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Abstract

Objectives To assess the outcome of leukocyte-platelet-rich fibrin (L-PRF) on the rate of maxillary canine retraction and
its correlation with the levels of Receptor activator of nuclear factor kappa-B ligand (RANKL), osteoprotegerin (OPG), and
RANKL:OPG in the gingival crevicular fluid (GCF) during comprehensive orthodontic treatment.

Subjects and methods Eighteen females who required all 1st premolars extraction for the correction of their class I bimaxil-
lary protrusion malocclusions were included. The L-PRF plugs were placed in the experimental side 1st premolar extraction
sockets. Canine retraction was performed by sliding mechanics. Canine retraction was assessed from the maxillary study
models prepared just before the extraction (7}) and then at 1 week (7)), 2 weeks (7,), 4 weeks (73), and 8 weeks (7,) after
the 1st premolar extraction and placement of L-PRF plugs. The concentrations of RANKL and OPG in the GCF were evalu-
ated at Ty, T}, T, T, and T,.

Results In experimental sides, the amount of canine retraction was statistically more during the T\~T), T,-T,, and T,—T;
periods. The mean concentration of RANKL at T, T,, and T5 was significantly more in the experimental sides. The mean
concentration of OPG was significantly less in the experimental sides at T, T3, and 7,. The RANKL:OPG was significantly
more in the experimental sides at T, T,, T3, and T,. No significant correlation was found between amount of canine retrac-
tion and concentration of RANKL and OPG and RANKL to OPG ratio in GCF.

Conclusions The L-PRF accelerated the rate of maxillary canine retraction by 0.28 mm over an 8-week period. The L-PRF
favored the local osteoclastogenesis by enhancing the RANKL and suppressing the OPG concentrations. There was no signifi-
cant correlation between the rate of maxillary canine retraction and expression of RANKL, OPG, and RANKL:OPG in GCF.
Trial registration The Clinical Trials Registry of India (Reg. No. CTR1/2020/10/028390, Date-13.10.2020).
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Introduction

Orthodontic tooth movement involves iatrogenically
induced controlled inflammation in the periodontal lig-
ament and alveolar bone allowing subsequent healing
process [1]. Following the application of orthodontic
force, there is an alterations of blood circulation in the
periodontal microvascular region [1]. The changes in
the periodontal microvascular result release of various
inflammatory mediators such as cytokines, interleu-
kins, growth factors, colony-stimulating factors, ara-
chidonic acid metabolites, and neurotransmitters [1].
These inflammatory mediators play a crucial role in the
remodeling of periodontal ligament and alveolar bone
and influence the rate of orthodontic tooth movement
(OTM) [1]. The duration of comprehensive orthodontic
treatment is usually 24-28 months in adults and pri-
marily depends on the rate of OTM [2]. Long treatment
duration results in many complications like development
of white spot lesions, root resorption, gingivitis, and
poor patient compliance [3]. Thus, various invasive and
non-invasive modalities have been attempted to reduce
the duration of orthodontic treatment by accelerating
the rate of OTM.

Invasive modalities, like micro-osteoperforation [4],
piezocision [5], piezopuncture [6], corticision [7], peri-
odontally accelerated osteogenic orthodontics [8], den-
toalveolar distraction [9], and periodontal ligament dis-
traction [10] utilize the regional acceleratory phenomenon
for increasing the rate of OTM. Although these invasive
methods are termed as minimally invasive surgical proce-
dures, they do carry side effects like decrease in alveolar
bone density, alveolar bone resorption, poor status of peri-
odontal health, and post-treatment root resorption [11].
Thus, to avoid various complications of invasive modali-
ties, non-invasive modalities like the application of direct
electric current stimulation [12, 13], vibration [14], low-
dose laser therapy [15], and drugs like prostaglandin [16],
relaxin [17, 18], and vitamin D injection [19] have been
tried to accelerate OTM. However, the success of these
non-invasive modalities is inconsistent [17, 18].

Currently, blood concentrates like platelet-rich plasma
(PRP) [20, 21] and platelet-rich fibrin (PRF) [22-27] are
used as non-invasive modality to accelerate the OTM. The
leukocyte-platelet-rich fibrin (L-PRF) has been termed as
the second-generation platelet concentrate. The L-PRF
composed of a 3-dimensional fibrin matrix that traps a
variety of blood cells. The L-PRF is enriched with autolo-
gous platelets, growth factors, cytokines, and leukocytes
that direct the various cells in local tissue remodeling
by promoting extracellular matrix synthesis, cell prolif-
eration and differentiation, angiogenesis, and chemotaxis
[28]. Receptor activator of nuclear factor kappa-B ligand

@ Springer

(RANKL) and osteoprotegerin (OPG) are biomolecules
of osteoblastic origin that regulate the osteoclastogenesis
and bone resorption in both physiologic and pathologic
conditions [29]. During the OTM, RANKL is expressed
on the compressed side of the teeth and plays a crucial role
in regulating bone remodeling [30]. The RANKL and its
equivalent receptor RANK are protein ligands that share
homology with the tumor necrosis factor (TNF) receptor
superfamily. The interaction between RANKL and RANK
is controlled by the soluble decoy receptor OPG, which is
released by cells of the osteoblastic family and functions
as a competitive inhibitor of RANKL [30]. The RANKL is
present on the surface of osteoblasts, and it triggers osteo-
clastogenesis by binding to RANK, which is a transmem-
brane protein receptor located on osteoclast progenitors
and osteoclasts [30]. Thus, the ratio of RANKL to OPG
controls osteoclastogenesis. These RANKL and OPG are
readily expressed in the gingival crevicular fluid (GCF)
and can be correlated with the active OTM. Tehranchi
et al. [22] and Nemtoi et al. [23] reported faster extraction
space closure following the placement of L-PRF in the
extraction socket. Karakasli et al. [24] noticed that inject-
able-platelet-rich fibrin (i-PRF) could increase the rate of
maxillary incisor retraction and recommended its use to
enhance the orthodontic tooth movement. However, Reyes
et al. [25] observed decreased rate of canine retraction in
young adults following L-PRF application, giving a con-
tradictory opinion. Recently, Barhate et al. [26] reported
very minimum beneficial effect of L-PRF on OTM. Thus,
the present study was conducted to evaluate the efficacy
of L-PRF on the rate of maxillary canine retraction and
validate it by identifying levels of RANKL and OPG in
the GCF.

Materials and methods
Trial design

The present study was a single-center, randomized controlled
trial with a split-mouth design having 1:1 allocation ratio.
The study was approved by the Institute Ethical Committee
(IEC No. IEC/AIIMS BBSR/PG THESIS/2020-21/04). The
study protocol was registered at The Clinical Trials Registry
of India (Reg. No. CTR1/2020/10/028390).

Sample size

Assuming the mean difference of 1 mm (control side, 2 mm,
and experimental side, 3 mm) in the total amount of tooth
movement between the sides, 0.75 mm as standard devia-
tion (SD), 95% power, 95% confidence interval, and 0.05 as
alpha error, a sample size of 15 in. each side was calculated.
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Considering the 20% loss to follow-up, the sample size in
each side was inflated to 18. Open Epi version 3, an open-
source calculator, was used for sample size calculation.

Participants, eligibility, and settings

Participants were recruited from the Orthodontic Clinic, at
the Dental Surgery OPD (January 2021 to March 2022) at
All India Institute of Medical Sciences, Bhubaneswar, India.
Eighteen female subjects of age within 18-25 years having
class I bimaxillary dentoalveolar protrusion malocclusion
and normo-divergent growth pattern (FMA, 20-28°) were
screened initially to fulfil inclusion and exclusion criteria
to enroll them in the study. All the subjects had minimum
crowding or spacing (<5 mm) in maxillary and mandibu-
lar arches, full complement of teeth except 3rd molars, and
good oral hygiene (probing depth <3 mm, gingival index
score < 1). All subjects required 1st premolars extraction for
the correction of their malocclusions.

Subjects who had history of comprehensive orthodon-
tic treatment, failed to maintain good oral hygiene during
the study period, were taking any medications for systemic

illness, on NSAID, with metabolic disorder or syndrome
affecting calcium and phosphate metabolism, known blood
disorders like thrombocytopenia and leukopenia, and preg-
nant women were excluded from the study. An informed
written consent was obtained from each eligible participant.

Randomization and blinding

In each subject, the allocation of control and experimen-
tal sides (right vs. left) was done using a computer random
number generator software (Microsoft Excel, Microsoft,
Washington, USA). The patient allocation and their follow-
up process during the study period are mentioned in Fig. 1.
The outcome assessor was blinded during study model and
biochemical assessment stages.

Intervention

The same orthodontist (BKV) provided orthodontic treat-
ment for all subjects. Pre-welded bands were placed on
first and second molars. Standard edgewise 0.018" (Ameri-
can Orthodontics, WI, USA) brackets were used in all the

Assessed for eligibility
(n=18)

Excluded (n=0)

‘ Enroliment (n=18)

‘ Not meeting inclusion criteria (n=0)
—

Refused to participate (n=0)
Other reasons (n=0)

Randomization for side allocation
(n=18)

Allocation of control sides (n=18)
(Right Vs. Left)
Received no treatment on right side (n=9)
Received no treatment on left side (n=9)

!

Follow-up for the evaluation of rate of
canine retraction and concentration of

Side allocation

l

Allocation of experimental sides (n=18)
(Right Vs. Left)
Received treatment on right side (n=9)
Received treatment on left side (n=9)

l

Follow-up for the evaluation of rate of canine
retraction and concentration of RANKL &

RANKL & OPG in control sides (n=18)

Follow-up

l subjects

OPG in experimental sides (n=18)

I

Lost to follow-up (n=2)
Discontinued treatment (n=0)

l

Analysed (n=16)
Excluded from analysis (n=0)

Lost to follow-up (n=2)
Discontinued treatment (n=0)

|

Analysed (n=16)
Excluded from analysis (n=0)

Fig.1 CONSORT flow diagram showing patient allocation and their follow-up process
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subjects. Levelling and alignment of the maxillary arch were
carried out followed by atraumatic extraction of 1st premo-
lars under local anesthesia (2% lignocaine hydrochloride
with adrenaline bitartrate (1:80,000)).

Prior to the extraction of maxillary 1st premolars, 10 ml
of intravenous blood was collected in a plain centrifuga-
tion tube and centrifuged at a speed of 2700 rpm for 12 min
[31]. After centrifugation, 3 segments were observed. The
L-PRF plug was removed with the help of sterile tweezers
and separated by dissecting it approximately 2 mm below
the junction of the middle and lower layers with the help of
no. 15 BP blade. The L-PRF plug was immediately placed
on the experimental side 1st premolar extraction socket and
secured in place with the help of 3-0 silk sutures. A ster-
ile gauze pack was placed over the socket, and patient was
asked to bite on it gently. On the control side, 1st premolar
was extracted atraumatically with the help of extraction for-
ceps, and a sterile gauze pack was placed over the socket.
Same post-extraction instructions were given to all the sub-
jects. For post-extraction pain, acetaminophen (500 mg)
tablet was prescribed for moderate to severe pain.

Individual canine retraction was started on experimental
and control sides by sliding mechanics on 0.016" x0.022"
stainless steel archwire by using the NiTi closed coil spring
(0.9 mm x 12 mm), delivering a force of 150 g (Koden,
Kozhikode, Kerala, India). The force exerted by NiTi-closed
coil spring was measured with the Dontrix gauge (Dentmark,
Ludhiana, India) and adjusted at each visit. The oral hygiene
instructions were reinforced to each subject in every visit.
No complications to any subject occurred during the trial.

Outcome measures
Model analysis

Canine retraction was assessed from the maxillary study
models prepared just before the extraction (7)) and then at
1 week (7)), 2 weeks (T,), 4 weeks (T3), and 8 weeks (T,)
after the Ist premolars extraction and placement of L-PRF
plugs. Study models were scanned with Maestro 3D scan-
ner (AGE solution, S.r.1, Italy) up to an accuracy of <8 p to
obtain the 3D model stereolithography (STL) file. The max-
illary 3D model STL file was uploaded to Dolphin Imaging
11.95 Premium software (Dolphin Imaging & Management
Solutions, Chatsworth, CA, USA) to assess maxillary canine
retraction. A pair of 3D digital models (representing two
particular time-points of the study) were loaded in the soft-
ware, of which one was fixed, and the other was the mov-
ing model (Fig. 2A). The moving visualization surface of
the 3D model was added to the baseline fixed model, and
registration was done using the medial points of the third
palatal rugae and the incisive papilla as reference land-
marks (Fig. 2B) [32]. The best fit of the superimposition was
evaluated by a color map with a spectrum of colors on the
3D digital models with two models used independently to
determine the antero-posterior displacements of the canines
(Fig. 2C) [32]. The amount of canine retraction on both sides
was measured by marking the tips of canines in the pre- and
post-models. The distance between the canine tips was eval-
uated 3-dimensionally, using the landmark plotting method,
which was marked on X-axis at the tips of canines in pre and

Fig.2 Steps for the evaluation of maxillary canine retraction. Loading of fixed and moving models in the software (A), registration of fixed and
moving models (B), and best fit superimposition of models for the determination of antero-posterior displacement of the canines (C)
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post-models. These were also checked in Y- and Z-axes to
improve plotting reliability.

Collection of GCF

In both experimental and control sides, the GCF was col-
lected from the distal side of gingival sulcus of maxillary
canines at Ty, T, T, T3, and T, with the help of calibrated
volumetric microcapillary pipettes having graduated mark-
ings (Accupipette T-10, Tarson, Kolkata, India). Adequate
isolation was ensured with cotton rolls, and the sulcus was
air dried by gentle strokes of compressed air. The micro-
capillary pipette was inserted gently at the gingival crevice
and five microliters of GCF was collected as suggested by
Griffiths (2000) [33]. Collected GCF was diluted by adding
245 ul of phosphate buffer solution (pH 7.4) and stored at
—80 °C until biomarker assessment.

Assessment of biomarkers in GCF

The assessment of RANKL and OPG in the GCF was done
by the enzyme-linked immunosorbent assay (ELISA). The
kits of commercially available human RANKL and OPG
ELISA kits (Cat. No. EO620Hu, BT lab, Shanghai, China)
were used for the assessment according to the manufactur-
er’s guidelines. The minimum detection limit for RANKL
and OPG was 0.075 ng/ml and 0.023 ng/ml, respectively.
Duplicate standard points were prepared by serially dilut-
ing the standard solution. A standard of 50 pl was added to
standard wells. A 40-ul sample was added into the sample
wells. Then, 10 pl of anti-RANKL and anti-OPG antibodies
was added to the sample wells. After that, 50 ul streptavidin-
HRP conjugate was added to all standard and sample wells.
The plate was then incubated for 60 min at 37 °C. After
washing, 50 pl of substrate solutions was added to each well.
Followed by the incubation for 10 min at 37 °C in the dark,
stop solution was added and readings were taken at 450 nm
using an ELISA microplate reader (Bio Tek, Winooski,
USA). The standard curve was constructed. The concentra-
tions of RANKL and OPG in GCF samples were calculated
form the standard curve.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS, ver-
sion-24, IBM, Chicago, IL) was used for the statistical anal-
ysis. The normality in the distribution of data was identified
by using the Shapiro—Wilk test. Descriptive statistics, inde-
pendent #-test analysis of variance (ANOVA), and Pearson
correlation coefficient test were used. The P-value of 0.05
was considered as the level of statistical significance.

Results

Thirty-six extraction sockets in 18 subjects were randomly
allocated to experimental and control sides of 18 each.
Two subjects were lost to follow-up due to COVID-19
lockdown, and the remaining 16 subjects were followed
till the end of study period. The CONSORT flow diagram
is shown in Fig. 1.

At the beginning of study, the mean age of the sub-
jects was 21.93 + 1.73 years. The details of cephalometric
dento-skeletal parameters at the beginning of orthodon-
tic treatment and hematological parameters of the sub-
jects at the time of L-PRF preparation are described in
Table 1. The mean gingival index score of the subjects
was 0.34+0.11,0.42+0.12,0.52+0.11, 0.63 +£0.16, and
0.68+0.17 at Ty, T}, Ty, T, and T, respectively. The mean
probing depth of the gingival sulcus at T, T}, T,, T3, and
T,was 1.77+0.41 mm, 1.98+0.29 mm, 2.06 +0.57 mm,
2.10+0.29 mm, and 2.10+0.57 mm, respectively.

The details of canine retraction are described in Table 2.
During the first (Ty—T,) and second (7,-T,) weeks, the
canine retraction was 0.06 mm (P <0.05) and 0.12 mm
(P<0.01) more in the experimental sides. During next
2 weeks (T,—T3), there was only 0.04 mm more canine
retraction in the experimental sides (P =0.38). The amount
of canine retraction during 75—T, period was comparable
between two sides (P =0.204). During 8 weeks (7,,-7,) of
follow-up, the canine retraction was 0.28 mm more in the
experimental sides (P <0.01).

The change in the RANKL concentrations during study
period is highlighted in Table 3. At baseline, the mean
concentration of RANKL was comparable between two
sides. At T, the concentration increased by 2.80+2.54 pg/
pg and 9.55 +5.48 pg/pg in the control and experimental
sides, respectively (P=0.001). From T, to T,, the con-
centration of RANKL increased marginally on both the
sides. At T3, the concentration of RANKL decreased from
its T, value by 0.87 +2.70 pg/pg on the control side and
3.36 +3.01 pg/pg on the experimental side (P =0.020).
At T,, the concentration of RANKL decreased further to a
level of 51.26 +3.39 pg/pg and 53.05 +2.60 pg/pg on the
control and experimental sides, respectively.

The changes in the concentration of OPG at various
time intervals of observation are shown in Table 3. At
T,, the concentration of OPG was 92.44 +6.61 pg/pg and
93.28 + 8.67 pg/ng on the control and experimental sides,
respectively. The concentration decreased on both sides at
T,, T,, T3, and T, and the difference between the control
and experimental sides was significant at 7, (P=0.016),
T; (P=0.020), and T, (P=0.023). At the beginning
of study (7,), the RANKL:OPG ratio was 0.52 +0.05
and 0.53 +0.05 in. the control and experimental sides
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Table 1 Details of
cephalometric dento-skeletal

and hematological parameters
among studied subjects

Parameters Mean +SD
Cephalometric parameters SNA (°) 81.31+1.70
SNB () 79.18 +1.42
ANB () 2.12+0.88
FMA () 23.62+1.54
U1-SN (") 117.86+6.43
U1-NA (mm) 8.53+2.56
U1-NA (©) 30.12+6.79
IMPA () 110.25+2.82
L1-NB (mm) 8.63+2.41
LI1-NB (°) 35.77+5.94
Hematological parameters Hemoglobin (g/dl) 13.72+1.08
Total RBCs count (million/mm?) 457+0.42
Total leukocyte count (X 10°*/mm°) 8.31+0.88
Total platelet count (X 10°*/mm°) 346.75+48.47
Neutrophils (%) 62.44 +3.87
Lymphocytes (%) 29.50+2.73
Eosinophils (%) 3.18+1.67
Monocytes (%) 3.75+1.29
Basophils (%) 0.93+0.77

Table 2 The amount of canine retraction in control and experimental
sides at different time intervals of observation

Different time Sides Amount of canine  Comparison

intervals of obser- retraction (mm) (P-value)

vation Mean +SD

Ty-T, Control 0.20+0.06 0.035*
Experimental 0.26+0.07

T-T, Control 0.29+0.04 0.001%**
Experimental 0.41+0.05

T,-T; Control 0.56+0.10 0.038*
Experimental 0.60+0.07

T,-T, Control 0.96+0.07 0.204N8
Experimental 1.02+0.13

Ty-T, Control 2.01+0.30 0.001%*

Experimental 2.29+0.19

NS non-significant, 7, prior to the beginning of canine retraction,
T, 1 week after the beginning of canine retraction, 7, 2 weeks after
the beginning of canine retraction, T 4 weeks after the beginning of
canine retraction, 7, 8 weeks after the beginning of canine retraction

“P<0.05; **P<0.01

(Table 3). At T, T,, T3, and T,, the ratio increased on
both the sides being significantly more in the experimental
sides (P <0.01).

There was no statistically significant correlation
between amount of canine retraction and the concentra-
tions of RANKL, OPG, and RANKL to OPG ratio in the
GCF (Table 4). There was a negative correlation between
RANKL to OPG ratio with the amount of canine retraction
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in control sides, but the correlation was positive in experi-
mental sides.

Discussion

Long treatment duration is a major concern for patients and
orthodontists. Various invasive and non-invasive approaches
have been tried to enhance the rate of OTM. Recently, blood
concentrates like PRP and PRF have been used to acceler-
ate OTM. However, studies evaluating the effect of L-PRF
on the rate of tooth movement show contradictory results
[22-26]. In the present study, we observed faster canine
retraction during first 4 weeks following the L-PRF place-
ment showing its beneficial effects on rate of OTM. We
noticed a peak in the tooth movement during the second
week of observation. The increased rate of tooth movement
may be due to faster bone remodeling by the L-PRF. After
4 weeks, the L-PRF had no effect on the tooth movement.
This could be due to the degradation of the L-PRF plug
[34]. We observed 0.28 mm of extra tooth movement over a
period of 8 weeks. Similar to our observation, Barhate et al.
[26] reported 0.35 mm extra tooth movement over a period
of 8 weeks. However, Tehranchi et al. [22] reported 0.38 mm
of more tooth movement following the L-PRF placement
over a 16-week period. In contrast to previous studies, Reyes
et al. [6] noted a decreased rate of tooth movement follow-
ing L-PRF placement. They explained that neo-angiogenesis
and bone remodeling properties of L-PRF reduced rate of
tooth movement.
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Table3 Comparison of levels Various time Sides RANKL concentration OPG concentration RANKL/OPG ratio
of RANKL.’ QPG’ and RANKL points of obser- (pg/ul) (pg/ul)
to OPG ratio in control and vation
experimental sides at different Mean+SD  P-value Mean=+SD P-value Mean+SD P-value
time points of observation
T, Control 48.23+3.23 0.550™ 92.44+6.61 0.7608 0.52+0.05 0.847"S
Experimental 48.88+2.83 93.28 £8.67 0.53+£0.05
T, Control 51.03+3.95 0.001** 88.97+6.19 0.193N 0.58+0.06 0.002%*
Experimental 58.43+6.20 84.84+10.75 0.70£0.13
T, Control 53.36+3.74 0.002** 8532+5.81 0.016% 0.63+2.69 0.001%**
Experimental 59.50+6.19 77.60+10.68 0.78+0.13
T; Control 52.49+297 0.010* 83.88+5.31 0.020* 0.62+0.05 0.001%**
Experimental 56.14+4.38 76.65+10.50 0.74£0.11
T, Control 51.26+3.39 0.104 83.83+6.23 0.023* 0.61+£0.06 0.005%*
Experimental 53.05+2.60 77.41£8.70 0.69+0.08

NS non-significant, T}, prior to the beginning of canine retraction, 7; 1 week after the beginning of canine
retraction, 7, 2 weeks after the beginning of canine retraction, 7; 4 weeks after the beginning of canine
retraction, 7, 8 weeks after the beginning of canine retraction

*P<0.05; *P<0.01

Table 4 Correlation between amount of canine movement and concentrations of RANKL, OPG, and RANKL:OPG in GCF between various

time intervals of observation

Sides Amount of canine retraction between dif- Concentration of RANKL, OPG and RANKL:OPG
ferent time intervals of observation
RANKL OPG RANKL:OPG
R-value P-value R-value P-value R-value P-value
Control Ty-T, -0.28 0.28N8 -0.40 0.88N5 -0.23 0.38NS
Ty-T, -0.06 0.98N8 0.57 0.83N5 -0.08 0.74N8
ToT; -0.08 0.97N8 0.16 0.54N8 -0.02 0.44N8
Ty-T, -0.10 0.70N8 0.21 0.43N8 -0.25 0.33N8
Experimental T-T, 0.84 0.76N8 0.54 0.84N5 0.14 0.59N8
Ty-T, 0.26 0.32N8 0.15 0.58N5 0.14 0.60NS
TyT; 0.42 0.11N8 0.58 0.19N5 0.01 0.98NS
Ty-T, 0.22 0.41N8 0.39 0.13N 0.27 0.92N8

NS non-significant, 7, prior to the beginning of canine retraction, 7; 1 week after the beginning of canine retraction, 7, 2 weeks after the begin-
ning of canine retraction, T’; 4 weeks after the beginning of canine retraction, 7, 8 weeks after the beginning of canine retraction

The blood concentrates are a good source of various
growth factors, thus play an important role in the cell pro-
liferation and differentiation during tissue regeneration [35].
During orthodontic tooth movement, the bone homeostasis
is maintained by the co-ordination between osteoblasts and
osteoclasts. The application of orthodontic force leads to
release of various cytokines. The cytokine interleukin-1f
participates in the acute phase of cellular response to induce
bone resorption through increased regulation by RANKL
[36]. The RANKL facilitates the maturation of osteoclast
precursors into mature osteoclasts, and this process is inhib-
ited by osteoblastic production of OPG [36].

In the present study, we observed more expression of
RANKL up to 8 weeks following the placement of L-PRF.
The peak expression of RANKL was at 4 weeks. This

increase could be due to the slow and sustained release of
growth factors and pro-inflammatory cytokines from the
L-PRF plug. The L-PRF plug helps retain the expressed
RANKL in the local microenvironment where osteoclas-
togenesis is required. This process continues until L-PRF
gets degraded in microenvironment [34]. Similar to our
observation, Angel et al. also noted increased RANKL levels
up to 42nd day following injection of PRP and 150 g force
application for canine retraction [21]. We noted reduced
expression of OPG during all the observation time points in
both sides but the reduction was more marked in the L-PRF
placement sides. From the second week of follow-up, there
was a significant fall in the OPG levels in the experimental
sides compared to the control sides, which continued till
8 weeks of observation. The decrease in concentration of
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OPG was maximum at 2 weeks on the L-PRF sides sug-
gesting maximum suppression of osteoblastic activity. The
late drop in the levels of OPG might be due to the anabolic
effect of OPG, which is expressed after the catabolic effect
of pro-inflammatory cytokines [37]. Similar to our obser-
vation, Angel et al. [21] also observed significantly less
concentration of OPG at 7th and 30th days after injection
of PRP. The ratio of RANKL to OPG at the distal sides of
canines remained high on both sides till the end of 8 weeks,
but it was significantly more on the L-PRF placement sides
suggesting more bone resorption. At the end of 2 weeks,
the ratio of RANKL to OPG was maximum indicating peak
bone metabolism. Although the ratio of RANKL to OPG
increased dramatically reflecting a rise in RANKL and
indicating increased bone metabolism, we did not find any
significant correlation between amount of tooth movement
with the levels of RANKL and OPG in the GCF. However,
the placement of L-PRF had a positive correlation between
the amount of canine retraction and RANKL to OPG ratio.
Kawasaki et al. [38] also did not find any significant correla-
tion between levels of RANKL and OPG in the GCF with the
speed of tooth movement. Another study by Barhate et al.
[26] also did not find any significant correlation between rate
of OTM and levels of interleukin-1f and tumor necrosis fac-
tor in GCF following the placement of L-PRF plugs.

Although a statistically significant increase in the rate
of OTM was observed following L-PRF placement, it was
not clinically effective in reducing the overall duration of
comprehensive orthodontic treatment. Thus, L-PRF should
be used with caution to accelerate OTM. The present study
did not show any significant correlation between the rate of
canine retraction and the concentration of RANKL and OPG
in GCF. Further study should be planned to determine if any
correlation exists between the rate of canine retraction and
the expression of various biomarkers in GCF. A multi-cen-
tric study involving a wider number of subjects with a lower
risk of selection and performance biases can be considered
to achieve these objectives. Blinding of the investigator or
the participants was not possible in the present study due to
the nature of the intervention.

Conclusions

The following conclusions were drawn from the present
study:

1. The L-PRF accelerated the canine retraction by 0.28 mm
over the period of 8 weeks.

2. The L-PRF favored the local osteoclastogenesis by
enhancing the RANKL and suppressing the OPG con-
centrations.

@ Springer

3. There was no significant correlation between the amount
of canine retraction and changes in the concentration of
RANKL and OPG and RANKL to OPG ratio in the GCF
following the placement of L-PRF.
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