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ABSTRACT 

INTRODUCTION: Furcation defects are a frequent finding in periodontitis patients. Activated platelets release numerous proteins, 
among them adhesive glycoproteins and growth factors. Ozone (O3) is a triatomic molecule, consisting of three oxygen atoms, and its 
application in medicine and dentistry has been indicated for the treatment of different pathologies. 
AIM OF THE STUDY: The aim of this experimental study was to evaluate the effectiveness of combining Platelet Rich Plasma 
(PRP) and ozone therapy in the management of surgically created grade II furcation defects. 
MATERIALS AND METHODS: A split mouth design was carried out using six healthy mongrel dogs. A total of eighteen critical 
sized grade II furcation defects were surgically created in the third and fourth mandibular premolars, bilaterally. After reflecting a 
mucoperiosteal flap, the defects in the experimental side were treated with PRP activated by ozone, β-TCP and collagen 
membranes, whereas, the control side defects were treated with PRP, β-TCP and collagen membrane. The dogs were sacrificed after 4 
and 8 weeks. Samples were dissected and prepared for histological evaluation. 
RESULTS: Histological results showed that PRP activated by ozone led to higher vascularization of the study samples at all time points; 
this was evident at four weeks in the form of numerous blood vessels entrapping RBCs and at eight weeks by the presence of red bone 
marrow and blood vessels entrapping RBCs within. Histomorphometry revealed that ozonated PRP accelerated bone regeneration at both 
time intervals, this acceleration was almost two –fold upon comparing test to controls. 
CONCLUSION: Activation of PRP by ozone is effective in enhancing angiogenesis and bone formation during periodontal regenerative 
therapy in grade II critical –sized furcation defects in dogs. 
KEYWORDS: Angiogenesis, β-TCP. Grade II furcation Periodontal regeneration, Platelet Rich Plasma.  
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INTRODUCTION 
Furcation defects are a frequent finding in periodontitis 
patients. Molars affected with furcation involvement 
respond less favorably to periodontal therapy, they also 
exhibit a greater risk for further attachment loss than other 
teeth (1). 

In the early 1980s Hunt and Neighlton (2) 
described the separation of a patient’s blood by 
centrifugation into three layers; platelet-rich plasma (PRP), 
platelet poor plasma (PPP) and red and white blood cell 
layers. The authors observed that the PRP layer was of 
interest for use in wound healing, since this layer 
contains a concentrate of the patient’s platelets. These 
platelets have granules that contain growth factors that 
affect every cell as well as the formation of tissue 
involved in wound healing and regeneration of soft 
tissue and bone. Marx et al. (3) described the use of PRP 
in dental surgery. They claimed that the addition of PRP 
to grafts showed a radiographic maturation rate 1.62 to 
2.16 times than that of grafts without PRP. 
The clinical efficacy of PRP depends mainly on the 
number of platelets and the concentration of their 
growth factors; these growth factors act as transmitters 

in most processes in tissues, particularly in healing, 
where they are responsible for proliferation, 
differentiation, chemotaxis and tissue morphogenesis (4). 
Growth factors are biologically active molecules used to 
achieve periodontal regeneration as they regulate cell 
proliferation, activity, chemotaxis and ⁄ or cell differentiation, 
alone or in combination with grafting materials. Among these 
are insulin-like growth factors (IGFs), fibroblast growth 
factors (FGFs), epidermal growth factor (EGF), platelet-
derived growth factors (PDGFs), and vascular endothelial 
growth factor (VEGF), transforming growth factor-β (TGFβ) 
and bone morphogenetic proteins (BMPs) (5). 
Medical ozone(O3) is used to disinfect and treat disease. Its 
mechanism of action is by the inactivation of bacteria, 
viruses, fungi, yeast and protozoa, stimulation of oxygen 
metabolism and activation of the immune system. O3 
can promote platelet aggregation particularly when heparin 
is used as an anticoagulant (6), Ebensberger et al. (7), 
evaluated the effect of irrigation with ozonated water on 
the proliferation of cells in the periodontal ligament 
adhering to the root surfaces of avulsed teeth.
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They concluded that avulsed teeth when irrigated with 
ozonized water for 2 min. showed effective mechanical 
cleansing and root surface decontamination. In a study by 
Nagayoshi et al. (8) dental plaque samples were treated 
with 4 mL of ozonated water for 10 seconds. They 
observed that ozonated water was effective in killing 
gram-positive and gram-negative oral microorganisms 
and oral C. albicans which reflected its potential to control 
infectious micro-organisms in dental plaque. The aim of the 
work was to evaluate the effectiveness of ozone activated 
PRP therapy in the management of grade II furcation 
defects. 

MATERIAL AND METHODS 
Animal Selection: A total of six healthy adult mongrel 
dogs (Canis familiaris) about 18 to 24 months old and 
weighing between 18 to 24 kg. were included in this 
study. The dogs had good systemic health with no 
gingival inflammation and showed intact maxillary and 
mandibular teeth. The animals were adapted to the 
housing conditions four weeks before the study. 

All guidelines for the care and use of experimental 
animals according to Alexandria’s University Ethics 
Committee were followed. 
Study design: A split mouth design was carried out in this 
study. Grade II critical – sized furcation defects were 
surgically created in the mandibular third (PM3) and fourth 
(PM4) premolars on both sides of the jaws of each dog (9). 
The defects were divided into two groups, each comprising 
four defects: 

• Control group: included defects treated by PRP, 
alloplast and then covered by a collagen membrane. 

• Study group: included defects treated using ozonated 
PRP, alloplast, then covered by a collagen membrane. 
Materials 
Bone substitute material (Alloplast): (Genesis BCP™) 
by Dio-implant, Korea). A biphasic calcium phosphate 
composed of hydroxyapatite (60%) and beta-Tri-
Calcium- phosphate (β-TCP) (40%), with 70% 
macropores (100 to 500 µm) and 30% micropores (≤10 
µm). 

Collagen Membrane: Collagen membrane by 
BioTECK, Italy) Type 1 lyophilized equine collagen 
from Achilles tendon (25 x 25 x 0.2 mm). 

Platelet Rich Plasma (PRP): 30 cc venous blood were 
drawn from each dog. Nine parts blood was anticoagulated 
with one-part saline containing heparin so that the final 
concentration was 30 IU/ml. Blood was centrifuged at 200 
rpm for 20 min. An average platelet count of 3× 108 /ml 
plasma was used. A further centrifugation of PRP at 6000 
rpm for 15 sec was applied to give a platelet-containing pellet 
and a supernatant of platelet-free plasma. A predetermined 
volume of the O2/O3 gas mixture at three O3 concentrations 
(80 m g/ml per ml of PRP) was collected by a silicone coated 
disposable syringe and immediately introduced into a second 
syringe containing an equivalent volume of PRP via a ‘y’ 
connector. Final gas pressure remained at normal 
atmospheric pressure (10) (Figure 1). 
Surgical procedures: All surgical procedures were 

performed under general anesthesia using intramuscular 
injection of 0.1 ml ketamine hydrochloride 
(Ketamine10%® by Alfasan, Holland.) and 0.05 ml 
xylazine hydrochloride (Xyla-ject® by Adwia co. S.A.E., 
Egypt.), for each 100mg body weight. 

 
Figure (1): Clinical photographs showing PRP preparation.  A)  
Armamentarium.  B) blood collection from the cephalic venin. 
C) Centrifuge machine. D) Ozone machine. E) Samples of 
PRP ozonated and non-ozonated. F) mixing bone graft with 
PRP.C, PRF mixing with Alloplast. 

 
Creation of grade II critical sized furcation defects 
Infiltration anesthesia using 2% xylocaine/epinephrine 
(Artinibsa® by Inibsa, Spain.) was also administered at the 
surgical site. Sulcular incisions were performed using Bard 
Parker blade number 15, and then a mucoperiosteal flap 
extending from PM2 to M1 was elevated. The alveolar 
bone buccal to the furcation area was removed using 
carbide surgical burs on a low speed micro-motor under 
copious saline irrigation to expose the roots of the 
experimental teeth. Then grade II critical sized furcation 
defects were created in the furcations of PM3 and PM4 on 
either sides of the mandible. The dimensions of the defects 
were measured using a periodontal Michigan O probe 
(HU-FRIEDY, USA) with Williams’ calibration. The 
dimensions of the resultant critical size created grade II 
furcations defects were as follows: 5 mm in the vertical 
component (distance from the furcation fornix to the base 
of the defect) and 4mm in the horizontal component 
(distance from the buccal surface to the internal wall of the 
furcation). Root planning was performed on all exposed 
root surface using manual curettes. After the creation of 
the defects was completed, reference notches were made 
on both roots (at the most apical part of each root in 
relation to the base of the defect) to act as  h i s t o l o g i c  
reference points later on. 

Root conditioning was carried out using tetracycline 
(Tetracid® by Chemical industries development CID, 
Egypt) soaked cotton pellets in order to modify the root 
surface. 

In the control side (left side), the defects were 
augmented with PRP, alloplast and then covered by 
collagen membrane. While in the study side (the right side) 
the defects were augmented with ozonated PRP, alloplast 
then covered by collagen membrane. (Figure 2) 
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Figure (2): Clinical photographs showing the surgical 
procedures: A) Ozonated PRP + Alloplast mix. B) The 
collagen membrane covering the defect. C) Suturing of the 
surgical site. 

 
Post-surgical care: All dogs received Amoxicillin 1gm IM 
(Amoxicillin® by Misr co. for pharmaceutical industries, 
Egypt) and diclofenac sodium 75mg IM (Declophen® by 
Pharco pharmaceuticals, Egypt), immediately after surgery. 
For the following 5 days, each dog received 500 mg 
amoxicillin and 25 mg of diclofenac sodium as analgesics 
in their diet three times daily. All dogs were put on a soft 
diet for the first 10 days and observed frequently for any 
signs of infection or inflammation. 
Animal sacrifice: Dogs were sacrificed at two different 
time intervals; 4 and 8 weeks, post-operatively. Dogs 
were sacrificed by an overdose intra venous injection of 
thiopental sodium. The mandible was dissected out, 
divided into two, then preserved in 10% buffered 
neutral formalin for histological processing. 
Histological procedures: The specimens were decalcified in 
8 % trichloroacetic acid and processed to obtain 5 microns 
thick sections. These sections were stained with Harris 
Hematoxylin and Eosin Stain (H&E) for general examination 
and evaluation of healing (11) and with Gomori’s trichrome 
stain to examine new bone formation and collagen organization 
(12). 
Histological Results 
At one month, the study group showed newly formed 
bone trabeculae of moderate density spanning the whole 
width between the walls of the mesial and distal roots 
of the operated tooth and the bifurcation area 
coronally, while the control group showed less amount 
of formed bone, with persistence of greater amount of 
the scaffold material and less vascularity among the 
formed bone (Figure 3).  

 
Figure (3): A) Light micrograph (LM), [study group, 4weeks] 
showing regenerating bone in the inter-radicular defect 
spanning most of its boundaries. Note the increased thickness 
of cementum (thin arrow). The thick arrow is demarcating the 
level of the created notch delimiting defect at the base of the 
defect. H&E, original magnification X40 B) LM, [control 
group, 4weeks] showing the less amount of the regenerating 
bone in the created defect than in the study group and the 
greater aggregates of the scaffold material (asterisk). The thick 
arrow is demarcating the level of the notch at the base of the 
defect. Trichrome stain, original magnification X40. 

At two months, the study group exhibited an 
outstanding histological picture; noticeably, more bone 
formation could be seen in the different regions of 
the defect, centrally and peripherally where it formed the 
lateral walls adjacent to the PDL, and at the base of the 
defect. This was accompanied with excessive cementum 
deposition on the roots’ surfaces facing the PDL. On 
the other hand, bone formation and defect fill in the 
control group was less than its appearance in the 
experimental group of the same observation period, but 
it appeared to differ than its appearance in the same 
group at the previous observation period, showing more 
bone formation. (Figure 4). 

 
 

 
Figure (4): A) LMs (study group, 8weeks) showing the 
marked density of the formed bone in the regenerating defects 
and marked narrowing of the PDL especially adjacent to the 
bifurcation area. A: H&E, X: 40. B) LM, [control group, 
8weeks] showing less bone formation in the defect, wider 
PDL, and wider bone marrow spaces between the 
interconnected formed trabeculae. H&E, X: 40. 
 
Histomorphometric results 

1. The height of newly formed inter-radicular bone 
At 4 weeks: In the control group the mean height of 
newly formed inter-radicular bone was (40.17±2.64), 
while the study group showed a mean of (53.0 ±3.22) 
showing a highly significant difference (P <0.001). 
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     At 8 weeks: The control group showed a mean of 
(30.83±5.27), while the study group showed a mean 
of (52.50±5.79). This difference was also statistically 
significant. (P <0.001). (Table 1) & (Figure 5) 
 
Table (1): Comparison between the two studied 
groups according to the height of newly formed 
inter-radicular bone. 

*: Statistically significant at p ≤ 0.05 
 
 

 
 
Figure (5): Comparison between the different groups 
according to the height of newly formed inter-radicular bone 
at 4 and at 8 weeks. 
 
2. The percentage of the formed bone surface 
At 4 weeks: In the control group the mean percentage 
of the formed bone surface was (279.50%±44.36), 
while the study group it was (350.0 %±40.84) showing 
a highly significant difference (P <0.001). 

At 8 weeks: The control group showed a mean 
of (178.17%±35.03), while the study group showed a 
mean of (262.50%±27.27) showing a significant 
difference (P <0.001). (Table 2) & (Figure 6) 

 
 
 
 
 
 
 
 
 
 

 
 

Table (2): Comparison   between   the   two   studied   
groups   according   to   the percentage of the formed 
bone surface area 

t, p: t and p values for Student t-test 
*: Statistically significant at p ≤ 0.05 

 

 
Figure (6): Comparison between the two studied groups 
according to the percentage of the formed bone surface area 

 
DISCUSSION 
In the current study, grade II critical sized furcation 
defects were created in six mongrel dogs. A split 
mouth design was carried out in which the defects of 
the control side of each dog were augmented with 
PRP,β-TCP alloplast material and covered with a 
collagen membrane, while in the study side of the same 
dog the defects were augmented with ozonated PRP 
and β-TCP covered with a collagen membrane. After 
one and two months, tissue blocks containing the 
studied teeth with the surrounding hard and soft 
tissues were obtained and examined histologically and 
histomorphometrically. 

The present study evaluated whether the 
application of PRP in grade II furcation lesions would 
enhance periodontal regeneration when activated by 
ozone. Clinical reports have demonstrated that the 
association of GTR, bone substitutes and PRP could 
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provide good results in the treatment of intrabony defects 
and grade II furcation lesions (13-15). 

The use of PRP for periodontal regeneration has 
been based on the idea that this preparation contains 
polypeptide growth factors (PGFs). Some specific PGFs, 
like PDGF and TGFβ, could promote the growth and 
differentiation of periodontal ligament and alveolar 
bone cells and could be responsible for the clinical 
improvement observed in the experimental sites (16,17). 
Another interesting feature of PRP is its sticky 
consistency due to its high fibrin content. The fibrin 
component of PRP may work as a hemostatic agent 
aiding in stabilizing the graft material and blood clot (18). 

The positive effect of PRP on bone formation and 
maturation was demonstrated in previous studies 
(19,20) and was evidenced in the present study by 
the large area of mineralized bone observed in both 
groups.  

The current histological results proved the effect 
of ozone on PRP especially its effect in increasing 
the bone density and surface area in the study group. 
This can be interpreted acby the fact that ozone (O3) can 
promote platelet aggregation particularly when heparin is 
used as an anticoagulant (21). 

PRP treated with O3 significantly increases the 
amount of platelet-derived growth factor (PDGF), TGFβ 
and IL-8. These factors were found to be released in a 
dose- dependent manner after ozonation of heparinised 
PRP samples (22). 

In this study the histological results showed a 
distinct difference between the control and the study 
groups, regarding vascularization and bone formation. The 
study group showed numerous blood vessels rich in 
RBCs in the granulation tissue of the specimens at 4 
weeks and also at 8 weeks more blood vessels and red bone 
marrow were observed. 

In the current study histomorphometric analysis was 
performed using Image J software. The height of newly 
formed inter-radicular bone and the percentage of the 
formed bone surface, in both study and control groups at 
four and eight weeks were analyzed. The 
histomorphometric results showed that PRP activated by 
ozone accelerated bone regeneration at four and eight 
weeks showing great difference between the study and 
the control groups in all parameters. 

CONCLUSION 
Within the limitations of the present study and the 

associated findings, it could be concluded that 
activation of PRP by ozone together with guided tissue 
regeneration procedures yields a favorable effect of 
accelerating bone formation and vascularization. 
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