 

 

 

hareketiyle ilgili olarak 5 dakika (116) ile 3 ay (346) 

(69)

(366)

(367)
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(348)

 

 

(169)

 

(368)

v

ve 940 nm dalga boy  

- (24, 196, 

311, 315). 1-

 

(196, 369)

(310) 

 

/cm
2
, toplam doz 54 J/cm

2
) lazer 

(24, 309, 370)

doz (18 J/cm
2

-19 J/cm
2
) uygundur. 
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2
, toplam doz 54 J/cm

2
) 

 

-Schenider ve ark. lazerin 

fi

(371). Saito ve 

Shimizu (23) ile Ozawa ve ark. (372)

terapis

(373)

uygulanan grupta d

benzer olarak (374) 48 saat ara  

ir. 

 

Deneyimizde split-

 

molar- 1-

1-
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direkt 

mesafe (375) (376) 

(377).  

5.3. Bulgular 

 

rmektedir. 

(378) an 

(375) da 

-

-B, PDL-C ve PDL- -B ve 

PDL-

-

 

PDL-A, PDL-D ve PDL- -A 

ve PDL- -

-A ve PDL-

-

-

 

PDL-
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-

 

 

 

 

(379). Yamaguchi ve ark. (370) ile Fujita ve ark. (380)

RANK/RANKL sistemi ve makrofaj koloni -

(24). 

(381). 

mezial ve me

derecede dah

penetrasyon 
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kemik-

(382)

-

(383)

(384). Bu nedenlerle 

 

(374) 

hesaplanarak (380) osteok

TRAP izoformudur. Fujita ve ark. (380)

 

(380) 
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. 

bekl

-

ksektir.  

Tsuka ve ark. (385)

 

(386), 405 nm dalga boyundaki lazer ile 

 

(387) 

(388) 

(387). 

osteoporoz tedavisinde konservatif bir alternatif ted

(389). 
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Wang ve ark. (390)

LED dizisinin RUNX- -2, multipotent 

-

(391). 

n 

(387) 405 nm dalga 

(390) 540 nm 

- (388) 

 

 

Alkal

(392). 

Kushibiki ve Awazu (393)

alsiyum fosfat birikiminin 

 

Wang ve ark. (390), 540 nm LED dizisinin RUNX-

 

(394)

-

m dalga 

(395).  

Jawad ve ark. (396)
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-7 

 

 

2
) 

arla tam olarak telafi 

edilemez. Arndt-

(369)

boyu, 

(397). 

(24) (830 nm, 100mW); Kim ve ark. (246) (808 

nm, 96 mW); Shirazi ve ark. (374) (660 nm, 25 mW); Ekizer ve ark. (26) (618 nm, 

(309, 310) 

-86

ark. (398) , 100 

(317)

e
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(190) 
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nmemekle birlikte, 532 nm lazer (C) ve 940 nm lazer (E) 

 

iki -A: mezial-servikal ve PDL-D: distal-apikal) ve bir gerilim (PDL-F: 

distal-  

PDL-

di -A 

 

PDL-D mesafesi, negatif kontrol grubunda (AK), pozitif kontrol grubu (AD) d

-D 

 

PDL-F mesafesi, negatif kontrol (AK) grubunda 940 nm lazer grubu 

-F 

-F mesafesi, pozitif kontrol grubunda (AD), 532 nm (C) ve 
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