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A B S T R A C T

Background: The question of whether platelet rich fibrin and ozone can enhance regeneration of periodontal
defect was addressed.
Materials and methods: three-wall periodontal defects were surgically created in 30 rats involving mesial aspect
of right mandibular first molar. Rats were randomly assigned into three groups: 1) Group I (Positive control
group). 2) Group II (Ozone treated group) and 3) Group III (PRF treated group). Two weeks after surgery, five
rats from each group were euthanized and the remaining was euthanized 4 weeks post surgery. The degree of
periodontal regeneration was evaluated using light microscope and scanning electron microscope.
Histomorphometric measurements and anti-PCNA immunohistochemical counting were statistically analyzed.
Results: group I showed intense inflammatory reaction with mild new bone formation. In group II, partial re-
generation was seen with moderate new woven bone formation in 2 weeks period. After 4 weeks, almost
complete restoration of periodontium was seen. In group III, after 2 weeks, moderate lamellar bone formation
was observed. In 4 weeks period, the periodontal regeneration was almost completed. Histomorphometric
analysis showed a significant difference between group I and group II. The difference between group I and group
III was significant in 2 weeks and highly significant after 4 weeks. That between group II and group III was
nonsignificant in 2 weeks and significant in 4 weeks. Anti-PCNA analysis was nonsignificant between groups.
Conclusions: both Platelet rich fibrin and ozone can improve histological parameters associated with healing of
experimental intrabony periodontal defects in rats with the former being superior.

1. Introduction

The periodontium, from the Greek terms peri-, meaning “around”
and -odont, meaning “tooth”, is a combined term created to designate
the totality of tissues which anchor the teeth to the jaw bone. It consists
dominantly of four major components; dentogingival junction, period-
ontal ligament (PDL), cementum and the alveolar bone. They collec-
tively constitute and function as a developmental, biological and
functional unit to keep the tooth in its position despite varying re-
sponses during mastication.1–3

Periodontitis is an inflammatory disease that causes pathological
alterations in this tooth-supporting complex.4,5 It begins with in-
flammation of the gingiva which represents the body's response to
certain bacteria that have been allowed to accumulate on the teeth.
Although it is a part of the body's defense system, this inflammatory
response can eventually cause serious damage as if the problem is not
treated, the inflammation will spread along the roots of the teeth
causing destruction of PDL and supporting alveolar bone and finally

potential loss of teeth.6

Nonsurgical and conventional surgical periodontal therapies may
result in successful clinical outcomes such as probing depth reduction
and gain of clinical attachment. However, histologically, the healing
following these treatment approaches mostly showed the damaged
tissues to be replaced by tissue that doesn't typically duplicate the
function of the original one.7–9

To date, several regenerative procedures have been developed in an
attempt to treat periodontitis.10–12 However, the current therapeutic
techniques used, either alone or in combination, have limitations in
producing a true regeneration especially in advanced periodontal de-
fects.13–15 This had led to the necessity to find a regenerative material
that can comprehensively regenerate the periodontium with develop-
ment of a whole new attachment apparatus.
Ozone therapy can be defined as a versatile bio-oxidative therapy in

which ozone is administered as gas or dissolved in water or oil base to
obtain therapeutic benefits. It is characterized by minimally invasive
and conservative application, low cost, no side effects and restricted
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intolerance or contraindication.16

This therapeutic approach proved to have the ability of treating
various diseases owing to ozone's remarkable antimicrobial,17–19 anti-
hypoxic,20 biosynthetic21 and immunostimulating22 properties. Such
unique features justify the current interest in ozone application as an
alternative treatment for many acute and chronic diseases.23–25

In the field of periodontics, the effect of ozonated water on oral
microorganisms and dental plaque was studied and amazingly, it was
found to have the ability to kill gram-positive, gram-negative oral mi-
croorganisms and oral Candida albicans.26 Accordingly, ozone therapy
presents great advantages when used as a support for conventional
treatments and is strongly recommended for use in a wide range of
dental specialties, particularly periodontics.27

On the other hand, nowadays, most of researches are being focused
on the development of therapeutic periodontal alternatives which are
easy to prepare, biocompatible to living tissues, economically cheap
and have the ability to release growth factors thus accelerating hard
and soft tissue healing.28

Many trials are made in the field of regenerating damaged period-
ontal tissues. These include strategies with graft materials like allo-
grafts, xenografts or alloplasts. Although many of these materials have
shown promise in different aspects of regenerative medicine, they all,
sometimes, create a ''foreign body reaction'' when introduced into
human body.29

In addition, while many of these available biomaterials carry
properties needed for regeneration, very few of them have the potential
to promote angiogenesis directly to the damaged tissues.29

An emerging point of view thought that the complex nature of the
oral tissues, with neighboring hard and soft tissue components both of
which possess unique cells through specialized extracellular ma-
trix,30,31 is too difficult to be imitated by using usual chemical scaffolds
and stem cells. So, up to date methodologies prefer natural scaffolds
that are more likely to be repopulated by the patient's own stem cells
thus finally generating a perfect autologous tissue-engineered organ.32

One such complex autologous natural scaffold is PRF.
PRF, as described by Choukroun et al.,33 is a second-generation

platelet concentrate which contains platelets, leukocytes and growth
factors in the form of fibrin membrane prepared from the patient's own

blood free of any anticoagulant or other artificial biochemical mod-
ifications. The PRF clot forms a strong natural fibrin matrix, which
concentrates almost all the platelets and growth factors of the blood
harvest.34,35

Regarding its medical applications, several studies had shown its
synergistic effect in wound healing,36,37 angiogenesis,38 neoossifica-
tion39–41 and osteoblastic proliferation and differentiation.42,43

Recently, many literatures suggest the potential role of PRF in
periodontal regeneration and tissue engineering depending on its
ability to create an improved space making effect which facilitates
cellular events favorable for periodontal regeneration and mineralized
tissue formation. Also, the platelet derived growth factor (PDGF) was
found to have an important role in periodontal regeneration and wound
healing44 with its receptors being localized on gingiva, periodontal li-
gament and cementum where it functions as a chemo attractant for
fibroblasts and osteoblasts and induces their activation.45,46

Based on these assumptions, we investigated the capability of PRF
versus ozone gel for periodontal regeneration in a common type of
periodontal disease, induced intrabony three-wall periodontal defects,
in rats.

2. Materials and methods

2.1. Experimental animals and sample assignment

A sample of thirty rats was chosen according to certain inclusion
criteria with standardization of all confounding variables (healthy,
adult, male, Wistar albino rats, weighting about 300–360 g and about
3–4 months old). Our study was designed in accordance with the
guidelines for the responsible use of animals in research as a part of
scientific research ethics recommendation of Ethical Committee at
Faculty of Dentistry, Tanta University, Egypt. The rats were kept in
separate cages under the same controlled conditions of temperature and
humidity with a 12-h day/night cycle. They were also served a standard
laboratory diet twice daily and had free access to tap water.
The Animals were randomly assigned into three groups as follows:

1) Group I (Positive control group, n = 10). 2) Group II (Ozone treated
group, n = 10) and 3) Group III (PRF treated group, n = 10).

Fig. 1. (A); Ozone gel (OXaktiv) ingredients and manufacturing. (B); PRF preparation with the PRF clot interposed between PPP and RBCs.
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2.2. Experimental materials

1. Ozone gel (OXaktiv, Pharmoxid Arznei, GmbH& Co KG., Germany):
its constituents include paraffin liquidum, ozonized olive oil and
polyethylene (Fig. 1-A).

2. Autologous PRF membrane (Fig. 1-B).

2.2.1. PRF preparation
The classical Choukroun's technique for PRF preparation was strictly

followed.33 A 4-ml blood sample was obtained from the orbital sinus of
each rat of the corresponding group using a hematocrit tube. It was
collected in a plain tube and immediately centrifuged at 2000 rpm
(approximately 400 g) for 10 min. After centrifugation, the resultant
product consisted of three layers; the topmost layer of acellular su-
pernatant platelet poor plasma (PPP), PRF clot in the middle and RBCs
at the bottom of the test tube (Fig. 1-B). The PRF clot was immediately
withdrawn from the tube using sterilized tweezer and the attached
RBCs were mechanically separated and discarded using a sterilized
scissor. PRF clot was then placed between two layers of sterile gauze
with gentle pressure applied to squeeze fluids out thus finally obtaining
PRF membrane.47

2.3. Surgical procedures

Unilateral three wall intrabony defect was created mesial to the
right mandibular first molars of all rats as described in details by Yu
et al.48 The surgery was performed under general anesthesia. After food
and water deprivation for 12 h, each animal was weighed and an-
esthetized with an intramuscular injection of ketamine chlorhydrate
(Rotexmedica, Trittau, Germany) 0.06 mg/L per kg body weight and
2% xylazine hydrochloride (Xylaject, Adwea, Egyptian international
pharmaceutical industries. 10th of Ramadan, city area, Egypt) 0.03 mg/
L per kg body weight.
The animals were placed on the left lateral recumbency position and

the area of incision was disinfected with Betadine antiseptic solution
(Povidone-iodine 10% w/v. El Nile co. for pharmaceuticals and che-
mical industries, Cairo, A.R.E.). Then, a 3‐mm‐long full‐thickness inci-
sion was made on the alveolar ridge mesial to the right mandibular first
molar (Fig. 2-A). Minimal buccal and lingual mucoperiosteal flaps were
raised to expose the associated alveolar bone (Fig. 2-B) and, under
continuous water irrigation, a three wall intra bony defect was surgi-
cally created using a low speed hand piece with a 1 mm diameter round
diamond bur to remove the mesial wall of alveolar bone socket of the
right mandibular first molar (Fig. 2-C). The dimensions of the defect
were constantly monitored using a clinical periodontal probe until the
required size and contour was obtained (W× L× D; 2 × 2× 1, 5 mm)
(Fig. 2-D). Root planing was carried out on the exposed root surface
using hand periodontal curette to remove the residual bony spicules
and PDL fibers. The defect area was copiously rinsed with saline to
remove any debris then the root surface was thoroughly dried with
sterile gauze.
After completion of the surgery, in Group I, the mucoperiosteal flap

was repositioned and sutured with resorbable interrupted suture (vicryl
5/0, International Sutures Manufacturing Co. Egypt) to achieve primary
closure. The same was achieved in group II & III after treatment ap-
plication as illustrated in (Fig. 3).
To prevent postoperative infection, ceftriaxone (Xoraxon, Medical

Union Pharmaceuticals, Egypt) was given to the animals as in-
tramuscular injections for 3 days. 2 weeks after surgery, five rats from
each group were euthanized using overdose of anesthesia. The re-
maining rats were euthanized 4 weeks post surgery.

2.4. Histological processing

After sacrifice, the animals had their mandible excised and the de-
fect area was dissected using low speed hand piece with double sided

diamond disc. Excess tissues were removed then the specimens were
fixed in 10% buffered formalin for 48 h followed by decalcification in
10% EDTA. The specimens were then dehydrated, infiltrated with
paraffin and finally embedded in paraffin block. Serial mesio distal
longitudinal sections (5 μm in thickness), from the central portion of the
defect, were cut with a microtome (LEICA, RM 2245, Germany) for
Haematoxylin–Eosin (H&E) and anti-PCNA immunohistochemical staining.

2.4.1. Histomorphometric analysis
Six specimens per each group, three per each time interval, were

incorporated in this analysis. Images of four H&E-stained sections from
the central portion of the defect area of each specimen were taken at the
same magnification (x100) for quantitative evaluation of alveolar bone
regeneration. The images were captured using Light Microscope built in
camera (LEICA ICC50 HD Camera system) via image software LAS EZ
version 3.0.0.
Surface area measurement was performed on the images using the

Image J analysis software (Image J 1.42q, Wayne Rasband, USA) as
follows 49:

• New bone area (NBA/μm2): represented by the area of newly formed
alveolar bone within a standardized area of interest (AoI).

2.5. Scanning electron microscopic assessment

The defect areas were dissected from the mandible and the soft
tissue covering bone was mechanically removed. Tissue specimens were
fixed in 2% glutaraldehyde at pH 7.4, dehydrated then gold plated
using JFC-1100E ion Sputtering device to be analyzed using scanning
electron microscope (JSM-IT200, JEOL).

2.6. Statistical analysis

For statistical analysis of anti-PCNA immunostained slides, six spe-
cimens per each group, three per each time interval were involved.
Images of four histological sections from each specimen were captured,
under magnification x200, and analyzed using Image J Analysis System
Software. The number of anti-PCNA-positive nuclei was counted in an
area of 1000 μm × 1000 μm in the central area of the periodontal
defect.50

The quantitative data of both histomorphometric and im-
munohistochemical analyses were collected, tabulated and statistically
analyzed using CO-STAT analysis (version 6.4). Numerical variables
were expressed by descriptive statistics as mean, standard deviation and
range. One way ANOVA and post hock test (tukey-test) were used to
compare quantitative data between groups in both treatment time in-
tervals.

3. Results

3.1. Histological analysis

In group I, in 2 weeks period, H & E stained sections showed per-
sistence of the periodontal defect with enlargement of the defect area in
all specimens. This was accompanied with severe destruction of the
periodontal apparatus and intense inflammatory cells infiltration
(Fig. 4-A). The upper border of the defective alveolar bone showed a
small area of newly formed woven bone separated from the preexisting
bone by accentuated reversal line. Many osteoclasts were seen in rela-
tion to the highly irregular bone surface (Fig. 4-B).
In 4 weeks period, all specimens showed continuation of the peri-

odontal inflammation, however, with a mild decrease in the width of
the periodontal defect area. A small isolated newly formed bony island
was detected just below the root apex (Fig. 5-A). On a higher magni-
fication, the trabeculae of this bone island appeared to extend almost
reaching the root apex with its surface lined by apparent osteoblastic
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activity (Fig. 5-B). Non functionally oriented collagen fibers were seen
in the PDL area and the gingival epithelium had proliferated and mi-
grated deeply into the underlying granulation tissue. Formation of long
junctional epithelium was reported in some specimens. Root resorption
was seen in all specimens of this group in both 2 and 4 weeks follow up

periods.
In group II, in 2 weeks period, partial regeneration of the period-

ontal apparatus, with partially recovered dentogingival junction (DGJ),
was observed in most specimens (Fig. 6-A). Moderate new bone for-
mation of woven pattern was seen on the crest of the alveolar bone

Fig. 2. (A); a 3- mm long full thickness in-
cision was made mesial to right mandibular
first molar (arrow). (B); the mucoperiosteal
flap was raised to expose alveolar bone re-
lated to mesial root surface (arrow). (C);
creation of the periodontal defect with ex-
posure of the mesial root surface (arrow).
(D); a periodontal probe was used to
monitor the defect size.

Fig. 3. (A); In Group II, a 1 mg of ozone gel was accu-
rately applied over the defect area with a sterile syringe.
(B); In Group III, after defect creation, a stitch was first
taken in relation to the defect but left un-knotted. (C); the
PRF membrane (arrow) was positioned over the defect
area then the stitch was immediately knotted over it. This
step was important to ensure that PRF membrane won't
be displaced during suturing.
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where it was separated from the old bone by accentuated reversal line.
Regular osteoid layer was seen outlining the newly formed bone with
no signs of osteoclastic activity (Fig. 6-B). Insertion of newly formed
PDL sharpey's fibers into the bone surface was also detected (Fig. 6-C).
No resorption cavities were detected on the root surface of any spe-
cimen.
After 4 weeks, almost complete restoration of the normal archi-

tecture of periodontium was seen with reestablishment of DGJ. The
alveolar bone was almost completely renewed with its crest ap-
proaching the same level of that of the interradicular septum. The
newly regenerated bone appeared to have a mature dense lamellar
pattern with accentuated several reversal lines and active plump os-
teoblasts outlining its surface. Concerning PDL space, it was completely
filled with dense fibrous connective tissue. The alveolar crest, hor-
izontal and oblique groups of PDL, together with the dentoperiosteal
group of gingival ligament, were regenerated (Fig. 7).
In group III, after 2 weeks, the whole defect area was almost ob-

literated by newly regenerated periodontal tissues with full re-
establishment of DGJ. All specimens of this group showed a significant
restoration of the normal architecture of PDL with identification of
alveolar crest and horizontal groups of PDL. Numerous active fibro-
blasts together with wide interstitial tissue spaces were also observed
throughout the regenerated periodontal tissue. The regenerated al-
veolar bone had a mature lamellar structure that was outlined by a
uniform osteoid layer and active plump osteoblasts (Fig. 8-A&B). There
were no instances of epithelial down growth, ankylosis or root resorp-
tion.

In 4 weeks follow up period, the defective bony wall was almost
completely regenerated to a level almost reaching that of the inter-
radicular septum. A faint reversal line was seen separating the re-
generated bone from the older bone. (Fig. 8-C).
The normal architecture of PDL was ideally restored. The new col-

lagen fiber bundles were grouped into the well-defined functionally
oriented principal fibers of PDL with regeneration of alveolar crest,
horizontal and oblique groups. The dentogingival junction was com-
pletely renewed with easy recognition of dentogingival and dentoper-
iosteal groups of gingival ligament (Fig. 8-D).

3.2. Scanning electron microscopic analysis

In group I, in 2 weeks period, the three-wall intrabony defect was
evident with exposure of the mesial aspect of the right mandibular first
molar. A higher magnification revealed rough surface with many
Howship's lacunae. However, scattered small newly formed bony
specules could also be detected (Fig. 9-A&B).
In 4 weeks, SEM evaluation showed persistence of the intrabony

defect, however, a mild new bone formation was seen. On a higher
magnification, it showed woven structure consisting of randomly or-
iented collagen bundles with many prints representing spaces that were
previously occupied by osteoblasts. (Fig. 9-C&D).
In group II, after 2 weeks, healing of the bone defect was observed

to a level almost covering the apical half of the exposed root surface. A
higher magnification showed somewhat smooth outer surface with ir-
regularly outlined neurovascular canals' orifices (Fig. 10).

Fig. 4. Photo micrographs of group I (2
weeks period). (A) showing enlargement of
the defect area with intense inflammatory
cell infiltration (asterisk). (B) A higher
magnification of the boxed area of A
showing the upper border of the defective
alveolar bone. A small area of newly formed
woven bone (asterisk), with characteristic
large numerous osteocytes, was separated
from old bone by accentuated reversal line
(white arrow). Many osteoclasts were seen
occupying their Howship's lacunae on the
upper border of alveolar bone. (H&E stain,
original magnification A×100, Bx400).

Fig. 5. Photo micrographs of group I (4 weeks period).
(A) showing narrowing of the defect area with persis-
tence of inflammatory cells infiltration (asterisk) and
obvious proliferation of the gingival epithelium. (B) A
higher magnification of the boxed area of A showing the
close approximation of the bony island to the root apex
with its surface lined by apparent osteoblastic activity
(yellow arrows). (H&E stain, original magnification
A×100, Bx400).
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Fig. 6. Photo micrographs of group II (2 weeks period). (A); showing partial regeneration of the periodontal apparatus with partial re-establishment of DGJ (yellow
arrow). (B); A higher magnification of the outer bone surface of A. The newly formed woven bone (black asterisk) was covered by regular osteoid layer (yellow
arrowheads). No signs of osteoclastic activity were seen. Numerous fibroblasts were located in the connective tissue adjacent to the bone surface (yellow arrows). (C);
A higher magnification of the inner bone surface and PDL area of A. Note the insertion of newly formed PDL fibers (sharpey's fibers) in the regenerated bone (yellow
arrow heads). (H&E stain, original magnification A x100, B & C x400).

Fig. 7. Photo micrographs of group II
(4 weeks period). (A); the mesial al-
veolar bony wall was almost com-
pletely regenerated (black asterisk) with
its crest approaching the same level of
that of the interradicular septum (red
asterisk). Several reversal lines were
seen (green arrows). DGJ was reestab-
lished (yellow arrow). (B); A higher
magnification showing the dense la-
mellar structure of the new bone (white
asterisk). Functionally oriented alveolar
crest group (yellow asterisk), horizontal
group (green asterisk) of PDL and den-
toperiosteal group of gingival ligament
(black asterisk) were renewed. Note the
inserting Sharpey's fibers (yellow arrow)
with plump osteoblasts on the bone
surface (yellow arrowheads). (H&E stain,
original magnification A×100, Bx400).

Fig. 8. Photo micrographs of group III (A, B:
2 weeks period, C, D: 4 weeks period). (A);
the whole defect area was almost ob-
literated by newly regenerated periodontal
tissues. Yellow arrow: reestablished DGJ. (B)
a higher magnification of the boxed area of
A. The regenerated lamellar alveolar bone
(yellow asterisk) was covered with thin uni-
form osteoid layer (white arrow) and active
osteoblasts (yellow arrow heads). Fibroblast
like cells (Yellow arrows) spread throughout
the PDL area. Alveolar crest group (black
double sided arrow) and horizontal group
(green double sided arrow) of PDL were de-
tected. Black Arrows: sharpey's fibers at-
tachment, green arrowhead: blood vessel.
(C); The mesial wall of alveolar bone (black
asterisk) was regenerated to a level almost
reaching that of the interradicular septum
(green asterisk). Note reestablished DGJ
(yellow arrow). (D); A higher magnification
of A showing functionally oriented groups
of PDL. white asterisk: alveolar crest group,
green asterisk: horizontal group, yellow as-
terisk: dentoperiosteal group of gingival li-
gament. (H&E stain, original magnification
A & Cx100, B & Dx400).
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In 4 weeks period, SEM analysis showed complete coverage of the
mesial root surface by a thin bony layer (Fig. 11-A). On a higher
magnification, the new bone showed dense lamellar structure with
much improvement of the overall surface texture and smoothness. Also,
few Howship's lacunae could be seen (Fig. 11-B). The newly formed
bone in cervical region appeared to have a rough texture with many
newly formed neurovascular canals and small openings representing
entrance to osteocyte lacunae (Fig. 11-C). Almost complete re-
establishment of the normal relationship was detected between the al-
veolar bone proper of the newly formed mesial wall of the alveolar
socket and its supporting alveolar bone (Fig. 11-D).
In group III, after 2 weeks, a relatively thick layer of newly formed

bone was seen covering the mesial root surface extending from the root
apex until cervical region. While some areas of the regenerated bone
showed mature dense lamellar structure with smooth surface and well
defined neurovascular canals, other areas had rough surface and con-
tained what is called osteoid packets with reduced electron back-
scattering properties (Fig. 12).
In 4 weeks period, almost complete healing of the periodontal defect

was observed. The bony wall restored almost its full thickness running

homogenously with outer and inner cortical plates. A closer view
showed the majority of regenerated bone with smooth mature lamellar
surface containing regularly outlined and well defined openings of the
neurovascular canals. However, few areas had rough surface with many
Howship's lacunae (Fig. 13).

3.3. Statistical analyses

3.3.1. Histomorphometric analysis of new bone surface area
Using ANOVA test, A highly significant difference (**) was found

between groups in both 2 and 4 weeks follow up periods (Table 1). By
post hock test, a significant difference (*) was found between group I
and group II and between group I and group III in 2 weeks follow up
period. In 4 weeks follow up period, the difference between group I and
group II was significant (*) while it was highly significant (**) between
group I and group III. The difference between group II and group III was
non significant (NS) in 2 weeks and significant (*) in 4 weeks follow up
periods (Table 2).

Fig. 9. Scanning electron micrographs of
group I (A & B: 2 weeks period, C & D: 4
weeks period). (A); showing the three wall
intrabony defect. (B); A higher magnifica-
tion of the boxed area of A showing many
Howship's lacunae (red arrows). Few small
newly formed bony specules could also be
seen (yellow arrows). (C) The majority of the
mesial root surface was still exposed with a
mild increase in the surface area coverage.
Asterisks: newly formed bone. (D) showing a
higher magnification of the newly formed
woven bone with randomly oriented col-
lagen bundles with many osteoblasts prints
(red arrows). Opening of a newly formed
neurovascular canal was also seen (yellow
arrow). R: exposed root surface. (original
magnification A & Cx 50, Bx 200, Dx750).

Fig. 10. Scanning electron micrographs of
group II (2 weeks period). (A); The newly
formed bone almost covered the apical half
of the root surface. (B); A higher magnifi-
cation of the boxed area of A showing
somewhat smooth outer surface of the
newly formed bone containing orifices of
neurovascular canals with irregular outline
(arrows). R: exposed root surface. (original
magnification A×50, Bx200).
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3.3.2. Anti-PCNA immunohistochemical statistical analysis
A non significant statistical difference (NS) was found between the

numbers of anti-PCNA positive nuclei of the three groups in both time
intervals. However, the anti-PCNA counting was highest in group III
followed by group II and lowest in group I (Table 3).

4. Discussion

In our study, we emphasized the potential role of ozone gel com-
pared with PRF membrane in periodontal regeneration using an in-
trabony periodontal defect in rats. For this purpose, acute model of

Fig. 11. Scanning electron micrographs of
group II (4 weeks period). (A) The mesial
root surface was covered by thin bony layer
(yellow asterisk) that was increasing in
thickness by crawling of the next growing
layer buccally and ligually (red asterisks). C:
1st molar crown. (B) A higher magnification
of the boxed area of A showing dense la-
mellar bone with few Howship's lacunae
(arrows). (C) A higher magnification of the
cervical region showing complete root cov-
erage with new bone of rough texture.
Newly formed neurovascular canals (red
arrows) and small openings representing
entrance to osteocyte lacunae were seen
(yellow arrow). A complete coverage of the
root surface until tooth cervix was evident
(yellow arrowhead). red arrowhead: Crack in
new bone. (D) showing almost complete
regeneration of normal relationship be-
tween newly formed mesial wall of alveolar
bone proper and supporting alveolar bone.
AP: alveolar bone proper, C: cancellous part
of supporting alveolar bone, CP: cortical
plate of supporting alveolar bone. (original
magnification A×50, B, C & Dx200).

Fig. 12. Scanning electron micrographs of
group III (2 weeks period). (A); A relatively
thick layer of newly formed bone covered
the mesial root surface (asterisk). (B); A
higher magnification of the red boxed area
of A showing complete coverage of the root
surface until the tooth cervix (asterisk). C:
1st molar crown. (C); A higher magnifica-
tion of the yellow boxed area of A showing
areas of smooth surfaced (red asterisk) &
rough surfaced (yellow asterisk) bone with
detection of neurovascular canals' openings
in both (arrows). (D); A higher magnifica-
tion of the boxed area of A showing osteoid
packets, with reduced electron back-
scattering properties, and shallow depres-
sion made by osteoblasts on its surface (red
arrows). (original magnification A×50, B &
Cx 200, Dx750).
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surgically created periodontal defect was chosen and this is because
although the chronic model, using ligature, indeed create a diseased
root surface, it still not identical to the naturally occurring periodontitis
in addition to the fact that the obtained defect size and shape are un-
controllable.51 Unlikely, these parameters are more controlled in the
surgically created acute model thus help to create a reproducible defect
model to test and compare between treating materials without any
significant bias.52

The three wall periodontal defect model, that was previously

adopted in many studies,48,53,54 was applied here. This is because the
fact that although this type of intrabony defects is considered the ideal
one for regenerative procedures,55 it had proved to be a defect with a
limited spontaneous healing.54

In group I, in both follow up periods, almost all signs of periodontal
injury were demonstrated including inflammatory cell infiltration, root
and alveolar bone resorption and enlargement of the defect area as
reported in previous studies.55,56 This was attributed to the pathogen-
esis of periodontal inflammatory process which involves the release of
inflammatory mediators, including prostaglandins and cytokines, IL-1
and TNF-α, causing recruitment of inflammatory cells, elaboration of
lytic enzymes and osteoclastic differentiation leading ultimately to
connective tissue destruction, progressive alveolar bone resorption with
subsequent enlargement of the periodontal defect.58,59 The detected
mild new woven bone formation was also previously seen by Takeuchi
T et al.60 In 4 weeks period, the observed mild new woven bone for-
mation with non-functionally oriented collagen fibers came in agree-
ment with observations seen in earlier studies.52,60 Interestingly, the
newly formed bony island that was found to almost reach the root
surface was indicative of future ankylosis. This was also recorded by
Melcher AH et al.61 who found a bony callus invading the defective PDL
area with development of ankylosis between bone and tooth within 2:4
weeks after defect induction.

Fig. 13. Scanning electron micrograph of
group III (4 weeks period) (A); showing al-
most complete healing of the mesial wall of
alveolar bone (red asterisk) running homo-
genously with outer and inner cortical
plates (yellow asterisks). (B) showing com-
plete formation and normal positioning of
the alveolar crest (asterisk). C: 1st molar
crown. (C) showing smooth surface of the
regenerated mature lamellar bone. Note the
regularly outlined openings of the neuro-
vascular canals (arrows). (D) Some areas of
lamellar bone were rough surfaced with
many Howship's lacunae (red arrows).
Yellow arrow: neurovascular canal opening.
(original magnification A×50, B & Dx750,
Cx200).

Table 1
Comparison between Mean ± S.D values of the surface area of newly formed
alveolar bone in group I, group II and group III using ANOVA test.

Surface area of new bone

Parameters Mean ± S.D Min –Max F p-value

Group I (2 ws) 305.94 ± 37.66 250.62–359.18 17.751 0.000**
Group II (2 ws) 357.04 ± 21.15 330.56–395.16
Group III (2 ws) 394.51 ± 46.29 333.58–452.16
Group I (4 ws) 309.06 ± 36.19 250.62–359.02 22.492 0.000**
Group II (4 ws) 383.26 ± 42.34 333.58 ± 454.82
Group III (4 ws) 470.26 ± 85.54 333.58–553.05

Table 2
Comparison between Mean ± S.D values of the surface area of newly formed
alveolar bone in group I, group II and group III using post hock test.

Surface area of new bone

Parameters Group I (2 ws) Group II (2 ws)

Group I (2 ws) ——————— ———————
Group II (2 ws) 0.005* ———————
Group III (2 ws) 0.001* 0.051NS

Parameters Group I (4 ws) Group II (4 ws)
Group I (4 ws) ——————— ———————
Group II (4 ws) 0.011* ———————
Group III (4 ws) 0.000** 0.003*

Table 3
Comparison between Mean ± S.D values of the number of anti-PCNA positive
nuclei in group I, group II and group III using ANOVA test.

Anti-PCNA statistical results

Parameters Mean ± S.D Min –Max F p-value

Group I (2 ws) 74.83 ± 8.53 55–85 1.820 0.178NS

Group II (2 ws) 80.83 ± 13.29 60–99
Group III (2 ws) 83 ± 10.23 69–96
Group I (4 ws) 72.58 ± 5.98 65–85 1.748 0.190NS

Group II (4 ws) 78.33 ± 15.85 56–99
Group III (4 ws) 81.33 ± 10.97 65–95
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In group II, the observed new alveolar bone formation with ap-
parent osteoblastic activity came in agreement with the finding of both
Akpınar et al.62 and Ozdemir et al.63 In Akpınar et al. study, he ac-
credited the new bone formation to the ability of ozone to increase the
osteoblastic activity that was found to be significantly higher in ozone
treated group than the untreated group. Another added reason is that
ozone enhances bone morphogenic protein-2 (BMP-2) expression64 and
alkaline phosphatase (ALP) enzyme activity65 in osteoblasts thus having
a positive effect on bone formation and mineralization respectively.
Furthermore, the reported new functionally oriented PDL collagen fi-
bers formation together with the obvious fibroblastic activity was si-
milar to the findings of Kazancioglu et al.66 who found that topical
ozone application, in addition to enhancing bone formation, it pro-
moted fibrous connective tissue formation with abundant new collagen
fibers and numerous fibroblasts. This was attributed to the angiogenetic
along with biosynthetic abilities of ozone through which it can activate
cellular proliferation and protein synthesis thus elevate the functional
activity of cells and regeneration potential of tissues and organs.67 Also,
Wang PL et al. study68 had evaluated the effect of ozone ointment on
type-I collagen production ability of human gingival fibroblasts which
is directly linked to the regenerative capacity of periodontal tissues. It
showed that ozone indeed boosted the production of type-I collagen by
approximately 1.4-fold and, consequently, thought to have a positive
effect on the reconstruction of periodontal tissues.
In group III, the regenerated bone with mature dense lamellar

structure outlined with active plump osteoblasts came in accordance
with the results of Du J et al. study.69 Our explanation depends on
Eduardo A et al. study70 that evaluated the effect of platelet derived
growth factors on the alveolar bone osteoblasts' bone forming potential.
It was observed that these osteoblasts showed an increased rate of
cellular proliferation by 3.8-fold with a significant increase in cellular
migration and chemotaxis by 9.6 fold than the control group. Re-
markably, this increased cellular proliferation and migration was ac-
companied with an overall increase in the cellular synthesis of extra-
cellular matrix components with increased osteoblastic expression of
procollagen type I and ALP suggesting an accelerated rate of matrix
formation and mineralization respectively. Additionally, Li Q.et al.71

had found that PRF almost equaled the osteogenic medium in its effect
on mineralization behavior of cultured periodontal progenitor cells
with a highly significant increase in ALP activity and a 4.9 fold increase
in the degree of matrix mineralization.
The restoration of normal architecture of PDL with regeneration of

different groups of dense collagen bundles of PDL was similar to Du J
et al.69 study. This result was accredited to the ability of PRF membrane
to slowly release a set of growth factors, including PDGF, TGF-β1, IGF,
FGF& VEGF,35 that could enhance cell proliferation and extracellular
matrix synthesis thus promote wound healing and regeneration of
periodontal tissues.72 Furthermore, PRF membrane proved to have
excellent biodegradability with enhancement of collagen formation.71

In addition, the regenerated DGJ, recorded in this group, was at-
tributed to the sustained release of epidermal growth factor from the
activated platelets of the PRF membrane that enhances epithelializa-
tion.73

The histomorphometric analysis of the total new bone surface area
showed a significant difference of the area of new bone formation be-
tween group I and group II in both 2 and 4 weeks follow up periods. The
difference between group I and group III was significant in 2 weeks
period and highly significant in 4 weeks period. The differences de-
tected between the 2 and 4 weeks periods of each group were non-
significant in group I and significant in both group II and III.
The immunohistochemical statistical analysis showed an increase in

the total number of anti PCNA positive nuclei in both group II and III
than group I with the PRF group being the highest, however, the dif-
ference between groups was not significant at both time intervals.
These findings were justified by two reasons. Primarily, the pro-
liferative cellular process was present in all groups but the anti PCNA

positive nuclei of group I was mainly related to the intense in-
flammatory infiltration occupying the periodontal defect and was not
close enough to the bone surface to express actual healing. Secondarily,
both ozone and PRF had proved, as previously mentioned, to sig-
nificantly enhance cellular differentiation so, most of the cells of both
groups were already in the differentiation phase with negative anti
PCNA expression while the cells of the untreated specimens of group I
still in the cell proliferation phase.
In conclusion, our presented histological and immunohistochemical

results could be considered as an additional clue that amplify the re-
generative capacity of both ozone and PRF on periodontal healing with
the PRF being better however, further multi-institutional histological
and clinical studies with different parameters are required to confirm
this possibility.
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