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ชื่อวิทยานิพนธ์ ผลของลิวโคไซต์เพลทเลทริชพลาสมาที่มีต่ออัตราเร็วในการเคลื่อนฟันทาง 
ทนัตกรรมจดัฟันในกระต่ายทดลอง 
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สาขาวิชา  วิทยาศาสตร์สขุภาพช่องปาก 
ปีการศึกษา  2561 
 

บทคัดย่อ 
 

บทน า วิธีในการเพิ่มความเร็วในการเคลื่อนฟันทางทนัตกรรมจัดฟันยงัคงเป็น
ประเด็นที่น่าสนใจในหลายการศึกษา เพลทเลทริชพลาสมาเป็นสารชนิดหนึ่งซึ่งประกอบไปด้วย
สารชีวโมเลกลุจ าพวกโกรทแฟคเตอร์และไซโตไคน์ที่ส าคญัหลายชนิดที่มีบทบาทต่อกระบวนการ
ปรับรูปกระดูกและอวัยวะปริทันต์ รวมถึงกระบวนการอักเสบที่เกิดขึน้ในการเคลื่อนฟัน ดังนัน้
การน าลิวโคไซต์เพลทเลทริชพลาสมามาประยุกต์ใช้จึงน่าจะส่งผลต่อการเพิ่มความเร็วในการ
เคลื่อนฟันและลดระยะเวลาในการรักษาทางทนัตกรรมจดัฟัน แต่อย่างไรก็ตามยงัไม่มีการศึกษา
ใดที่ศึกษาผลของการฉีดเฉพาะที่ของลิวโคไซต์เพลทเลทริชพลาสมาที่มีต่อความเร็วในการ
เคลื่อนฟัน 

วัตถุประสงค์ เพื่อศึกษาผลของการฉีดเฉพาะที่ของลิวโคไซต์เพลทเลทริช
พลาสมาที่มีต่อความเร็วในการเคลื่อนฟัน การตอบสนองของกระดูกเบ้าฟัน และปริมาณของ
เซลล์สลายกระดกูในกระต่ายทดลอง 

วัสดุและวิธีการ กระต่ายทดลองสายพันธุ์  New Zealand white rabbit เพศผู้  
จ านวน 23 ตวั จะได้รับการทดลองแบบแบ่งส่วนในช่องปาก (split mouth) โดยจะท าการเคลื่อน
ฟันด้วยการให้แรงจากสปริงในปริมาณ 100 กรัมที่ฟันกรามน้อยบนซี่ที่หนึ่งทัง้สองข้าง จากนัน้
ขากรรไกรบนด้านซ้ายและด้านขวาจะถูกสุ่มเพื่อใช้ในการทดลองคือ ด้านทดลองจะได้รับการฉีด
เฉพาะที่ด้วยลิวโคไซต์เพลทเลทริชพลาสมา ในขณะที่ด้านควบคมุจะได้รับการฉีดเฉพาะที่ด้วย
น า้เกลือ โดยวิธีการฉีดใต้ชัน้เยื่อเมือกท่ีบริเวณด้านแก้มและเพดานของฟันกรามน้อยซี่ที่หนึ่ง 
จากนัน้จะท าการเก็บตัวอย่างกระดูกขากรรไกรบนไปวิเคราะห์ปริมาณการเคลื่อนฟัน ด้วย
แบบจ าลองฟันดิจิตอลที่ช่วงเวลา 0, 3, 7, 14, 21 และ 28 วนั อีกทัง้ท าการวดัอตัราส่วนปริมาตร
กระดูก (bone volume fraction) โดยการถ่ายภาพรังสีส่วนตัดขนาดเล็กด้วยคอมพิวเตอร์  
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(micro-CT) และปริมาณของเซลล์สลายกระดกูด้วยกล้องจุลทรรศน์ที่ช่วงเวลา 0, 7, 14 และ 28 
วนั 

ผลการวิจัย กลุ่มที่ได้รับลิวโคไซต์เพลทเลทริชพลาสมามีระยะทางการเคลื่อน
ฟันที่มากกว่ากลุ่มควบคมุอย่างมีนยัส าคญัทางสถิติในทุกช่วงเวลา โดยพบการเพิ่มขึน้ของอตัรา
การเคลื่อนฟันอย่างมีนัยส าคัญทางสถิติในช่วง 0-7 และ 7-14 วัน อีกทัง้พบการลดลงของ
อัตราส่วนปริมาตรกระดูกอย่างมีนัยส าคัญทางสถิติที่ช่วงเวลา 7 และ 14 วัน ซึ่งสอดคล้องกับ
การเพิ่มขึน้ของปริมาณเซลล์สลายกระดกูท่ีมากกว่ากลุม่ควบคมุท่ีช่วงเวลา 7 และ 14 วนั 

สรุปผล การฉีดเฉพาะที่ของลิวโคไซต์เพลทเลทริชพลาสมามีผลต่อการเพิ่มขึน้
ของความเร็วในการเคลื่อนฟัน ด้วยการลดลงของอัตราส่วนปริมาตรกระดูกและการเพิ่มขึน้ของ
ปริมาณเซลล์สลายกระดกู 
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ABSTRACT 
 

Introduction: A need of developing new methods to accelerate tooth 
movement has been recently investigated. Leukocyte-platelet-rich plasma (L-PRP) has 
been introduced as a source of autologous growth factors and secretary cytokines that 
are involved in bone remodeling and inflammatory process during orthodontic tooth 
movement. Thus, the administration of L-PRP could be used in order to accelerate tooth 
movement and reduce treatment time. However, no data are available on the use of L-
PRP to accelerate orthodontic tooth movement. 

Objectives: To determine the effects of a local injection of L-PRP on the 
rate of orthodontic tooth movement, alveolar bone changes, and osteoclastic activity in 
rabbits. 

Materials and methods: Twenty-three male New Zealand white rabbits 
were included in a split-mouth design. Tooth movement with a 100-gram nickel-titanium 
closed-coil spring was performed on the maxillary first premolars. L-PRP was injected 
submucosally at the buccal and lingual areas of the first premolar in one random side of 
the maxilla and the other side served as the control and received normal saline. The 
amount of tooth movement was assessed on three-dimensional digital models at day 0 
as the baseline and on days 3, 7, 14, 21, and 28. The bone volume fraction and the 
osteoclast numbers were assessed at 0, 7, 14, and 28 days by microcomputed 
tomography (micro-CT) and histomorphometric analysis, respectively. 

Results: The L-PRP group showed a significantly increased cumulative 
amount of tooth movement at all observed periods. However, a significantly higher rate 
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of tooth movement was observed only at 0-7 days and 7-14 days. The bone volume 
fraction was significantly decreased in the L-PRP group at 7 and 14 days, which 
corresponded to a significant increase of the osteoclast numbers in L-PRP group on 
days 7 and 14.         

Conclusion: Local injection of L-PRP resulted in an increased rate of 
tooth movement by decreased bone volume density and increased the number of 
osteoclasts.   
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CHAPTER 1 
 

INTRODUCTION 
 

Background and rationale 
   

  Orthodontic tooth movement occurs by bone remodeling of the alveolar 
bone and periodontal ligament (PDL) through a biphasic process of bone resorption on 
the compression side and bone deposition on the tension side. Orthodontic force 
induces an initial inflammatory response with increased vascular permeability and 
leukocyte migration. These migrated cells produce inflammatory cytokines that include 
lymphocyte-derived factors, chemotactic factors, and growth factors. Bone remodeling 
also occurs with increased bone turnover such as recruitment of osteoclast precursors 
from the circulation, and enhancement of osteoclast formation and activation. Therefore, 
a higher cytokine expression on bone remodeling may accelerate the rate of tooth 
movement.1,2  

  Platelet-rich plasma (PRP) is an autologous concentration of platelets in 
a small volume of plasma. It has been used extensively as a source of autologous growth 
factors and secretory cytokines provided by the concentrated platelet suspension.3 It is 
known that these factors are involved in the regulation and stimulation of cellular 
processes such as inflammation, angiogenesis, chemotaxis, proliferation, and 
differentiation.4,5 PRP has been suggested as a beneficial therapy to promote tissue 
repair and regeneration.6-8 Numerous studies have demonstrated that PRP in bone 
regeneration has positive effects in stimulating and enhancing the healing process .9-11 
However, there is disagreement on the efficacy of PRP due to controversial results.12,13 
The variety of clinical outcomes possibly resulted from the variations in the formulations 
and cellular compositions of the PRP.11,14-18  

 Recently, leukocytes have been included in PRP formulations called 
leukocyte-platelet-rich plasma (L-PRP) and they have received increased attention for 
their therapeutic effect on tissue regeneration. Previous studies reported that L-PRP 
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could promote bone regeneration by upregulating cellular proliferation, viability, 
migration, angiogenesis, and osteogenesis.11,19 In addition, studies have revealed that 
the concentration of leukocytes in PRP were correlated with increased levels of catabolic 

cytokines, including interleukin (IL)-1 , IL-6, and tumor necrosis factor (TNF)-α, and 
resulted in the production of destructive metalloproteinases (MMP).17,20-22 Interestingly, 
with the concentrated leukocytes in L-PRP, it was possible to stimulate the nuclear factor 

kappa B (NF-ĸB) pathway via IL-1, TNF-α, and receptor activation of NF-ĸB ligand 
(RANKL).11,20,23 This pathway results in osteoclastogenesis and bone resorptive activity 
leading to decreased bone density. 

 Long durations of orthodontic treatment have been associated with 
adverse effects that include higher risk of caries, root resorption, and gingival recession. 
A number of attempts have been made to find new methods to accelerate tooth 
movement with reduced treatment times and side effects. It is known that the rate of 
tooth movement depends on the turnover rate of bone remodeling. During orthodontic 
tooth movement, any alterations in alveolar bone density can accelerate the rate of tooth 
movement. Recent studies24,25 suggested that the administration of concentrated PRP 
could effectively accelerate tooth movement. Gulec et al.25 reported that rats that 
received PRP had a decrease in the alveolar bone density and increased activity of 
osteoclasts. However, the limitation of the rat model was autologous PRP was not used 
because the blood volume of the rats was insufficient for self-produced PRP. 
Additionally, an immune reaction could result leading to erroneous results. According to 
a literature review, no data are available on the use of L-PRP to accelerate orthodontic 
tooth movement. Therefore, the aim of this study was to determine the effect of local 
administration of L-PRP on accelerating orthodontic tooth movement in rabbits. 

Review of literatures  

  Platelet-Rich Plasma  
  PRP is defined as a volume of plasma that contains high concentration 

of platelets above baseline. Normally, the range of platelet in whole blood is 150,000 to 
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350,000 platelet/µL but the PRP contains a platelet concentration at least 1,000,000 
platelets/µL in 5 ml of plasma. It could be defined as a 3-5 fold increase in a platelet 
concentration over baseline.26   

  Platelets, also called thrombocytes, play a major role in hemostasis and 
are a natural source of growth factors. Platelets are small anucleate cellular elements 
that have a characteristic discoid shape and approximately 2-3 µm in diameter.27 
Platelets are derived from the cytoplasm of megakaryocytes in the bone marrow and 
enter the circulation. Circulating platelets have average life span about 7-10 days before 
removal from bloodstream and replace with new platelets.28 At the injured site, the 
formation of a blood clot occurs through platelet adhesion to the damage tissue . 
Platelets are activated by collagen-binding and endothelium-derived substance 
including tissue factor and von Willebrand factor, a major agonist of platelet activation, 
causing platelet degranulation and aggregation.27 Tissue factor also activates thrombin 
to convert fibrinogen to fibrin which as a reservoir of growth factors and cytokines . 
Moreover, activated platelets release additional their granules contents into surrounding 
environment. 

  Platelets have three types of granules including alpha granules, dense 
granules and lysosomes that store bioactive molecules precisely involved in initiation of 
coagulation and recruiting other cells during inflammation. Alpha granules are the most 
abundant platelet granules. These granules contain numerous proteins and growth 

factors such as transforming growth factor (TGF)-β, platelet derived growth factor 
(PDGF), fibroblast growth factor (FGF), insulin-like growth factor-1 (IGF)-1, IGF-2, 
vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), hepatocyte 
growth factor (HGF).5,29,30 These factors bind surface receptors on the target cells, 
causing the regenerative process such as reactivity of blood vessels and blood cell 
types involved healing mechanism by the regulation and stimulation cellular process 
such as inflammation, angiogenesis, chemotaxis, differentiation, and metabolism. It 
could enhance the biological process involved tissue repair and regeneration.6,8 A list of 
these factors and their functions in detailed in table 1. 
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Table 1. Bioactive Molecules in α-Granules of Platelets8,31 
Categories Specific Molecules Biologic Activities 

Growth factors TGF-β Enhances synthesis of type I collagen, 
promotes angiogenesis, stimulates 
chemotaxis of immune cells, inhibits 
osteoclast formation and bone resorption 

PDGF Enhances collagen synthesis, proliferation 
of bone cells, fibroblast chemotaxis and 
proliferative activity, macrophage activation 

IGF Promotes cell growth, differentiation, 
recruitment in bone, blood vessel, skin and 
other tissues, stimulates collagen synthesis 
together with PDGF 

FGF Promotes proliferation of mesenchymal 
cells, chondrocytes and osteoblasts, 
stimulates the growth and differentiation of 
chondrocytes and osteoblasts 

EGF Stimulates cellular proliferation, 
differentiation of epithelial cells, promotes 
cytokine secretion by mesenchymal and 
epithelial cells 

VEGF Stimulates angiogenesis, migration and 
mitosis of endothelial cells, increases 
permeability of the vessels, stimulates 
chemotaxis of macrophages and 
neutrophils 

ECGF Endothelial cell proliferation, angiogenesis 
ECGF; endothelial cell growth factor 
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Table 1. (Continued)  
Categories Specific Molecules Biologic Activities 
Adhesive 
proteins 

Fibrinogen Blood clotting cascade (fibrin clot 
formation) 

Fibronectin Binds to cell-surface integrins, affecting 
cell adhesion, cell growth, migration, and 
differentiation 

Vitronectin Cell adhesion, chemotaxis 

Thrombospondin-1 Inhibition of angiogenesis 

Clotting factors Factor V, factor XI, 
protein S, antithrombin 

All play a role in thrombin activation and 
eventual fibrin clot formation 

Fibrinolytic 
factors 

Plasminogen Plasmin production (leads to fibrinolysis)
  

Plasminogen activator 
inhibitor 

Regulation of plasmin production 

α-2 antiplasmin Inactivation of plasmin 

Proteases and 
antiproteases 

TIMP-4 Regulation of matrix degradation 
Metalloprotease-4 Matrix degradation 

α1-antitrypsin Inhibits a wide variety of proteases and 
enzymes 

Basic proteins Platelet factor 4 Inhibition of angiogenesis 
 β-thromboglobulin Platelet activation, inhibition of 

angiogenesis 
 Endostatins Inhibitors of endothelial cell migration and 

angiogenesis 
TIMP-4; tissue inhibitor of metalloprotease-4 
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Table 1. (Continued)  
Categories Specific Molecules Biologic Activities 
Membrane 
glycoproteins 

CD40 ligand Inflammation, synthesis of interleukins, and 
integrin production; platelet endothelial cell 
adhesion, cell signaling, modulation of 
platelet endothelial cell adhesion molecule 
(PECAM)-1 on leukocytes 

 
PRP preparation  

  PRP is prepared by withdrawing autologous blood in the presence of an 
anticoagulant, which binds calcium and inhibits the clotting cascade by preventing the 
conversion of prothrombin to thrombin. The anticoagulated whole blood is then achieved 
to obtain a highly concentration of platelets by the various different methods including 
selective blood filtration, single- and double-centrifugation method. Centrifugation is one 
of the most wildly used process in the selective separation of the liquid and solid 
components of whole blood. From the physical principle described by Stoke’s law, the 
settling velocity of particles in a fluid under condition in gravitational force will be 
approximately proportional to their diameter. For instance, platelets are approximately      
2-3 µm in diameter while red blood cells and white blood cells are approximately 7 and 
7-15 µm in diameter respectively. Therefore, under the gravitation force, a platelet will 
settle proportionally slower than red blood cell or white blood cell.32  

  The double-centrifugation method can be easily to create concentrated 
platelet. Basically, the first centrifugation separates the blood into three fractions. The 
red blood cells settle down at the bottom layer while the acellular plasma, called 
“platelet-poor plasma”, is at the top layer. Between two layers, the buffy coat is a whitish 
color layer which contains the major proportion of the leukocytes and platelets. Plasma 
and buffy coat are then collected for a second centrifugation to obtain a highly platelet 
concentrations. The upper part as the platelet poor plasma is discarded while the lower 
part as PRP that contains the concentrated platelets in suspension is harvested.33 
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Subsequently, PRP may be activated with endogenous or exogenous activators to 
initiate the clotting mechanism and induce platelet activation. The platelets undergo 
degranulation to released growth factors, cytokines and adhesion molecules that are 
involved in tissue healing.  

  Nowadays, several protocols to creation of PRP have been proposed. 
Different protocols result in different characters and potential usages of product leading 
to a confusing application. Dohan Ehrenfest et al.34 has been purposed the classification 
of platelet concentrates according to at least two key parameters; the presence of 
leukocytes and fibrin architecture. Following these criteria, the platelet concentrates is 
divided in four main families; the pure PRP (P-PRP), L-PRP, pure platelet-rich fibrin (P-
PRF), and leukocyte-platelet-rich fibrin (L-PRF). This classification can also allow 
understanding easily their characteristics and specific clinical potential applications. 

 
Factors determining PRP preparation 

 
Anticoagulant used  

  During the process in PRP preparation, platelets can adversely affect 
their structure and function that influence the efficacy of the final platelet product. To 
minimum aggregation and activation of platelet, anticoagulant plays a major role in 
preventing the coagulation cascade. Various anticoagulants are available for PRP 
preparation including heparin, citrate, ethylenediaminetetraacetic acid (EDTA), acid-
citrate-dextrose solution A (ACD-A), citrate-phosphate-dextrose (CPD) and citrate-
theophylline-adenosine-dipyridamole (CTAD).35,36 

  To clarify the appropriate anticoagulant choice in PRP creation, the effect 
of anticoagulants on PRP quality and efficacy was investigated. In previous study, the 
different anticoagulants resulted in the changes in platelet morphology and the extent of 
spontaneous activation of platelets. They found that the use of EDTA resulted in a higher 
mean platelet volume (MPV) compared with sodium citrate and acid-citrate-dextrose 
(ACD). It indicates that EDTA is more spontaneous activation of platelets following the 
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centrifugation process.37,38 Furthermore, the use of EDTA is potentially more detrimental 
to change the platelet morphology.  

  Heparin is commonly used in collecting blood for PRP production. From 
study in transmission electron microscopy (TEM) showed that the PRP obtaining heparin 
had less granules of platelet and earlier lysis than other anticoagulants. It also showed 
the higher levels of soluble platelet selectin (sP-selectin) after venipuncture.35 
Additionally, heparin treated-blood showed more platelet activation and aggregation 
after agitation.38 It may indicate that heparin cannot prevent the spontaneous activation 
of platelets. Thus, heparin may not an appropriate anticoagulant for PRP preparation.  

  In clinical or research applications, citrate is the commonly used 
anticoagulant in PRP preparation. One study suggested that the use of sodium citrate 
as an anticoagulant in PRP production. They found that the obtaining in sodium citrate 
had a higher platelet recovery following the first centrifugation step and minimal 
alteration in mesenchymal stem cell (MSC) gene expression.36 On the other hand, H. Lei 
et al.35 showed that the platelets in citrate had decreased the alpha granules and dense 
granule, more spontaneous activation and less the amount of growth factor released 
from PRP.    
   Although several available anticoagulants are clinically used. ACD-A has 
been found to support the metabolic needs of platelet and the viable separation of 
platelets in an undamaged manner.26 In previous study, it demonstrated that ACD was 
more efficient in maintaining platelet morphology than heparin and sodium citrate.  
Additionally, PRP obtained with ACD resulted in higher the amount of growth factor and 
the efficacy of PRP in stimulating cell proliferation.35 However, Giraldo et al.39 found that 
the type of anticoagulants was not an effect on the amount of platelets and growth 
factors in equine PRP.  
 

Centrifugation 
  Several simplified protocols have been developed to facilitate its clinical 

application. It must be taken into account that the difference in centrifugation methods 
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may result in varying compositions of PRP according to the different biological 
responses. These variables in this process include the number of spins, centrifugation 
force and time period of centrifugation.  
   In the number of centrifugations, single- and double-centrifugation, the 
effects of the protocol to create PRP have an influence on the quality and quantity of 
platelets in PRP samples. Nagata et al.40 showed that the double-centrifugation had a 
higher platelet concentration than single-centrifugation. The same finding was reported 
by Filardo G et al.41, a platelet concentration of the single-centrifugation could be 
obtained 1 to 3 times above baseline, while the double-centrifugation achieved 4- to 8- 
fold baseline levels. Remarkably, a low platelet concentration which achieved by single-
centrifugation may possibly suboptimal effects. Accordingly, Marx et al.42 indicated that 
a double-centrifugation technique should be utilized to truly concentrated platelets from 
autologous blood. However, the double centrifugation protocol may cause change in 
platelet morphology.40   
   The different centrifugation force and time influence the variation of final 
product. S. Arona et al.43 found that when the centrifugation time was constant, a higher 
centrifugation force provided a higher platelet yield and vice versa. However, the higher 
centrifugation force or time leads to more platelets settling down out of the plasma and 
may cause an auto-aggregation according to suboptimal effect in clinical outcome.         

  Numerous studies have been demonstrated the various protocols to 
optimize the centrifugation procedure using various performance standards and 
centrifugation variables including volume of whole blood, number of spins, duration of 
blood centrifugation and range of centrifugal force. Considerably, it should be noted 
that the blood samples in this study was performed in rabbits. Accordingly, this literature 
takes into account protocols for making L-PRP from previously studies in rabbit model. 
A comparison of protocols used for preparing L-PRP is shown in table 2.  
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 Shin KH et al.13 used double-spinning approach with two centrifugation 
techniques for preparation of L-PRP. 10 ml of blood was collected into tubes containing 
acid citrate dextrose. The sample tube was centrifuged at room temperature at 2,400 
rpm for 10 minutes (first spin) and 3,600 rpm for 15 minutes (second spin) that produced 
a high platelet concentration (approximately 4 times greater than the baseline) and high 
leukocyte (approximately 11 times greater than base line). 

  A.F. Giovanini et al.44 demonstrated that the centrifugation procedure 
processed 15 ml of autologous blood into a syringe containing 10% sodium citrate for 
two spins at 200g for 20 minutes and 400g for 10 minutes at room temperature. This 
protocol obtained approximately 6.5 times of the platelet concentration and 5 times of 
the leukocyte concentration above the baseline value. 
   J. Vokurka et al.45 obtained a PRP sample that had 2.8 times of the 
platelet concentration and 2.4 times of the leukocyte concentration compared with initial 
blood sample. The centrifugation procedure processed 8 ml of blood into a tube with 
heparin for two spins at 400g for 10 minutes and 500g for 10 minutes at 21oC.  
   Garcia et al.46 collected a 15 ml sample of autologous blood from each 
animal into a tube containing 10% sodium citrate. The sample was centrifuged at room 
temperature at 200g for 20 minutes and 400g for 10 minutes respectively. This protocol 
achieved an average of 2,500,000 platelets/µl and 43,000 leukocytes/µl while initial 
blood values were accounted for approximately 300,000 platelets/µl and 9,300 
leukocytes/µl.   
  Zhang et al.18 found that the concentration of platelets was 3-fold higher 
than in peripheral blood and the concentration of leukocytes was 4-fold higher than in 
peripheral blood by applying the double centrifugation. It was processed from the 9 ml 
of blood mixed with 3.8% sodium citrate and centrifuged at 500g for 10 minutes and at 
3,000g for 5 minutes, respectively.  
  Jia et al.47 demonstrated that the L-PRP was prepared by 15 ml of blood 
together with ACD-A to prevent clotting and then the sample underwent two-step 
centrifugation at 250g for 10 minutes and 1,000g for 10 minutes, respectively. This 
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protocol achieved an average 6.9-fold and 5.9-fold increase in platelets and leukocytes. 
Meanwhile, Li et al.48 found that the PRP creation from this protocol represented an 
approximately of 7.2-fold and 5-fold increase in platelets and leukocytes. 
  Yin W-J et al.23 shown that 10 ml of whole blood was collected into 
centrifuge tube with ACD-A and then it was spun two-step centrifugation according to 
previously protocol.47 It had been shown that platelet concentration was 2,184.80 ± 
428.19 (106/ml) and leukocyte concentration was 51.24 ± 19.53 (106/ml). 
 

Activation of PRP 
  Several methods of platelet activation have been reported such as shear 

force cause by blood flow, contact with a various factor including collagen and 
basement membranes of cells, and thrombin. Thrombin is a serine protease derived 
from prothrombin that convert of fibrinogen to fibrin in order to initiate a clot formation. 
Simultaneously, platelets are activated to release growth factors of their alpha granules. 
Thus, the most common activator to trigger platelet activation is bovine or autologous 
thrombin. Marx26 reported that within 10 minutes after used thrombin to activate platelet, 
approximately 70% of stored growth factors were released, and nearly 100% within an 
hour. Because of a short period of growth factors in minute and hour, activating PRP 
with exogenous thrombin may actually shorten the exposure of target cells to these 
growth factors. Furthermore, the bovine thrombin has potential adverse effects including 
hemorrhage, thrombosis and cause an immune reaction lead to increase antibody levels 
to human coagulation proteins. In vivo study49, bovine thrombin can induce antibodies 
against clotting factors to lead to an autoimmune syndrome with lupus-like reaction.  

  Resulting from the potential risks with bovine thrombin, calcium chloride 
has gained popularity in clinical application. It can activate PRP by stimulate the 
formation of innate thrombin and replenish the binding site previously bound by 
anticoagulant. Nevertheless, the using an exogenous substance increases a 
problematic risk of allergic reaction and may also lead to pain and burning sensation 
due to low pH at the injection sites.   



13 

 

  Recently, type I collagen has been reported to be an alternative of 
platelet activation. Fufa et al.50 demonstrated that type I collagen was equally potential 
to stimulate platelet activation as thrombin and to release the growth factors over 10 
days. Collagen had also a less retraction of clot form that may be important for wound 
healing scaffold. The other study that reported by Harrison et al, the use of collagen for 

activation had a sustained released of cytokines over a week period particularly TGF-β 
had an 80% greater cumulative released when compared with thrombin activation.51 
Conversely, C. Calvallo et al.52 found that collagen-activated platelet concentrates 
released a lower amount of growth factors and exhibited less aggregation.   
   Interestingly, in vivo and in vitro studies founded that non-activated 
platelet had a higher cell migration and differentiation, more angiogenesis and faster 
wound healing when compared with thrombin-activation. Although activated platelets 
release immediately a higher concentration of growth factor, non-activated platelets 
likely deliver specifically growth factor to bind receptor on target site.53  Thus, pre-
activation of PRP may not be necessary and could lead to reduction in the final 
concentration of growth factors at the injury site. Avoidance of exogenous activators 
may also limit the negative side effects of PRP treatment.  
 

Application of PRP 
  PRP is becoming a new approach to tissue regeneration. It is widely 
used in various therapeutic applications including osteoarthritis, tendinitis, muscle 
injury, bone repair and regeneration, chronic wound healing, and oral surgery. A large 

variety of growth factors and cytokines that are secreted by α-granules in platelets 
should be highlighted. These mediators play an important role in tissue repairing 
mechanism such as promote proliferation, chemotaxis and the differentiation of cells 
which are essential to enhance soft tissue healing and bone regeneration . There is 
considerable interest in using these autologous products for therapy in clinical settings.   
  The efficacy of PRP on healing has extensively investigated in vitro and 
in vivo studies. Several studies10,54,55 reported that the PRP could induce mitogenic 
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effects of various stem cells including bone marrow stem cells (BMSCs), adipose- and 
muscle-derived stem cells. Zou J. et al.54 investigated the effect of PRP on the 
osteogenic potential of BMSCs. They showed that PRP group had positive staining of 
alkaline phosphatase and mineralized nodules. These results suggested that PRP could 
promote bone regeneration by enhancing proliferation and differentiation of bone 
marrow-derived stem cells (BMSCs). In addition, when PRP was used in conjunction 
with bone morphogenetic protein (BMP) in vitro, their ability to osteoblast differentiation 
of MSCs was significantly promoted.9 These finding suggested that sustained release 
of cytokines from PRP promoted proliferation and differentiation of MSCs, whereas BMP 
increased the differentiation of MSCs. Furthermore, PRP can also stimulate the migration 
of BMSCs in vitro.56 These finding suggested that a high level of growth factors in PRP 

such as PDGF, FGF, TGF-β could enhance the proliferation of MSCs and chemokines 
such as stromal cell derived factor 1 (SDF-1) could stimulate chemotaxis of MSCs. 
Although, numerous in vitro studies have demonstrated a relationship between the 
chemotactic, mitogenic, and stimuli provided by platelets. The concentration of platelets 
does not proportionally correlate with the biological effects of PRP.57 

  Interestingly, the different concentration of platelets results in different 
levels of efficacy in inducing cellular processes.Giusti et al.55 found that a high 
concentration of PRP had an inhibitory effect on proliferation, migration and production 
of collagen whereas MMP production increased. Likewise, in the in vitro study carried 
out by Choi et al.58, the viability and proliferation of alveolar bone cells depended on 
concentrations of PRP manner. They demonstrated that the low concentrations of PRP 
could stimulate, while the high concentrations suppressed the viability and proliferation 
of the bone cell. Moreover, in vitro studies57,59 suggested that a lower concentration of 
platelet in PRP was suboptimal effect, on the other hand, a higher concentration could 
be paradoxically inhibitory. Nevertheless, the effect of PRP are not just attributable to 
concentrated platelets, but the cellular compositions of PRP should be considered.17    

  The different cellular compositions of PRP have an influence on the levels 
of growth factor and cytokine concentrations. In vivo studies found that the concentration 
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of platelets correlated positively with anabolic mediators including TGF-β, PDGF.17 In 
contrast, the concentration of leukocyte in L-PRP correlated positively with catabolic and 

inflammatory factors such as MMP-2, MMP-3, MMP-9, TNF-α, IL-1, IL-6, IL-8.4,11,17,20,60 
Interestingly, these finding imply that the inclusion of leukocytes may be associated with 
increased levels of catabolic signaling, while the platelets were associated with anabolic 
signaling molecules.  

  Some PRP preparations include leukocytes in the final product. It is 
known that leukocyte plays a key role in the initial phase of inflammation. A high 
concentration of the inflammatory mediators may increase pain and swelling on the 
target site. In addition, it may have detrimental effects in order to release of reactive 
oxygen species that can lead to potential tissue damage. Therefore, the inclusion of 
leukocyte may be associated with an exaggerating local inflammation and impaired 
remodeling. However, an inflammation response is required to initiate tissue healing and 
repair. For this reason, the relative presence of leukocytes must be thoroughly 
investigated. 

  There are uncertainly results of the inclusion of leukocytes on the clinical 
efficacy. Some studies recommended that the presence of leukocyte in PRP may be 
negative for the therapeutic outcome.11,21,60,61 The in vivo and in vitro studies showed the 
different therapeutic outcomes between L-PRP and P-PRP that had similar levels of 
platelets and growth factors. L-PRP was shown to be less effective than P-PRP. These 
results may be involved the role of leukocytes in L-PRP. It also knows that a higher 
concentration of leukocytes induces exuberant levels of pro-inflammatory cytokines 

such as IL-1 and TNF-α. These factors may increase harmful effects on tissue 
regeneration via the activation of the NF-kB pathway.11,20,23 Furthermore, leukocyte plays 
an important role in immune system that influence the detrimental effects through 
triggering immunological response for a long time.  

  It seems that leukocyte is not beneficial for therapeutic benefits. On the 
contrary, several studies have been shown the advantages of L-PRP in the field of tissue 
healing and regeneration. In vitro study62 reported that the L-PRP significantly increased 
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a higher proliferation of bone marrow stromal cell compared with P-PRP. Furthermore, 
the previous studies reported the potential benefits of including leukocytes in PRP were 
an antimicrobial activity and immunological resistance. In vitro study63 showed that the 
effect of antimicrobial properties of L-PRP could inhibit the growth of Staphylococcus 
aureus and Escherichia coli. Similarly, Moojen DJ. Et al.64 found that platelet-leukocyte 
gel was significant greater microbial activity against bacteria than PRP alone. Moreover, 
Li GY et al.48 demonstrated in a rabbit model that L-PRP gel could also have an 
antimicrobial efficiency in treating chronic osteomyelitis.  
 

PRP in orthodontics  
  Orthodontic tooth movement occurs by bone remodeling of the alveolar 

bone and PDL in response to an orthodontic force, resulting in an extensive cellular and 
molecular changes. The release of various molecules including cytokines, growth 
factors colony-stimulating factors have an influence a process of bone remodeling to 
trigger cellular responses such as recruitment of osteoclast precursors from the blood 
stream, an increase of osteoclast formation and activation. Therefore, the enhancing 
biological molecules involved in the bone remodeling may affect to accelerate the rate 
of tooth movement.1,2  

  In orthodontics, the long duration of treatment has been associated with 
a higher risk of caries, root resorption and periodontal diseases. Accordingly, current 
knowledge has focused increasingly on the new methods to accelerate tooth movement 
for reducing treatment times and side effects. Recently, the studies24,25,65 suggest that 
the administration of the concentration of PRP can be effective on the accelerated tooth 
movement. Similarly, in vivo studies25,65 demonstrated that PRP could increase the rate 
of tooth movement by decreased alveolar bone density and enhanced osteoclastic 
activity. There is a considerable interest in understanding how PRP influence bone 
remodeling process involved in orthodontic tooth movement.  

  As previously mentioned, PRP has been advocated as a high 
concentration of growth factors and cytokines that are secreted by activated platelets. 
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These bioactive molecules play an important role in stimulator of cell proliferation, 
migration, differentiation and angiogenesis that are involved in the process of bone 
remodeling. For instance, PDGF is known to be a chemotactic promoter and stimulator 
of osteoprogenitor cell. In vitro study showed that PDGF-AA could promote osteogenic 
differentiation and migration.66 In contrast, PDGF-BB was involved in bone resorption by 
increasing osteoclasts formation and osteoclast precursor cell chemotaxis.67   

  TGF-β is an essential mediator to enhance the process of bone 
formation including increasing migration of osteoblastic cells, stimulating osteoblast 
proliferation and differentiation at early stages. Additionally, this factor inhibits osteoclast 
formation by decreasing RANKL and increasing osteoprotegerin (OPG) expression.68 

From human study demonstrated that the concentration of TGF-β1 protein in gingival 
crevicular fluid was significantly increased after 24 hours of orthodontic force 

application.69 Therefore, the expression of TGF-β1 may be associated with the more 
activated bone formation process as part of the stimulated bone remodeling activity 
during tooth movement. 

  VEGF is an essential growth factor for stimulating new blood vessel 
formation and regulating bone repair and regeneration. Nakai et al.70 reported the 
expressions of VEGF and its receptor were increased by mechanical force during 
orthodontic tooth movement. VEGF acts as important mediators during these processes 
to enhance angiogenesis and osteogenesis by inducing neovascularization into bone 
tissue by attracting endothelial cell and directly regulating differentiation and function of 
osteoblasts. From previous study showed that VEGF significantly increased the 
expression of alkaline phosphatase and osteocalcin; markers of osteogenic 
differentiation of osteoblasts.71 Moreover, VEGF increases bone formation by potentially 
inhibited osteoblast apoptosis.72 On the other hand, VEGF can enhance osteoclastic 
bone resorption by induced RANKL expression.73 Thus, VEGF may have anabolic and 
catabolic effects that is necessary for maintenance of normal bone remodeling.  

  Meanwhile, the composition of PRP is not only growth factors, it also 
contains cytokines, adhesive proteins, proteases, antiproteases and leukocytes.8 
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Because tooth movement is a consequence of an inflammatory process, the presence 
of leukocytes in PRP can accelerate tooth movement. Cytokines derived from PRP 
including interleukins or tumor necrosis factors are involved the regulation of 
immunologic response of bone remodeling during tooth movement. Ren et al.74 reported 

that the levels of cytokines such as IL-1, IL-6 and TNF-α were increased after 24 hours 
of tooth movement. These cytokines have an influence on the induction of osteoclast 
differentiation and function, contributing to the stimulation of the bone remodeling 
process and tooth movement.75,76 Also leukocyte contents in PRP are able to up-regulate 
cyclooxygenase (COX)-2 expression and prostaglandin E2 (PGE-2) production.11 These 
proinflammatory mediators are essential in the bone remodeling process. In vitro study 
shown that the levels of COX-2 expression and PGE-2 production were higher in 
compressed bone cells.77 In addition, PGE-2 is also associated with an increased 
osteoclast formation and bone remodeling activity by increased RANKL and decreased 
OPG expression in osteoblasts.78  

  Although research studies indicate that the efficacy of PRP on 
accelerating tooth movement is attributed to the positive effect of the PRP contents, but 
the exact mechanism of action of each of the factors on bone remodeling remains 
unclear. At this point, a major difficulty in understanding PRP biology is that many of the 
PRP contents have multiple and overlapping biologic effects. There is an obvious need 
to investigate in more depth the molecular mechanisms of the biological factors in PRP 
underlying accelerated tooth movement that make the procedure most effective with the 
fewest side effects to patients.       

 
Rabbit model 

  Rabbits are small mammals in the family of Leporidae of the order 
Lagomorpha. When considering a phylogenetic relationship, rabbits are more closely 
related to primates than rodents. Rabbit strains have a more diverse genetic 
background than inbred and outbred rodent strains, which makes the model a better 
overall approximate to humans. However, in some respects have a different physiology 
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comparable to humans. To illustrate, the characteristic of rabbit bone is diverse to 
human bone. Rabbit has a faster skeletal change and bone turnover.  
  The white New Zealand rabbit (Oryctolagus cunuculus) is commonly 
used as a model for in vivo studies. These strains are less aggressive in nature and have 
less health problems as compared with other breeds. The using a rabbit as an animal 
model has an amount of advantages including easy to handle and observe, more 
economical when compared with the expense of larger animal, short cycle of bleeding 
and skeletal maturation.79 Moreover, it has a proper size enough to permit non-lethal 
monitoring of physiological changes.  

  Although rabbits are closer to primates than rodents, the rabbit teeth are 
different to the human teeth. Rabbits have a diphyodont and heterodont dentition. The 
permanent teeth of rabbit consist of 28 teeth: four incisors, six premolars, and six molars 
on the upper maxillary, and two incisors, four premolars, and six molars on the mandible. 
The upper second incisors have typically a peg shape behind the first upper incisors . 
There is a relatively large diastema between the incisors and premolars in order to the 
lack of canines. Their teeth have a long anatomical crown, continuously eruption and 
open-rooted, which defines an erodont dentition.80 
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Research objectives 
 

1. To compare the rates of tooth movement between the L-PRP and control groups 
at 7, 14, 21 and 28 days. 

2. To compare bone volume fraction (BV/TV) between the L-PRP and control 
groups at 7, 14 and 28 days. 

3. To compare osteoclast numbers between the L-PRP and control groups at 7, 
14 and 28 days. 

 
Research questions 
 

1. Does the local administration of L-PRP affect the rate of tooth movement? 
2. Does the local administration of L-PRP affect the bone volume fraction? 
3. Does the local administration of L-PRP affect the osteoclast numbers? 

 
Hypothesis 
 

1. Rate of tooth movement in the L-PRP group at 7, 14, 21 and 28 days is faster 
than the control group. 

2. Bone volume fraction in the L-PRP group at 7, 14 and 28 days is less than the 
control group. 

3. Osteoclast numbers in the L-PRP group at 7, 14 and 28 days are greater than 
the control group. 
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Conceptual framework 
 

         Leukocyte-Platelet rich plasma 

  

 

 

 

 

 

 

 

 

 
 

Figure 1. Conceptual framework in this study 
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CHAPTER 2 
 

RESEARCH METHODOLOGY 
 

Sample 
   
  This study was a randomized split mouth experimental design. Twenty-

three New Zealand white rabbit males (National Laboratory Animal Center, Mahidol 
University, Thailand), aged 3 to 4 months weighing 2.5 to 3 kg, were included in this 
study. The animal experiment was approved by the Animal Ethics Committee, Prince of 
Songkla University (MOE 0521.11/074). Rabbits were acclimatized for 7 days before the 
beginning of experiment. Five rabbits were used as control without any intervention. Ten 
rabbits were randomly divided into 2 groups, the 7-day group (n = 5) and the 14-day 
group (n = 5), for measuring bone volume fraction and histomorphometry analysis. Eight 
rabbits were analyzed for the distance of tooth movement at days 0, 3, 7, 14, 21, and 
28, and then these animals were included into the 28-day group to evaluate bone volume 
fraction and histomorphometry analysis. The rabbits were randomly assigned to receive 
a single injection of L-PRP on one side of the maxilla while the other side served as a 
control and received an injection of normal saline. All injections were administered in 
equal volumes with the same technique for the injection and rehabilitation.  

  The sample size was determined by G*Power software version 3.1.9.2 
(Franz Faul, Universitä t Kiel, Dusseldorf, Germany). According to the results of a 
previous study81 (effect size = 1.89), a minimum sample size of 8 animals per group was 
needed to achieve a significance level of .05 with 90% power. This study was performed 
as a randomized split-mouth experimental design; therefore, 8 animals were included. 
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Figure 2. Diagram of the study design 

 
  The study consisted of clinical part, which the preparation and 

application of L-PRP, and orthodontic tooth movement were performed, microcomputed 
tomography analysis, and histological part. 
 
Clinical procedures 
 
  Anesthetic procedure 

 The rabbits were weighting to calculate accurate the dosage of 
anesthetic drug. The combination of 25 mg/kg of ketamine hydrochloride (Ketamine-
hameln, Hameln Pharmaceuticals Gmbh, Germany) and 5 mg/kg xylazine hydrochloride 
(X-lazine, LBS Laboratory Ltd, Bangkok, Thailand) was given by intramuscular injection. 
The rabbits were assessed the depth of anesthesia by the ear-pinch reflex and the jaw 
muscle tone before the operation. Rabbits were closely monitored of respiration during 
the experimental procedures.  

 
  L-PRP Preparation and Application 

  A 10 mL sample of autologous blood was collected from each animal via 
the central auricular artery into a collection tube containing ethylenediaminetetraacetic 
acid (BD Vacutainer®, Becton Drive, Franklin Lakes, NJ, USA). The blood samples were 
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spun in a two-step centrifugation procedure according to a previously reported 
protocol.47 Briefly, the tubes were centrifuged at 250g for 10 minutes to separate the 
sample into three fractions: the upper fraction of platelet-containing plasma, the middle 
fraction of buffy coat, and the lower fraction of red blood cells. The top two fractions 
were collected and centrifuged again at 1,000g for 10 minutes. The platelet poor plasma 
in the upper layer was discarded. Precipitated platelets and leukocytes were 
homogenized in the residual plasma to achieve 1 mL of L-PRP (Figure 3). A quantity of 
0.5 mL of L-PRP was analyzed for the concentration of platelets and leukocytes with a 
hematology analyzer. The remaining 0.5 mL of L-PRP was injected submucosally at the 
buccal and lingual areas of the first maxillary premolar using a 27-gauge dental needle.  

 

 
Figure 3. Schematic of the preparation process of L-PRP. 

 
Orthodontic Procedures 

  The force was applied using a light-type nickel-titanium closed-coil 
spring, (Dentos, Daegu, Korea) with a length of 13 mm and a diameter of 1.5 mm, 
between the maxillary first premolar and incisor on each side. The spring was fixed in 
place via 0.008-inch stainless steel ligature wire and secured with composite resin (Flow 
Tain, Reliance Orthodontic products inc, USA) on the incisors to prevent sliding. (Figure 
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4A) The force was measured using a force gauge (Correx, Haagstreit, Bern, Switzerland) 
to generate 100 g of activation. The appliances were monitored at each time point to 
ensure they were intact.   
 

Measuring the Distance of Tooth Movement 
   Tooth movement distance was measured using silicone impression 
material (Silagum DMG; Chemisch-Pharmazeutische Fabrik GmbH, Hamburg, 
Germany). The impressions were taken of the rabbits’ maxillary dentition at each of the 
observed periods. These impressions were scanned directly and used to construct 
three-dimensional models with a 3D scanner (Trios3, 3Shape, Copenhagen, Denmark). 
The amounts of tooth movement in the digital models were determined using 3Shape 
Ortho Analyzer™ software (version 1.7.1.0; Copenhagen, Denmark). Briefly, the occlusal 
plane was chosen as the reference plane. This plane was created by the cusp tips of 
the maxillary second premolars and molars. Then the distance of tooth movement was 
determined by measuring the linear distance on the 2-dimentional schematic image of 
the cross-section. The nearest distance between the distal surface of the crown of the 
first premolar and the mesial surface of the crown of the second premolar was assessed. 
Measurements were performed with the digital caliper function within 3Shape Ortho 
Analyzer software (Figure 4B). 

 
Figure 4. (A) Schematic of appliance for orthodontic tooth movement in rabbit.  

   (B) Tooth movement measurement using the 3Shape Ortho Analyzer software.  
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Microcomputed tomography analysis 
 

 The rabbits were euthanized with an overdose of anesthetic drug at each 
time point (0, 7 ,14 and 28 days). Then the maxillae were harvested and fixed in 10% 
neutral buffered formalin within 48 hours. The dissected maxilla was scanned using a 
Scanco µCT 35 system (Scanco Medical, Bassersdorf, Switzerland) with a voxel size of 
18.5 µm at the condition of 70 kVp, 114 µA. After scanning, the image reconstruction 
was performed with the manufacturer’s software. To analyze images, the region of 
interest (ROI) was defined as the area of alveolar bone at the mesial side near the 
coronal thirds of the root of maxillary first premolar (Figure 5). Measurements of bone 
volume fraction were determined using the image analysis software (µCT 35 Version 4.1, 
Scanco Medical, Bassersdorf, Switzerland).  

 

 
Figure 5. A region of interest 

 
Histological procedure 
 
  Tissue preparation 

 After the micro-CT scanning, the maxillae were decalcified with 10% 
EDTA (Fluka, Sigma-Aldrich Inc., Singapore) in pH 7 at room temperature for 28 days. 
Then the samples were dehydrated with graded alcohols and embedded in paraffin. 
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The specimens were sagitally sectioned parallel to the long axis of maxillary first 
premolar at a thickness of 5 micrometers and stained with hematoxylin and eosin (H&E). 

   
Histomorphometric analysis 

  Osteoclasts were counted at the compression side of the maxillary first 
premolar. The coronal half of the root and the adjacent alveolar bone were determined 
for histologic analysis because of the tipping movement of the first premolar. In each 
animal, three sections from the alveolar crest to the middle level were examined to 
quantify the osteoclast numbers under a light microscope (Carl Zeiss Microscopy 
GmbH, Germany) with 20-times magnification. Osteoclast was defined as large 
multinucleated cells that were located on or near bone surfaces.  
 
Statistical analysis 

 
 All sample measurements were reassessed by the same investigator at 

an interval of 2 weeks. Intraclass correlation coefficients were calculated to assess 
intraobserver reliability. All data are reported as means and standard deviations of each 
group. The statistical analyses were performed using SPSS version 17 (SPSS, Chicago, 
IL, USA). The Shapiro-Wilk test for the distances of tooth movement, bone volume 
fraction, and osteoclast numbers showed that the data were normally distributed. A 
comparison of the results between the groups was carried out by independent-sample 
t-test. A probability value less than 0.05 indicated statistical significance.  
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CHAPTER 3 
 

RESULTS 
  
 All animals were weighed weekly to determine the animal health during 

the experiment. The body weights of rabbits increased throughout the observation 
period. Weight loss of rabbits were not detected when compared with initial (Day 0).  

 
Table 3. The body weights of rabbits during the experimental periods. 
  

Sample 
Number 

Weight (kilograms) 

Day 0 Day 7 Day 14 Day 21 Day 28 

1 2.73 - - - - 
2 2.53 - - - - 
3 2.57 - - - - 
4 2.61 - - - - 
5 2.56 - - - - 
6 2.53 2.61 - - - 
7 2.74 2.79 - - - 
8 2.51 2.54 - - - 
9 2.62 2.75 - - - 
10 2.81 2.90 - - - 
11 2.55 2.58 2.68 - - 
12 2.86 3.02 3.18 - - 
13 2.91 2.99 3.03 - - 
14 2.88 2.93 3.01 - - 
15 2.51 2.56 2.71 - - 
16 2.56 2.68 2.72 2.78 2.85 
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Table 3. (Continued)  
 

Sample 
Number 

Weight (kilograms) 

Day 0 Day 7 Day 14 Day 21 Day 28 

17 2.88 2.94 3.07 3.11 3.15 
18 2.97 3.08 3.20 3.25 3.28 
19 2.64 2.76 2.84 2.93 3.04 
20 2.52 2.59 2.65 2.75 2.78 
21 2.60 2.75 2.81 2.88 2.90 
22 2.53 2.62 2.69 2.73 2.75 
23 2.74 2.79 2.83 2.86 2.88 

   
  All the appliances remained intact during the experiment. The proper 

direction of maxillary first premolars was performed. The intraclass correlation 
coefficients were 0.97 for the distances of tooth movement, 0.91 for bone volumetric 
analysis, and 0.93 for histomorphometric analysis. The reliability results indicated 
excellent correlation of measurements. 

  
Components of Whole Blood and L-PRP   
 

  The mean concentrations of platelets and leukocytes in the whole blood 
were 351.14 ± 78.40 ×  103 cells/µL and 3.69 ± 0.98 ×  103 cells/µL, respectively. After     
L-PRP preparation, these concentrations increased to 2,314.44 ± 570.82 ×  103 cells/µL 
and 6.87 ± 2.29 ×  103 cells/µL (Figure 6). The results demonstrated that L-PRP had a 
6.6-fold and a 1.9-fold increase in the concentrations of platelets and leukocytes, 
respectively.  
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Figure 6. (A) Platelet, (B) Leukocyte concentrations in whole blood and L-PRP. 
 
Distance and rate of tooth movement 
 

 The distance of tooth movement increased from the beginning up to 28 
days in both groups but the L-PRP group had greater cumulative tooth movement than 
the control group at all observation times. The cumulative amount of tooth movement in 
the L-PRP group was significantly greater than the control group at day 3 (0.84 ± 0.05 
mm vs 0.76 ± 0.07 mm), day 7 (1.04 ± 0.05 mm vs 0.94 ± 0.09 mm), day 14 (1.62 ± 0.09 
mm vs 1.39 ± 0.12 mm), day 21 (1.95 ± 0.2 mm vs 1.64 ± 0.17 mm), and day 28 (2.3 ± 
0.32 mm vs 2.01 ± 0.12 mm) (Figure 7A). 

  The rates of tooth movement in the L-PRP and control groups increased 
steeply for the first 7 days. After that there was a continuous decrease from 14 days to 
21 days and then the tooth movement rate remained constant until 28 days. The L-PRP 
group showed a significantly greater rate of tooth movement than the control group from 
0 to 7 days (1.04 ± 0.05 mm vs 0.94 ± 0.09 mm) and from 7 to 14 days (0.58 ± 0.09 mm 
vs 0.45 ± 0.12 mm). However, the rate of tooth movement between the two groups was 
not significantly different at the intervals of 14-21 days and 21-28 days (Figure 7B).  
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Figure 7. (A) Cumulative distance of tooth movement in L-PRP and control groups,  

(B) Rate of tooth movement in L-PRP and control groups. * P < .05; ** P < 
.01; *** P = .001 

  
Alveolar bone change  
 

 The initial BV/TV values between the L-PRP and control groups were not 
significantly different (75.85 ± 5.34% vs 77.45 ± 7.09%, respectively). The BV/TV values 
in L-PRP and control groups showed similar trends at all time points. The results 
demonstrated that the BV/TV in the L-PRP and control groups was a continuous 
decrease from day 0 to day 14 and then the BV/TV maintained a steady level until 28 
days. The BV/TV values on days 7, 14 and 28 were less than the baseline (day 0) in both 
groups. The L-PRP group showed a significantly lower the BV/TV values than the control 
group at day 7 (61.98 ± 3.60% vs 71.45 ± 2.66%) and day 14 (58.23 ± 3.53% vs 63.22 
± 2.83%). However, there was no a significant difference at day 28 (57.96 ± 1.74% vs 
60.68 ± 3.40%) (Figure 8). 
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Figure 8. Bone volume fraction (BV/TV) in L-PRP and control groups. 

  
Osteoclast numbers   
 

 The osteoclast numbers increased from 7 days to 14 days and 
subsequent declined on 28 days. The data exhibited a peak of the number of osteoclasts 
on day 14. The L-PRP group showed significantly greater osteoclast numbers than the 
control group at day 7 (10.6 ± 2.07 vs 7.4 ± 2.30) and day 14 (16.2 ± 3.03 vs 11.6 ± 
3.04), but there was no a significant difference at day 28 (4.2 ± 1.78 vs 3.8 ± 1.48) (Figure 
9). 

 

 
Figure 9. The number of osteoclasts in L-PRP and control groups. 
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Histological findings  
 
   Histologic sections along the compression side of the root of the 
maxillary first premolar on days 7 and 14 showed hyperemia of the periodontal ligament 
and the adjacent alveolar bone surface. The hyperemia was more noticed in the L-PRP 
group, who presented the dilated blood vessels congested with numerous blood cells, 
compared with the control group. Moreover, rich cellularity in which a discrete 
inflammatory infiltrate adjacent to the bone surface was more obvious in the L-PRP on 
day 7.  

  The scalloped surface of alveolar bone with few osteoclasts in 
resorption lacunae was showed on day 7, while a discrete bone resorption with an 
irregular surface was more observed on day 14. Furthermore, a number of osteoclasts 
in the L-PRP group were more detected on the bone surfaces than the control group 
on days 7 and 14. However, the differences in both groups were not noticed on day 
28. (Figures 10) 

 
Figure 10. Histologic sections showed the compression side of the maxillary first 

premolar in L-PRP group (A, C, E) and the control group (B, D, F) on day 7, 
14 and 28 respectively after orthodontic force application.  
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CHAPTER 4 
 

DISCUSSION 
 
  Local injection of L-PRP produced accelerated tooth movement. There 
was significantly more tooth movement in the L-PRP group than in the control group at 
all time periods. These findings were consistent with previous results25,65 which reported 
the positive effects of PRP that promoted rapid tooth movement. The reason for 
accelerated tooth movement could be attributed to a high concentration of growth 
factors and cytokines secreted by activated platelets in PRP. The release of these 

molecules, including PDGF, TGF-β, and VEGF, influenced the process of bone 
remodeling to trigger cellular responses in the various cell types which provided a 
favorable environment for tooth movement.2 However, our results differed to some extent 
from those of Rashid et al.65 who concluded that the rate of tooth movement in the PRP 
group did not significantly increase in the first week. This may be explained by the 
presence of leukocytes in the PRP in this study. The leukocytes contributed mainly to 

the initial burst release of pro-inflammatory cytokines (ie IL-1, IL-6, and TNF-α) which 
could be considered the initiating factors for cellular and molecular events in the early 
phase of orthodontic tooth movement.20,22 It was assumed that the presence of 
leukocytes in PRP contributed to increase orthodontic tooth movement.  

  This study found that tooth movement in the L-PRP group was 
approximately 1.2 times higher than the control group at day 21. According to previous 
studies, the magnitudes of tooth movement were increases of 1.7 times in a rat model25 
and 2.13 times in a dog model.65 The differences between the animal models used to 
investigate tooth movement can reasonably explain the different results. It is known that 
tooth movement is a process of bone remodeling. Therefore, the rate of bone remodeling 
can be used to quantify the rate of tooth movement. In the rabbit model, the rate of bone 
turnover in the jaw bones is approximately 2% per year, while the bone remodeling rate 
in the alveolar bone of canines is estimated to be 20-36% per year.82 It was assumed 
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that a slower tooth movement rate in this study was possibly due to lower bone turnover. 
Interestingly, a previous study using corticomy to accelerate tooth movement in a rabbit 
model,81 showed tooth movement increases of 1.2 times, similar to the current.  
Administration of L-PRP may be an alternative procedure that offers benefits for the 
acceleration of orthodontic tooth movement.       

  This study demonstrated a significant increase in tooth movement in the 
L-PRP group during the first and second weeks, while the differences were not 
significant in the last two weeks. This may have occurred because of a reduced level of 
pro-inflammatory cytokines and growth factors overtime. According to Schar et al.,19 L-
PRP released most of the growth factors and catabolic cytokines at the beginning. They 

found that the release pattern of IL-1β peaked at day 3 followed by a dramatic decrease 
at day 7, and then almost no further release at day 14. In addition, a previous study 
found that alveolar bone changes occurred early at 3 days and were more significant at 
day 7 after force application and the injection of PRP.25 Corresponding to the histological 
findings, osteoclasts were seen on day 3 and peaked on day 7. It was assumed that the 
effects of a single injection of L-PRP occurred in the early stages of orthodontic tooth 
movement.       

  Alveolar bone change at the maxillary first premolar demonstrated that 
the bone volume fraction in the L-PRP group was significantly less than the control group 
on days 7 and 14 after force application, which corresponded to high levels of the 
osteoclasts in the results. It was assumed that a rapid reduction of bone density resulted 
from a large amount of bone resorption that occurred with high osteoclast activities.  

  Interestingly, our results found that the bone volume fraction in the L-PRP 
group was significantly decreased during the first week, while the control group showed 
a sharp decrease of bone volume fraction in the second week. This finding agreed with 
the previous study25 who reported that the decrease of alveolar bone density in rats 
received PRP injection was begun on day 3 and more significantly on day 7.  Meanwhile, 
the results in the control group demonstrated that the reduction of alveolar bone density 
was remained steady from day 3 to 7 and then dropped considerably after the first week. 
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In accordance with the phases of orthodontic tooth movement, the initial phase is a 
period of rapid tooth movement that occurred between 1 to 3 days and then the lag 
phase which known as the minimal or no tooth movement was begun until day 7. The 
post lag phase in which the gradually or suddenly increased tooth movement occurred 
thereafter83. Therefore, our findings could be implied that L-PRP may accelerate tooth 
movement due to a decrease an interval of lag phase after the initial phase of orthodontic 
tooth movement.   

  Correspondingly, a significant higher number of osteoclasts were found 
in the L-PRP group during the first and second weeks when compared with the control 
group. The possible reason for this finding may be the increased pro-inflammatory 

cytokines released from the leukocytes in L-PRP including IL-1, IL-6, and TNF-α. The 
roles of these cytokines are involved in the process of bone resorption initiated by 
cytokine-induced inflammation during orthodontic tooth movement84. The in vitro 
studies11,20 demonstrated that the pro-inflammatory cytokines in L-PRP induce the 

activation of NF-ĸB pathway via the canonical pathway. They found that L-PRP treatment 
on cells in vitro upregulated the expression of downstream inflammation-related genes, 
including COX-2 and inducible nitric oxide synthase (iNOS), and increased the levels of 
PGE2 and nitric oxide (NO). These factors are known as important inflammatory 
mediators to induce osteoclastic bone resorption. The previous studies85-87 
demonstrated that iNOS-mediated NO production is essential for inflammation-induced 
bone resorption by stimulating osteoclast differentiation and activation. Also, in vitro 

study88 found that PGE2 production is an influence on TNF-α-induced RANKL 
expression. Moreover, the role of pro-inflammatory cytokines was related to the process 
of bone resorption through recruitment of osteoclast precursors from the circulation89 in 
accordance with this histologic finding that showed a higher inflammatory infiltrate in the 
L-PRP group on day 7.  

  Moreover, histologic findings in this study demonstrated that L-PRP 
group increased vascularity compared with the control group in the first and second 
weeks. This could be explained by the released angiogenic growth factors in L-PRP, 
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particularly VEGF which is known as an important mediator of angiogenesis and 
increased vascular permeability90. In vitro studies11,91 demonstrated that the presence of 
angiogenic growth factors in PRP promoted vascular growth and stimulated endothelial 
progenitor cells to form vessel-like structure. In vivo studies91,92 also revealed that the 
animal treated with PRP showed an increase newly vessel formation. Interestingly, the 
VEGF mediated angiogenesis is related to an indirectly increase of bone resorption. The 
new capillaries were formed to enhance the recruitment of osteoclast precursors to the 
bone surface adjacent to the resorption site93. In accordance with our study, the 
numerous differentiated osteoclasts in close to the blood vessel were presented along 
the bone surface adjacent to the compressed PDL. Moreover, VEGF is essential for the 
recruitment, differentiation, and activation of osteoclast precursors, and enhancing 
osteoclastic bone resorption94,95. Thus, due to the aforementioned reasons, this study 
could be explained to the increased osteoclast numbers in L-PRP group.        

  The peak of the osteoclast numbers in this study was showed on day 14. 
These histologic findings similar with a rabbit study of Chen et al.81, found that the higher 
osteoclast numbers were seen in the second week. However, their results also found an 
initial peak of osteoclast numbers on day 3. They suggested that the first peak of 
osteoclasts derived from the local PDL or the bone marrow of the alveolar bone, while 
the second peak of osteoclasts originated from the differentiation of mononuclear cells 
from peripheral blood96. However, this study did not investigate histologic finding on day 
3.  

  Although our findings are consistent with Rashid et al.65, in that the 
received PRP group exhibited an increased number of osteoclasts at week 9, they did 
not examine the early stages of histologic findings. However, these results were in 
contrast with previous findings25,97, in which the effects of PRP did not increase the 
osteoclastic activity. Gulec et al.25 reported that the osteoclast cell counts in PRP group 
were less than the control group at first, second and third weeks despite a higher rate 
of tooth movement in PRP group. Akbulut et al.97 also demonstrated that the tartrate-
resistant acid phosphatase (TRAP) expressions between the groups were not 
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differences at all observation times. One reason for this is that the possible immune 
reaction from usage of allogenic PRP injection led to different results. The other reason 
is possible due to the inclusion of leukocytes in PRP.  

 The inability to characterize the release characteristics of growth factors 
and cytokines in this study was a limitation because measurements of these molecules 
were not performed. Knowing the expression of various biological molecules may be 
needed to understand how long these factors maintain biologic activity. In addition, the 
specific biomarkers for examining bone remodeling are needed to better understand 
the exact molecular mechanism of L-PRP injection on tooth movement. Moreover, the 
results from this animal experiment cannot be directly extrapolated to a clinical situation. 
Thus, further studies are needed to investigate the efficacy of L-PRP administration for 
accelerated orthodontic tooth movement in clinical trials as well as determining the 
frequency of application for optimal effectiveness to enhance orthodontic tooth 
movement. 

  From these results, a single submucosal injection of L-PRP may have a 
positive influence on orthodontically induced tooth movement and may increase the rate 
of tooth movement in the initial stages through increased osteoclast activity resulted in 
decreased bone volume fraction.    
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CHAPTER 5 
 

CONCLUSION 
 

1. Cumulative orthodontic tooth movement in the group that received L-PRP was 
significantly greater in all time periods 

2. The injection of L-PRP significantly increased the rate of tooth movement during 
the first 14 days, but there was no significant difference in rate of tooth movement 
after day 14.  

3. The injection of L-PRP significantly decreased the bone volume fraction on days 
7 and 14. 

4. The number of osteoclasts increased significantly at 7 and 14 days after L-PRP 
injection. 
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