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Effect of injectable platelet-rich fibrin (i-PRF) on the rate of tooth movement:

A randomized clinical trial

Emire Aybuke Erdur®; Kuter Karakasl®; Elif Oncu®; Bahadir Ozturk®; Sema Hakki®

ABSTRACT

Objectives: To evaluate the efficiency of injectable platelet-rich fibrin (i-PRF) in accelerating canine
tooth movement and to examine levels of the matrix metalloproteinase-8 (MMP-8), interleukin-1
(IL-1B), receptor activator of nuclear factor kappa-light-chain-enhancer of activated B cells ligand
(RANKL), and osteoprotegerin (OPG) in the gingival crevicular fluid during orthodontic treatment.
Materials and Methods: Twenty patients (mean age =21.4 = 2.9 years) with Class Il Division 1
malocclusion were included in a split-mouth study. The treatment plan for all patients was extraction
of maxillary first premolars followed by canine distalization with closed-coil springs using 150 g of
force on each side. The study group received i-PRF two times, with a 2-week interval, on one side
of the maxilla. The contralateral side served as the control and did not receive i-PRF. Maxillary
canine tooth movement was measured at five time points (T1-T5) on each side. Also, the activity of
inflammatory cytokines was evaluated at three time points in the gingival crevicular fluid samples.
Results: There was a significant difference in canine tooth movement between the two groups (P <
.001). i-PRF significantly increased the rate of tooth movement, and stimulation in the levels of
inflammatory cytokines supported this result (P < .001). The levels of cytokines changed in both
groups between T1 and T2. The IL-13, MMP8, and RANKL values were significantly increased in
the study group compared with the control group, while the OPG values were significantly
decreased.

Conclusions: i-PRF-facilitated orthodontics is an effective and safe treatment modality to
accelerate tooth movement, and this method can help shorten orthodontic treatment duration.

(Angle Orthod. 2021;91:285-292.)
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INTRODUCTION

It is generally accepted that movement of the teeth
with orthodontic forces depends on the bone remod-
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eling phase, which is associated with the activity of
inflammatory markers, quality and quantity of bone
turnover, and the balance between osteoclastic and
osteoblastic activity."® Osteoclastic activity is stimulat-
ed by changes in tooth-supporting tissue biomarkers of
receptor activator of nuclear factor kappa-light-chain-
enhancer of activated B cells (RANK), RANK ligand
(RANKL), and osteoprotegerin (OPG) during tooth
movement.®” RANKL is a membrane-residing protein
on osteoblasts and their precursors, which recognizes
its receptor RANK on macrophages, promoting them to
assume the osteoclast phenotype.®®* RANKL mediates
osteoclastogenesis and tooth movement, and its
actions are antagonized by OPG. The matrix metal-
loproteinase (MMP) family plays an important role in
the remodeling of bone as well as in response to forces
during tooth movement.”®

Many experimental and clinical studies have aimed
to shorten the duration of orthodontic treatment with
different methods including surgical, pharmaceutical,
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laser, electromagnetic, or other procedures.®”*'* How-
ever, none of these procedures have yet become a
gold standard method. Platelet-based preparations
from the patient’s blood provide a safe alternative to
commercially available bioactive materials.’*"® A liquid
injectable platelet-rich fibrin (i-PRF) was developed by
modifying spin centrifugation forces. i-PRF is a rich
source of platelets during bone healing and provides
an increased concentration of gingival crevicular fluid
(GCF)."™® Wang et al.” reported that i-PRF affected
osteoblastic behavior remarkably by influencing its
migration, proliferation, and differentiation. This pro-
motes cellular activity and accelerates bone turnover
and healing.

Several animal research investigations and limited
clinical studies have shown the effectiveness of
platelet-based preparations for accelerating tooth
movement.*?*2* The purpose of this study was to
investigate the efficiency of i-PRF in accelerating tooth
movement. We also evaluated the effect of i-PRF on
stimulating the expression of inflammatory cytokines in
GCF samples.

MATERIALS AND METHODS

A prospective, randomized, single-center, split-
mouth study was approved by the ethical committee
of the Ministry of Health of Turkey (Permit number
56733164/203). The study was performed in the
Department of Orthodontics of the Necmettin Erbakan
University between March and June 2019. The sample
size for the groups was calculated by G*Power
(version 3.1.9.4, Franz Faul Universitat, Kiel, Ger-
many). Based on a 1:1 ratio between the groups, at a
significance level of .05 and a sample size of 20 in
each group, power of more than 80% (actual power =
0.817) was determined to be adequate to detect
significant differences. The sample consisted of 20
adult patients (8 men, 12 women; mean age =21.4 =
2.9 years).

Subject inclusion criteria were as follows: age >18,
systemically healthy condition, Class Il Division 1
malocclusion requiring extraction of maxillary first
premolars, permanent dentition, no bleeding on prob-
ing, plaque index <1 mm, probing depth values <3
mm, no previous orthodontic treatment, and no
smoking. The treatment protocol was explained in
detail to all patients. Patients who met the selection
criteria and completed an informed consent form were
included in the study. In this split-mouth study, i-PRF
was applied on a random basis (coin toss) on one side
of the maxilla, either left or right as the study group, and
the contralateral side served as a control and received
only a sham injection.
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All periodontal and radiographic records were taken
before orthodontic treatment. The treatments were
performed by the same orthodontist. In the initial
phase, leveling and alignment were completed with a
straight wire, 0.022” slot MBT appliance (Dentaurum,
Ispringen, Germany). After alignment, miniscrews
(Tomas-pin; Dentaurum) were placed bilaterally be-
tween the maxillary second premolar and the first
molar before canine distalization. Then, patients were
referred for extraction of maxillary first premolars, and a
0.017” X 0.025” stainless steel wire was tied back
immediately. Canine distalization was conducted using
calibrated 150 g Ni-Ti closed-coil springs connected
from a miniscrew to a hook placed in front of the canine
bracket. The force produced by the coil was calibrated
with a gauge and readjusted at each visit. The total
follow-up period started with premolar extraction and
was concluded at the 12th week of canine distalization.
Patients continued with treatment, and routine records
were repeated at the end of treatment.

Preparation and Application of i-PRF

A venous blood sample was taken for each patient
using a 30-mL injection syringe into 10-mL i-PRF tubes
without anticoagulant and was immediately centrifuged
at 700 rpm for 3 minutes at room temperature with
Choukroun PRF Duo Centrifuge (Process for PRF,
Nice, France). The i-PRF obtained from the upper
liquid layer was placed in dental injectors. The amount
of i-PRF was standardized as 4 mL and was injected
intraligamentally into the distobuccal and distopalatal
side of the canine tooth (2 mL for each side). Before
the injection of platelet-rich fibrin (PRF), local anesthe-
sia was applied for pain control. The study group
received i-PRF two times: just after premolar extraction
and at the second week of distalization. The contralat-
eral side served as a control and received only a sham
injection.

Collection of GCF

GCF samples were collected from the mesiobuccal
and distobuccal sides of the canine tooth just before
premolar extraction (T0), at the first week (T1), and at
the fourth week (T2) of canine distalization for a total of
three times. While collecting GCF samples, the
supragingival plaque was removed if present. The site
was isolated with cotton rolls, and filter-paper strips
(Periopapers, Interstate Drug Exchange, Amityville,
NY) were gently inserted 1 mm into the gingival margin
for 10 seconds. Samples were immediately placed in
Eppendorf tubes and stored at —80°C. The sample
volume was assessed with Periotron 8000 (Oraflow,
Inc, New York, NY) according to the manufacturer’s
instructions. Approximately 1mL of GCF was collected
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EFFECT OF i-PRF ON THE RATE OF TOOTH MOVEMENT

Table 1. Comparisons of Canine Movements in Both Groups at
Each Time Point

Group Time Point Mean = SD P Value®
Control TO-TH 0.35 + 0.08 (TO-T1) <.001
T1-T2 1.08 = 0.1 (T1-T2) <.001
T2-T3 1.23 + 0.12 (T2-T3) <.001
T3-T4 1.23 = 0.13 (T3-T4) <.001
Total (TO-T4) 3.89 + 0.34 (Total) <.001
Study TO-TH 0.73 = 0.11
T1-T2 1.56 + 0.08
T2-T3 1.90 = 0.1
T3-T4 1.88 = 0.11
Total (TO-T4) 6.06 = 0.29
Differences D1 0.38 = 0.09* P Value®
D2 0.48 = 0.1¥ <.001
D3 0.67 = 0.13¢
D4 0.65 * 0.117

@ Student t-test results for comparison of canine tooth movement
in both groups between time points.

® One-way analysis of variance results for time-point differences
between the study and control groups. Differences: D1 =T0-T1; D2
=T1-T2; D3 =T2-T3; D4 = T3-T4.

xvz Different small letters in each row indicated that statistically
significant difference between the groups.

from both regions and diluted to obtain the sample
volume of 50-100 mL required for analysis using a
glass slide-based protein array. Commercial enzyme-
linked immunosorbent assay kits were obtained for
measuring IL-13, MMP-8, OPG, and RANKL, and
assays were carried out according to the manufactur-
er's recommendations (Elabscience-Biotechnology
Co. Ltd, Wuhan, China).

Measuring Distalization Rate

Movement of the canine was evaluated by measur-
ing the distance between the midpoints of the vertical
lines drawn from the incisal edge to the cervical line
over the marginal ridge of the lateral and canine teeth
on the dental cast. All cast measurements were made
using a digital caliper. Dental casts were obtained at
five time points: before tooth extraction (T0) and in the
first week (T1), fourth week (T2), eighth week (T3), and
12th week (T4) from the beginning of distalization. The
casts were labeled with the patient's name and date,
and then stored.

Statistical Analysis

To assess the method error and intraobserver
reliability, 10 randomly selected dental casts were
remeasured at a 2-week interval by the same
investigator. For the interobserver error, a second
investigator measured the same set of models twice,
and the mean values of the two measurements by
each investigator were compared. The random and
systematic errors were calculated using a formula
described by Dahlberg®® and Houston.?® Both the
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Figure 1. Effect of i-PRF on canine retraction. (A) Intraoral view 6
weeks after the first application of i-PRF and initiating canine
retraction (left side). (B) The contralateral side was exposed to the
same force but did not receive any i-PRF (right side). (C) Occlusal
view at the sixth week after initiation of canine retraction. The left
side, which received i-PRF, shows significant retraction compared
with the right side, which did not receive any i-PRF.

random and systematic errors were found to be
insignificant, confirming reliability.

Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences (SPSS version
21.0, Chicago, IL). All of the data were found to be
normally distributed with a homogeneous variance;
therefore, parametric tests were used. The rate of
canine movement was evaluated by the Student ttest
for within and between comparisons, and one-way
analysis of variance (ANOVA) was performed to
determine time-interval differences between the groups.
A repeated-measures ANOVA was performed to deter-
mine the mean cytokine values at different time points.
Pairwise multiple comparison analysis was performed
with the Tukey post hoc test. A Pearson correlation
coefficient test was performed to evaluate the correla-
tion between the tooth movement and cytokine levels.
Statistical significance was set as P < .05.

RESULTS

The results of the Student #test showed that the rate
of canine tooth movement was higher in the study
group than the control group at all time points, and the
total movement was significantly higher in the study
group (6.06 = 0.29) than the control group (3.89 =
0.34) (P < .001). The results of the ANOVA showed
that the mean movement increased significantly in
weeks that the i-PRF was applied (P < .001) (Table 1;
Figure 1).

According to the within-group comparison, none of
the mean cytokine values showed any significant
differences between the distal and mesial sides of
the teeth, in both groups and at all time points (P >
.05). A repeated-measures ANOVA was performed to
compare the mean cytokine values among the three
time points according to tooth and surface, and
significant differences were found (Tables 2 through
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Table 2. Comparison of IL-1f Levels in GCF Samples at Each Time Point*
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Time Points
Inflammatory Marker: IL-13 TO, Mean = SD T1, Mean = SD T2, Mean = SD P Value®

Study group mesial (n = 20) 20.33 = 7.72" 92.85 = 14.54v 60.71 + 22.69" <.001
Study group distal (n = 20) 20.20 * 7.54 93.02 = 14.73" 61.35 + 21.68 <.001

P value® NS NS NS
Control group mesial (n = 20) 20.98 + 8.00" 39.79 + 15.32* 30.50 + 12.31¢ <.001
Control group distal (n = 20) 20.86 + 7.80" 4011 = 1414 31.02 + 11.957 <.001

P value® NS NS NS

P value® NS <.001 <.001

P value® NS <.001 <.001

@ GCFindicates gingival crevicular fluid; IL-16, interleukin-1p; NS; not significant; SD; standard deviation.

° A repeated measure analysis of variance according to each tooth and surface between the time points.

° Student t-test results for comparison of mesial and distal surfaces at each time point.

¢ Student ttest results for comparison of tooth 13 and tooth 23 according to mesial surfaces at each time point.
¢ Student ttest results for comparison of tooth 13 and tooth 23 according to distal surfaces at each time point.
vwxyz Different small letters in each row indicate statistically significant difference between the groups.

5; Figure 2). Pairwise comparisons showed that the
mean IL-13, MMP-8, and RANKL values were signif-
icantly higher at T1 and T2 than TO; the mean values
were also significantly higher at T1 than T2 in both
groups (P < .001; Tables 2 through 4). The mean OPG
values were significantly lower at T1 and T2 than TO,
and the mean values were significantly lower at T1
than T2 in both groups (P < .001; Table 5). According
to the between-group comparison, none of the mean
cytokine values showed any significant differences at
TO (P>.05; Tables 2 through 5). In the study group, the
mean IL-13, MMP-8, and RANKL values were signif-
icantly higher (P < .001), while the mean OPG values
were significantly lower (P < .05) at T1 and T2. A
Pearson correlation coefficient test showed a positive
correlation between cytokine levels and acceleration of
orthodontic tooth movement (P < .0001; Table 6).

DISCUSSION

In this split-mouth study, i-PRF was applied in the
study groups to shorten the duration of treatment in

patients treated with extractions. Analysis of the results
demonstrated that i-PRF stimulated the expression of
inflammatory cytokines, which indicated osteoclastic
activity and an increased rate of tooth movement.
During the total follow-up period, the canine experi-
enced nearly twice as much movement on the study
side than the control side.

To reduce treatment time, many techniques have
been described in the literature to accelerate tooth
movement based on the regional acceleratory phe-
nomenon. 3479-1420-242728 Gurgically assisted approach-
es have been found most effective, but these
procedures are invasive, are uncomfortable for the
patient, can have consequent side effects (alveolar
bone loss can occur in the target teeth), require the
intervention of another specialist, and have higher
costs.3713142728 Therefore, none are used routinely in
orthodontic practices.

The use of platelet concentrations that secrete a
wide variety of proteins and growth factors has
increased to accelerate tissue healing and regenera-
tion in different fields of medicine and dentistry.'>"°

Table 3. Comparison of MMP-8 Levels in GCF Samples at Each Time Point®

Time Points

Inflammatory Marker: MMP-8 TO, Mean = SD T1, Mean = SD T2, Mean = SD P Value®
Study group mesial (n = 20) 13.03 = 4.41v 70.88 = 15.56" 54.69 + 26.20" <.001
Study group distal (n = 20) 12.89 + 4.20" 70.58 + 15.45* 55.43 + 26.63 <.001

P value® NS NS NS
Control group mesial (n = 20) 13.03 + 4.57" 40.78 + 22.97~ 32.51 + 20.64° <.001
Control group distal (n = 20) 13.09 = 4.51v 40.29 + 21.25 33.19 + 20.39° <.001

P value® NS NS NS

P value® NS <.001 .005

P value® NS <.001 .005

* GCFindicates gingival crevicular fluid; MMP-8, matrix metalloproteinase-8; NS; not significant; SD; standard deviation.

°® A repeated measure analysis of variance according to each tooth and surface between the time points.
° Student ttest results for comparison of mesial and distal surfaces at each time point.
¢ Student t-test results for comparison of tooth 13 and tooth 23 according to mesial surfaces at each time point.
e Student ttest results for comparison of tooth 13 and tooth 23 according to distal surfaces at each time point.
vwxyz Different small letters in each row indicate statistically significant difference between the groups.
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Figure 2. Box-plot representation of cytokine-level comparisons in
GCF samples at each time point for the study and control groups.
The samples were collected from the mesiobuccal and distobuccal
side of the canine just before premolar extraction (T0), at the first
week (T1), and at the fourth week (T2) of canine distalization, for a
total of three times. According to the within-group comparison, none
of the mean cytokine values showed any significant differences
between the distal and mesial sides of the teeth, in either group and
at all time points (P > .05). (A) Comparison of IL-1f levels. (B)
Comparison of MMP-8 levels. (C) Comparison of OPG levels. (D)
Comparison of RANKL levels.

Platelet-rich plasma (PRP) and PRF are the two main
autologous platelet concentrations, and they differ
according to their contents and methods. PRF, a
completely autologous fibrin matrix, was developed as
a second-generation platelet concentrate without the
addition of anticoagulant and additives at lower
centrifugation speeds.”'* Researchers have reported
that higher leukocyte proportions were obtained in the
upper layer of the tubes where i-PRF is collected with
lower centrifugation speeds, thereby stimulating the
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growth factor release.?** Applying i-PRF is an easy,
minimally invasive, repeatable, autogenous, low-cost,
and complication-avoiding procedure.'®'9243" Recently,
an in vivo study showed that a new formulation of PRF
(A-PRF, i-PRF) had a gradual release of growth
factors, up to about 1 weeks, and stimulated signifi-
cantly higher growth factor release over time.*® For
these reasons, in this study we preferred to apply i-
PRF to shorten treatment time, through an increase in
tooth movement.

Regarding orthodontic treatment, although some
experimental and clinical studies have pointed to the
positive effects of PRP,*2%2'2* gthers did not report any
positive effect.?>*®* Animal-based studies**°*' showed
that different concentrations of PRP accelerated
orthodontic tooth movement. In a clinical study,
Tehranchi et al.** demonstrated that PRF (membrane
form) accelerated orthodontic tooth movement. In
contrast, Akbulut et al.?? reported no effect of PRP on
orthodontic tooth movement in an animal-based study.
In the current study, i-PRF demonstrated a significant
increase in the rate of canine tooth movement. The
positive effect of i-PRF on the rate of tooth movement
started in the first week and was seen throughout the
follow-up period.

Bone density can play a significant role in the rate of
tooth movement. Alikhani et al.® reported that bone
density was related to patient age, rate of osteoclast
recruitment, or activation. To eliminate the effect of age
on the rate of tooth movement, only adults between 18
and 24 years old were selected for the current study.
Also, a split-mouth design was used to limit the effect of
individual variations in response to i-PRF. Extraction of
the teeth can increase the activity of inflammatory
markers, which could obscure the effect of i-PRF. To
minimize this possibility, tooth extractions were per-
formed at the same time in the study and control groups.

The inflammatory marker findings of the study
demonstrated that the level of cytokines changed in
both groups 1 week after the first application of i-PRF
and 2 weeks after the second application of i-PRF. IL-
1B, MMP8, and RANKL values increased significantly
in the study group compared with the control group,
while the OPG values decreased significantly. OPG
inhibits osteoclast differentiation by binding to RANKL.
These cytokines play significant roles in reinforcing and
activating osteoclast precursor cells. Increased release
of these factors is accompanied by higher osteoclast
activation and therefore a higher rate of tooth move-
ment.>” Periodontal ligament cells can regulate osteo-
clastogenesis by reverse mechanisms with stimulation
of resorptive activity by RANKL and inhibition by OPG.
Kanzaki et al.**** demonstrated that compressive force
increased the production of RANKL and decreased that
of OPG in human periodontal ligament cells. Addition-
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Table 4. Comparison of RANKL Levels in GCF Samples at Each Time Point*
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Time Points

Inflammatory Marker; RANKL TO, Mean = SD T1, Mean = SD T2, Mean = SD P Value®
Study group mesial (n = 20) 30.49 + 21.34 150.23 = 35.46" 120.93 + 29.68" <.001
Study group distal (n = 20) 30.30 = 21.60" 149.40 + 36.42" 121.06 + 29.34 <.001

P value® NS NS NS
Control group mesial (n = 20) 30.28 = 21.41v 62.90 + 29.13* 52.23 + 20.65* <.001
Control group distal (n = 20) 30.46 = 21.70" 63.02 *+ 28.37* 53.01 + 20.567 <.001

P value® NS NS NS

P value® NS <.001 <.001

P value® NS <.001 <.001

@ GCFindicates gingival crevicular fluid; NS; not significant; RANKL, receptor activator of nuclear factor kappa-light-chain-enhancer of activated

B cells ligand; SD; standard deviation.

° A repeated measure analysis of variance according to each tooth and surface between the time points.

© Student t-test results for comparison of mesial and distal surfaces at each time point.

¢ Student ttest results for comparison of tooth 13 and tooth 23 according to mesial surfaces at each time point.
e Student ttest results for comparison of tooth 13 and tooth 23 according to distal surfaces at each time point.
vwxyz Different small letters in each row indicate statistically significant difference between the groups.

Table 5. Comparison of OPG levels in GCF samples at each time point

Time Points
Inflammatory Marker: OPG TO, Mean = SD T1, Mean = SD T2, Mean = SD P Value®

Study group mesial (n = 20) 1.03 = 0.46" 0.50 + 0.34" 0.61 *= 0.29 <.001
Study group distal (n = 20) 1.03 = 0.46" 0.51 = 0.33" 0.62 = 0.29¥ <.001

P value® NS NS NS
Control group mesial (n = 20) 1.02 = 0.42" 0.80 = 0.33* 0.88 = 0.40* <.001
Control group distal (n = 20) 1.03 = 0.41v 0.79 + 0.33¢ 0.87 =+ 0.41¢ <.001

P value® NS NS NS

P value® NS .007 .018

P value® NS .010 .029

# GCFindicates gingival crevicular fluid; OPG< osteoprotegerin; NS; not significant; SD; standard deviation.

° A repeated measure analysis of variance according to each tooth and surface between the time points.

° Student t-test results for comparison of mesial and distal surfaces at each time point.

¢ Student ttest results for comparison of tooth 13 and tooth 23 according to mesial surfaces at each time point.
° Student ttest results for comparison of tooth 13 and tooth 23 according to distal surfaces at each time point.
vwxvz Different small letters in each row indicate statistically significant difference between the groups.

ally, they reported in another study that OPG gene
transfer to periodontal tissue inhibited RANKL-mediat-
ed osteoclastogenesis and inhibited tooth movement.
Similarly, in the current study, a low OPG level may be
related to rapid orthodontic tooth movement.

Alikhani et al.® evaluated the effect of micro-
osteoperforations(MOP) on the rate of tooth movement
and the expression of inflammatory markers. They

Table 6. Correlation Between the Tooth Movement and Cytokine
Levels in Both Groups at TO-T1*=

Study Group
(Tooth Movement)

Control Group
(Tooth Movement)

Cytokine r Value P Value r Value P Value
IL-1B 0.987 <.0001 0.917 <.0001
MMP-8 0.988 <.0001 0.989 <.0001
OPG —0.993 <.0001 —-0.968 <.0001
RANKL 0.925 <.0001 0.962 <.0001

 |L-1p indicates interleukin-1p3; MMP-8, matrix metalloproteinase-
8; OPG, osteoprotegerin; RANKL, receptor activator of nuclear factor
kappa-light-chain-enhancer of activated B cells ligand.

® Pearson correlation coefficient test.

Angle Orthodontist, Vol 91, No 3, 2021

reported that a higher level of inflammatory markers
were found in the experimental group in response to
MOPs. Baloul et al.” evaluated the effect of surgical
alveolar decortication on the rate of tooth movement
and bone resorption and formation. They reported that
alveolar decortication stimulated the RANKL/OPG ratio
where an increase in RANKL was associated with
decreased OPG which was more rapid and simulta-
neous compared to conventional tooth movement. The
current inflammatory marker findings were similar to
Alikhani et al.® and Baloul et al.,” which demonstrated
that higher cytokine levels stimulated osteoclastic
activity. In other clinical platelet-based studies, the
inflammatory markers were not examined for objective
evaluation of the rate of tooth movement. According to
the current results, i-PRF significantly stimulated the
expression of cytokines and the rate of tooth move-
ment. In this study, i-PRF was used for the first time to
clinically accelerate tooth movement. For orthodontic
purposes, i-PRF can be applied at all stages of
orthodontic treatment and is minimally invasive.
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EFFECT OF i-PRF ON THE RATE OF TOOTH MOVEMENT

CONCLUSIONS

- i-PRF-facilitated orthodontics is an effective alterna-
tive treatment method for shortening the treatment
duration required for tooth movement by stimulating
the expression of inflammatory cytokines.

- i-PRF is an easy, minimally invasive, repeatable,
totally autogenous, and low-cost procedure to accel-
erate tooth movement.
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