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The principal investigator was in charge of delivering the 
intervention. A different researcher conducted the blinded 
outcome evaluation.

To reduce variability, the individuals� first premolar extractions 
were performed by the same surgeon. Brackets of 0.022 inch slots 
(MBT prescription) were used. Leveling and aligning of the arches 
were done, followed by the insertion of 0.019 × 0.025� stainless steel 
arch base archwires. Since it was a split-mouth trial, only one side 
of the maxillary arch received an injection of autologous PRP prior 
to the initiation of retraction.

Biomarker Analysis
A qualified coinvestigator used Whatman�s filter paper strips 
to collect GCF from the canine�s distobuccal sulcus on both the 
interventional side and the control side. GCF was taken twice: once 
before the start of the retraction (T0) and once 28 days afterward 
(T1). To avoid contamination, plaque, and calculus, if any, were 
removed, and isolation was performed using cotton rollers. In the 
same visit (T0), PRP was produced and administered orally after the 
first sample of GCF was collected.

Preparation of the PRP
It was produced in accordance with the guidelines recommended 
by Eric Liou. Informed consent was obtained before withdrawing 
10 mL of whole blood from the medial cubital vein. Next, 1 mL 
of 10% sodium citrate solution was added to the mixture as an 
anticoagulant. The concentration of platelets was then determined 
using 1 mL. The remaining 9 mL of blood was then subjected to 
centrifugation for 12 minutes at room temperature at 800 rpm. 
The blood was distinctly separated into three fundamental parts: 
platelet-poor plasma (PPP) at the top, the buffy coat, which is made 
up of platelets in the center, and RBCs at the bottom.

After removing the RBCs, the residual buffy coat and PPP were 
centrifuged once more for 8 minutes at 2700 rpm. Most of the PPP 
was eliminated after the second centrifugation, leaving just 2 mL, 
which was combined with the buffy coat to create PRP. This had a 
lot of platelets, few WBCs or RBCs, and anticoagulants. Immediately 
following preparation, 1 mL of this solution was injected at the 
target location, which was on the intervention side�s buccal and 
palatal side distal to the maxillary canine (Fig. 1).

Calculation of the platelet concentration to determine the 
platelet fold (platelet count in PRP/platelet count in blood) was 
done using the residual PRP. Along with this, 1 mL of saline was 
administered on the control side to eliminate the possibility of 
rapid tooth movement occurring as a result of the pressure of 
the fluid on the adjacent tissues on the intervention side. The 
mandibular arch was excluded from this study in order to remove 
the influence of bone density on orthodontic tooth movement 
since the density of the cancellous bone differs in the maxilla and 
the mandible. To reduce the possibility of selection bias, the right 
and left quadrants of the maxillary arch were randomly allocated 
to the intervention group.

The retraction was started by applying a measured 150 gm 
force bilaterally to a post that was soldered anteriorly between 
the lateral incisor and canine and posteriorly between the second 
premolar and first molar (Fig. 2). To guarantee that there was no 
loss of posterior anchorage temporary anchorage devices were 
applied in each case.

Patients were told to take acetaminophen if they experienced 
any pain following an injection. Nonsteroidal anti-inflammatory 

employed. Surgically aided methods include periodontal ligament 
distraction,7,8 periodontally accelerated osteogenic orthodontics,9,10 
corticision,11 microosteoperforation,12 and piezocision.13

Even though intrusive procedures have been shown to be the 
most successful at expediting tooth movement, they are fraught 
with the inherent dangers of an invasive procedure. Therefore, 
these procedures have evolved over time from a radical, aggressive 
approach to a more conservative strategy. However, as has been 
previously demonstrated experimentally, a slight trauma to the 
bone may not be sufficient to provide an effective and long-lasting 
impact on the alveolar bone to accelerate orthodontic tooth 
movement. An alternative would be a local injection of cytokines 
or hormones, but due to their systemic effects and requirement for 
regular injections, it is not recommended.

Eric Liou recently proposed the suggestion that platelet-rich 
plasma (PRP) can be utilized to mitigate these side effects.14 PRP 
consists of 94% platelets, 5% red blood cells (RBCs), and 1% white 
blood cells (WBCs) in a small amount of plasma and is a rich source 
of growth factors. These factors are known to regulate several key 
cellular events, and therefore, it was hypothesized that PRP could be 
successfully used to enhance the rate of orthodontic tooth movement.

Even though several in vitro and in vivo studies have examined 
and observed the acceleratory effect of PRP on orthodontic tooth 
movement,15,16 there is no published literature on the correlation 
between PRP and the expression of inflammatory markers. 
Therefore, the purpose of this study was to determine how PRP 
influences the three biomarkers known to be crucial in orthodontic 
tooth movement, namely IL-1, IL-6, and TNF.

MaT E R ia  L S a N D ME T H O D S
�	 Study setting: This trial was carried out at the Department of 

Orthodontics of the host institute upon receiving approval from 
the Institutional Ethics Committee (MCODS/198/2017).

�	 Study design: It was a split-mouth, single-blinded, randomized 
controlled trial (RCT) registered with the Clinical Trials Registry 
of India (CTRI: CTRI/2017/12/010870). The trial was done 
in accordance with the 2013 revisions to the 1975 Helsinki 
Declaration criteria. All participants signed an informed 
consent form following a thorough description of the study�s 
components.

�	 Study population and sample size: A sample size of 20 was 
determined for a 95% confidence interval and a power of 80%.

�	 Inclusion criteria: The research comprised participants who 
had been scheduled to receive fixed mechanotherapy along 
with extraction of their first premolars and had a permanent 
dentition, were of either gender, between the ages of 16 and 
25, and presented with bimaxillary dentoalveolar protrusion 
with crowding of <4 mm.

�	 Exclusion criteria: We excluded those who had a periodontally 
impaired dentition, a history of fixed orthodontic treatment, 
smoking, or alcohol abuse, or who had any blood dyscrasias.

Examining participants and assessing their eligibility was under 
the purview of the primary investigator. A total of 23 participants 
were initially sought for this study; however, three were dropped 
because they missed their scheduled appointments.

The intervention was carried out using block randomization, 
and allocation concealment was accomplished by employing 
opaque, sequentially numbered sealed envelopes that were created 
prior to the trial�s start.
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statistically insignificant (p-value: 0.011), with a difference of 
0.245 (Table�2).

Tumor necrosis factor-� (TNF-�) levels were found to be higher 
on the intervention side at T0 by 0.447 compared to the control, 
which was statistically significant with a p-value of 0.024. At T1, it 
was discovered that the intervention side levels were greater than 

medicines were not administered to prevent any neutralizing 
effects. According to the CONSORT standards, the trial�s patient 
recruitment and flow are depicted in (Flowchart 1).17

Statistical Analysis
The paired t-test was used to compare intergroup variations for 
biomarker expression. Statistical Package for Social Sciences version 
27 was used for the analysis of data.

RE S U LTS
A total of 23 participants with a mean age of 19.8 – 8 years were 
included in this split-mouth RCT. Three participants were not 
included because they missed appointments on a frequent basis.

Table�1 depicts the characteristics of the initial sample.
Interleukin 1� (IL-1�): The intervention side�s mean values were 

higher at T0, with a difference of 0.54 that was statistically significant 
with a p-value of 0.01. The intervention side was shown to have 
higher mean levels at T1 as well, which was statistically significant 
with a p-value of 0.001 (Table�2).

Interleukin 6 (IL-6): At T0, it was discovered that the intervention 
side�s mean values were higher than the control side�s, with a 
difference of 0.06 that was statistically insignificant. At T1, the 
control group�s mean value was higher, but the difference was 

Figs 1A and B: Injection of the PRP before retraction

Fig. 2:  Implant-supported retraction initiated

Flowchart 1: Patient recruitment and flow
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are fraught with problems that make them unacceptable for routine 
clinical use. Orthodontists have struggled to find a useful, minimally 
intrusive, and affordable strategy to accelerate tooth movement.

Eric Liou suggested using autologous PRP, assuming that it 
would lead to faster tooth movement since it is rich in growth 
factors. Recent research indicated that it creates a regional 
acceleratory phenomenon-like effect that forms the basis for 
accelerated orthodontic tooth movement.21 However, the 
correlation between PRP and the expression of biomarkers that 
are involved in tooth movement has not been previously studied. 
Therefore, this split-mouth study was carried out with the aim 
of evaluating its impact on the expression of three biomarkers 
of tooth movement that are found in the GCF, namely IL-1, IL-6, 
and TNF. As osteoclast production and activation are essential for 

the control side levels by 1.29, which was statistically significant 
(p = 0.002) (Table�2).

It can be concluded that PRP leads to an increased expression 
of these biomarkers in the GCF.

Di S C U S S i O N
On average, orthodontic therapy with therapeutic tooth extraction 
lasts between 24 and 30 months. Numerous prospective orthodontic 
patients forego treatment because of the prolonged treatment 
time, thereby compromising their dental health. Inflammation 
of the gingiva, decalcification, cavities, and root resorption have 
all been associated with prolonged therapy.18�20 Over the past 2 
decades, several attempts have been made to expedite orthodontic 
treatment to minimize these unwanted effects, but most techniques 

Table�1:  Baseline characteristics of patients

Pt. no. Age Gender Growth pattern
1. 22 years Female Average
2. 21 years Female Average
3. 22 years Male Vertical
4. 16 years Female Average
5. 24 years Male Horizontal
6. 16 years Female Vertical
7. 19 years Male Average
8. 18 years Male Average
9. 16 years Female Average
10. 19 years Female Vertical
11. 20 years Female Vertical
12. 16 years Female Horizontal
13. 18 years Male Horizontal
14. 20 years Female Vertical
15. 17 years Male Average
16. 18 years Male Horizontal
17. 20 years Female Vertical
18. 19 years Male Horizontal
19. 17 years Male Average
20. 18 years Female Average

Table�2:  Comparison of IL-6, IL-1�, and TNF-� levels between intervention and control at baseline (T0) and 1 month (T1) using paired t-test

N
Mean – standard 

deviation (SD)
Mean difference 

– SD t p-value
Pair 1 IL-6 (baseline) case 20 1.38 – 0.29 0.06 – 0.37 0.51 0.625

IL-6 (baseline) control 20 1.32 – 0.35
Pair 2 IL-6 (1-month) case 20 0.99 – 0.45 �0.25 – 0.44 �1.77 0.11

IL-6 (1-month) control 20 1.24 – 0.29
Pair 3 IL-1� (baseline) case 20 16.1 – 2.21 0.54 – 0.53 3.24 0.01

IL-1� (baseline) control 20 15.56 – 2.62
Pair 4 IL-1� (1-month) case 20 16.03 – 2.31 0.72 – 0.16 14.06 <0.001

IL-1� (1-month) control 20 15.31 – 2.4
Pair 5 TNF-� (baseline) case 20 16.82 – 1.25 0.45 – 0.52 2.72 0.024

TNF-� (baseline) control 20 16.37 – 1.62
Pair 6 TNF-� (1-month) case 20 18.21 – 1.69 1.29 – 0.97 4.21 0.002

TNF-� (1-month) control 20 16.92 – 1.16
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bone remodeling during orthodontic tooth movement, higher 
expression of these cytokines is crucial. Numerous clinical and 
histological research studies have demonstrated that the 1st month 
following surgical damage or the application of orthodontic force 
is when biomarker concentrations alter most dramatically.22 The 
evaluation of GCF was thus confined to one month in the current 
study and was examined twice: at the start of retraction (T0) and 
28 days later (T1). Age, the presence of systemic disorders, the kind 
of tooth movement, and oral hygiene are a few of the confounding 
variables that might impact orthodontic tooth movement and the 
production of biomarkers.23,24 Only patients between the ages of 
16 and 25 were included in the research to eliminate the impact 
of age. Additionally, we tried to move the anterior teeth bodily by 
utilizing soldered retraction hooks that were positioned between 
the canine and lateral incisor and applied a measured force of 
150 gm on each side. Mini implants were placed between the first 
molar and second premolar to reinforce anchorage. To further 
rule out the influence of uneven occlusal pressures resulting from 
habitual occlusion on one side, the intervention was randomly 
allocated to the left or right sides.

The analysis of the data showed that PRP causes a statistically 
significant increase in IL-1 and TNF-� expression at T1 compared to 
T0. The findings of Alikhani and Ferguson, who observed that levels 
of biomarkers rose during rapid tooth movement, are consistent 
with this.12,25�27 Similar results were observed in a study conducted 
by Reiss et� al. wherein the effect of a vibration appliance on 
biomarkers was assessed.28 This can be attributed to the abundance 
of growth factors and cytokines in PRP, which, upon activation, 
are released by the granules in the platelets. These bring about a 
change in the pericellular environment and affect inflammation, 
angiogenesis, and cell proliferation, thereby leading to elevated 
levels of inflammatory biomarkers.

However, there was no discernible difference in the amount of 
IL-6, with the control side expressing more than the intervention 
side. This was not in accordance with the findings of Madureira 
et� al.29 and Alhashimi et� al.,30 who reported an increase in IL-6 
levels on orthodontic force application in a study conducted on 
rats. The variation in this study could be due to the fact that the 
biomarker levels were measured after 28 days in our study as 
opposed to 3 days in the above-mentioned study.

This study was limited by the fact that GCF samples were 
examined only at baseline and 28 days for a 1-month follow-up 
period. Future studies should aim at assessing biomarker expression 
over a longer duration.

CO N C LU S i O N
Platelet-rich plasma (PRP) leads to an elevated expression 
of IL-1 and TNF � in the GCF, which are important biomarkers 
involved in orthodontic tooth movement. This indicates that PRP 
has the potential to accelerate orthodontic tooth movement and 
thereby reduce treatment duration. It had no impact on IL-6 levels.
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