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1. Introduction
Orthodontic tooth movement (OTM), is the conse-

quence of a two-phase process of resorption of bone on 
the compression side and deposition of bone on the ten-
sion side that remodels the periodontal ligament and al-
veolar bone. An initial inflammatory response is catego-
rized by enhanced vascular permeability and migration 
of leukocytes that are carried by orthodontic force. These 
migrating cells produce inflammatory cytokines, which 
comprise growth factors, lymphocyte-derived factors and 
chemotactic factors. Increased bone turnover leads to bone 
remodeling, as seen in the infiltration of circulating osteo-
clast precursors and the promotion of osteoclast activation 
and production. As a result, increased cytokine expression 
during bone remodeling could accelerate OTM [1].

According to previous studies, the period of com-
prehensive orthodontic treatment could take long duration 
of time up to 24-36 months in adults, basically depending 
on amount of OTM [2, 3]. Many complications arise from 
long treatment time such as; root resorption, caries, gin-
givitis, formation of white spot lesions and loss of patient 
cooperation [4]. reducing the duration of orthodontic 
therapy is challenging, for both orthodontists and patients 

seeking orthodontic treatment [5].
To accelerate the OTM rate, several invasive and non-

invasive methods were recently tried. Invasive methods, 
like piezocision [6], micro-osteoperforation [7], piezo-
puncture [8], corticision [9], corticotomy [10] periodon-
tally accelerated osteogenic orthodontics (PAOO) [11] and 
dentoalveolar distraction [12] that apply the regional acce-
leratory phenomenon and cause increasing the OTM rate. 
Despite being referred to be minimally invasive surgical 
procedures, these invasive approaches can have certain 
adverse effects, including: post-treatment root resorption, 
alveolar bone resorption, and decreased alveolar bone 
density [12]. Therefore, non-invasive techniques such as 
low-dose laser therapy [13], vibration [14], and medica-
tions such as relaxin [15,16], prostaglandin [17] and vita-
min D [18] investigated to increase OTM in order to avoid 
numerous risks associated with invasive methods. 

Blood concentrates such as platelet-rich plasma (PRP) 
[19, 20] and platelet-rich fibrin (PRF) [21–25] are cur-
rently utilized as non-invasive techniques that increase the 
process of OTMPlatelet-rich fibrin (PRF) is a second-ge-
neration platelet concentrate, according to certain reports. 
The PRF is made of a three-dimensional fibrin matrix 
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that can hold different types of blood cells. The PRF is 
abundant with autologous leukocytes, platelets, cytokines 
and growth factors and that guide the different cells in the 
remodeling process of local tissue by stimulating the for-
mation of extracellular matrix, angiogenesis, cell prolife-
ration, differentiation and chemotaxis [26]. PRF is easy 
to apply, autogenous, minimally invasive, repeatable, low 
cost and prevents procedure complications [27, 28]. The 
liquid injectable form of PRF (iPRF), is generated using 
nonadditive and contains more growth factors and regene-
rative cells than other types of PRF due to its low centrifu-
gation speed [29].

Vitamin E is a strong lipid-soluble antioxidant that 
prevents cell damage by removing reactive oxygen spe-
cies [30]. In addition, vitamin E has been shown to have 
anti-inflammatory, anti-platelet aggregation, and immune-
boosting properties [31]. Studies on both humans and ani-
mals revealed that vitamin E has variable impacts on bone 
turnover and density [32–35]. 

The effect of incorporated vitamin E with iPRF on the 
rate of OTM, histological changes and alveolar bone mi-
crostructures using micro-CT at compression side under 
continuous mechanical force has not been studied. 

Thus, the objective of this study was to find out how 
well applying isolated iPRF and vitamin E-iPRF together 
affected the rate of OTM in rabbits.

2. Materials and Methods
2.1. Study design

The current study was carried out in compliance with 
ARRIVE criteria [36], and the Scientific and Ethical Com-
mittee of Hawler Medical University's College of Den-
tistry, Kurdistan Region of Iraq, provided ethical permis-
sion. Thirty-five male New Zealand (Oryctolagus cunicu-
lus) rabbits, 16-18 weeks old, 2.8 to 3.8 Kg in body weight 
with normal development of dentition were utilized in this 
experimental study. Five rabbits were randomly alloca-
ted and used for the baseline group at day 0 without any 
interventional procedure (Negative control). The remai-
ning thirty rabbits were randomly split into two different 
groups using simple random allocation method: iPRF 
group (N = 15) and combined Vitamin E (α-tocopherol)-
iPRF group (N = 15). Three-time intervals were investiga-
ted on days 7, 14 and 21. Five rabbits were used for each 
time interval for both iPRF and combined Vitamin E-iPRF 
groups. In every rabbit, a randomized split-mouth design 
was used. The rabbits were randomly divided into two 
groups: the experimental group, which was given one do-
sage of injection (iPRF and Vitamin E-iPRF) on the right 
side of the mandible, and the CG, which was given normal 
saline solution on the left (positive CG). For the injection 
and rehabilitation on the buccal and lingual sides, all local 
administrations were administered just once on day 0 in 
identical quantities using a similar technique.

The rabbits were maintained in animal house under re-
gular conditions with 12 hours of day and night cycle. To 
reduce the frequency of appliance breakage, animals were 
provided with a free supply of a soft diet.

The entire treatment was performed under general 
anesthesia using intramuscular injections of a combina-
tion of xylazine hydrochloride (dosage 5 mg/kg; Rom-
pun; Bayer, Berlin, Germany) and ketamine hydrochloride 
(dose 25 mg/Kg; Alfasan International B.V., Woerden, 
Netherlands).

2.2. iPRF preparation and application
Each rabbit's central auricular artery was used to aspi-

rate10 milliliters of autologous blood into a collecting tube. 
Without adding any anticoagulants, the aspirated samples 
of blood were promptly placed in centrifuge tubes, and the 
tubes were then centrifuged. The setting of centrifuge was 
adjusted to 700 rpm at room temperature for 3 minutes 
with Choukroun PRF Duo Centrifuge (Process for PRF, 
Nice, France). From the top of the tubes, one milliliter of 
iPRF was extracted  [37]. 

2.3. Orthodontic procedures
A specially customized operating surgical table was 

designed to aid in intraoral orthodontic procedures (Fig 
1. A). Also, a pair of a specially designed cheek retrac-
tor made of cold cure acrylic were used. The orthodontic 
appliance utilized to encourage OTM resembled the model 
utilized by Pithon and Ruellas [38]. Stainless steel liga-
ture wire size 0.010 inch was utilized to stretch a 12 mm 
Nickel-Titanium closed coil spring (ORMCO Co., USA) 
between the mandibular first premolars and mandibular 
incisors bilaterally, applying 100 gm of force. The applied 
force was standardized by measuring the force magnitude 
with a force gauge (Dentaurum, Ispringen, Germany). In 
order to inhibit slipping of the appliance, a 0.5 mm notch 
was created with a diamond round disc (Ortho Techno-
logy, Inc.; Tampa, FL, USA) at the level of gingival mar-
gin on both distal surfaces of the right and left mandibular 
incisors. The ligature wires were secured in the notches 
and a flowable composite (Filtek Bulk 3M ESPE Dental 
Products, Saint Paul, Minn) was used to fix the wires to 
the mandibular incisors. The other end of the springs was 
stretched and wrapped by ligature wire around mandibular 
first premolar. Furthermore, the right and left incisors were 
tied together by ligature wire to act as one unit in order 
to minimize the distal movement of incisors and enhance 
the anterior anchorage. At each time point, the appliance's 
retention was examined to make sure it was undamaged. 

The Submucosal injection was carried out using a 1 
ml insulin syringe with a 31-gauge needle (Insumed 31G 
Insulin Syringe 31G 3×8 mm; Picsolution, Artsana, Gran-
date, Italy) close to the mesial side of the lower first pre-
molar [39] (Fig 1. B), injecting 0.5 ml of iPRF (0.25 ml 
buccally and 0.25 ml lingually) in iPRF group just after 
the appliance insertion [40]. For Vit E + iPRF group, 0.1 
ml of Vitamin E (d- alpha-tocopherol, Deba Pharma Com-
pany, Kortrijk, Belgium) was added to 0.5 ml of iPRF and 
injected in an equal amount in buccal and lingual side. The 
injections were given only one time on day 0, and the left 
side (control side) received the same volume of normal 
saline.

Fig. 1. A. Design of orthodontic tooth movement model. B. Submu-
cosal injection of iPRF.
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Eosin (H&E) for light microscope assessment. The slides 
were observed under light microscope (Labomed LX300, 
USA) installed with Image J software analyzer (ImageJ 
bundled with Java 1.8.0_172). The mandibular first pre-
molar tilting movement led to the detection of the cervical 
thirds of the alveolar bone for histologicalexamination. 
Under a light microscope, the number of osteoclasts and 
the region of the active bone-resorbtive lacunae were mea-
sured at the cervical third of alveolar bones along the me-
sial side of the lower first premolar root. All assessments 
were triplicated, the means were taken. For data analysis, 
five microscopic fields from each slidewere selected at 
random.

2.7. Statistical analysis
Statistical analysis was performed using SPSS version 

25 (IBM, Armonk, NY, USA). Data were presented as 
mean and standard deviation (SD) for each group. To exa-
mine and assess the significance of the differences between 
the groups, One-way Analysis of Variance (ANOVA) was 
used. P-values of less than 0.05 were regarded as statis-
tically significant, and each difference's significance was 
then assessed using Tukey's post hoc test.

3. Results
3.1. Measurement of the rate of OTM

The rabbits responded effectively to the experimental 
procedures, and the body weight of the animals was unaf-
fected by the orthodontic appliances. None of the animals 
in the experiment showed any signs of inflammation at the 
location of the local injection. Mean and standard devia-
tions of OTM are shown in Table 1. The rate of OTM in-
creased from 7 days to 21 days in all groups, but Vit E-iPRF 
group showed greater OTM than the other two groups at 
all observation times.  significant differences between the 
groups on days 7 and 14 (P value 0.002 and 0.001 respecti-
vely), while there were non-significant differences on day 

2.4. Measurement of the tooth movement distance
Mandibular dental casts of all animals were construc-

ted from impression materials at each of three time points 
(7, 14 and 21 days) immediately after sacrifice. Pre-fab-
ricated color-coded custom-made trays were filled with 
injection silicone vinyl polysiloxane impression mate-
rial. (3M ESPE Express Vinyl Polysiloxane Impression 
Material Fast Set; 3M ESPE Dental Products, Saint Paul, 
Minn). After that the impressions were poured with die 
stone. (Elite Rock Dental Stone, Zhermack, Badia Pole-
sine, Rovigo, Italy). Consequently, the casts were scanned 
with three-dimensional (3D) scanner (Trios3; 3Shape, Co-
penhagen, Denmark) to make 3D digital models and saved 
in stereolithography (STL) file format. The rate of OTM 
in digital models was measured by using Ortho Analyzer 
software, version 1.7.1.0 (3Shape, Copenhagen, Den-
mark). The distal surface of the first premolar's crown and 
the mesial surface of the second premolar's crown were 
measured using the digital caliper feature of the 3Shape 
Ortho Analyzer program. Following three repetitions of 
each measurement, the mean was calculated and used to 
represent the final rate.

2.5. Micro-computed tomography (Micro CT) analysis
At each interval, a fatal dose of thiopental sodium was 

used to scarify the animals (0, 7, 14, and 21 days). Within 
24 hours, the mandibles were dissected and then preserved 
in 10% neutral buffered formalin.  The region of interest 
(ROI) of the alveolar bone was selected on the mesial sur-
face of the cervical third of lower first premolar, which 
represented as compression side (Fig. 2), using Micro-
Computed Tomography scanner (micro-CT, LOTUS in 
Vivo, Tehran, Iran). The time of frame exposure was set to 
one second by 1.4 magnifications, while the X-ray tube's 
current and voltage were adjusted to 70 µA and 60 kV, res-
pectively. The entire scanning time was thirty minutes and 
the thickness of the slices of reconstructed images of the 
samples was put to 25 micrometers. All the procedure set-
tings were managed by LOTUS -in Vivo-ACQ software. 
LOTUS in Vivo-REC was used to reconstruct the acqui-
red 3D data using the Feld-Kamp, Davis, Kress (FDK) 
algorithm. The following microstructural parameters were 
assessed: bone volume fraction (BV/TV%), Tb.Th. (mm) 
and trabecular separation Tb.Sp. (mm).

2.6. Histological analysis
Following a mandibular micro-CT scan, the soft tissue 

within the mandibles was shaved and split into two halves. 
Each sample was preserved for a day in 10% formalin, then 
it was decalcified with 10% nitric acid, dried in ethanol 
baths (70–100%), cleaned with xylene, embedded in pa-
raffin wax, and sectioned at 5 μm using rotary microtomes 
(Leica TP 1020, Germany). Three slices of each specimen 
were randomly chosen and stained with Haematoxylin and 

Fig. 2. ROI mesial to mandibular first premolar (red area), red arrow 
represent direction of tooth movement.

One-way ANOVA test followed by Tukey’s test was used. a Significant difference compared with Positive Control (P < 
.05). b Significant difference compared with iPRF (P < .05). c Significant difference compared with Vit E-iPRF (P < .05).

Time Positive Control iPRF Vit E-iPRF P-Value
7 days 0.547 ± 0.028b,c 0.661 ± 0.029a 0.708 ± 0.086a 0.002
14 days 0.702 ± 0.041b,c 0.815 ± 0.057a,c 0.923 ± 0.032a,b 0.001
21 days 0.919 ± 0.080 0.997 ± 0.041 1.026 ± 0.072 0.067

Table 1. The level of OTM in individual time intervals.
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21 (P value 0.067). In the combined Vit E-iPRF group, the 
level of OTM was greater than in the other groups during 
the whole time interval; however, only on day 7 and 14, 
statistically significant differences existed in comparison 
to positive control group.The amount of OTM in Vit E-
iPRF group was significantly more than positive CG on 
day 7 (0.708 ± 0.086 mm vs. 0.547 ± 0.028 mm), day 14 
(0.923 ± 0.032 mm vs. 0.702 ± 0.041 mm), however, the 
amount of OTM is greater on day 21 (1.026 ± 0.072 mm 
vs. 0.919 ± 0.080 mm) but no significant differences repor-
ted between them.

3.2. Micro-CT evaluation of trabecular bone
Table 2 and Fig. 3 provide the mean±SD of the micros-

tructural parameters for the trabecular bone mesial (com-
pression side) to the root of the mandibular first premolars 
at various observational periods.

3.2.1. Bone volume fraction (BV/TV%)
The results showed that the BV/TV ratio rapidly de-

creased from 0 day (negative CG) to 7 days after injec-
tion treatment on compression side in all three experimen-
tal groups. Significant differences were revealed among 
groups on days 7, 14 and 21 (P = 0.001). Negative control 
had maximum BV/TV ratio (70.57±2.86) and Vit E-iPRF 
on day 21 had maximum ratio (16.50±1.96). There were 
extremely notable variations between the negative CG and 
every other group across every time period. Bone fraction 
in iPRF group was significantly decreased in all-time ob-
servations in comparison to negative and positive control, 
but no significant differences found between iPRF and Vit 
E-iPRF groups in all three times (P ˃ 0.05) (Table 2.).

3.2.2. Trabecular thickness (Tb.Th.)
Analysis of Tb. The revealed that there were substantial 

variations between the groups at every stage of the study 
(7 days, 14 days, 21 days) (P = 0.001). Significant diffe-
rences were found between negative CG and other groups 
in all time intervals (P = 0.001), while no significant diffe-
rences were calculated between positive CG and iPRF and 
Vit E+iPRF groups.

3.2.3. Trabecular separation (Tb.Sp.) 
Non-significant differences were observed between 

groups on days 7 and 14, while significant differences 

were found on day 21 between groups (P = 0.008). No 
significant differences existed between negative CG with 
positive control, iPRF and Vit E-iPRF groups in all time 
intervals except between negative control and iPRF group 
and Vit E-iPRF group on day 21.

3.3. Histological analysis
Table 3 displays the mean±SD of the histological 

changes in the area of active bone resorptive lacunae and 
the number of osteoclasts along the mesial side of the 
mandibular first premolar. 

3.3.1. Osteoclast No
Histomorphometric analysis showed that there were 

statistically significant differences among groups in os-
teoclast number at all time intervals (P value = 0.001). 
Between the negative CG and the other groups, a signifi-
cant difference was determined at all periods. Furthermore, 
at all times, there were statistically significant differences 
between the positive CGs and the other groups. However, 
no significant differences showed between iPRF and Vit 
E-iPRF groups on days 7,14 and 21. Maximum amount 
of osteoclast was found in Vit E-iPRF group on day 21 
(12.60±1.14), while minimum amount was calculated in 

Fig. 3. Microstructural parameters for trabecular bone mesial to the 
root of the mandibular first premolars. at different time intervals in the 
experimental groups. (A) Bone volume fraction (BV/TV); (B) Trabe-
cular Thickness (Tb.Th.); (C) Trabecular Separation (Tb.Sp.).

Microstructural 
parameters Time Interval Negative Control Positive Control iPRF Vit E+iPRF P value

BV/TV %
7 days 70.57±2.86a,b,c 42.14±4.14b,c,d 32.90±3.24a,d 27.62±1.45a,d 0.001
14 days 70.57±2.86 a,b,c 36.03±2.98 b,c,d 24.22±3.76 a,d 20.17±2.23 a,d 0.001
21 days 70.57±2.86 a,b,c 28.88±2.34 b,c,d 19.65±2.702 a,d 16.50±1.96 a,d 0.001

Tb. Th (mm)
7 days 0.32±0.01a,b,c 0.134±0.011d 0.128±0.01d 0.121±0.01d 0.001
14 days 0.32±0.01a,b,c 0.131±0.01d 0.114±0.01d 0.112±0.007d 0.001
21 days 0.32±0.01a,b,c 0.116±0.012d 0.105±0.014d 0.104±0.006d 0.001

Tb. Sp (mm)
7 days 0.113±0.01 0.118±0.011 0.125±0.007 0.131±0.0072 0.096
14 days 0.113±0.01 0.124±0.013 0.135±0.011 0.139±0.0141 0.08
21 days 0.113±0.01b,c 0.128±0.008 0.140±0.013a 0.149±0.0097a 0.008

Table 2. Microstructural parameters of trabecular bone on the compression side of the mandibular first premolar at different time intervals.

One-way ANOVA test followed by Tukey’s test was used. a Significant difference compared with Positive Control (P < .05). b Significant difference 
compared with iPRF (P < .05). c Significant difference compared with Vit E-iPRF (P < .05). d Significant difference compared with Negative 
Control (P < .05).
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negative CG (1.40 ±0.55).

3.3.2. Active bone resorptive lacunae/mm2
The findings showed that, at all time periods, the expe-

rimental groups had a significantly higher active area of 
bone resorptive lacunae than the negative CG. In addition, 
significant differences were found among study groups 
on days 7, 14 and 21 (P value=0.001). Also, positive CG 
showed significant differences with other groups, while no 
significant differences were observed between iPRF and 
Vit E-iPRF groups on day 7 and 14, however on day 21 
was significant. Maximum value was found in Vit E-iPRF 
group on day 21 (0.840±0.05) and minimum in negative 
CG (0.018±0.004). 

4. Discussion
Patients frequently express annoyance over the ex-

tended duration of orthodontic treatments, which often ex-
ceed their initial expectations, leading to disappointment 
and waning motivation. Delays, attributed to factors like 
biological variability, unexpected complications,  empha-
size the importance of prevention strategies. These issues 
not only affect treatment timelines but also cause addi-
tional discomfort, underscoring the need for preventative 
measures. Setting realistic expectations and ensuring open 
communication between orthodontists and patients are 
crucial for preventing misunderstandings and effectively 
managing potential delays.

Orthodontic tooth movement is basically a biological 
reaction to a mechanical force. Prolonged application of 
controlled mechanical forces initiates the OTM by crea-
ting tension and compression zones in the alveolar bone 
and periodontal ligament, which remodels the tooth soc-
kets and allows tooth movement [41]. This mechanical 
load influences osteoblastic and osteoclastic activity as 
well as modifies bone metabolism. Any factor that controls 
osteoblastic or osteoclastic activity, including growth fac-
tors, hormones, and inflammatory or proinflammatory cy-
tokines, can also affect bone metabolism [42]. 

Platelet concentrates are derived from autologous 
blood of the patient or animals and offer a safe substitute 
for bioactive materials that are sold commercially. There 
are two types of platelet concentrates that vary in terms of 
content and methodology [27][43][44][45]. PRP is a type 
of platelet concentrate that was initially created by com-
bining high platelet concentration with anticoagulants to 
activate the growth factors that were present [44]. PRF is 
a platelet concentrate of the second generation, produced 
at slower centrifugation rates without the addition of any 

chemicals or anticoagulants [27][43][46]. Because iPRF 
requires a lower centrifuge speed, more natural and gra-
dual polymerization will achieve that improve the sprea-
ding and integrity of soluble molecules such as cytokines 
in the fibrin network [27][43]. The effectiveness of iPRF 
also rises as a consequence of the extended and controlled 
release of cytokines[43].

Platelet concentrates (PRP, PRF) are known to include 
a variety of growth factors, including PDGF, PDEGF, 
EGF, IGF, VEGF, and TGF-b. Platelet concentrate alters 
bone remodeling in favor of bone formation because of the 
presence of growth factors [42]. The application of PRF 
in dentistry has increased since 2011 because synthesis 
of PRF is a simple, reproducible, inexpensive, and trouble-
free procedure. It can be produced from as small as 8–10 
ml of autologous blood without the requirement for any 
heterogeneous agent, unlike PRP preparation; which re-
quires addition of anticoagulant. Moreover, PRF has se-
ven-fold higher release of growth factor in comparison to 
PRP. [47].

Vitamin E, a well-known antioxidant, is among the 
most extensively utilized supplements across the globe. 
Numerous studies have demonstrated the potential of vita-
min E to influence bone metabolism [30]. 

To the best of our knowledge, this is the first study de-
monstrating how administering the combined Vitamin E 
and iPRF affects tooth movement. To detect whether Vita-
min E boosts the effect of iPRF on OTM or has no any 
boosting effects, the effect of isolated iPRF and combined 
with vitamin E were assessed independently.

 Adding vitamin E to iPRF is considered a biologically 
boosted iPRF. Sar et al studied the effect of combined PRF 
and piezo-incision on OTM, so piezo-incision acted as a 
mechanical boosting method to PRF[48]. 

The findings of the current investigation demonstrated 
that the local application of combined Vit E-iPRF accel-
erated OTM in all time intervals. There was significantly 
more OTM in Vit E-iPRF group than iPRF and positive 
CG on day 7 and 14. Non-significant changes were iden-
tified across groups in the third week; degradation of the 
iPRF and Vit E-iPRF after two weeks may have caused 
the condition [49]. This temporary rate of tooth movement 
indicates that repeated injections might be required for 
continuous effects [50]. Regarding iPRF group, the rates 
of OTM was greater than positive CG in all time points, 
these results agreed with the finding of earlier study, which 
demonstrated the positive effects of iPRF in enhancing 
OTM [51], also in agreement with other clinical studies 
on patients [52–54]. Furthermore, these findings favo-

Table 3. The histological parameters.

Histological 
parameters Time Interval Negative Control Positive Control iPRF Vit E+iPRF P value

Osteoclast No/mm2

7 days 1.40 ±0.55a,b,c 4.40 ±1.14b,c,d 6.40±0.55a,d 7.00±1.00a,d 0.001
14 days 1.40 ±0.55a,b,c 7.60 ±0.55 b,c,d 10.00±0.71a,d 11.40±1.14a,d 0.001
21 days 1.40±0.55a,b,c 8.00 ±1.00b,c,d 11.20±1.30a,d 12.60±1.14a,d 0.001

Active bone resorptive 
lacunae/mm2

7 days 0.018±0.004a,b,c 0.098±0.01b,c,d 0.228±0.04a,d 0.224±0.03a,d 0.001
14 days 0.018±0.004a,b,c 0.273±0.02b,c,d 0.454±0.03a,d 0.494±0.03a,d 0.001
21 days 0.018±0.004a,b,c 0.382±0.03b,c,d 0.704±0.04a,c,d 0.840±0.05a,b,d 0.001

One-way ANOVA test followed by Tukey’s test was used. a Significant difference compared with Positive Control (P < .05). b Significant difference 
compared with iPRF (P < .05). c Significant difference compared with Vit E-iPRF (P < .05). d Significant difference compared with Negative 
Control (P < .05).
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rably corresponded with other experimental studies that 
carried out using PRP on animal models, they found that 
PRP positively increases the rat of OTM [40][44][55]. The 
greater concentration of growth factors and cytokines re-
leased by activated platelets in platelet concentrates may 
be the cause of the accelerated tooth movement. Relea-
sing of molecules such as: platelet-derived growth factor, 
transforming growth factor-β and vascular endothelial 
growth factor (VEGF), which affect the process of bone 
remodeling to cause cellular responses in the various cell 
types and create an environment that is favorable for tooth 
movement [56]. 

When compared to the negative CG, the use of iPRF 
alone resulted in an almost 4.5-fold increase in osteoclast 
cell counts on days 7, 14, and 21, and an 8-fold increase on 
days 21. These results are consistent with research by Sar 
et al. that found that osteoclast counts were greater than 
those of the untreated CG [48].

The differences between groups in all time observa-
tions are found to be significant in osteoclast and active 
resorptive lacunae. The increased osteoclast counts and 
active bone resorptive lacunae showed an increase in the 
rate of alveolar bone turnover, indicating accelerated tooth 
movement. 

The study conducted by Fujita et al. demonstrated 
that a diet high in vitamin E increases osteoclast activity, 
which leads to bone loss [34]. On the other hand, Kasai et 
al. discovered that a diet high in vitamin E enhances bone 
metabolism and increases the osteoblast numbers [35]. 
The present study showed that gradually increased osteo-
clast numbers and decreased bone volume fraction BV/TV 
in Vit E-iPRF group from day 7 to 21, is consistent with 
that combined Vitamin E-iPRF being related to more bone 
loss. Seong et al. found that a diet high in vitamin E in-
creases OTM [57]. In contrast to the results of earlier stu-
dies, local or systemic administration of vitamin E did not 
affect the OTM [58]. The highest number of osteoclasts is 
shown in group Vit E-iPRF on day 21. While Nakornnoi et 
al. [40] and Chen et al. [59] found that the peak of osteo-
clast number was in second week, PRP has been used in 
both studies in rabbit models. 

Alveolar bone changes in pressure side of first premo-
lar revealed that BV/TV in the Vit E-iPRF group is signi-
ficantly less than iPRF and positive CGs on days 7 and 14 
and non-significant on day 21, which correlated with more 
decrease in Tb.Th. It suggested that osteoclast-induced 
bone resorption on the trabecular bone's surface may have 
contributed to a larger drop in bone volume fraction. In 
a similar way, the Vit E-iPRF group demonstrated an in-
crease in the Tb.Sp. as a result of bone resorption on the 
trabecular surface, which increases the distance between 
trabeculae. This result is consistent with previous study 
that showed that L-PRP decreases BV/TV and Tb.Th. in 
first and second week and increases Tb.Sp. [60]. 

Correlating the OTM, histological and Micro-CT scan-
ning findings, this study shows that the local injection of 
iPRF and combined Vitamin E-iPRF could increase osteo-
clast numbers and area of active bone-resorptive lacunae 
which enhance the process of bone resorption. This might 
give a logical justification for the increase in the rate of 
OTM observed in the groups that received local adminis-
tration of iPRF and combined vitamin E-iPRF.

There are some limitations of the current study. Ten-

sion side was not studied, to estimate the effects of iPRF 
and Vit E-iPRF on osteoblast activity. Furthermore, only 
single dose of injections was administered, further studies 
were required to examine the effects of multiple injections 
of iPRF, isolated Vitamin E and combined Vitamin E-iPRF 
on the rate of OTM.    

5. Conclusion
The results of the current study showed that local injec-

tion of iPRF and combined vitamin E-iPRF significantly 
accelerated OTM on days 7 and 14, but non-significant 
differences were found on day 21 in comparison to CG. 
Furthermore, only in second week, there were significant 
differences between iPRF and combined vitamin E-iPRF 
in the rate of OTM. Osteoclast numbers were significantly 
increased in iPRF and combined Vit E-iPRF groups in 
all time points compared to CG, but non-significant dif-
ferences were observed between iPRF and combined Vit 
E-iPRF groups in all time intervals.
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