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on bone formation in the expanded mid-palatal
suture in rabbits: a randomized controlled
animal study
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Abstract

Background Mid-Palatal suture expansion needs long retention period due to delayed bone formation

in the expanded suture. Platelet-rich plasma (PRP) is a concentrated source of growth factors which increase bone
formation. The aim of this study was to evaluate the effect of PRP injection on bone formation in expanded mid pala-
tal suture in rabbits.

Methods In this prospective randomized controlled animal study, Twenty male rabbits (8-weeks-old) were subjected
to mid-palatal expansion for 5 days. Animals were afterwards randomly divided into control group A & study group B.
PRP was prepared and injected in the mid-palatal suture in animals belonging to group B only. After 6 weeks of reten-
tion, all animals were euthanized, and premaxillae were prepared for histological, histomorphometric and immu-
nohistochemical analysis. Student t-test and paired t-test were used to compare the means of the two groups

and within the same group respectively. Significance level set at p<0.05.

Results Histomorphometric analysis revealed a significant increase (p < 0.001) in the mean percentage of new

bone in the study group (14.4%) compared to the control (1.4%). Suture width in study group was significantly wider
than the control group (278.8 +9ums and 120.4 +3.4ums, p < 0.001). There was a significant increase in vascular
density in study group than control group (309+65.34 and 243.86+48.1, p=0.021). Osteopontin immuno-expression
revealed a significant increase in optical density in study group than control group (0.21+0.02 & 0.12+0.01, p < 0.001).

Conclusions In rabbit model, PRP injection can accelerate new bone formation in the expanded mid-palatal suture
when compared to the control. This could hopefully result in a more stable midpalatal expansion and a reduced
retention period.

Keywords Platelet rich plasma, Rabbits, Histomorphometry, Immunohistochemistry, Midpalatal suture expansion,
Osteopontin, Bone formation, Vascular denisity, Osteoblast count

Introduction

Maxillary constriction is a relatively common prob-
lem in patients seeking orthodontic treatment. Cor-
rection of such problem can be performed using an
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transversal dimension. During this procedure, tension
forces are built in the suture inducing bone remodel-
ling. New bone formation and collagen fiber rearrange-
ment continues as part of sutural bone remodelling
until equilibrium is achieved [1-3]. However, early
relapse of expanded midpalatal suture has frequently
been reported. [4]A major reason for such early relapse
has been attributed to inadequate or delayed bone for-
mation in the midpalatal suture as part of the sutural
remodelling process following its separation [5].

The early induction of new bone formation in the
recently expanded midpalatal suture will result in early
stabilization of the expansion process and consequently
would reduce the possibility of expansion relapse and
shorten the period needed for retention. Different
methods have been used in the literature to evaluate
the outcome of suture expansion. Suture width is an
important parameter used to evaluate the outcome of
the suture expansion. Alyessary et al. [6] measured the
sutural separation as one of the histomorphometric
variables to evaluate mid-palatal suture expansion and
Willershausen et al. [7] recorded the suture width as
one of the histomorphometrical parameters to analyse
hard palate specimens at different ages. Immunohisto-
chemical markers also were used to investigate molecu-
lar biology in areas of osteogenesis. CD34 is a surface
molecule expressed specifically on hematopoietic cells
and on endothelial cells [8] and is used to detect vas-
cularity. Osteopontin is a glycosylated phosphoprotein
produced by different types of cells including osteo-
blasts, osteocytes, and inflammatory cells [9]. It plays
a role in bone homeostasis and affects the activity of
bone cells [10]. Osteopontin expression in osteoblasts
and osteocytes was found to increase in response to
mechanical tension like suture expansion [11-14].

Many successful methods to induce faster bone for-
mation in the expanded midpalatal suture have been
documented in the literature, including laser therapy
[15, 16], lithium chloride [17], vitamins [18, 19], bis-
phosphonates [20], dietary boron [21] and antioxidants
[22, 23]. However, in the era of tissue engineering, a
remarkable concern should be given to autologous
biological product such as platelet concentrates. This
excludes any possibility of side effects that could be
associated with the use of chemical substances, and
excludes the possibility of cross infections. Compared
to the other forementioned methods, platelet concen-
trates have the superiority for [1] being rich in growth
factors that are important for bone healing [24-26], (2)
contains variable blood proteins that are important for
osteoblasts and fibroblasts chemotaxis [27], (3) consid-
ered a potent initiator for bone regeneration and appo-
sition when injected at a local site [27-31].

Page 2 of 18

The use of platelet concentrates as a healing booster in
different medical and dental fields has been established
since 1998 when Marx came up with the 1st generation
platelet concentrate known as Platelet Rich Plasma (PRP)
[27]. However, two principal limitations were associated
with PRP use [32, 33]. First limitation is the adverse reac-
tions that may affect the host caused by the presence of
an external anticoagulant used during PRP preparation
to prevent blood coagulation. And the second limitation
is the relative rapid release of growth factors from PRP
upon activation. To overcome these limitations, Chouk-
ron in 2001 [34] introduced the 2nd generation platelet
concentrate, Platelet Rich Fibrin (PRF). Because the prep-
aration of PRF does not include an additional anticoagu-
lant, a blood clot is formed consisting of a fibrin matrix
entrapping platelets and leukocytes in it. The presence
of this 3D fibrin matrix slows and prolongs the release of
growth factors in comparison to PRP. PRF showed supe-
rior results when combined with graft materials or used
to heal bony defects compared to PRP in periodontology,
maxillofacial and implant dentistry [35-37].

However, PRF has a gel consistency making it is more
suitable to be added to graft materials or to hollow
defects and cannot be injected into tissues [38]. To over-
come the injection limitations, Choukron introduced the
injectable PRF (i-PRF), that can be injected into tissues
within 15 minutes before it starts coagulation [39]. How-
ever, injectable PRF (i-PRF) did not show the expected
superiority over PRP as PRF did. Recent studies showed
no difference in the rate of tooth movement during
canine retraction [40] or lower incisor alignment [41]
when both PRP and i-PRF were compared. A review of
randomized controlled trials [42] concluded equal effect
of (PRP) and (PRF) on acceleration of orthodontic tooth
movement and a recent systematic literature review [43]
demonstrated clinical privileges for the use of PRF in per-
iodontology, oral medicine and oral surgery, with unclear
benefits in the fields of endodontics and orthodontics.
Even in the field of orthopaedics, a recent systematic
review [44] demonstrated PRP superiority over i-PRF in
arthroscopic rotator cuff repair.

The proved efficacy of PRP in injections and the
unproven superiority of i-PRF over PRP could be due to
3 important reasons:

1. Injected PRP is activated when it comes to contact
with collagen type I naturally present in the host tis-
sues [45, 46]. This activation pattern has been sug-
gested to activate the PRP and release its growth fac-
tors in a slower and sustained manner over time [47].

2. The preparation of i-PRF adopts a low-speed centrif-
ugation technique, lead to the incorporation of white
blood cells, monocytes, endothelial cells, stem cells
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and other various cellular elements in addition to
the platelets. This makes i-PRF a blood concentrate
rather than a solid pure platelet concentrate [48].

3. Cell concentration in (i-PRF) is not homogeneous,
with platelets mainly located at the interface between
the yellow and red phase [49].

The literature proved local injection of PRP as a reli-
able strategy for osteoblasts promotion with the result-
ant increase in the rate of bone formation, and improving
mineralization and density of cancellous bone [27, 50,
51]. Furthermore, PRP proved efficacy in orthodontic
tooth movement acceleration [52—54] and successfully
reduced tooth movement induced by relapse after ortho-
dontic tooth movement [55].

Therefore, the possibility of using the biologically safe
osteoinductive PRP to regenerate bone in the expanded
mid-palatal suture may be useful in controlling relapse
following expansion. The specific aim of the current
study was to evaluate the general histological changes in
the expanded mid-palatal suture following PRP injection
and to measure the percentage of surface area of newly
formed bone, osteoblasts’ count, percentage of unminer-
alized bone, immunoreactivity to CD34 antibodies and
osteopontin associated with PRP injection into expanded
mid-palatal suture. The null hypothesis is that plate-
let rich plasma injection in the mid-palatal suture after
expansion will not result in promoting bone formation in
the suture.

Materials and methods

Study design

In our prospective randomized controlled animal experi-
ment to study the effect of PRP injection on new bone
formation in the expanded midpalatal suture, 8-weeks-
old New Zealand rabbits were used. The rabbit model
was more suitable than a rat model for the current study
as a relatively large blood sample suitable for PRP prepa-
ration could be withdrawn from the rabbit without del-
eterious effect on the animal’s general health [56]. In
addition, rabbits have haversian system like humans, so
the results can be correlated to humans [57]. All rabbits
included in the study were chosen to be males due to
the prevalence of blood coagulation problems in female
rabbits [56]. All included rabbits were chosen within the
normal weight suitable for this age (2kg — 2.5kg) and
with normal activity and behaviour. Any rabbit showed
any dermatological lesions or any other signs of systemic
or local diseases were excluded from the study.

Sample size estimation
The minimal sample size was calculated based on a pre-
vious similar study aimed to evaluate bone regeneration
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following mid-palatal suture expansion in rabbits [21].
The minimum required sample size to detect the differ-
ence in newly formed bone surface area was found to be
ten rabbits per group (number of groups=2) adopting a
power of 80% (p=0.20) to detect a standardized effect of
newly formed bone surface area (primary outcome) of
1.200, at level of significance 5% (« error accepted =0.05)
[58]. Any sample withdraws from the study due to any
reason will be replaced to maintain the sample size [59].
The sample size was calculated using GPower version
3.1.9.2 [60].

Study setting

This study was carried out in accordance with the
ARRIVE guidelines for reporting animal research [61].
This experiment followed the guidelines of the Alexan-
dria University Ethics Committee for the Animal Experi-
mentation and was performed after gaining the approval
of the Research Ethics Committee of Alexandria Uni-
versity Faculty of Dentistry (IRB No. 00010556 — IORG
0008839).

The experiment was carried out at the animal house of
Medical Research Institute, Alexandria University. Ani-
mals were kept in the experimental animal house under
similar environmental conditions. They were kept in
polypropylene cages under 12hour’s light—dark periods
and a temperature (24+2°C) with free access to water
and commercial diet. Histological and histomorphomet-
rical analysis were conducted in the Oral Biology Depart-
ment, Faculty of Dentistry, Alexandria University.

Intervention

Each animal was weighted before starting any interven-
tions and the weight of each animal was recorded in
kilograms.

Animal anesthesia [62]

All the rabbits were anesthetized to perform the experi-
mental procedures by intramuscular injection of Keta-
mine (35mg/kg) (Ketamine hydrochloride injection USP,
rotex medica, Trittau, Germany) and Xylazine (5mg/kg)
(Xyla-Ject, Adwia, 10th of Ramadan City, Egypt).

Appliance fabrication [21]

A helical spring fabricated from 0.028-in. stainless steel
wires were used for mid-palatal expansion (Fig. 1a). The
spring was simple design with no laboratory preparation
and easily installed in place. The expanding force were
adjusted using a gauge to (250g). In all the animals, under
anaesthesia, each arm of the expansion spring was ligated
using a piece of ligature wire to one central incisor into
a hole drilled at the level of the lingual gingival papilla
(Fig. 1b). The distance between the 2 mesio-incisal angles
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Fig. 1 a Helical spring expander. b Expansion spring in situ

of the 2 central incisors were measured (T0) using a digi-
tal caliper [63].

Active mid-palatal suture expansion was executed
in all animals with the expansion spring for 5days [21].
Each animal was given a number. Given numbers were
attached to the rabbit’s ear using a piece of ligature wire.
This number was used for randomized allocation in the
study groups according to a previously generated table.
Randomization table generation and rabbits’ allocation
into the groups were done using a computer-generated
random list [64]. Afterwards, animals were equally and
randomly assigned into one of two groups A and B.
Group A was assigned a control group with no further
interventions following midpalatal suture expansion,
whereas in Group B (Study group), PRP was injected in
the midpalatal suture following midpalatal expansion.

PRP preparation and injection
PRP was prepared for each animal assigned to group B
at the laboratories of the Department of Clinical Pathol-
ogy, Faculty of Medicine, Alexandria University, after
active mid-palatal suture expansion. To avoid premature
platelet activation, a needle gauge (> 22) was used in
blood sample collection for PRP preparation [46]. There-
fore, intracardiac punctures were used for blood sample
collection as other puncture sites such as ear or femo-
ral veins were not suitable with the large recommended
needle gauge. Blood (10 ml) was drawn from each animal
to 10% sodium citrate preloaded syring to avoid adverse
effects on platelet membrane viability associated with
other anticoagulants as EDTA and heparin [65].
Autologous PRP was prepared using the double spin
technique [66, 67]. The blood samples underwent the
first centrifugation for 10 minutes at 160G and the mid-
dle and top layers were extracted and transferred to a
new tube. The samples were then centrifuged for the

second round at 400G for 15 minutes to produce PRP in
the lower third of the tube.

Animals were anesthetized again. The distance
between the mesio-incisal angles of both right and left
central incisors were measured (T1) to assess the amount
of expansion attained. An occlusal x-ray was obtained
for all the animals using a size 2 periapical film to verify
mid-palatal suture opening with the installed appliance.
The expansion springs were replaced by a piece of 18*25
stainless steel wire for passive retention of the expansion
in all the animals [21]. PRP was injected in the mid-pala-
tal suture in animals belonging to group B using citoject
periodontal injector (SOPIRA Citoject syringe, Heraeus
Kulzer Inc. South Bend, USA). PRP was injected in the
liquid form with no pre-activation as platelet activation
would occur upon PRP contact with the tissue collagen
[45, 46] resulting in more physiologic activation and pro-
longed growth factors release from PRP [46, 47].

The marked needle (using an endodontic file rubber
stop) was inserted 3mm into the tissues of the midpala-
tal suture and 0.7 ml of PRP was injected using the ‘pep-
pering’ technique. This involves inserting the needle into
the tissues, injecting some of the PRP withdrawing the
needle but without emerging it, slightly redirecting, rein-
serting and reinject. On the other hand, all the animals in
group A were left without any further intervention.

Expansion was retained for 6 weeks in both groups (A
and B) as complete bone regeneration in rabbits requires
42 days to take place [6, 68]. After the retention period
and before animal euthanizea, each animal was weighted
again in kilograms and increase or decrease in each ani-
mal’s weight was assessed. Animals in both groups were
euthanized by decapitation following the American Vet-
erinary Medical Association guidelines after administra-
tion of intraperitoneal sodium pentobarbital (100 mg/kg)
(Pentobarsol, Dechra, Overland Park, KS, USA) after 6
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weeks of retention period and the premaxillae of the sac-
rificed animals were obtained and prepared for histologi-
cal examination and histomorphometric analysis.

Histological evaluation

After animal sacrifice, premaxillae were harvested and
cleaned from any soft tissue remnants and debris. Neu-
tral buffered formalin (10%) was used for specimens’ fixa-
tion for 48 hours [69].

Afterwards, 5% formic acid was used for decalcification
for 5 days (changed 3 times per day) [21]. The specimens
were immersed in increasing concentrations of alcohol
for dehydration, followed by clearing in xylene and infil-
tration with paraffin wax. Specimens were finally embed-
ded in paraffin blocks in an orientation that will make the
direction of cutting at right angle to the sagittal plane and
to pass through gingival part of the crown of incisor at its
center and joining 2 points one of them assigned at the
crest of alveolar bone and the second point was assigned
4mm apical to the first point [21]. The sections were cut
at a thickness of 5um and stained with hematoxylin and
eosin stain (H&E) for general examination [69] and Gold-
ner-Masson trichrome stain for detection of the unmin-
eralized newly formed bone [70] and examined by light
microscope.

Data collection

A) Histomorphometric analysis
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Histomorphometric analysis was performed using
Image ] 1.46r (National Institutes of Health, Bethesda,
MD), a reliable method used as a quantitative meas-
urement of the new bone formation [71, 72]. The
measurements were done in 5 serial sections in every
specimen in each group and a mean was calculated.
The same procedure was repeated in each of the ten
specimens in each group. The following parameters
were assessed:

1- The percentage of new bone surface area.

The analysis was carried out on light microscopic pic-
tures with a magnification of X100. The newly formed
bone was traced using free hand selections tool, then its
surface area was measured. The percentage of the newly
formed bone was calculated in relation to the total sur-
face area of the field (Fig. 2).

2- Mean suture width of the mid palatal suture [73].

The analysis was carried out on light microscopic pic-
tures with a magnification of X40. A line was drawn
between the 2 sides of the suture and it was measured.
The same procedure was repeated at 9 different points
distributed evenly and equally along the whole length of
the suture. Then the mean suture width was obtained.
The same procedure was repeated in all the specimens in
both control and study groups Fig. 3.
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Fig. 2 Tracing of newly formed bone using image J
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Fig. 3 Measurement of mean suture width using image J

3- Osteoblasts’ count

The analysis was carried out on light microscopic pic-
tures with a magnification of x400. In each section, ten
non-overlapping images were used along the whole
suture length and the mean was calculated.

4- Percentage of unmineralized bone

In Goldner-Masson trichrome stained sections (x 100),
the unmineralized bone was stained red and was meas-
ured as its percentage to the total surface area of the field.

B) Immunohistochemical analysis

Immunohistochemical evaluation of both CD34 and
osteopontin were evaluated in 5 serial sections (5 pt thick)
in each specimen. In each section, ten non-overlapping
images (x400) were used along the whole suture length
and the mean was calculated.

Sections on silanized slides were first deparaffinized
in xylene, rehydrated in graded concentrations of etha-
nol. For antigen retrieval, citrate buffer solution was
used at 100°C for 20 minutes. To reduce nonspecific
binding of antibody, 1% bovine serum albumin was
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used for half an hour at room temperature in phos-
phate buffered saline (PBS) solution. Sections were
then incubated with primary antibody for 60 minutes.
This was followed by washing by buffer and incuba-
tion with secondary antibody for half an hour and then
washed in PBS. For antibody detection, 3,3’ -Diamin-
obenzidine (DAB) was used. Finally, counterstaing of
the sections was accomplished by Mayer’s hematoxy-
lin [6]. Negative control were preapred by using PBS
instead of primary antibody.

. CD34

To assess the vascularity in the mid-palatal suture,
immuno-staining of CD34 (a marker expressed on
endothelial cells) was done using anti-CD34 antibodies
(Thermo Fisher Scientific, Fremont,CA, USA).

1- Optical density (OD) [74]
The optical density of the CD34 positive blood vessels was
calculated using the following equation: OD=log (maxi-

mum intensity/mean intensity), maximum intensity =255.

2- Vascular density [7]
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In each image, the total surface area of the suture was
traced and measured, and the positively stained CD34
blood vessels were counted. The vascular density was
calculated as number of blood vessels per 1mm? of the
suture total surface area.

+ Osteopontin

Immuno-staining of osteopontin was done using anti-
osteopontin antibodies (Medaysis, Livermore, CA, USA).
The optical density of osteopontin immune-staining and
area percent [74] (the percentage of area stained posi-
tive for osteopontin to the total area of the field) were
calculated.

Blinding and intra-examiner reliability

Prepared histological slides’ labels were covered by
scotch tape for blinding purposes during histological
examination, histomorphometric and immunohisto-
chemical analysis. Comments and measurements were
performed by one researcher (K.N) with scotch tape cov-
erings. Also, the statistician was blinded for the groups
during data analysis.

After 2weeks from performing the first measure-
ments, five specimens from each group were randomly
selected to repeat the measurements of percentage of
new bone surface area, the mean suture width of the
mid palatal suture, osteoblasts’ count, percentage of
unmineralized bone and immunohistochemical analy-
sis by the same researcher. Intraclass correlation coef-
ficient (ICC) was used to assess the intra-examiner
reliability.

Data analysis

Data was presented as mean * standard deviation. Data
was analyzed using IBM SPSS software package ver-
sion 20.0. (Armonk, NY: IBM Corp). Shapiro-Wilk
test revealed normal distribution of the data. Student
t-test was used to compare the means of two groups for
normally distributed quantitative variables and paired
t-test was used to compare the means within the same
group. Significance of the obtained results was judged
at the 5% level.

Table 1 Intra-examiner reliability of measurements of histomorphometric
parameters and immunohistochemical analysis

Variable ICC coefficient 95% C.I

1st measurements vs. 2nd 0.994 0.991-0.996

measurements
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Results

The value of Intraclass correlation coefficient (ICC) was
0.99. This indicates very good intraexaminer reliability
(Table 1).

Demographic data

Twenty male, 8-weeks-old, New Zealand rabbits were
used in the current study. Demographic data and sample
characteristics are shown in Table 2.

The expansion (difference in distance between mesio-
incisal angles of both right and left central incisors at T1
and T0) was successful in all the animals with mean sepa-
ration of the central incisors teeth 4.11 mm in control
group A and 4.06 mm in study group B. All included ani-
mals were same age and average weight suitable for this
age. No significant diffrences were observed in the ani-
mals’ demographic data and the study covariates between
the different study groups (Table 3).

Paired t-test showed signifant increase in animal
weights in both groups (p<0.0001). The gain in animals’
weight was similar in both the control and the study
groups with no significant difference in animals’ weight
before euthanasia (3.3+0.22 and 3.210+0.179 respec-
tively, p=0.3306) as presented in Table 3. This indicates
that the design of the helical spring used for the expan-
sion as well as the intervention procedures (especially
PRP injection) were well tolerated by all the animals in
both groups with no adverse effects on feeding habits
or general health of the animals. No breakages or losses
of the expansion spring were noted in any of the study
animals.

Histologic results

Light microscopic examination of specimens of con-
trol group (A) revealed a narrow suture width along
its length with few small blood vessels. Narrow band
of new bone was seen at the anterior and middle por-
tions of the suture (Fig. 4a, Fig. 5a, b, Fig. 6a, b). How-
ever, almost no bone was formed at the posterior end of
the suture (Fig. 7a, b). Flattened osteoblasts were seen

Table 2 Demographic data of the sample

Covariate All sample (n =20)
Amount of expansion attained mm (T1-T0) 408+0.32
Mean+SD
Initial animal weight (kg) Mean +SD 2210+£0.159
Animal weight before euthanesia (kg) Mean+SD 3.255+0.201
Animal sex

Male n (%) 20 (100%)

Female n (%) 0 (0%)
Animal age at start of study (days) Mean+SD 59.15+254
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Table 3 Demographic data distribution in the study groups
Control Study (PRP injection) t P
(n=10) (n=10)
Amount of expansion in mm (Distance between mesio-incisal 41£0.28 4.06+£0.37 0.2508 0.8048
angles of both right and left central incisors T1-T0)
Mean=£SD
Initial animals’ weight (kg) 2.240+0.196 2.180+0.114 0.8393 04123
Mean+SD
Animals’ weight before euthanasia (kg) 3.300+0.221 3210+0.179 1.0000 0.3306
Mean +SD
Paired t test
P<0.0001*
Animal sex
Male 10 (100%) 10 (100%)
Female 0 (0%) 0 (0%)
Animal age at start of study (days) 59.10+2.73 59.20+249 0.0857 0.9326

Mean +SD

* Statistically significant at p <0.05
SD Standard deviation
t Student t-test

P p value for comparing between the studied groups

Fig.4 Compound light micrograph (LM) of the mid-palatal suture of control (a)

(b) showing the greater width of the suture

(double headed arrow) in the study group. Also, numerous dilated blood vessels (arrow heads) are seen in study group B compared to few

scattered blood vessels (arrow heads) in control group A. H&E x40
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Fig. 5 LM of control (A & B) and study groups (C & D) showing the anterior part of the suture. a A higher magnification of (inset 1 in Fig. 4a)

of control group showing some dilated blood vessels (arrows). b A higher magnification of inset in the previous photograph showing the formation
of a narrow band of new bone (double headed arrows). ¢ A higher magnification of (inset 1 in Fig. 4b) showing the formation of a wider band

of new bone (double headed arrows) on each side of the suture. Multiple blood vessels can be seen (arrows). d A higher magnification of inset

in previous photograph showing the width of the new bone on each side (double headed arrows) of the suture. (H&E; A&C x 100, B&D x400)

covering the bone surface (Fig. 6b). On the other hand,
in study group (B), the expanded suture showed greater
width with numerous dilated blood vessels were found
along the suture length till its posterior end (Fig. 4b,
Fig. 5c¢, Fig. 6c, Fig. 7c). A wide band of newly formed
bone was seen on each side of the suture all over its
length till its end (Figs. 5¢, d, Fig. 6 c, d, Fig. 7c, d) with
the presence of newly inserted fibers (Fig. 7d) which
indicates the good union of suture fibres with the newly
formed bone on each side of the suture. In addition,
voluminous osteoblasts were seen covering the bone
surface which indicates active bone formation (Fig. 6d).

In Goldner-Masson trichrome stained sections, the
control group showed a layer of newly formed unmin-
eralized bone in different areas of the suture (Fig. 8).
On the other hand, in study group, most of the newly
formed bone was homogenously mineralized all over
the suture except for few scattered areas of unmineral-
ized bone (Fig. 9).

Histomorphometry results
1- The percentage of new bone surface area.

The percentage of new bone surface area in both
groups are shown in Table 4 & Fig. 10a. The study group
showed a significant increase in mean percentage of new-
bone surface area in comparison to control group where
the values were 14.4 and 1.4% respectively (p <0.001).

2- Mean suture width of the mid palatal suture

The mean suture width showed a significant increase
in study group in comparison to control group where
the values were 278.8 ums and 120.4 ums respectively
(p<0.001). (Table 4 & Fig. 10b).

3- Osteoblasts’ count
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e. a A higher magnification of (inset 2 in Fig. 4 a)

of control group showing numerous small blood vessels (arrows). b A higher magnification of the inset in the previous photograph showing

a narrow band of new bone formation on one side of the suture (double headed arrows) and flattened osteoblasts (arrows) lining the bone surface.
¢ A higher magnification of (inset 2 in Fig. 4b) of study group showing the formation of a wide band of new bone (double headed arrows) on each
side of the suture and numerous dilated blood vessels (arrow heads). d A higher magnification of the inset in the previous photograph showing
the width of the new bone (double headed arrow) which is covered by voluminous osteoblasts (arrows). (H&E; A&C x 100, B&D x400)

No statistical significance(p =0.187) was detected in
mean osteoblasts’ count between the 2 groups (35.9
for the study group and 29.2 for the control group)
(Table 4) & Fig. 10a.

4- Percentage of unmineralized bone

The percentage of unmineralized bone in control
group was significantly higher (»<0.001) compared to
study group (14.32+5.01 and 5.49 +2.93 respectively).
(Table 4) & Fig. 10a.

Immunohistochemical analysis

CD34

Immunohistochemical results revealed that endothelial
cells in control group showed faint immunoreactivity

to CD34 antibodies (Fig. 11a), while those in the study
group revealed stronger immunoreactivity (Fig. 11b).

1- Optical density

The optical density of CD34 immuno-reactivity was
significantly higher (p=0.007) in study group compared
to control group (0.28 and 0.2 respectively). (Table 5) &
Fig. 11c.

2- Vascular density

A statistically significant (p=0.021) increase in the
number of blood vessels in the study group was found in
comparison to the control group; vascular density was
309+65.34/mm> and 243.86+48.1/mm? respectively.
(Table 5) & Fig. 11d.
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Fig. 7 LM of control (a & b) and study groups (C & D) showing the posterior part of the suture. a A higher magnification of (inset 3 in Fig. 4a)

of control group showing the narrow suture width (double headed arrows). b A higher magnification of the inset in the previous photograph
showing the almost absence of new bone formation on each side of the suture (arrows). ¢ A higher magnification of (inset 3 in Fig. 4b) of study
group showing the widely expanded suture (double headed arrow) and the formation of new bone (between the dotted lines) on each side

of the suture. Numerous dilated blood vessels are seen (arrow heads). d A higher magnification of the inset in the previous photograph showing
reversal line (arrow heads) between the old & new bone and the inserted fibers (arrows) into the new bone. (H&E; A&C x 100, B&D x 400)

Osteopontin

Immunohistochemical analysis showed a stronger immune
expression of osteopontin in both osteoblasts and osteo-
cytes in study group compared to control group (Fig. 12a,
b).

1- Optical density: showed a statistically significant
increase in optical density of immune-reactivity in
study group compared to control group (p<0.001),
where the values were 0.21+0.02 & 0.12+0.01
respectively (Table 6) & Fig. 12c.

2- Area percent: the ratio of area stained positive to
osteopontin to the total area of the field was signifi-
cantly greater in study group (18.99+2.76) compared
to control group (6.56+3.44) (p<0.001) (Table 6) &
Fig. 12d.

Discussion

This randomized controlled animal study was executed to
test the hypothesis that a platelet concentrate platelet rich
plasma (PRP) can be used as a natural method to induce
and accelerate new bone formation in the expanded mid-
palatal suture. The literature reported some successful
attempts for accelerating midpalatal bone formation fol-
lowing midpalatal expansion [15-23]. However, the use
of a platelete concentrate would be advantageous over
previously tested methods being an autologous product
eliminating the risk of cross infections or provoking any
adverse reactions [27]. In the current study, only inject-
able forms of platelet concentrate; PRP or i-PRF could
be used and the authors used PRP. The authors used PRP
as no scientific evidence supports the absolute superi-
ority of i-PRF over PRP [40, 41, 43, 44] and to avoid the
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Fig. 8 LM of control group showing the anterior (a & b), middle (c & d)
unmineralized bone is stained red (arrows). b, d & f are higher magnifications of insets in a,c&e respectively. (Goldner Masson trichrome stain; a,c&e
X 100, b,d&f x400)

2 P s N : Sy .
e i \ NN RN
Fig.9 LM of study group showing the anterior (a & b), middle (c & d), and posterior area (e & f) of the mid-palatal suture. Mineralized bone
(stars) is stained green with few areas of unmineralized newly formed bone (arrows) are seen in some regions of the suture. b, d & f are higher
magnifications of insets in a, c&e respectively. (Goldner Masson trichrome stain; a,c&e x 100, b,d&f x400)

anticipated problems that may be encountered with the till injection of the concentrate before the activation of
use of i-PRF. The success of i-PRF use is dependent on  clotting cascade [75]. This introduced inconveniences to
speedy manipulation of the blood sample from collection  the authors as blood samples were collected in animal
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Table 4 Comparison between the two studied groups according to different histomorphometric parameters

Control Study t P
(n=10) (n=10)
Percentage of bone surface area
Mean +SD. 14+0.22 144+27 15.109 <0001
Median (Min. - Max.) 13(1.1-1.8) 154 (8.6-17.2)
Suture width (ums)
Mean£SD. 1204+34 2788+9 52.188 <0.001"
Median (Min. — Max.) 1206 (115.2-125.4) 277 (267-292.2)
No. of osteoblasts
Mean £SD. 29.20+12.23 35904945 1.371 0.187
Median (Min. - Max.) 32 (13-46) 32.50 (24-50)
Percentage of unmineralized bone
Mean£SD. 14324501 549+293 4.810 <0.001"
Median (Min. = Max.) 12.72 (9.06-20.92) 5.14(0.98-11.07)
SD Standard deviation: t Student t-test
P p value for comparing between the studied groups
* Statistically significant at p <0.05
; ®
35 250
30
2
25 00
20 150
15 100
10
50
0 I 0
Control Study Control Study

= % bone surface area ™ No. of osteoblast % unmineralized bone

= Suture width

Fig. 10 Shows histomorphometrical analysis of (a): percentage of surface area of newly formed bone, osteoblasts'count, and percentage

of unmineralized bone. b: suture width. (*: Statistically significant at p <0.05)

house and platelet concentrates were prepared in the
faculty of medicine central laboratories. Another con-
sideration was the low quantity of i-PRF obtained from a
certain volume of blood in comparison to the amount of
PRP obtained from the same blood volume [76]. This was
of prime importance in this study as the allowable quan-
tity of blood to be withdrawn from each rabbit without
adverse health effects is limited.

The histologic results of the current study revealed that
in PRP injected group, an even wide band of new bone
was seen along the whole length of the suture. On the
other hand, the control group showed a narrower band of
new bone along the suture bony boundaries. Our results
are in agreements with the report by Xu et al. [31] who
found that PRP injection resulted in new bone stimula-
tion in the distracted sagittal suture, however, with no
signs of suture fusion. In addition, other studies proved
that PRP can increase bone formation in critical size

defects [77] and fracture in rats [78]. Contrary to our
results, a recent study by Ebadifar et al. [79] concluded
that PRP alone resulted in an increase in sutural bone
density after maxillary expansion, however; the increase
was not significant. They found that the combined injec-
tion of PRP with mesenchymal stem cells resulted in a
significant increase in bone formation.

The positive effect of PRP can be explained by its
anabolic effect on bone formation. PRP contains many
growth factors including platelet derived growth
factor (PDGF), vascular endothelial growth factor
(VEGF), transforming growth factor (TGF 1 and p2),
insulin-like growth factor (IGF), interleukin-1 (IL-
1), platelet-derived angiogenesis factor (PDAF), and
platelet-derived endothelial growth factor (PDEGF)
[27, 80, 81]. All these growth factors interact with
osteoblast cell surface receptors leading to increase
in cell proliferation and osteoid formation [82].
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Fig. 11 LM of CD34 immuno-staining of blood vessels in control group (a) and study group (b). Study group shows more intense
immune-expression of CD34 positive endothelial cells. (x400) (c): Optical density of CD34 immune-staining, (d): Vascular density. (* Statistically

significant at p<0.05)

Steller et al. [83] found that PRP can increase viabil-
ity, migration and proliferation of osteoblasts treated
with zoledronic acid. Moreover, PRP can increase
alkaline phosphatase activity of osteoblasts in a dose-
dependent manner [29] and also, it can upregulate
osteocalcin and TGF B1 expression and downregulate
osteoprotegerin [84].

Our histomorphometric results confirmed the
light microscopic results. A statistically significant
(p<0.001) increase in percentage of new bone surface

area was found in the study group compared to the
control group. Our results are consistent with previous
studies that also proved the positive effect of PRP on
enhancement of bone formation. Oley et al. [85] con-
cluded that PRP with bone graft material can increase
bone formation in rats’ cranial bone defect when com-
pared to bone graft alone. Emilov-Velev et al. [86] also
proved that PRP in conjunction with calcium phos-
phate cement resulted in increase in new bone forma-
tion than the graft material alone.

Table 5 Comparison between the studied groups according to optical density of CD34 immunostaining and vascular density

Control Study t P
(n=10) (n=10)
Optical density
Mean+SD. 0.20+0.02 0.28+0.07 3.409 0.007"

Median (Min. — Max.)
Vascular density

Mean+SD.

Median (Min. - Max.)

0.20 (0.17-0.24)

243.86+48.10
24548 (137.93-307.69)

0.29 (0.19-0.39)

309+65.34 2.539 0021

307.88 (200-423.08)

SD Standard deviation: t Student t-test
p p value for comparing between the studied groups
* Statistically significant at p <0.05
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Fig. 12 LM of Osteopontin immune-staining in control (a) and study group (b). Study group shows more intense immune-expression
of osteopontin in osteoblasts (arrow heads) and osteocytes (arrows). (x400) (c): Optical density of osteopontin immune-staining, (d): area percent

of osteopontin expression. (* Statistically significant at p<0.05)

Table 6 Comparison between the two studied groups according
to Osteopontin immunostaining

Control Study t P
(n=10) (n=10)
Optical density
Mean +SD. 0.12+0.01 0.21+0.02 11.347 <0001
Median (Min. - 0.12(0.11-0.15)  0.21(0.16-0.23)
Max.)
Area percent
Mean +SD. 6.56+3.44 18.99+2.76 8911 <0001
Median (Min. - 543(2.07-12.54) 1932 (13.74-
Max.) 23.18)

SD Standard deviation: t Student t-test
p p value for comparing between the studied groups
* Statistically significant at p <0.05

Our histomorphometric analysis showed a statistically
significant increase in suture width in the study group
compared to control group (278.8 & 120.4um respec-
tively), where p<0.001. This indicates that PRP injection
prevented relapse of expanded mid-palatal suture.

The histomorphometric analysis of the Goldner Mas-
son trichrome stained sections of the current study,
revealed a significant increase in the percentage of
unmineralized bone in control group compared to study
group. This may be due to the role of PRP in enhance-
ment of bone mineralization. PRP stimulates alkaline
phosphatase expression in osteoblasts [29, 87] which
facilitates mineralization by increasing local concentra-
tions of inorganic phosphate [88].

In the current study, a statistically significant increase
in optical density of CD34 immunoreactivity and vascular
density in study group compared to control group. Our
findings agree with those of Zhang et al. who reported
increase in vascular density in CD34 stained sections
in rat calvarial bone defect when treated with PRP and
autogenous bone graft than those defects treated with
bone graft alone [89]. This could be attributed to PRP
containing angiogenic factors like VEGEF, PDGF and
fibroblast growth factor (FGF). VEGF increases angio-
genesis, mitosis and migration of endothelial cells, and
also enhances permeability of the vessels [90].



Abdel-Haffiez and Khalil BMC Oral Health (2024) 24:167

Immunohistochemical analysis of our work showed a sta-
tistically significant increase in immune-expression of osteo-
pontin in osteoblasts and osteocytes and its area percent in
study group than that in control group. Our results are sup-
ported by the results of Nagata et al. [91] who found that
PRP in conjunction with bone graft increases the expression
of osteopontin in bone cells in surgically created bone defect
compared to bone graft alone. In addition, Hu et al. [92].
reported that PRP upregulates osteopontin expression and
other bone proteins and also increases angiogenesis in vitro.

Study limitations

Evaluation of bone formation in the expanded midpala-
tal suture at different time intervals (for example 3 weeks
and 6weeks) would allow evaluation of the effect of
PRP injection on sequential histological changes in the
expanded midpaltal suture.

Conclusion

Based on the results of the current study, PRP injection
has an anabolic effect on bone and increases bone vas-
cularity in the expanded mid-palatal suture in rabbits,
and subsequently can stimulate new bone formation to a
great extent. This could hopefully have a positive effect
on expansion stability and the required post expansion
retention period. However, further research to study the
effect of enhanced bone formation in the expanded mid-
palatal suture on expansion stability and post expansion
retention period is recommended.
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