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ABSTRACT

Objectives: To critically appraise the current evidence available from animal studies pertaining to
the effectiveness of platelet-rich plasma (PRP) in accelerating orthodontic tooth movement.
Materials and Methods: Electronic searches of nine databases were conducted up to June 2020,
followed by a hand search of the reference list of eligible studies. The study design required was
prospective controlled animal studies. The primary outcome assessed was the rate of orthodontic
tooth movement. The secondary outcome evaluated was histological changes after PRP
application. Following study retrieval and selection, relevant data were extracted. Risk-of-bias
(RoB) assessment was done using the Systematic Review Center for Laboratory Animal
Experimentation’s Risk of Bias Tool (SYRCLE’s Risk of Bias Tool). Two review authors conducted
the work of searching, study selection, and quality assessment independently and in duplicate.
Results: Of 193 studies, 5 animal studies were included in this systematic review. Three studies
found a positive correlation between PRP injection and tooth movement acceleration, along with
corresponding histological changes. Two studies detected no significant difference in tooth
movement rate after PRP application.

Conclusions: Based on the current limited evidence, the efficacy of PRP on tooth movement
acceleration remains debatable. More well-designed randomized controlled trials involving humans
are called for to obtain more clinically significant conclusions. (Angle Orthod. 2021;91:391-398.)
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INTRODUCTION

Orthodontic treatment often requires 2 years and
even longer for extraction cases and other complicated
cases." Side effects including caries, periodontal
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disease, and root resorption are more common in
prolonged treatment. Therefore, accelerating tooth
movement and shortening the treatment time could
be of great importance.

Many techniques have been developed to reduce
the duration of treatment. Surgical-assisted approach-
es such as micro-osteoperforation and piezocision
have been proven to be clinically effective.?® However,
they require surgical injury to bone and tissue.*
Research concerning the effects of biological agents,
including prostaglandin, parathyroid hormone, and
vitamin D3, on tooth movement acceleration has
shown conflicting results.® However, the use of
hormones or other allogenic products can result in
irreversible systemic effects.®

Platelet-rich plasma (PRP), an autologous concen-
tration of platelets in a minute volume of plasma, is a
rich source of autologous growth factors and cyto-
kines.” Since these growth factors and cytokines can
stimulate both osteoblastic and osteoclastic activity,
PRP can thus interfere with the alveolar bone-
remodeling process.?® The successful application of
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PRP has been reported in oral surgery and regener-
ative dentistry.”®'" These characteristics support the
potential for PRP to accelerate orthodontic tooth
movement, which is caused by the gradual modeling
and remodeling of the surrounding alveolar bone.
Liou™ reported that PRP achieved an accelerating
effect in different types of tooth movements clinically.
Recently, more studies have been conducted to
confirm the effectiveness of PRP on orthodontic tooth
movement acceleration, mostly in animal models.
However, no systematic review has been performed
to summarize and critically analyze the studies
conducted. This systematic review aimed to evaluate
the available knowledge, comprehensively, from ani-
mal studies regarding the influence of PRP injection on
the rate of orthodontic tooth movement.

MATERIALS AND METHODS

Protocol and Registration

This review was registered in the PROSPERO
database under protocol CRD42020188837, in accor-
dance with the PRISMA checklist of systematic
reviews and meta-analyses."” This review was con-
ducted in accordance with the Cochrane Handbook for
Systematic Review of Interventions and Preferred
Reporting ltems for Systematic Reviews and Meta-
Analyses (PRISMA)."*'®

Eligibility Criteria

The PICOS (population, intervention, comparison,
outcome, study design) format was used to formulate
the clinical question with defined inclusion and
exclusion criteria (Table 1). Experimental prospective
controlled animal studies involving healthy animals
under active orthodontic treatment were included. The
primary outcome assessed was the rate of orthodontic
tooth movement, and the secondary outcome was
histological changes after PRP application.

Information Source and Search Strategy

PubMed, Cochrane Central Register of Controlled
Trials (CENTRAL), Embase, Web of Science, China
National Knowledge Infrastructure (CNKI), China Biol-
ogy Medicine disc (CBM), System for Information on
Grey Literature in Europe (SIGLE), Clinical Trial.gov,
and ProQuest Dissertations & Theses were searched
without language or time restrictions until June 2020.
The details of the database search are summarized in
Table 2. The reference lists of the eligible studies were
also checked for additional relevant studies. This
process was conducted independently and in dupli-
cate.
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Study Selection

The study selection process was done by two
reviewers independently and in duplicate. First, the
titles and abstracts of articles were assessed for
eligibility. Then, full-text reports were considered for
articles that seemed to have met the inclusion criteria.

Data Collection and Data Iltems

Relevant data from the included studies were
extracted by two reviewers in previously developed
and piloted forms: author and year, study design,
subject characteristics, orthodontic procedures, the
injections applied in both the intervention group and
control group, intervals of outcome assessment, and
the details of PRP application.

Risk of Bias in Individual Studies

The risk of bias (RoB) of the included studies was
assessed using the Systematic Review Center for
Laboratory Animal Experimentation’s Risk of Bias tool
(SYRCLE’s Risk of Bias Tool)."* The summary of RoB
within a study was assessed according to Higgins and
Green."” This process was done independently and in
duplicate by two authors.

Summary Measures and Synthesis of Results

Random effects meta-analysis was planned to
determine pooled estimates and relative effects of
PRP on the rate of tooth movement. However, the
differences in the study design and interventions
employed precluded quantitative data synthesis.

RoB Across Studies and Additional Analyses

Analyses for small-study effects, publication bias,
and exploratory subgroup analyses were planned if an
adequate number of studies were identified. The
quality of evidence from the retrieved studies was
assessed using the Grading of Recommendation
Assessment, Development, and Evaluation (GRADE)
approach.'®

RESULTS

Study Selection

A total of 192 studies were initially identified through
database searching, and 1 study was obtained by
manual search. After removing duplicates, 146 studies
remained. After reading the titles and abstracts, 12
studies remained for further assessment. Eventually, 5
studies were included in the qualitative analysis.'?°
Procedures of the electronic search are presented in
Figure 1.



PRP INJECTION AND TOOTH MOVEMENT RATE 393

Table 1. Eligibility Criteria for the Present Systematic Review

Domain Inclusion Criteria Exclusion Criteria
Participants Healthy animal subjects undergoing active orthodontic tooth In vitro or ex vitro studies, in silico study, human studies
movement
Intervention Local injection of platelet-rich plasma, with or without Simultaneous injection of agents other than platelet-rich
activation agents plasma and activation agents
Comparison Placebo intervention or no intervention
Outcome Primary outcome: quantitative data regarding the rate of Qualitative assessments regarding the rate of orthodontic

tooth movement
Inadequate definition of outcomes

orthodontic tooth movement (ie, the amount of tooth
movement in a specific period of time) measured by

various ways
Secondary outcome: histological changes

Study design  Experimental prospective controlled animal study

Noncomparative studies
Reviews, systematic reviews and meta-analyses, opinions
and editorials

Study Characteristics

The characteristics of each included study are
presented in Table 3. Among the five included studies,
three studies used a split-mouth design.’®**# Apart
from the comparison of a PRP injection group with a
noninjection group, Akbulut et al.** also compared a
PRP group with a platelet-poor plasma (PPP) group,
and Gileg et al.” compared a high-platelet-concentra-
tion injection group with a moderate-platelet-concen-
tration injection group. Orthodontic tooth movement
was induced by the placement of coil springs, except
for one study,*' in which tooth movement was initiated
by placing a rubber separator between incisors. The
concentrations of platelets in PRP in the included
studies ranged from 2.45 to 6.6 times that of the whole
blood. The details of the PRP application are present-
ed in Table 4.

RoB Within Studies

Two studies™?' were determined to be at high RoB,
and three studies®**?* were of unclear RoB. The
methods of sequence generation, allocation conceal-
ment, blinding of caregivers and/or investigators during
the intervention, and random outcome assessment
were generally inadequately reported. Dropouts in one
study were clearly outlined.?" Finally, there was no
sufficient information to determine categorically the
presence of any additional problems that could

Table 2. Search Strategy for Each Database

possibly increase the RoB. The RoB assessment of
the included studies is presented in Table 5.

Effect of PRP on the Rate of Orthodontic Tooth
Movement

Three studies supported the effectiveness of PRP
injection in accelerating the rate of orthodontic tooth
movement. Glleg et al.” reported that, on day 21, the
amount of tooth movement induced by high concen-
trations of PRP was 1.7 times more than that on the
control side and 1.4 times more than that induced by
moderate concentrations of PRP. Rashid et al.*® also
reported a higher percentage of mean changes in tooth
movement than the control group, with a percentage
change ratio of 2.13:1. Nakornnoi et al.?® found greater
cumulative tooth movement in the L-PRP group than in
the control group at all observation times, and a
significantly greater rate of tooth movement was
observed in the L-PRP group in the first 14 days (0-7
days: control side: 0.94 = 0.09 mm, intervention side:
1.04 = 0.05 mm; 7—14 days: control side: 0.45 + 0.12
mm, intervention side: 0.58 * 0.09mm, P < .05).

However, the other two studies found that PRP
injection was not efficient in tooth movement acceler-
ation. Akbulut et al.?® discovered that the amount of
molar mesialization was less in the PRP group than
that in the control group on day 3 (PRP group: 0.287 =
0.176 mm, PPP group: 0.482 + 0.128 mm, control

Database

Search Strategy

PubMed

(orthodontics[Mesh] OR orthodontic*) AND (Tooth movement techniques[Mesh] OR tooth movement

OR movement OR move OR moving OR retract*) AND (platelet-rich plasma [Mesh] OR platelet
concentrate OR platelet gel OR PRP OR platelet)

Embase, Web of Science, CENTRAL

(orthodontics OR orthodontic*) AND (Tooth movement techniques OR tooth movement OR

movement OR move OR moving OR retract®) AND (platelet-rich plasma OR platelet concentrate
OR platelet gel OR PRP OR platelet)

Proquest
CNKI, CBM, Clinical Trial.gov, SIGLE

orthodontic*, tooth movement, platelet-rich plasma
tooth movement, platelet-rich plasma
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192 of records identified through database
searching
(Pubmed:32;Embase:29;WOS:44,CENTRAL:13;
CNKI:3;CBM:4;Proquest:67;SIGLE:0; clinical
trial.gov:0)

1 of additional
records identified
through other
sources

l

146 of records

duplicates removed

after

134 of records excluded for

146 of records screened |—’ irrelavancy after reading

title and abstract

7 of full-text articles

12 of full-text 'ar:ti(.:l.es Human study:4. (RCT:1;case
assessed for eligibility report:2;no comparison of the rate

excluded, with reasons

of tooth movement:1)
Unfinished studies:3

synthesis

5 of studies included
in qualitative

Figure 1. Systematic search and selection strategy.

group: 0.625 * 0.028 mm, P=.01), and no significant
difference was observed among the groups on days 1,
7, or 14. Sufarnap et al.*' found that tooth movement
was similar with or without PRP injection on days 6, 9,
12, and 24 after rubber separator placement.

Histological Analysis

Histologic analysis was performed in four studies.
Two studies™?* reported similar results between the
PRP and non-PRP group. One study found that the
number of osteoclasts and osteoblasts and the results
of the immunohistochemistry evaluations with or
without PRP injection were similar from day 1 to day
14.%22 Surprisingly, despite an increased rate of tooth
movement in the PRP groups, Gilec et al.” reported
that the osteoclast counts in both high concentrations
of PRP and medium concentrations of PRP were
greater than the controls (12.01 = 0.56 cells/mm? and
14.05 = 0.46 cellss/mm?, respectively) only on day 3
and less than controls at all other observational days.
In contrast, Rashid et al.?® and Nakornnoi et al.®®
observed higher osteoclastic activity following PRP/
L-PRP injection. Rashid et al.>® found significantly
higher numbers of osteoblasts, osteoclasts, and
cementoblasts in the PRP group as compared with
the control group (osteoblasts: 16.2 = 1.30 vs 12.0 =
0.12 cells/10 um?, P=.017; osteoclasts: 7.2 = 1.30 vs
2.8 = 0.84 cells/10 um?, P=.006; cementoblasts: 21.8
+ 1.30 vs 144 = 1.82 cells/10 um? P = .004).

Angle Orthodontist, Vol 91, No 3, 2021

Nakornnoi et al.®® found a much greater number of
osteoclasts in the L-PRP group than in the control
group on day 7 (10.6 = 2.07 vs 7.4 = 2.30 cells) and
day 14 (16.2 = 3.03 vs 11.6 *= 3.04 cells), but there
was no significant difference on day 28 (4.2 = 1.78 vs
3.8 * 1.48 cells).

RoB Across Studies and Additional Analysis

It was not possible to conduct analyses for small-
study effects, publication bias, or subgroup analyses.
The quality of evidence of the rate of orthodontic tooth
movement assessed in the systematic review was very
low. The RoB, inconsistency, indirectness, and impre-
cision were rated as serious. The reasons were that
two studies were of high RoB, inconsistent results were
presented in the included studies, the results could not
be directly applied to human clinical settings, and the
number of subjects included was limited. Publication
bias was unlikely in the retrieved studies.

DISCUSSION

Recently, there has been an increased interest in
research focused on tooth movement acceleration
without the use of invasive surgical procedures. PRP
is considered a potential tooth movement acceleration
agent. According to the results of this review, three
studies showed a positive correlation between local
injection of PRP/L-PRP and acceleration of orthodontic
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Animals (Age/ Orthodontic Measurement
Study ID Study Design Weight) Procedure Study Groups Time Outcome
Rashid et al.  Split-mouth Six male mongrel Maxillary second Group A: test group 9 wk Distance of tooth
2017 design dogs/11-15 mo, premolars were (25 units of PRP with movement;
13-17 kg extracted 25 units of thrombin- histological
A NiTi spring was CacCl, solution) findings
stretched Group B: control group
between the first (50 units of thrombin-
premolar ligature CaCl,)
tie and the TAD
placed between
maxillary the third
and fourth
premolars
bilaterally
Force:150 g
Akbulut et al. Three arm 54 Wistar male Closed-coil springs  Group A: PRP group 1, 3,7, and 14 Distance of tooth
2019 albino rats/6-8 were ligated to (0.1 mL of PRP) d movement;
wk, 150-200 g the maxillary Group B: PPP group osteoblast and
incisors and first (0.1 mL of PPP) osteoclast cell
molars with Group C: control group counts, and ALP,
stainless steel (no injection) TRAP, and TGF-
ligature wires B expressions
Force: 50 g
Glleg etal.  Two-arm, split- 81 young adult Superelastic closed- Group A: hPRP group 3, 7, 14, 21, Distance of tooth
2017 mouth Sprague-Dawley coil springs were (0.01 mL) and 60 d movement; bone
design rats/9—10 wk, 348 placed between Group B: mPRP group content of
+29¢ the maxillary (0.01 mL) interradicular
molars and Group C: hPRP control space; alveolar
incisors group (no injection) bone volume;
Force: 40 cN Group D: mPRP osteoclastic
control group (no activity
injection)
Nakornnoi Two-arm, split- 23 male New Light-type nickel Group A: test group 0, 3,7, 14, 21, Distance of tooth
et al. 2019 mouth Zealand white titanium closed- (0.5 mL L-PRP) 28d movement;
design rabbits/3—4 mo, coil spring was Group B: control group osteoclast
2.5-3 kg placed between (normal saline numbers;
the maxillary first solution) histological
premolar and Group C: blank control findings
incisor on each group (no injection)
side
Force: 100 g
Sufarnap Two arm 24 young Guinea Power-O (Ormco) Group A: test group 6,9,12,24d Distance of tooth
et al. 2017 pigs/2—-3 mo, as a rubber (0.5 mL PRP) movement
250-400 g separator Group B: control group

between central
incisors after
PRP injection

(no injection)

* ALP indicates alkaline phosphatase; hPRP, high platelet concentration injection group; L-PRP, leukocyte-platelet-rich plasma; mPRP,
moderate platelet concentration injection group; PPP, platelet-poor plasma; PRP, indicates platelet-rich plasma; NiTi, nickel titanium; TAD,

temporary anchorage device; TGF-p, transforming growth factor—f; TRAP, tartrate-resistant acid phosphatase.

tooth movement.’#2°2® Their results were in agreement
with those of El-Timamy et al.,** who showed PRP to
be clinically feasible and effective in accelerating the
rate of tooth movement in early stages of tooth
movement.?® Two studies reported no beneficial effects
of PRP injection on the rate of tooth movement.?'#
Histological analysis is beneficial for observing the
effect of PRP on osteoblast and osteoclast activity,
which regulates bone regeneration and thus regulates

orthodontic tooth movement. Greater numbers of
osteoclasts and osteoblasts were reported in two
studies,?®*® whereas one study® reported no significant
difference in the cell counts at the early stage (14
days). Glleg et al.” found that the osteoclast counts in
the PRP injection groups were less than those of the
control group at all observation times except day 3,
despite recording an increased rate of tooth move-
ment. Previous studies have shown conflicting results

Angle Orthodontist, Vol 91, No 3, 2021
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Use of
Source of PRP Injection Activation Injection
Study ID PRP Concentration Method Injection Sites Dose Agent Interval
Rashid et al. Autologous  Unclear Intraligamental Middle of the distal 25 units CacCl, and 0, 21, and 42
2017 injection side, distobuccal thrombin d
side, distopalatal
side followed by
buccal and palatal
injections at the first
premolar
Akbulut et al. Donor PRP: 3617 X Submucosal Buccal vestibular 0.1 mL PRP Unclear Injections
2019 10%/pL injection mucosa next to the were done
PPP: 23 X 10% distal root of the only once
uL maxillary right first atday 0
molars
Gileg et al. Donor hPRP: 2593.2 = Submucosal Buccal vestibular 0.01 mL PRP  Unclear Injections
2017 257 X 10° injection mucosa next to the were done
platelets/uL mesial root of the only once
mPRP: 1220.4 right first molar at day 0
+ 154 X 10°
platelets/uL
Nakornnoi et al. Autologous PRP: platelet: Submucosal Buccal and lingual 0.5 mL L-PRP  Unclear Injections
2019 2314.44 + injection areas of the first were done
570.82 X 10° maxillary premolar only once
cells/uL atday 0
Leukocytes:
6.87 = 2.29
X 10° cells/pL
Sufarnap et al.  Donor PRP: 507 X 10® Unclear Unclear 0.5 mL PRP Unclear PRP was
2017 uL injected
before
rubber
separator
placement

2 hPRP indicates high platelet concentration injection group; L-PRP, leukocyte-platelet-rich plasma; mPRP, moderate platelet concentration
injection group; PPP, platelet-poor plasma; PRP, platelet-rich plasma.

in terms of bone remodeling. Most studies favor the
idea that PRP can stimulate both osteoblast and
osteoclast precursor cells to divide and differentiate
and promote bone regeneration,?*?® while others found
that PRP did not improve bone regeneration.?**° Future
studies are needed to confirm the effect of PRP on
bone remodeling.

Despite receiving substantial attention, there is still a

lack of standardization in PRP treatment protocols.
According to Marx,” autologous blood was critical for
achieving effective outcomes with the use of PRP,
whereas the use of donor animal blood platelets could
cause an overt immune reaction and lead to false-
negative results. In addition, differences in the spinning

Table 5. Summary of Risk-of-Bias Assessment According to the SYRCLE RoB Tool

Signaling Questions*

1 2 3 4 6 7 8 9 10 Summary
Rashid et al. 2017 2 * 2 @® @® @® 2 ® 2 2
Akbulut et al. 2019 2 @® 2 ) 2 2 2 ® 2 2
Giileg et al. 2017 e » ® ? 2 ® ® ® 2 e
Nakornnoi et al. 2019 ? @® ? ? 2 2 ® ® 2 2
Sufarnap et al. 2017 2 2 2 2 2 2 - ® 2 )

2 Signaling questions: 1: Was the allocation sequence adequately generated and applied? 2: Were the groups similar at baseline or were they
adjusted for confounders in the analysis? 3: Was the allocation adequately concealed? 4: Were the animals randomly housed during the
experiment? 5: Were the caregivers and investigators blinded to the intervention that each animal received? 6: Were animals selected at random
for outcome assessment? 7: Was the outcome assessor blinded? 8: Were incomplete outcome data adequately addressed? 9: Are reports of the
study free of selective outcome reporting? 10: Was the study apparently free of other problems that could result in high risk of bias?

@:low risk of bias; 2 :unclear@:high risk of bias.

Angle Orthodontist, Vol 91, No 3, 2021
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techniques can cause different concentrations of
platelets, leukocytes, and growth factors in PRP.*
Therefore, the heterogeneity of this systematic review
might be partially attributable to the differences in the
methods for PRP production, as three of the animal
studies’®?'? gpplied homologous blood from donors
and only one study® claimed to use the spinning
technique as recommended by Marx.

There has also been no consensus on the optimal
concentration of PRP. A minimum platelet concentra-
tion of 1 X 10° platelets/uL was defined by Marx.*?
Sufarnap et al.?" used PRP at a concentration of 507 X
10° platelets/uL, less than the lower limit. In addition,
some studies reported that high concentrations of PRP
suppressed the viability and proliferation of alveolar
bone cells and could be harmful for the healing
process.®*®* Therefore, it is important to identify
therapeutic concentration ranges for effective and
harmless PRP application.

In the included studies, Nakornnoi et al.*® used L-
PRP instead of pure PRP, claiming that leukocytes
could lead to an initial burst release of proinflamma-
tory growth factors, initiating cellular and molecular
events in the early phase after orthodontic force
application.®® However, whether to include leukocytes
in the injected concentration has been a controversial
topic. Yin et al.?® reported that pure PRP was more
effective than L-PRP in terms of osteogenic differen-
tiation of bone marrow stem cells in rats. Xu et al.*®
also found that L-PRP could activate NF-xB and result
in adverse effects on cartilage regeneration. Addition-
al clinical trials are needed to justify leukocyte
inclusion.

This was the first systematic review to evaluate the
effect of PRP on orthodontic tooth movement accel-
eration. However, the limitations cannot be ignored.
The foremost limitation of this review was that all data
were drawn from animal experiments and cannot be
directly extrapolated to humans. The studies included
were of an unclear or even high RoB, and the overall
quality was very low. In addition, quantitative analysis
was not performed because of the significant hetero-
geneity in the designs of the included studies.
Therefore, more high-quality studies with stricter
designs are needed to draw more clinically significant
conclusions.

CONCLUSIONS

- Based on the current evidence, the effectiveness of
PRP on orthodontic tooth movement acceleration
cannot be confirmed.

- It seems that the effect of PRP on the rate of tooth
movement is affected by the standards of PRP

397

acquisition, PRP concentrations, and the methods of
PRP application.

- More well-designed randomized controlled trials
involving humans are needed to draw more clinically
significant conclusions.
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