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ABSTRACT

Introduction: The proper healing of extraction socket is essential for ridge preservation and better 
sequential prosthetic procedures. Several techniques and materials are developed for acceleration 
of socket healing. Two of the promising materials for this purpose are nanohydroxyapatite (NHA) 
and platelet rich fibrin (PRF); their mechanism of action and optimum application techniques are 
still not fully elucidated.

Purpose: To compare between NHA and PRF topical application in the enhancement of early 
stages of extraction socket healing in rabbits.

Materials & Methods: The mandibular first molars were extracted in twenty-four rabbits; the 
extraction sockets were divided into 3 groups: control group didn’t receive topical treatment. N and 
P groups received topical application of NHA and PRF respectively. Each group was subdivided 
into 2 subgroups according to the date of scarification after extraction: 1 week and 2 weeks. 
The extraction sockets were investigated by hematoxylin and eosin (H&E), Masson trichrome 
(MT) stains and proliferation cell nuclear antigen (PCNA) marker. The results were illustrated 
histologically and histomorphometrically.

Results: Both NHA and PRF treated groups in both 1 week and 2 weeks periods showed 
enhanced socket healing, more regular and mature bone in both H&E and MT stains as well as 
increased PCNA positive cells percentage in comparison to control group. The bone area in both 
periods and the osteocyte count after 1 week were highest in PRF group followed by NHA group 
while control group revealed the least values. These differences were statistically non-significant 
except the percentage of immuno-positive cells.

Conclusion: Both NHA and PRF improve the extraction socket healing process with slight 
preference of PRF particularly in the cellular proliferation in the first week after extraction.

KEYWORDS: Nanohydroxyapatite, platelet rich fibrin, Extraction socket. 
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INTRODUCTION 

Tooth extraction sockets are the most frequent 
wounds created in the head and neck region(1). 
Extraction socket healing is a complex and 
sequential process targeting to maintain normal 
anatomical structure and function (2-4). When the 
healing of extraction wound studied histologically 
it showed a complex cascade of biological events 
including migration of osteoprogenitor cells and 
subsequently differentiation towards specific cell 
lineages, cell proliferation, revascularization and 
formation of extracellular matrix (5, 6).  One of the 
most important challenges is the preservation of 
the residual alveolar ridge after extraction, that will 
aid in the future successful implant placement and 
promote rehabilitation (7).

Many techniques for ridge preservation have 
been proposed and studied to achieve the needed 
goal of performing appropriate rapid wound heal-
ing (8). The usually used method for alveolar ridge 
maintenance is to fill the alveolar fossa “the socket 
cavity” (9, 10). Several alveolar fossa filling materi-
als were studied such as spongelike poly-ethyl ester/
polypropylene (10), injectable calcium phosphate (11), 
bioactive glass (12) and collagen plug (13).

Hydroxyapatite (HA) has long been among the 
most studied biomaterials in the medical field for 
both its demonstrated biocompatibility and for be-
ing the most important element of the mineral part 
of bone and teeth (14). Nanotechnology is naturally 
very broad, including several fields of science (15). 
Nanotechnologists participates in regenerative med-
icine by the creation of nanostructures and bioma-
terials aiming at developing systems that can cre-
ate and reinforce in vivo tissue repair strategies (16). 
One of these biomaterials is nano-hydroxyapatite  
(NHA), crystals that ranging in size between 50 to 
1000 nm (14). It could be synthesized by chemical 
methods (17) or by a more recent method: “template 
technique”, an important method of biomimetic 
synthesis using a template to manage the growth 
direction of the crystal and to achieve nano-apatite 

that has a comparable structure and components 
as that in the natural bone (18). Combination with 
growth factors is an important approach for NHA 
functional transformation (19, 20). However, growth 
factors are expensive and their preservation over a 
prolonged period is complicated, therefore, greatly 
restricting their clinical application (21). 

Lots of researchers have focused on the use 
of NHA as a co-adjuvant material in oral surgery, 
particularly concerning the osseo-integration, 
osteoconductivity (22) and stimulation of cell 
proliferation (23). Several studies reported that 
NHA presents excellent bioactivity, angiogenic 
properties, no toxicity, and absence of inflammatory 
or antigenic reactions (24). The explanation of the 
NHA mechanism of regenerative capacity is chiefly 
due to their close composition similarity with 
natural bone (25, 26). Additionally, bone tissue binds 
directly to HA, inducing the deposition of newly 
formed bone (27). It has been confirmed that HA 
surface supports osteoblastic cell adhesion, growth, 
and differentiation (28).

Concerning the effects of HA on extraction sock-
et healing, authors declared that HA is potentially 
a good bone alternate for extracted canine socket 
healing (29). In oral and maxillofacial reconstruction, 
bovine HA represents one of the most important 
biomaterials for bone reconstruction for endosseous 
implants so far (30-32). On the other hand, some limi-
tations worth attention, mainly related to the high 
manufacturing costs (33). Herein, much attempt has 
been paid for obtaining other natural sources for HA 
(34). Yet, the physical and chemical properties of the 
nanometer apatite (crystallinity, calcium phosphate 
scale, etc.) and induced osteogenesis performance 
require more improvements (21). 

Platelet rich fibrin (PRF) is the second genera-
tion of platelet concentrates subsequent to the first 
generation, platelet rich plasma (PRP). Preparation 
of PRF was first described by Choukroun et al. in 
2006 (35). Minimal operator experience is required 
to conduct the procedure of PRF preparation and 
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grafting when compared to bone harvesting from 
remote sites (36, 37). The preparation process is simple 
and does not require any thrombin or coagulant (38). 
PRF is harvested from venous blood and does not 
lead to immune rejection in clinical application(38, 39). 
PRF has a flexible and durable three-dimensional 
network configuration (39) which is rich in fibrin, 
platelets, white blood cells, growth factors, cyto-
kines, and other components conducive to tissue re-
pair(39-41). These components can be helpful in regu-
lating the proliferation, differentiation and apoptosis 
of repair-related cells, and subsequently regulating 
and promoting tissue repair (42). Moreover, PRF is 
safe, effective and more economical as a transplant 
material for alveolar site preservation (43).

The regenerative abilities of PRF are related to 
growth factors which accelerate bone repair and sup-
port fibroblast proliferation. Also, these factors in-
crease tissue vascularity, the rate of collagen forma-
tion, and mitosis of mesenchymal stem cells, endo-
thelial cells and osteoblasts (44). Several authors have 
also verified that a fibrin matrix provides an optimal 
support for mesenchymal stem cells (45-47). As a result 
of all these powerful effects, PRF is able to increase 
the quality, density and formation rate of the novel 
bone therefore it could be used effectively as a socket 
preservation aid due to the concentration of growth 
factors. Additionally, there are evidences supported 
the use of PRF to enhance soft tissue healing and di-
minish postoperative complications (48-50). 

On the light of the above information, this study 
was conducted in order to compare between these 
two promising materials, NHA and PRF in the 
socket healing early stages. 

MATERIALS AND METHODS

Animals and grouping

Twenty-four adult healthy male local rabbits 
weighing between 1.5 and 2 kg were used in 
this study. The experimental work was done in 
compliance with the bio-ethical guidelines of Ain 

Shams University Animal House under supervision 
of veterinarian. Surgical extraction of the lower 
first molar has been performed in all rabbits. The 
animals were randomly divided into 3 main groups 
as follows:

Control group: The mandibular right first molar 
was extracted, and no topical treatment was applied 
in the extraction socket.

Experimental groups (NHA and PRF): Right 
and left mandibular first molars were extracted with 
consequent topical application of Nano hydroxy 
apatite (NHA) crystal in the right-side socket and 
platelet rich fibrin (PRF) in the left side socket (each 
side of the mandible was considered a separate 
group). Thus, 3 separate groups were studied 
(control, NHA and PRF).

Each group was further subdivided into 2 
subgroups according to the date of scarification 
(1week and 2 weeks postoperatively).  Occasionally, 
due to animal mortality or accidental mandible 
fracture during operation, the left side of the control 
rabbits was used to compensate the lost samples 
in the experimental group. Table (1) illustrates the 
description of the groups and subgroups division as 
well as the number of the collected molar regions 
from the rabbits that survived till the end of the 
experiment.

Nano-hydroxyapatite powder: HA nanopowder 
<200 nm particle size, was in plastic container 
purchased from (Sigma-Aldrich Company). 

PRF preparation technique

For collection of blood for PRF preparation, 
xylene local application for vasodilatation on ear 
vein then the PRF preparation was performed with 
guidance of the protocol reported by Saluja et al., 
(2011). Around 2 cm of venous blood is collected 
in sterile vacutainer tube of 6 ml capacity without 
anticoagulant. The vacutainer tubes are then placed 
in a centrifugal machine at 3000 revolutions per 
minute (rpm) for 10 minutes, after which it settles 
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into three layers: red lower fraction containing red 
blood cells, upper straw-colored cellular plasma and 
the middle fraction containing the fibrin clot. The 
upper straw-colored layer is removed, and middle 
fraction is collected, 2 mm below lower dividing 
line, which is the PRF. The mechanism which is 
followed here is that, fibrinogen which is initially 
concentrated in the high part of the tube, combines 
with the circulating thrombin due to centrifugation, 
to form fibrin clot in the middle of the tube (51).

Surgical extraction technique

Rabbits were subjected to general anesthesia: 
Ketamine (50mg/kg body weight) intravenous 
injection in the rabbit ear vein in addition to 
xylazine (5 mg/kg). For more accessibility unilateral 
horizontal incision of cheek was performed, then 
the mandibular first molar was extracted by hand 
instrument. After extraction, the treatment materials 
(NHA or PRF) were gently applied in the extraction 
socket in case of the experimental groups. Finally, 
suturing of socket, buccal mucosa and skin was 
performed using 2/0 sterile synthetic absorbable 
suture (Egysorb©). Post-operative topical antibiotic 
spray was applied for infection control in addition 
to systemic antibiotic (intramuscular injection of 
ceftriaxone 100mg/kg body weight once daily for 7 
days) and anti-inflammatory (diclofenac sodium 15 
mg/kg body weight IM twice daily for 3 days).

Sample preparation for light microscopy

After the end of experimental period of each 
subgroup, the mandibular molar areas were 

dissected and fixed immediately in 10% formalin 
solution for not less than five days. The samples 
were then decalcified by using Ethylene Diamine 
Tetra-acetic acid (EDTA) solution. The decalcified 
samples were washed properly under running water, 
dehydrated by transferring through increasing 
concentrations of alcohol, then transferred to xylol 
to clear the specimen from alcohol. The specimens 
were embedded in the center of paraffin wax 
blocks, sectioned by microtome (3-5 microns) in 
bucco-lingual direction, transferred in decreasing 
concentrations of alcohol ended by distilled water 
and processed for hematoxylin and eosin (H&E) 
and Masson trichrome stains. The samples were 
examined by light microscope (Olympus model: 
BX60F5 - Olympus optical co. Ltd – Japan) 
at magnifications (200 and 400) according to 
the examined structure and the measurement 
requirements.

For immunohistochemical examination, se-
lected representative samples after the histological 
examination were processed for staining by Prolif-
erating Cell Nuclear Antigen (PCNA) marker. The 
tissues were mounted on positive glass slides. The 
deparaffinized slides were washed two times in buf-
fer and incubated in hydrogen peroxide block 10 
minutes. Samples were then washed in buffer and 
incubated 5 minutes at room temperature. The pri-
mary antibody was applied then samples were in-
cubated and washed 4 times in buffer. Primary an-
tibody enhancer was applied and the samples were 
incubated for 10 minutes at room temperature and 
washed 4 times in buffer. Horseradish peroxidase 

TABLE (1): Summary of groups and subgroups with the number of collected molar areas from which 
survived till the end of the experiment.

Groups Control NHA PRF
Treatment material No topical treatment Nanohydroxy-apatite crystal 

powder topical application
Platelet rich fibrin  topical 

application 
Subgroups C1W C2W N1W N2W P1W P2W
Subgroups

(time of scarification) 1 week 2 weeks 1 week 2 weeks 1 week 2 weeks
Sample size 5 4 6 6 7 5
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polymer was applied, and samples were incubated 
for 15 minutes at room temperature and washed 4 
times in buffer. One drop (40 microliter) Diamino-
benzidine DAB Plus Chromogen was added to 2 
ml of (DAB) Plus substrate, mixed by swirling and 
applied to the tissue then incubated for 5 minutes. 
Samples were washed in deionized water 4 times; 
the slides were stained by counter stain (hematoxy-
line) and finally over-slipped (52, 53).

Histomorphometric analysis

The area percentage of the developed new bone 
was measured in the H&E stained sections of 1week 
subgroups, then the number of osteocytes per unit 
area in the woven bone was counted in three equal 
regions in each slide. Regarding the 2 weeks groups, 
the percentage of the bone area was measured in 5 
equal fields in each slide. The bone area percentage 
was calculated in each captured field as follow: [(area 
of the developed bone / area of the field) x 100]. 
PCNA stained sections were analyzed by measuring 
the area percentage of the immunepositive cells in 
5 regions in each slide of the one-week subgroups. 
All these measurements were performed via Image 
J software (version: 1.52f Wayne Rasband, National 
Institute of Health, USA). Results were statistically 
analyzed using one-way ANOVA test to compare 
between subgroups followed by Post Hoc test 
(pairwise comparison with Bonferroni adjustment 
of P value) to compare between each 2 subgroups. 
The difference is considered significant when P 
value is less than 0.05.

RESULTS

I- Histological results (H&E)

a) One week after extraction

The extraction sockets of the control subgroup 
(C1W) that were sacrificed 1 week after extraction 
revealed granulation tissue formation with 
hemorrhagic areas enclosing blood capillaries. In 
some regions, newly developed areas of bone matrix 
were observed connected with the old bone of the 

socket wall (fig.1). The granulation tissue consisted 
of collagen fibrils, cellular elements embedded in 
primitive connective tissue extracellular matrix. 
New blood capillaries lined by squamous endothelial 
cells and enclosed scares RBCs were observed with 
adjacent inflammatory cells. There were spotty 
areas of woven bone entrapping new osteocytes and 
bordered by active osteoblasts (fig. 2).

Fig. (1): Photomicrograph of (C1W) showing granulation tissue 
“GT”, hemorrhagic areas “green arrow”, blood capillary 
“yellow arrow”, osteoid “black arrows” attached to old 
bone “OB” (H&E x200).

Fig. (2): Photomicrograph of (C1W) showing new blood 
capillaries lined by squamous endothelium containing 
RBCs “green arrow”, inflammatory cells “black arrows” 
in the fibrous granulation tissue “GT” and spotty areas 
of woven bone enclosing osteocytes “white arrow” and 
bordered by active osteoblasts “yellow arrow” (H&E 
x400).
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The extraction sockets of subgroup (N1W) pre-
sented apparent woven bone development. There 
were numerous osteocytes and observable marrow 
cavities development. Granulation tissue separates 
woven bone from old bone was seen(fig.3). Many 
areas showed woven bone consisted of irregular tra-
beculae enclosing variable size spaces which were 
lined by osteoblasts and enclosed well developed 
blood vessels. The neighboring connective tissue 
displayed cellular elements with irregular collagen 
fibrils in the extracellular material. Occasionally, 
empty areas of the NHA remnant spaces were de-
tected (fig.4).

The examination of the extraction sockets of 
subgroup (P1W) revealed similar features to those 
in N1W subgroup, however, this subgroup was 
characterized by the predominance of the RBCs, 
the relatively more organized trabecular pattern of 
the woven bone which occupied more area with 
detectable decrease in the granulation tissue amount 
that separate newly formed woven bone from old 
bone (fig.5). The new bone contained numerous, 
variable size and shapes entrapped osteocytes 
and the marrow cavities were lined by osteoblasts 
and were rich in RBCs which occasionally were 
observed to infiltrate the bone matrix to be adjacent 
to the entrapped osteocytes (fig.6).

Fig. (3): Photomicrograph of (N1W) showing woven bone 
“WB” with developing marrow cavities “arrows”. The 
granulation tissue “GT” separates woven bone from old 
bone “OB” (H&E x200).

Fig. (5): Photomicrograph of (P1W) showing woven bone 
“WB” surrounding marrow cavities “MC” with 
numerous RBCs. WB is separated from old bone “OB” 
by granulation tissue “GT” (H&E x200).

Fig. (4): Photomicrograph of (N1W) showing trabecula of 
woven bone “WB” enclosing marrow cavity “MC” 
which contains blood vessel “BV” and lined by 
osteoblasts “arrows”. Granulation tissue “GT” showed 
empty areas reveal the NHA spaces “N” (H&E x400).

Fig. (6): Photomicrograph of (P1W) showing trabecula of 
woven bone “WB” with numerous osteocytes “green 
arrows”. The marrow cavity “MC” were lined by 
osteoblasts “black arrows” and rich in RBCs which 
infiltrate the bone trabeculae “blue arrow” (H&E x400).
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b) Two weeks after extraction:

The extraction sockets of the control rabbits 
sacrificed 2 weeks after extraction (subgroup C2W) 
revealed increase in the area of the developing 
bone and noticeable osteoblastic activity as well as 
vascular network establishment with considerable 
RBCs. However, the bone segments were often 
separated by fibrous connective tissue and rarely 
interconnected to the trabecular pattern (fig.7). 
Osteoblasts bordered the developing bone were 
detected, some of them showing beginning 
of entrapment in the lacunae. The osteocytes 
appeared occupied their lacunae which were wide, 
unorganized and close to each other. Moderate size 
blood vessel was observed(fig.8).

The subgroup (N2W) displayed clear signs of en-
hanced bone development forming mature lamellar 
bone. The trabecular pattern was established surround-
ing marrow cavities. The trabeculae harbored osteo-
cytes in their lacunae which were relatively organized 
around the marrow cavities and widely separated by 
the bone matrix. Some areas showed primary osteon 
(Haversian system). Furthermore, resting and rever-
sal lines were often noticed in the trabeculae (fig.9). 
The bone marrow cavities were filled with cellular ele-
ments and small blood vessels. The lining of the bone 
trabeculae showed massive cellular proliferation and 
osteoblastic activity in some regions with character-
istic plump appearance of the active osteoblasts. Less 
frequently, osteoclasts were observed in their How-
ship’s lacunae (fig.10 and 11).

Fig. (7): Photomicrograph of (C2W) showing newly developing 
bone “NB” enclosing small marrow cavities “black ar-
rows” and separated from each other and from old bone 
“OB” by fibrous connective tissue “FCT”. Variable sizes 
of blood vessels are seen “green arrows” (H&E x200).

Fig. (9): Photomicrograph of (N2W) showing lamellar bone tra-
beculae “BT” surrounding the marrow cavities “MC” as 
well as primary osteon “circle”. The oriented osteocyte 
lacunae “black arrows”, resting line “green arrow” and 
reversal line “blue arrow” are observed (H&E x200).

Fig. (10): Photomicrograph of (N2W) showing bone marrow 
cavities “MC” occupied by cellular elements and small 
blood vessels “black arrows”. Bone trabeculae “BT” 
are lined by proliferating crowded osteoblasts“green 
arrows” (H&E x400).

Fig. (8): Photomicrograph of (C2W) showing developing bone 
trabecula with randomly entrapped osteocytes in wide 
lacunae “green arrows”. Osteoblasts outlining the bone 
“black arrows”; some of them showing beginning of 
entrapment in the lacunae “yellow arrows”. Note the 
moderate size blood vessel “red arrows” (H&E x400).
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Fig. (11): Photomicrograph of (N2W) showing plump 
appearance of the active osteoblasts “black arrow” and 
osteoclasts “yellow arrows” in their Howship’s lacunae 
“blue arrow” (H&E x400).

The histological features of the PRF treated 
rabbits (subgroup P2W) revealed mature lamellar 
bone with well-defined marrow cavities densely 
packed with cellular and vascular elements 
surrounded by thick trabeculae. Areas of compact 
bone were evidenced with the appearance of 
Haversian canals occupied by cellular elements as 
well as longitudinal Volkmann’s canals (fig.12). 
Mature stellate shaped osteocyte were embedded 
and widely separated by the bone matrix,while the 
osteoblasts were evenly outline the bone edges in a 
linear manner (fig.13).

II- Histochemical results (Masson trichrome “MT”)

a) One week after extraction:

Massontrichrome staining was performed to 
determine the deposition and arrangement of collagen 
secreted in the process of socket healing. The blue 
color was indicated to the regenerated bone, newly 
formed (immature) collagen fibers, or osteoid, 
while the red stained areas were indicated to the 
mature bone and old (mature) collagen.

One week after extraction, the control subgroup 
(C1W) showed the expression of blue color stained 
areas of randomly arranged immature collagen 
fibrils in which the newly developed bone spicules 
were blue stained (fig. 14a). In the treated rabbits, 
some specimens of subgroup (N1W) revealed areas 
of maturation (red colored) (Fig. 14b), while the 
subgroup (P1W) showed less apparent maturation 
which was illustrated by spotty reddish staining in 
minute areas (fig. 14c).

b) Two weeks after extraction:

The extraction sockets of subgroup (C2W)
presented minimal observed matured bone tissue 
only in the periphery of the bone masses (fig. 14d).  
The N2W subgroup showed more clearly observed 
maturation of the developing bone (fig. 14e) in 
comparison to the well- organized bone tissue of the 
(P2W) subgroup(fig. 14f).

Fig. (12): Photomicrograph of (P2W) showing mature lamellar 
bone. Cellular marrow cavities “MC” surrounded 
by thick trabeculae “BT”. Compact bone “CB” with 
Haversian canal “black arrow” and Volkmann’s 
canals“green arrow” (H&E x200).

Fig. (13): Photomicrograph of (P2W) showing mature stellate 
shaped osteocytes “black arrows”, Haversian canals 
“green arrows” and osteoblasts outlining the bone edge 
“yellow arrows” (H&E x400).
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Fig. (14): Photomicrograph of control subgroup C1W (a) showing blue stained areas of randomly arranged immature collagen 
fibrils “arrow”and newly developed bone spicules “WB” adjacent to old bone “OB”.In the treated rabbits, some specimens 
of subgroup N1W (b) revealed areas of maturation “arrows”, while the subgroup P1W (c) showed less apparent maturation 
with spotty reddish staining “arrows”. Subgroup C2W(d) with minimal matured bone tissue in the periphery of the bone 
masses “arrow”.  N2W subgroup “e” showing more clearly observed maturation “arrow” in comparison to the well- 
organized bone tissue of the P2W subgroup “f” (Masson trichrome x200).

III- Immunohistochemical results (Proliferating 
Cell Nuclear Antigen “PCNA”): 

a) One week after extraction:

The control subgroup (C1W) showed variable 
reactions to PCNA marker in the granulation tissue 

filling the socket cavity. Few cells showed positive 
reaction (brown staining) with variable intensities. 
Occasionally, immuno-negative cells were observed 
(fig.15a). On the other hand, N1W subgroup showed 
predominance of the positive reaction with few cells 
with negative immunoreaction(fig. 15b). The P1W 



(3476) Rabab Hassan and Khaled El-Sayed El-HaddadE.D.J. Vol. 64, No. 4

Fig. (15): Photomicrograph of C1W subgroup (a) showed few immunopositive cells “black arrows” and immuno-negative cells 
“red arrows”. N1W subgroup (b) showed predominance of the positive reaction “black arrows” with few cells with negative 
immunoreaction “red arrows”. The P1W group (c) revealed positive reactions “black arrows” concentrated in proximity 
to the developing bone matrix. Subgroup C2W (d) revealed negative reaction in almost all the osteoblasts lining the bone 
trabeculae “red arrows” while N2W subgroup (e) showed positive reactions along the bone periphery“black arrows”.
Subgroup P2W (f) showed both positive“black arrows” and negative stained cells “red arrows” (PCNA x400).

subgroup revealed positive reactions which were 
concentrated in proximity to the developing bone 
matrix.(fig. 15c).

b) Two weeks after extraction:

In this period of the present study, we traced the 
immune reaction in the cellular lining of the bone 

trabeculae. The extraction sockets of subgroup 
(C2W)revealed negative reaction in almost all the 
osteoblasts lining the bone trabeculae (fig. 15d). 
On the contrary, N2W subgroup the osteoblastic 
reaction for PCNA was positive along the bone 
periphery (fig. 15e). While subgroup P2W showed 
both positive and negative stained cells(fig. 15f).
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TABLE (2): The mean and standard deviation (SD) of the subgroups in different parameters of one-week duration.

Bone area percentage Osteocyte per mm2 Area percentage of immuno-positive cells 

Mean SD Mean SD Mean SD

C1W 34.50 5.91 956.65 130.42 1.80 0.39
N1W 35.08 5.46 1051.82 266.65 4.28 0.75
P1W 44.94 8.35 1094.90 42.67 5.00 0.22

TABLE (3): Mean and standard deviation (SD) of the subgroups in bone area percentage in two-weeks duration.

Bone area percentage (2 w)

Mean SD

C2W 45.24 2.65
N2W 50.22 0.43
P2W 63.46 20.36

Fig. (16): Bar chart of the bone area % in 1 week. Fig. (17): Bar chart of osteocyte per unit area (1 week). 

IV- Statistical results:

Four parameters were analyzed in the present 
work, three in the histological sections and one in 
the PCNA stained sections. H&E stained sections 
of the one-week subgroups were evaluated through 
measuring the new bone area percentage and the 
number of osteocytes per mm2. While in the 2 
weeks subgroups, the area percentage of the devel-
oped bone was measured.The PCNA stained sam-
ples were investigated regarding the area percent-
age of the immunopositive cells in the one-week 
subgroups. 

In all the studied parameters the mean values of 
PRF subgroups revealed the highest measurements 

followed by NHA subgroups while the control 
subgroups showed the least values. The mean 
and standard deviation of each subgroup for all 
parameters are summarized in table (2& 3) and the 
differences between subgroups were illustrated in 
(fig. 16-19). All the differences of the parameters 
were statistically non-significant (P value > 0.05) 
except in the percentage of the immune-positive 
cells where ANOVA test revealed significant 
difference between the 3 subgroups (p <0.5). the 
comparison between each 2 subgroups showed 
that the difference between control group and PRF 
group was significant while the other results were 
statistically non-significant. 
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DISCUSSION

Bone repair is a complex process involving 
cellular activities and mineralization with 
subsequent remodeling of the defect site to reach the 
original structure (54). There are many studies have 
been performed for enhancement of these complex 
processes (55). The ongoing study was designed to 
compare between the effects of two recent promising 
materials, nanohydroxyapatite (NHA) and platelet 
rich fibrin (PRF) on the extraction socket healing in 
rabbits. The results were compared with naturally 
healing tooth sockets to assess the enhancement in 
the healing process.

The selection of NHA powder was attributed 
to their widespread use in the bone regeneration 
procedures such as the pre-prosthetic surgery to 
increase the thickness of the alveolar ridge (14). 
On the other hand, PRF in the membrane form 
was reported as one of the current methods to 
preserve the extraction socket and prevent ridge  
resorption (9). Many authors considered PRF is the 
best to avoid cross-infections (37, 43) in addition to 
minimal required operator expertise (37). 

In the current study, the investigations were 
focused on the early stages of socket healing, 1 and 
2 weeks after extraction due to their well-known 
critical importance during the bone healing (56). 

Furthermore, the predominance of the effects of the 
studied materials is directed mainly to these early 
stages; hydroxy-apatite was reported to cause early 
osteointegration around implants in the osteoporotic 
rabbits (57). Nano-hydroxyapatite possesses clear 
influence on early bone formation (58). Regarding 
PRF, it is reported that its maximal promoting effect 
occurred at day 14 of healing process (59). 

The rabbits were preferred in the present work 
due to their easy handling compared with rats and 
mice. Besides, small rodents have primitive bone 
structures and do not have defined Haversian 
systems identical to those in humans (60) while rabbits 
have Haversian systems that are identical to that of 
human being, which is an important advantage in 
terms of validity of the obtained results. 

The surgical procedure in the ongoing work 
included cheek and skin incision for easier 
accessibility, hence, decreasing the trauma on the 
alveolar bone. Besides, systemic post-operative 
antibiotic and anti-inflammatory drugs were 
administrated to avoid post-operative infections. 
These precautions have been taken to avoid healing 
impairment caused by infections or large traumatic 
bone defects (61). After extraction, PRF was gently 
adapted to cover the socket to ensure the complete 
cover of the wound and to decrease the chance of 
displacement during suturing (62). 

Fig. (18): Bar chart of area % of immunopositive cells (1 week). Fig. (19): Bar chart of the bone area % in 2 weeks. 
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The investigation techniques used in the 
present study in addition to the routine histological 
examination were Masson trichrome stain and 
PCNA immunohistochemical marker. Masson 
trichrome was selected to define the deposition 
of new collagen in the deposited bone matrix as an 
indirect index of the quantity of the newly formed 
bone (63, 64). While, PCNA was designated to the 
detect the proliferation activity which is one of the 
main phases in bone healing particularly in the early 
stages (65). The proliferation process was expected 
to be predominating in the studied duration in our 
work, particularly one-week duration.  This coincide 
with Vieira et al., (2015) who demonstrated high 
labeling of cell proliferation at seven days of bone 
healing process (66). 

In the present study, the histological results of 
the first week duration revealed improvement in the 
healing process in both NHA and PRF treated rabbits 
with slight superior results in the PRF subgroups. 
The increased proliferative activity during the first 
week was monitored in both treated subgroups via 
statistically increased osteocytes per unit area as 
well as percentage of the PCNA positive cells in the 
PRF treated rabbits. Positive interaction between 
HA and mesenchymal stem cells was reported by 
Venkatesan et al., (2015) (67) which may explain 
the increased proliferation rate of the NHA treated 
rabbits in the current work. 

The higher proliferation occurred in the 
PRF treated subgroup may be explained by the 
adhesiveness and tensile strength for clot stabilization 
provided by PRF thus promoting higher metabolic 
activity and cell proliferation(45,68). Moreover, PRF 
stimulates the chemotactic migration of circulating 
mesenchymal stem cells to the injury site (69,70) 

and provide a matrix for tissue-forming cells like 
fibroblasts (56).

In the present work, PRF subgroup sacrificed 
one week after extraction showed massive vascular 
network with abundant RBCs. This agreed with 
Brown et al., (2015) who reported that fibrin is a 

natural guide for angiogenesis (70). PRF can provide 
a matrix for migration of endothelial cells, which 
are involved in angiogenesis (56).

In the current study, PRF showed slight 
superior features over NHA specifically in the 
histomorphometric analysis. The activity of PRF 
in the first week of healing in the present study 
coincides with previous work demonstrated that 
the ingrowth, proliferation and differentiation of 
osteoblasts occurs during the initial 14 days with 
PRF treatment (71, 72). Moreover, PRF was reported 
to perform certain biological effects during the 
first week. According to Knapen et al., (2015), 
connective cells could be observed in the region of 
the osteotomy 1 week after PRF application (73). 

In the herein study, the second duration “2 
weeks after extraction” revealed continuation of 
the healing enhancement in both NHA and PRF 
subgroups in comparison to the control subgroup. 
The bone trabecular size and maturation were 
noticeably progressed. However, Masson trichrome 
staining revealed maturation in NHA treated rabbits. 
This coincides with the positive effect of HA and 
NHA on the bone mineral density (29, 67). Moreover, 
some authors demonstrated a positive effect of HA 
on the alkaline phosphatase activity in osteoblast  
cells (74, 75). 

The previously mentioned osteogenic activity 
of NHA could explain the histological results in 
the present work which showed lamellar bone 
development and primary osteon formation as 
well as the positive reaction of osteoblasts to 
PCNA. Moreover, PRF in the two-weeks duration 
revealed advanced histological evidences of bone 
maturation represented by frequent observation of 
Haversian systems as well as increased bone area 
histomorphometrically more apparently than in 
NHA treated rabbits. 

These findings were in accordance to Kim et 
al., (2014) (76) and Zhang et al., (2018) (43) who 
suggested that PRF can stimulate bone regeneration.  
Moreover, PRF was reported to increase in bone 
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density (36, 37). On the contrary, Faot et al., (2017) (56) 

reported that the treatment of PRF application did not 
significantly enhance the healing dynamics except 
for significantly higher bone trabecular parameter 
after 14 days.  However, the authors investigated the 
bone healing of a defect in rabbit tibia, a long bone, 
which have different rate of bone healing from the 
flat bone (77) as mandibular bone in the present work 
which might cause the conflict with our results. The 
authors stated that the morphology of the tibiae did 
not favor retention of the PRF clot during healing. 
Moreover, the authors investigated bone healing 
via micro-X-ray computed tomography analysis, 
and other clinical parameters which didn’t include 
histological examination which was the basis of our 
study.

To our knowledge, the exact mechanism of the 
PRF osteogenic activity is not clearly explored. 
However, the gold standard for in vivo tissue 
healing and regeneration requires the mutual 
interaction between a scaffold (fibrin matrix), 
platelets, growth factors, leukocytes, and stem cells 
(78). These key elements are all active components 
of PRF, and when combined and prepared properly, 
they will be involved in the key processes of 
tissue healing and regeneration, including cell 
proliferation and differentiation, extracellular 
matrix synthesis, chemotaxis and angiogenesis (neo- 
vascularization) (79). Additionally, the cytokines 
and growth factors are integrated within the fibrin 
matrix and gradually released in the initial period 
of healing enhancing the healing process (59, 80). 
Besides the mentioned biochemical bases of PRF 
activity, the easily applied PRF matrix acts as a 
fibrin bandage (81) and provides good protection of 
the operation site (82).

Finally, considering the positive osteogenic 
effects of NHA and PRF, however, PRF is more 
recommended in the maneuver of socket healing 
acceleration not only due to the reported advanced 
histological and immunohistochemical features, 
but also due to some limitations with the use of 
NHA especially related to the high manufacturing  
costs (23) compared to the simple technique and less 

cost of PRF (36) as well as the avoidance of cross 
infection (37). The major limitation of the present 
study was with obtaining a statistical significance 
due to a limited number of survival animal included. 
Thus, it is recommended that a larger sample may 
be studied in conjunction with a detailed and more 
objective radiological parameters and protocols to 
verify the findings of this study. 

CONCLUSIONS

Within the limitations of the present study, we 
concluded that both NHA and PRF enhances the 
extraction socket healing with slight advantage 
of PRF particularly in the first week in terms of 
cellular proliferation and angiogenesis. Both studied 
materials were comparable in healing improvement 
during the second week period.
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