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Abstract
Background: Platelet Rich Plasma (PRP) is one of the recent modalities introduced to accelerate 
orthodontic tooth movement (OTM). The aim of this split-mouth trial was to investigate the effect of PRP 
injection on the rate of OTM.
Methods: Fourteen patients requiring bilateral first premolar extraction and upper canine retraction 
with maximum anchorage were included. A split mouth design was adopted in the study. Submucosal 
PRP injection (70 units) was randomly assigned to one side of the maxillary arch (experimental side), 
while the other side served as control. PRP injected disto-buccal and disto-palatal to the maxillary 
canine. Digital models were used to evaluate the monthly rate of canine retraction and anchorage loss. 
Results: Three patients dropped out, and eleven were analyzed. The mean rate of canine retraction was 
significantly higher in the experimental side compared to control side in the first month (P ≤ 0.05), with 
no significant differences in the remaining months. 
Conclusions: Submucosal PRP injection can be effective and safe method for acceleration of orthodontic 
tooth movement on short term.
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Introduction:
	 Lengthy treatment is one of the main challenges in orthodontics. Prolonged treatment 
duration could be very disappointing for our patients, particularly for older age categories, and usually 
associated with other negative sequelae as increased risk for root resorption and dental caries [1–4]. 
Pharmacological agents like prostaglandin or hormones like parathyroid hormone have been attempted 
[5,6]. However, undue systemic effects, pain, and root resorption have been reported with these biochemical 
agents[7–9]. Several surgical approaches including corticotomy, corticision, piezocision, dento-alveolar or 
periodontal distraction, and interseptal bone reduction have been tried in order to accelerate tooth 
movement. However, due to their invasive nature they may not be acceptable to most patients[10]. 
	 One of the recently used local agents to accelerate the rate of OTM is PRP. PRP is an autologous 
concentration of platelets in a small volume of plasma after centrifugation. About: 1, 000, 000 platelets/
µL is present in PRP[11]. PRP was first introduced to the dental literature in 1998 in combination with 
autogenous bone grafts for the reconstruction of mandibular defects, reporting that the addition of 
PRP to bone grafts resulted in a faster radiographic maturation rate than bone grafts alone. Since 
1998, PRP is increasingly used in dentistry, mainly in periodontal defects, extraction sockets, during 
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implant placement, and in guided bone regeneration procedures around implants [12,13]. Liou [14] in 2016 
introduced the submucosal PRP injection for acceleration of OTM. Later, Güleç et al., [15] and Rashid et 
al., [16] conducted experimental studies that showed its acceleratory effect. Akbulut et al., [17]concluded 
that PRP was not beneficial as an adjunct to orthodontic treatment. El-Timamy et al., [18] conducted the 
first human trial and concluded that PRP have a positive potential to accelerate OTM when injected 
in the first 2 months. The effectiveness of PRP injection on acceleration of OTM remains debatable.  
Accordingly, the current study was designed to determine the effect of submucosal PRP injection on rate 
of OTM.

Methods:
	 This study was split-mouth randomized controlled clinical trial with a 1:1 allocation ratio. The 
purpose of the study was explained to the patients and informed consents were obtained from them 
according to the guidelines on human research adopted by the Research Ethics Committee of the Faculty 
of Dentistry, Tanta University. The sample consisted of 14 patients seeking orthodontic treatment with 
the following inclusion criteria: age 16 to 22 years old; malocclusion that requires extraction of the 
maxillary first premolars and canine retraction (e.g. class I bimaxillary dentoalveolar protrusion and 
class II div 1 malocclusion); maximum anchorage needed for the maxillary arch; good oral hygiene 
and periodontal condition. Patients with the following criteria were excluded: medically compromised 
patients, chronic use of medications affecting OTM, and previous orthodontic treatment. 
	 All patients received fixed orthodontic appliance (MBT, Leone 0.022 inch slot). Extraction of the 
maxillary first premolars followed by leveling and alignment until insertion of 0.016x0.022-inch stainless 
steel arch wire. Miniscrew (8 x 1.6 mm 3S screw, World Bio Tech Co. korea) with bracket head design 
inserted between the maxillary first molar and maxillary second premolar at the level of mucogingival 
junction on both sides. L-shaped 0.019 x 0.025-inch stainless steel wire connecting the miniscrew to the 
auxiliary tube of the upper first molar band, cinched back, and fixed with a composite ball was used to 
obtain indirect anchorage (Figure1). Before canine retraction, submucosal PRP injection was randomly 
assigned to one side of the maxillary arch (experimental side), while the contralateral side served as 
control. 
	 PRP was prepared using double spin technique using a table-top centrifuge, and (0.7 ml = 70 
units) was injected submucosal disto-buccal and disto-palatal to the maxillary canine like the local 
anesthesia injection in the experimental sides (Figure 2) [14].

Figure 1: Miniscrew indirect anchorage.

Figure 2: Submucosal injection of PRP A: disto-buccal and B: disto-palatal to the maxillary canine.
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	 Immediately after PRP injection, canine retraction was commenced using NiTi coil spring 
with a force of (150 g=1.5 N) extending from canine bracket to hook on the first molar band. Every 
appointment, the coil spring was checked using tension gauge to maintain a constant force. Also, bite 
raising was done on the mandibular molars if interferences were detected. Pain killers were restricted 
to paracetamol.
	 Alginate impressions for the upper arches were made before canine retraction and every month 
during canine retraction phase. The dental models were scanned  with 1:1 proportion (Smartoptics 
scanner for lab work, Germany). The constructed 2d image was imported to the Facad software (Facad 
ortho tracing software version 3.10) where analysis was carried out. The anteroposterior crown tip 
movements of the canines and the molar anchorage loss were assessed with the method described by 
Ziegler and Ingervall [19].

Statistical Analysis
	 The collected data was statistically analyzed at the end of the study using the Statistical 
Package for the Social Sciences (SPSS) Version 21.0. Significant differences for all statistical tests were 
predetermined at p≤ 0.05. Independent sample t-test was used to compare the mean difference between 
the experimental and control sides.
Method Error
	 Randomly selected models were measured twice within a 2-week interval, and the data 
subjected to the reliability coefficient (Cronbach alpha) and the interclass correlations coefficient (ICC) 
to test the intra-examiner reliability.
Results:
	 Study sample consisted of 14 patients; 11 females and 3 males with one female, and 2 male 
patients dropped out due to COVID 19 pandemics. Eleven patients had successfully completed the study 
duration. The mean age of the patients included in the study was 18.45 (±1.71) years. 
	 The rate of canine retraction showed a statistically significant difference between experimental 
and control sides in the 1st month, with a mean value of 1.31 ± 0.89 mm/month for the experimental side 
compared with 0.881 ± 0.61 mm/month for the control side, reflecting acceleration of tooth movement 
with PRP injection. Then the canine movement was comparable in the two sides with no significant 
difference in the remaining months (Table 1, Figure 3).
	 Results showed no statistically significant difference in the amount of anchorage loss between 
both the experimental and control sides (Table 2).
	 The reliability coefficient (Cronbach alpha) was 0.94, and the ICC was 0.89, which meant high 
reproducibility and excellent agreement of the measurements. 

Months Side Mean S.D Mean 
difference

St. Error 
difference

t p-value

1st month 
(T0-T1)

experimental 1.31 0.89

0.429 0.256 2.150 0.044*control 0.881 0.61

2nd month 
(T1-T2)

experimental 0.881 0.49

0.028 0.231 0.121 0.905control 0.909 0.59

3rd month 
(T2-T3)

experimental 1.11 0.74

0.283 0.244 1.158 0.260control 0.827 0.33

4th month 
(T3-T4)

experimental 1.05 0.74

0.030 0.316 0.095 0.925control 1.08 0.74

Table 1 Independent sample t-test comparing the mean difference in canine movement between sides 
in each month.

P>0.05 (non-significant)   *P ≤ 0.05 (Significant)
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Side Min Max Mean S.D
Independent t-test

t P-value

Experimental 0.10 1.50 0.36 0.41

0.478 0.639
Control -0.20 1.70 0.46 0.52

Table 2 Independent sample t-test comparing the total amount of anchorage loss between the 
experimental and control sides.

Figure 3: Timeline chart representing the mean distances (mm/month) travelled by maxillary canines in 
the experimental vs control sides.

Discussion:
	 The PRP was widely used on humans with no evidence that local PRP injections have systemic 
effects. Due to its autologous nature, no immune reaction or allergy was reported [12,13,20,21]. In the 
current study, PRP was prepared using the double centrifugation technique which is the most widely 
used preparation protocol. According to Nagata et al., [22] and Messora et al., [23] double centrifugation 
protocol generated higher platelet concentration than single centrifugation protocol. PRP was not 
activated after preparation using aggregators as thrombin or CaCl2. Seddik et al., [24] also injected 
PRP without activation, while Rashid et al., [16] and El-Timamy et al., [18] injected 10% CaCl2 solution for 
activation of PRP. Recent studies found that the use of such aggregators is not necessary because at the 
time of administration, the platelets are automatically released and ready to exert their function[15,25,26]. 
PRP injection was done only one time at the beginning of canine retraction in order to determine how 
long the effect of this procedure lasts. In the present study, PRP was injected submucosal buccal and 
palatal distal to the maxillary canine in the experimental side. Rashid et al., [16] and El-Timamy et al., [18] 
injected PRP in five sites; intraligamentally in the middle, disto-buccal, and disto-palatal areas of the 
distal surface of the canines together with submucosal injections buccally and palatally. While Seddik 
et al., [24] injected PRP in four sites; intraligamentally in the mesio-buccal, mesio-palatal, disto-buccal 
and disto-palatal area of the surface of the canines. Intraligamental injection was not adopted in our 
study as it would be very painful due to high pressure during injection. 
	 The rate of canine movement was evaluated on digital models by using the rugae area as a 
fixed reference point [27,28]. The results showed statistically significant difference in the first month (P= 
0.044) where the PRP side was 33% or 1.5 times faster than the control side, pointing out association 
between PRP injection and acceleration of OTM. In the remaining months, the retraction completed 
with insignificant difference between both sides. In the PRP side, the rate showed a decrease in the 2nd 
month, increased again in the 3rd followed by the 4th month. El-Timamy et al., [18] reported 15% faster 
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tooth movement in PRP side in the first month, and 5% in the second month followed by deceleration 
in the third month following cessation of PRP injection. They attributed this deceleration to a negative 
feedback mechanism in growth factor release by the platelets which might lead to decrease in the 
normal production of growth factors during OTM following PRP injection. Deceleration also observed in 
our study by 3% in the second month following cessation of PRP injection. The acceleration achieved in 
our study was higher than El-Timamy et al., [18] which may be due to difference in the injection technique 
used. 
	 Loss of anchorage in experimental sides was (0.36 ± 0.41mm) while mean value in control sides 
was (0.46 ± 0.52mm). There was no statistically significant difference between both sides. Our study 
anchorage losses were considered not clinically significant based on Cochrane review that demonstrates 
anchorage loss values  ranged between -0.06 to 0.78 mm of miniscrew-supported anchorage studied in 
the review [29].
Conclusions:
Submucosal PRP injection can be effective and safe method for acceleration of orthodontic tooth 
movement on short term.

References:
[1] Younis O, Hughes DO, Weber FN. Enamel decalcification in orthodontic treatment. Am J Orthod. 
1979;75:678‐81.
[2] Sadowsky C, BeGole EA. Long-term effects of orthodontic treatment on periodontal health. Am J Orthod. 
1981;80:156‐72.
[3] Rönnerman A, Thilander B, Heyden G. Gingival tissue reactions to orthodontic closure of extraction sites. 
Histologic and histochemical studies. Am J Orthod. 1980;77:620‐25. 
[4] Southard KA, Tolley EA, Arheart KL, Hackett-Renner CA, Southard TE. Application of the Millon Adolescent 
Personality Inventory in evaluating orthodontic compliance. Am J Orthod Dentofacial Orthop. 1991;100:553‐61.
[5] Yamasaki K, Shibata Y, Imai S, Tani Y, Shibasaki Y, Fukuhara T. Clinical application of prostaglandin E1 
(PGE1) upon orthodontic tooth movement. Am J Orthod. 1984;85:508‐18.
[6] Li F, Li G, Hu H, Liu R, Chen J, Zou S. Effect of parathyroid hormone on experimental tooth movement in rats. 
Am J Orthod Dentofacial Orthop. 2013;144:523‐32.
[7] Soma S, Iwamoto M, Higuchi Y, Kurisu K. Effects of continuous infusion of PTH on experimental tooth 
movement in rats. J Bone Min Res. 1999;14:546-54.
[8] Kawasaki K, Shimizu N. Effects of low-energy laser irradiation on bone remodeling during experimental tooth 
movement in rats. Lasers Surg Med. 2000;26:282‐91. 
[9] Huang H, Williams RC, KyrkanidesS. Accelerated orthodontic tooth movement: molecular mechanisms. Am J 
Orthod Dentofacial Orthop. 2014;146:620-32.
[10] Dibart S, Sebaoun JD, Surmenian J. Piezocision: a minimally invasive, periodontally accelerated orthodontic 
tooth movement procedure. Compend Contin Educ Dent. 2009;30:342‐50.
[11] Marx R. Platelet-rich plasma (PRP): what is PRP and what is not PRP? Implant Dent. 2001;10:225-28
[12] Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR, Strauss JE, Georgeff KR. Platelet-rich plasma: growth 
factor enhancement for bone grafts. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1998;85:638–46.
[13] Wang HL, Avila G. Platelet rich plasma: myth or reality?. Eur J Dent. 2007;1:192–94.
[14] Zahran A, Mortada A, Bahammam M, Elamrousy W. Radiographic Assessment of Bone Changes Around 
Implants Placed using Computer-Guided Ap- proach with Single Drilling Protocol: A Randomised Clinical Trial. 
Int J Dentistry Oral Sci. 2021;8(9):4254-.4258. 
[15] Güleç A, Bakkalbaşı BÇ, Cumbul A, Uslu Ü, Alev B, Yarat A. Effects of local platelet-rich plasma injection 
on the rate of orthodontic tooth movement in a rat model: A histomorphometric study. Am J Orthod Dentofacial 
Orthop. 2017;151:92-104.
[16] Rashid A, ElSharaby FA, Nassef EM, Mehanni S, Mostafa YA. Effect of platelet-rich plasma on orthodontic 
tooth movement in dogs. Orthod Craniofacial Res. 2017;20:102-10.
[17] Akbulut S, Yagci A, Yay AH, Yalcin B. Experimental investigation of effects of platelet-rich plasma on early 
phases of orthodontic tooth movement. Am J Orthod Dentofacial Orthop. 2018;155:71–79. 
[18] El-Timamy A, El Sharaby F, Eid F, El Dakroury A, Mostafa Y, Shakr O. Effect of platelet-rich plasma on the 
rate of orthodontic tooth movement: A split-mouth randomized trial. Angle Orthod. 2020; 90: 354-61
[19] Ziegler P, Ingervall B. A clinical study of maxillary canine retraction with a retraction spring and with sliding 
mechanics. Am J Orthod Dentofacial Orthop. 1989;95:99‐106.
[20] Wang HL, Avila G. Platelet rich plasma: myth or reality?. Eur J Dent. 2007;1:192–94.
]21] Kamel N. Platelet-rich Plasma: Three Decades and Ongoing, Do We Have a Conclusion? Suez Canal Uni 
Med J. 2019;22:1-8.
]22] Nagata MJH, Messora MR, Furlaneto FAC, Fucini SE, Bosco AF, Garcia VG, et al. Effectiveness of two 
methods for preparation of autologous platelet-rich plasma: An experimental study in rabbits. Eur J Dent. 
2010;4:395–401.
]23] Messora MR, Nagata MJH, Furlaneto FAC, Dornelles RCM, Bomfim SRM, Deliberador TM, et al. A 
standardized research protocol for platelet- rich plasma (PRP) preparation in rats. RSBO Rev Sul-Brasileira 



International Journal of Dentistry and Oral Health , Volume 8 Issue 1,  January 2022.

Effect of Submucosal Platelet Rich Plasma Injection on the Rate of Orthodontic Tooth Movement: A Randomized Split Mouth Trial

6

Odontol. 2011;8:299–304. 
]24] Seddik H, Ibrahim S, Attia M. Evaluation of Root Length Accompanying Platelet Rich Plasma Injection as a 
Technique for Orthodontic Tooth Movement Acceleration. (A Comparative Study). Al-Azhar Dental Journal for 
Girls, 2020; 7: 611-20.
[25] Smith RG, Gassmann C, Campbell M. Platelet-rich plasma: Properties and clinical applications. J Lancaster 
Gen Hosp. 2007;2:73–77.
[26] Araki J, Jona M, Eto H, Aoi N, Kato H, Suga H, et al. Optimized preparation method of platelet-concentrated 
plasma and noncoagulating platelet-derived factor concentrates: Maximization of platelet concentration and 
removal of fibrinogen. Tissue Eng Part C Methods. 2012;18:176-85. 
[27] Bailey LJ, Esmailnejad A, Almeida AM. Stability of the palatal rugae as landmarks for analysis of dental casts 
in extraction and non extraction cases. Angle Orthod. 1996;66:73-78. 
[28] Hoggan BR, Sadowsky C. The use of palatal rugae for the assessment of anteroposterior tooth movements. 
Am J Orthod Dentofacial Orthop. 2001;119:482‐88. 
[29] Jambi S, Walsh T, Sandler J, Benson PE, Skeggs RM, O’Brien KD‏. Reinforcement of anchorage 
during orthodontic brace treatment with implants or other surgical methods. Cochrane Database Syst 
Rev.2014;(8):CD005098.


