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Abstract

Background: The role of injectable platelet rich fibrin (i-PRF) in orthodontic treatment has not been investigated
with focus on its effect on dental and bony periodontal elements.

Objective: To evaluate the efficacy of i-PRF in bone preservation and prevention of root resorption.

Methods: A randomized split-mouth controlled trial included 21 patients aged 16-28 years (20.85 4 3.85), who were
treated for Class Il malocclusion with the extraction of the maxillary first premolars. Right and left sides were ran-
domly allocated to either experimental treated with i-PRF or control sides. After the leveling and alignment phase, the
canines were retracted with 150gm forces. The i-PRF was prepared from the blood of each patient following a precise
protocol, then injected immediately before canine retraction on the buccal and palatal aspects of the extraction sites.
Localized maxillary cone beam computed tomography scans were taken before and after canine retraction to meas-
ure alveolar bone height and thickness and canine root length (indicative of root resorption), and the presence of
dehiscence and fenestration. Paired sample t-tests and Wilcoxon signed rank tests were used to compare the changes
between groups.

Results: No statistically significant differences in bone height, bone thickness were found between sides and
between pre- and post-retraction period. However, root length was reduced post retraction but did not differ
between sides. In both groups, postoperative dehiscence was observed buccally and palatally and fenestrations were
recorded on only the buccal aspect.

Conclusions: |-PRF did not affect bone quality during canine retraction or prevent canine root resorption. I-PRF did
not reduce the prevalence of dehiscence and fenestration.

Trial registration ClinicalTrials.gov (identifier number: NCT 03399760. 16/01/2018).
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meeting the patients’ aspiration for shorter treatment
[1]. Tooth movement is essentially a biological response
to a physical stimulus; speeding up this response should
avoid the occurrence of common iatrogenic effects such
as white spot lesions, caries, root resorption and peri-
odontal problems [2-5]. Adequate alveolar bone volume
and root length are prerequisite conditions for successful
orthodontic tooth movement (OTM) and post treatment
stability [6].

Surgical approaches to achieve faster OTM, par-
ticularly decortication, have been effective [7-10] yet
unpopular or not indicated because of their invasiveness
and side effects such as post-operative pain, discomfort,
swelling and loss of periodontal tooth support [11]. Bio-
materials like platelet rich plasma (PRP) and fibrin (PRF)
have been advocated as promising alternatives to accel-
erate OTM with less risk of bone and periodontal loss
[12-16] because of their high contents of growth factors
that play an important role in angiogenesis, wound heal-
ing and bone regeneration [17].

PRF is the second generation of platelet concentrates
and has the advantage of gradual release of growth fac-
tors that last for up to 28 days [17]. The injectable i-PRF is
the liquid form of the substance that is obtained through
low-speed centrifugation and has many advantages over
the conventional form such as higher rates of regenera-
tive cells and growth factors [18]. The potential benefits
of PRF have been widely investigated in dentistry (e.g.
bone regeneration and grafting) [19] but remain contro-
versial in the orthodontic field [20, 21].

The side effects of orthodontic treatment on alveo-
lar bone and root length have been extensively studied
in the past utilizing two-dimensional methods, which
have known limitations such as distortion and over or
under estimation [6, 22, 23]. More accurate evaluations
of bone level and root resorption can be achieved quali-
tatively and quantitatively through cone-beam computed
tomography CBCT [24-27]. Accordingly, similar 3D
radiography is the optimal method to study OTM with
the application of biomaterials that may enhance the
bone regeneration process and reduce the incidence of
gingival invagination and alveolar bone resorption, side
effects that may be worsened following tooth extractions,
because of reduced blood supply in the extraction site
[20].

The effects of i-PRF on the periodontium during ortho-
dontic treatment have not been investigated. We hypoth-
esized that the reported benefits of i-PRF might have an
impact on the stability of the bone because of the inher-
ent ability to produce biological mediators differently
from other biomaterials, and because of the direct mode
of delivery. Accordingly, our aim was to evaluate the effi-
cacy of i-PRF on alveolar bone dimensions, root length
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(depicting root resorption), as well as bone dehiscence
and fenestration, following canine retraction in the sites
of extracted first premolars.

Materials and methods

A randomized single center clinical trial was conducted
after obtaining the approval by the institutional review
board and ethical review committee of Damascus Uni-
versity (IRB NO.2473). All interventions and data collec-
tion methods in this study were performed following the
institutional review board guidelines. The study consisted
of a split mouth design with (1:1) allocation ratio and was
conducted at the Department of Orthodontics clinics in
the Faculty of Dentistry. The Consolidated Standards of
Reporting Trials (CONSORT) statement was followed
for this investigation, which was registered at Clinicaltri-
als.gov (ID# NCT03399760. 16/01/2018).

Power analysis was performed to calculate the sam-
ple size necessary to detect significant differences with
a power of 90% at a permissible («) error of 5% using
G*Power 3.1.3 software (Heinrich-Heine-Universitat,
Diisseldorf, Germany). Sample size calculation was per-
formed based on previous studies [28, 29]. Accordingly,
21 subjects were needed to participate in the study. Writ-
ten informed consents for participation were obtained
from the patients or their parents or legal guardians for
those under 18 years of age upon their agreement to take
part in the study. In Addition, written informed consent
for publishing of X-rays and dental records were also
obtained from the participants or their parents.

The inclusion criteria were: post pubertal and adult
patients who had Class II division I malocclusion treated
with the extraction of the maxillary first premolars; no
missing teeth except third molars; no previous orthodon-
tic treatment; absence of systemic diseases and dentofa-
cial anomalies; normal platelet count; optimal oral
hygiene (plaque and gingival index <1). Excluded were
patients with the following conditions: taking antico-
agulants or medication that interferes with orthodontic
tooth movement (NSAIDs); smoking; pregnancy; pres-
ence of bony defect radiographically; any restorations or
endodontic treatments on maxillary canines; the pres-
ence of artifacts on the CBCT scans that impeded the
visualization of dental structures.

Fifty-one patients were screened, and the study objec-
tives were explained to them; 10 patients refused to
participate and 20 did not meet the inclusion criteria
(Fig. 1). Therefore, a total of 21 patients were recruited,
15 females and 6 males, whose ages ranged between 16
and 28 years (mean 20.85 =+ 3.85 years). Upon signing the
informed consent, and on the basis of computer aided
randomization, the experimental (PRF-injected) or con-
trol sides were allocated in the participating patient by
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Patients assessed for eligibility
(n=51)

Excluded (n=30)
Not meeting inclusion criteria (n=20)
Declined to participate (n=10)

Split-mouth randomization (n=21) which means 42 halves

A

Allocated to intervention group (n=21)
Received allocated intervention (n=21)
Did not receive allocated intervention (n=0)

|| Allocation |

A

Allocated to Non i-PRF control group (n=21)
Received allocated intervention (n=21)
Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

l Follow-Up l

Lost to follow-up (n=0)
Discontinued intervention (n=0)

l [ Analysis ] l

Analyzed (n=21) Excluded (n=0)

Fig. 1 CONSORT flow diagram

Analyzed (n=21)  Excluded (n=0)

an independent coordinator who was not involved in the
study.

Orthodontic procedures

Full mouth scaling was performed in the first visit and
instructions given to maintain optimal oral hygiene.
Leveling and alignment were achieved with the follow-
ing archwire sequence in 0.022-in slot size with MBT
prescription (Votion, Ortho-Technology, West Colum-
bia, SC, USA): 0.014-in NiTi or 0.016-in NiTi depend-
ing on the amount of crowding, 0.016*0.022-in NiTi,
0.017*0.025-in NiTi, 0.019*0.025-in SS. Progression to
next archwire followed the assessment that the previous
size was no longer active. A soldered trans-palatal arch
was used to maintain the transverse dimension.

The maxillary first premolars were extracted before
inserting the 0.019*0.025-in SS archwire. Then canine
retraction was initiated on both sides before the heal-
ing of the sockets 2 weeks after the extraction (T0) to
allow the wire to be more passive, using NiTi closing coil
springs with a force of 150 g [30]. The total study spanned
a period of ten months (April 2018-February 2019),
accounting for the initial leveling and alignment phase.
Accordingly, the canine retraction duration was recorded
between TO and when the canines were entirely retracted
(T1), at which time new dental casts were taken to evalu-
ate the distal movement of the canines following a stand-
ardized method. The retraction distance differed between

patients, but not between sides, because of varying spaces
between the canines and the second premolars across the
malocclusions. Tooth displacement was measured on
standardized photographs of the maxillary arch using the
AudaxCeph software (version 3.4.2.2710; Orthodontic
software suite, Ljubljana, Slovenia) following the method
of Ziegler and Ingervall [31]. The antero-posterior move-
ments of the canines and molars were recorded from the
canine cusp tips and first molar central fossae to a plane
intersecting the medial end of third palatal rugae, which
have been shown to provide a relatively stable reference
[32]. A direct measurement from canine to molar would
have confounded the canine distal movement with the
molar mesial displacement.

Before the initiation of canine retraction (TO0), i-PRF
was obtained from 20 ml of blood drawn from each
patient’s brachial vein, centrifuged at 700 rpm for 3 min
[19] and injected on the buccal and palatal aspects of the
experimental extraction sites simulating the method of
infiltrative local anesthesia injections. The i-PRF injec-
tions, equidistant from the maxillary canine and second
premolar, were repeated after one month (Fig. 2).

CBCT imaging and measurements

Maxillary CBCT scans were taken at TO and T1 utilizing
VATECH® (Pax-i3D Green. Seoul, Korea). All scans were
captured under constant settings and were of 0.2 mm
voxel size. Patients were positioned with their Frankfort
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. A 4
Fig. 2 Intraoral photograph of i-PRF injection technique: a buccal
injection, b Palatal injection, ¢ Canine retraction initiated using a NiTi
coil activated after the first i-PRF injection

plane parallel to the floor. Limited field of view scans
were taken that only included the area of interest to mini-
mize exposure to unnecessary radiation. In addition, the
pretreatment orthodontic radiographs of the participants
were limited to a panoramic and lateral cephalogram
excluding the routine posteroanterior cephalogram and
periapical radiographs.

One investigator (TSZ) performed all scan measure-
ments blinded to the patient’s name and time point by
deidentifying the scans. Images were viewed and meas-
ured with the software Ez3Dplus (Seoul, Korea) in multi-
planar reconstruction mode that contained four different
views: axial, coronal, sagittal, and 3D. To obtain compa-
rable and reproducible measurements, all scans were sys-
tematically oriented on the different sections (Fig. 3). In
the axial plane the intersection between the x and y axes
was held in the center of the buccolingual axis of the oval
section of the canine that bisected the pulp chamber. In
the coronal plane the x-axis passed through the bucco-
lingual CEJ of the canine and the y-axis was parallel to
the long axis of the root. In the sagittal plane the x-axis
passed through the mesiodistal cementoenamel junction
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(CEJ) of the canine and the y-axis was parallel to the long
axis of the root.

Measurements at TO and T1 were taken on the same
sections following previously published methods [24, 26,
33, 34]. The primary outcome measures were the alveolar
bone crest levels and thicknesses. Buccal and palatal alve-
olar bone crest level loss (BACL and PACL) was meas-
ured as the vertical distance from the buccal and palatal
CE]J of the canine to the buccal and palatal alveolar bone
crest (the most coronal point of the alveolar bone) paral-
lel to the long axis of the tooth [26] (Fig. 4a, b). The buc-
cal and palatal bone plate thicknesses (BBPT and PBPT)
were measured perpendicularly to the long axis of the

C f 6mm,
d s /9
b/ 7/

Fig. 4 A Bucco-palatal section of canine CBCT scan with the defined
landmarks for measurements in red. B Schematic representation

of the reported measurements. Alveolar bone height: buccal (a)

and palatal (b) alveolar crest heights were measured as the vertical
distances between the line passing through the buccal and palatal
CEJ to the corresponding buccal and palatal alveolar crest. Alveolar
bone thickness: buccal and palatal alveolar plate thicknesses were
measured perpendicular to the long axis from the root surface to the
corresponding buccal and palatal alveolar bone plate at two different
distances from the CEJ: 3 mm (c, d) and 6 mm (e, f). Root length

was measured as the distance (g) along the long axis of the tooth
perpendicular to two reference lines, the first line passing through
the buccal and palatal CEJ of the canine and the other line through
the canine root apex

section;, C: Sagittal section

Fig. 3 Three-dimensional orientation of the CBCT scans on different sections relative to the position of the upper canine. A: Axial section: B: Coronal
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canine at two different levels: 3 and 6 mm apical to the
CEJ [34] (Fig. 4c-f).

The secondary outcomes were canine root length as
indicative of resorption, and the incidence of the bony
dehiscence and fenestration. Root resorption (RR) was
measured by the perpendicular distance along the long
axis of the tooth between two reference lines, one pass-
ing through the buccal and palatal CEJ and the other
through the canine root apex [24] (Fig. 4g). Dehiscence
was defined as an increase in the distance from CEJ to
the alveolar crest by more than 2 mm; fenestration was
reported as a bone defect that exposed areas of the root
in at least three consecutive views without involving the
alveolar crest [33]. To evaluate intra-examiner reliability,
20 scans were randomly selected and remeasured after
one month of the first measurement by the same assessor
(TSZ).

Statistical analysis and error of the method

The intraclass correlation coefficient was computed for
intra-examiner reliability assessment of repeated meas-
urements, and the paired t-test was used to calculate
systematic and random errors of the latter. The Shapiro—
Wilk normality test was applied, and the data were com-
pared with a paired t-test when normally distributed, and
with the Wilcoxon Signed when not normally distrib-
uted. Statistical analysis was performed using the IBM
SPSS Statistics version 25 (SPSS Inc. Chicago, IL, USA);
probability values equal or less than 0.05 were considered
significant.

Results

The intraclass correlation coefficients were>0.937 for
all measurements, revealing high reliability. Also, no sta-
tistically significant differences were found between the
repeated measurements for any variable. The duration
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of canine retraction was (3.284+1.00) months on the
experimental side and (3.57 £1.16) months on the con-
trol side; the difference between both was not statistically
significant.

The TO-T1 difference in movement of the canine was
not statistically significant (P =0.918) between the exper-
imental (3.904+1.36 mm) and control (3.9441.12 mm)
sides. Likewise, the TO-T1 differences in buccal and pala-
tal CEJ-alveolar bone crest distances were not statisti-
cally significant between experimental and control sides
nor between treatment changes (P>0.05), although the
reduction was greater on the experimental side and on
the palatal aspects (Table 1). Differences in bone thick-
ness between experimental and control sides at both lev-
els measured apical to the CEJ (3 and 6 mm) also were
not statistically significant between T0 and T1 (Table 2).

The lengths of the retracted canines within each side
were statistically significantly reduced at T1 compared to
TO (P<0.001, Table 3). However, differences were minor
and not statistically significant different between sides.
Dehiscence was more prevalent in both groups postop-
eratively on the buccal and palatal aspects, while fenes-
trations were observed on only the buccal aspect on both
experimental and control sides (Table 4).

Discussion

Negative orthodontic side effects on periodontal
health have been documented in many studies employ-
ing CBCT [35]. This study compliments this body of
knowledge in a different perspective, the utilization of
biomaterials in an attempt to minimize the negative
effects associated with orthodontic treatment while
possibly accelerating tooth movement. I-PRF has high
contents of growth factors that enhance tissue healing
and regeneration such as transforming growth factor
B (TGE-B) and platelet-derived growth factor (PDGF)

Table 1 Means and SD of buccal (BACL) and palatal (PACL) alveolar bone crest level

Variables N TO T1 TO-T1 tvalue Pvaluef
Experimental side

BACL 21 1.71+£093 1.80+0.96 —0.09+044 —0.98 033
PACL 21 166£1.12 191+£1.14 —025+£089 —132 0.20
Control side

BACL 21 1.5840.97 1.624+1.10 —0.03+£044 —0.39 0.70
PACL 21 190+£1.28 202+£1.11 —0.12+£052 —1.08 0.29
Difference between sides

BACL 42 —0.05+064 —040 0.69
PACL 42 —0.13£091 —0.66 0.51

SD standard deviation
* Paired t test
" Significant P<0.05
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Table 2 Means and SD of buccal (BBPT) and palatal (PBPT) bone plate thicknesses at levels 3 mm (3) and 6 mm (6)
above CEJ

Variables N T0 T1 TO-T1 zvalue Pvaluet

Experimental side

BBPT (3) 21 0.93+0.30 1.02+£0.53 —0.094037 —1.21 0.22
BBPT (6) 21 0.86+0.40 0.98+0.62 —011+£033 —1.30 0.19
PBPT (3) 21 1.01+£0.39 1.00£0.38 0.01+£0.34 —0.28 0.77
PBPT (6) 21 216+0.71 2.05+0.67 0.10+£048 —0.56 057
Control side

BBPT (3) 21 0.96+0.43 0954057 0.0094+0.27 —-1.09 0.27
BBPT (6) 21 0.93+0.53 0.95+0.69 —0.0144+0.34 —0.57 0.56
PBPT (3) 21 0.79+£043 0.70+£0.37 0.08+£0.40 —0.65 0.51
PBPT (6) 21 1.87+£0.69 1.80£0.59 0.06£0.45 —0.82 0.40
Difference between sides

BBPT (3) 42 0.009+0.27 —152 0.12
BBPT (6) 42 —0.014+034 —0.92 035
PBPT (3) 42 0.08£0.40 —0.72 047
PBPT (6) 42 0.06+045 —0.09 0.92
SD standard deviation

* Wilcoxon signed rank matched pairs test
" Significant P<0.05

Table 3 Means and SD of the canine root length (mm) between experimental and control sides

N TO T TO-T1 Tvalue Pvaluet
Experimental side 21 15.99+£2.07 1547+£2.05 0514048 1.90 0.000*
Control side 21 16.18+2.14 1540+245 0.784+0.93 3.81 0.001*
Difference between sides —026+1.04 —1.14 0.266

SD standard deviation
T Paired t test
" Significant P<0.05

Table 4 Incidence of dehiscence and fenestration at the canine level on experimental and control sides

Variable Intervention side, n (%) Control side, n (%)

TO T TO-T1 TO T1 TO-T1
Dehiscence
Buccal 5(23.80) 9(42.85) 4(19.05) 4(19.04) 6(28.57) 2(9.53)
Palatal 2(9.5) 4(19.04) 2(9.54) 3(14.28) 5(23.80) 2(9.52)
Fenestration
Buccal 9(42.85) 10 (47.61) 1(4.76) 7(3333) 7(3333) 0(0)
Palatal 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
that showed a direct correlation with platelet amount, Findings on PRF accelerated orthodontics are contro-

whereas vascular endothelial growth factor (VEGF) as  versial. Tehranchi et al. [15] and Nemtoi al. [14] revealed
well as fibroblast growth factor-2 (FGF-2) have a low an increased rate of canine retraction when placing
correlation with platelet count [36]. In addition type 1 ~ L-PRF clot in the extraction sites. Upon moving the
collagen gene expression, platelets and lymphocytes are  maxillary canines in the premolars extraction sites that
increased [37]. were preserved with L-PRF membranes, Pacheco et al.
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[38] found a decreased rate of retraction in 15 out of
17 patients (88%); only two subjects had greater retrac-
tion on the experimental side. The conflicting results
may be related to different centrifugation protocols and
methodology.

Our results do not support the premise of accelerated
tooth movement or reduction of side effects with the
injection of i-PRF under the present research conditions.
This outcome should be viewed in the perspective of the
inability to date to promote tooth movement through
enhancement of the biological process. Such an inter-
vention represents a prime intellectual and translational
logical process, considering that regardless of the physi-
cal stimulus applied to affect tooth movement, the entire
response is biological within the surrounding periodon-
tal tissues [1]. The balance of current evidence favors the
surgical approach (e.g. decortication) because it breaks
the physical resistance offered mainly by the compact
bone [39]. The implication of the regional acceleratory
phenomenon (RAP) in speeding tooth movement may
not be totally correct, as RAP might provide mainly the
healing process of the decorticated bone [40]. Many vari-
ables must be explored to promote acceleration, includ-
ing the combination of reducing the physical barrier
and the application (through injection or other ways) of
already or not yet investigated biological substances.

More specifically, alveolar crest height was reduced on
both experimental and control sides by less than 1 mm
(Table 1), demonstrating that i-PRF did not preserve
alveolar bone height. It remains unknown whether differ-
ent results might be produced by varied rates of injection
of this substance (more than at TO and one month later),
such as more rhythmic deliveries throughout the retrac-
tion process, the injection of the substance rather placing
it in a clot in the extraction site in direct contact with the
bone or combining it with a bone graft in a static situ-
ation that would warrant its stability and efficiency. The
injectable form of PRF produces the highest numbers
of platelets and leukocytes compared to the other types
[18], yet possibly not rich enough in leukocytes to affect
growth factors and cytokines release from the plate-
let concentrates and subsequently alter the regenerative
process significantly. A novel horizontal centrifugation
protocol could produce greater amounts of platelets and
leukocytes than the fixed angle centrifugation method
that we used to generate the PRF and which might cause
more damage to cellular contents during centrifugation
[41]. These variables warrant further study.

A comprehensive comparison of present findings with
those in the literature should consider studies with and
without the use of biomaterials. In most studies with-
out the introduction of biomolecules, orthodontic treat-
ment following tooth extraction was associated with loss
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of alveolar bone height and morphologic dimensional
changes that could not be avoided [25, 33, 42]. However,
Baxter et al. [43] did not observe differences between the
extraction and non-extraction treatments. Among only
a few publications of orthodontic treatment combined
with the application of biomaterials to enhance the alveo-
lar bone, Liou [44] showed in case reports of en-masse
retraction of anterior teeth and mandibular molar pro-
traction that the injection of PRP submucosally decreased
alveolar bone loss. Using CBCT measurements, Alomari
and Sultan [45] found that PRP did not reduce alveolar
bone loss on the buccal surfaces of the maxillary first
premolars and molars after rapid palatal expansion. In a
CBCT study to gauge bone quality following orthodontic
treatment without enhancement with biomaterials, Lund
et al. [25] observed significant buccal and palatal (lingual)
alveolar bone loss following premolar extractions on all
teeth except the maxillary canines, which displayed a
loss of only 0.1 mm on the buccal side and 0.6 mm on the
palatal side. These findings are in agreement with ours,
although the authors reported pre- and post-orthodontic
treatment measurements whereas ours were before and
after canine retraction. In contrast, our results also indi-
cated that the alveolar bone maintained its original thick-
ness. In untreated patients, Lee et al. [46] found the mean
CBCT-measured buccal and palatal alveolar bone thick-
nesses of the maxillary canines to be greater than 1 mm
buccally and palatally at the 3 mm level apical to the CE]J,
nearly double our findings. This difference may be attrib-
uted to different malocclusions or ethnicity (Korean in
Lee et al’s study; Caucasian in this investigation).

The reduction of canine root length by less than 1 mm
on both experimental and control sides is likely related to
the fact that space closure is accompanied with increased
apex movement and the susceptibility to root resorption
in malocclusions treated with extraction when compared
with non-extraction treatment [23-26, 47]. In a similar
CBCT study of maxillary canine root resorption, Abdel
Kader et al. [29] found a statistically significant reduction
of 0.54£0.77 mm, which may not be of clinical signifi-
cance. Our results are also in agreement with the results
of Jiang et al. [48] who studied the canine root resorp-
tion through volumetric CBCT following retraction in
the extracted premolar space utilizing sectional mechan-
ics (T Loop), and with the findings by Harris and Baker
[23] who reported in the treatment of Class II, division
1 with premolar extraction a mean maxillary canine root
length reduction of less than 1 mm on two dimensional
radiographs.

The increased dehiscence on the buccal experimental
side (42.85%) and less on the palatal side (19.04%) are
similar in trend (although not in amount) with Castro
et al’s rates of 60% and 5%, respectively [26]. Evangelista
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et al. [33] supported the findings that maxillary canines
and first premolars were the most susceptible teeth to
dehiscence and fenestrations, also reporting greater buc-
cal bony defects when compared with the palatal side.
Hyo-Won et al. [49] found during en-masse retraction
of the anterior teeth a higher prevalence of dehiscence
on the palatal side than on the labial side of the maxil-
lary incisors (67-68% palatal and 2—14% labial), and the
canines (32% palatal and 12% labial). The greater preva-
lence than in our study on the buccal side might be
related to the retraction method (en-masse versus single
tooth retraction).

Bone density was evaluated on CBCT images in a study
in which platelet rich fibrin plugs were placed in the max-
illary first premolar extraction socket [14]. The authors
reported a faster movement by only 1 mm over a period
of 6 months compared to the contralateral control side,
and the prevalence of more homogeneous cortical bone
with increased density (>1250 Hounsfield units) on the
experimental side two months post-extraction. This
result contradicts the finding that an increase in bone
density takes longer to become obvious radiographically
[50]. Nevertheless, it may indicate better preservation of
the socket, warranting another level of investigation in
this field.

The forces used in this study were within the accept-
able limits prescribed by other authors [16, 30]. CBCT
has been used in major studies to evaluate more pre-
cise tooth movement three-dimensionally because it is a
very accurate, reliable and sensitive technique to evalu-
ate bone changes [33]. Indeed, the data in those reports
and in this study could not be obtained with precision
with two-dimensional radiographs. Protective measures
were taken to reduce exposure to radiation, including
limited field of view scans and reduction of the num-
ber of regular x-rays routinely taken prior to treatment,
measures deemed acceptable by the IRB and explained to
the patients or their parents or legal guardians for those
under 18 years of age prior to their informed consent.

A few limitations are observed in this study. Gender
related differences and patient-centered outcomes such
as levels of pain and discomfort were not addressed,
requiring further investigation. Longer follow up periods
are required to evaluate the long-term effect of repeated
(at various times) PRF injections on the integrity of alve-
olar bone and root resorption, as well as its therapeu-
tic capacities for alveolar bone remodeling. Although
within the frame of the power analysis to detect signifi-
cant differences, the relatively small sample size might
have masked significant outcomes. Further studies are
needed to better elucidate all possible effects of platelet
concentrate and related products on various orthodontic
procedures and comparing the effects of different types
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of application and centrifugation protocols on alveolar
bone.

Conclusion
Within the conditions and limitations of this study, the
following conclusions are drawn:

+ Injectable PRF is not an effective method to main-
tain the alveolar bone dimensions or to prevent root
resorption in orthodontic treatment involving tooth
extraction.

+ Injectable PRF did not reduce the levels of dehiscence
and fenestrations.

+ Acceleration of tooth movement through local bio-
logical substances has not yet been proven successful
for clinical application and warrants various research
approaches.
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