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ABSTRACT  

Background:  Regeneration and/or reconstruction of bony skeleton is important to restore the normal function 

of the craniofacial unit. The maxillofacial region is a complex tissue, consisting of bone, cartilage, soft tissue, 

nerves, and blood vessels. Calcium phosphate ceramics like hydroxyapatite and β -tricalcium phosphate (β -TCP) 

possess mineral composition that closely resembles that of bone. They can be good bone substitutes due to their 

excellent biocompatibility. Biphasic calcium phosphate is a bone substitute which is a mixture of hydroxyapatite 

and β -tricalcium phosphate in fixed ratios. Studies have demonstrated the osteoconductive potential of this 

composition with clinical use as a bone substitute in periapical surgeries.  The development of biphasic calcium 

phosphate ceramic made it possible to control the resorbability of tricalcium phosphate and at the same time 

maintain the osteoconductive potential of hydroxyapatite. 

Keywords: Periapical,  hydroxyapatite, tricalcium phosphate. 

INTRODUCTION 

The maxillofacial region is a complex tissue, 

consisting of bone, cartilage, soft tissue, nerves, and 

blood vessels. Conditions such as cancer surgeries, 

trauma, congenital malformations, and 

progressively deforming skeletal diseases, can 

damage the maxillofacial structures, leading to 

deformity.1 The only solution to these deformities is 

its reconstruction. Regeneration and/or 

reconstruction of bony skeleton is important to 

restore the normal function of the craniofacial unit. 

The optimal bone construct for repair should be 

biodegradable, able to replicate the lost structure 

and completely restore its function, and easily 

replaceable through the body’s physiologic 

processes, harmless for the patients, and reliable in 

defects.2 The procedures used for reconstruction of 

maxillofacial bone are mostly based on autologous, 

allogenic, or alloplastic grafting sources with 

variable clinical outcomes and morbidities. These 

procedures rely on the ability to recruit local stem 

cells or committed progenitor cells that would 

regenerate the defect.Allograft is defined as a tissue 

graft between individuals of the same species (i.e., 

humans) but of non-identical genetic composition. 

Xenograft is defined as a tissue graft between two 

different species (i.e., bone of bovine origin). 

Alloplast usually includes any synthetically derived 

graft material not coming from animal or human 

origin. This usually includes hydroxyapatite, β-TCP, 

or any formulation thereof. Each of the bone graft 

materials is usually developed with a specific 

purpose or advantage in mind. The main purpose of 

using these  graft materials is usually to avoid a 

secondary surgery for harvesting autogenous bone.3 

Intensive investigative research has shown calcium 

phosphate ceramic biomaterials to be safe and 

effective for a variety of restorative and 

preservative clinical applications. Two forms of 

calcium phosphate ceramics, hydroxyapatite (HA) 

and tricalcium phosphate (TCP), have received 

attention. They possess a mineral composition very 

close to that of normal bone. Their biocompatibility 
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makes them successful bone substitutes. HA is the 

natural mineral component of vertebrate hard 

tissue, comprising 60% to 70% of bone and 98% 

dental enamel.4 In appropriate synthetic form, HA is 

generally observed to be non-bioresorbable and 

therefore accountable for long-term restorative and 

preservative clinical procedures. TCP is clinically 

similar to HA but is not a natural component of 

bone. It is partially bioresorbable and is often 

considered desirable for repair of morphological 

site. Calcium phosphate biomaterials are devoid of 

local or systemic toxicity, do not elicit inflammatory 

or foreign body responses and can become 

functionally integrated with natural bone with no 

fibrous tissue encapsulation.5Calcium phosphate 

biomaterial provides a physical matrix suitable for 

deposition of new bone and can display growth-

guiding properties causing bone to extend its 

growth into areas that otherwise it would not 

occupy.It also has the ability to maintain bone bulk 

in areas where bone resorption formally takes 

place. HA implants have been used successfully to 

prevent post-extraction alveolar ridge resorption. 

Biphasic calcium phosphate ceramics consist of 

both β-tricalcium phosphate and hydroxyapatite. 

The alliance of these two components allows 

bioactivity to be controlled through a combination 

of HA and β-TCP properties.6 Previous studies have 

shown that biphasic calcium phosphate (BCP) has 

osteoconductive potential. The development of 

biphasic calcium phosphate ceramic made it 

possible to control the resorbability of tricalcium 

phosphate and at the same time maintain the 

osteoconductive potential of hydroxyapatite.7,8 

The aim of the present study was to compare simple 

enucleation or curettage versus concomitant 

hydroxyapatite and beta tri calcium phosphate 

granules placement in periapical lesions of maxilla 

and mandible of size 1 to 2cm.In a continuous 

search of best reconstruction material researchers 

are busy finding new approaches to benefit our 

patients and minimise possible complications.  

MATERIALS AND METHODS 

The study comprised 20 patients with maxillofacial 

bony defects of 1-2 cm size, who visited our centre  

from July 2017 to January 2019.It was a prospective 

randomized experimental study. Detailed medical 

history of all enrolled patients was recorded on a 

set proforma designed for the study. Patients were 

diagnosed on the basis of clinical as well as 

radiographic examination. Routine investigations 

were done. The patients were enrolled irrespective 

of age, sex, caste and creed, if their  maxillofacial 

bone defects (periapical pathology) was 1-2 cm in 

size.The patients were excluded if they had bone 

diseases (e.g. Pagets disease, Cherubism,) 

,underwent irradiation and had uncontrolled 

diabetes,Any known metabolic disease , pediatric or 

geriatric patients were too excluded. 

Sample size: 20 patients were included and were 

randomly divided into two groups.This study  

comprised of two groups: 

• Group I : 10 Patients where only Enucleation or 

Curettage was done. 

• Group II:10 Patients where after Eucleation or 

Curettage, hydroxyapatite(60%) and beta 

tricalcium phosphate(40%) granules were 

placed. 

Method:  

After performing enucleation/curettage and 

apicoectomy the defect was primarily closed or 

filled with the graft granules. Clinical & radiographic 

assessment was done at day 7, 2nd week, first month 

and sixth month. 

Armamentarium used for surgery:  

 

Fig 1: Instruments. 

Surgical Technique  

Anaesthesia:   
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Patients were operated under Local Anesthesia. 

Patient was seated on dental chair. Standard part 

preparation and surgical draping was done to 

ensure sterile field.  

A crevicular incision was made through the mucosa 

in the gingival crevice along with two releasing 

vertical incisions extending into the mucogingival 

junction, thus  trapezoidal flap was raised and the 

cystic lesion was exposed. Enucleation and 

curettage was done to remove the lesion in toto. 

Apicoectomy was performed and bony defect was 

thoroughly irrigated with betadine solution. Closure 

of the flap was done with with 3-0 black silk 

suture.The patient was advised soft diet for a week 

followed by normal diet, 0.2% chlorhexidine rinses., 

antibiotics  and anti-inflammatory drugs for one 

week postoperatively.  

Assessment of the patients was done under 

following parameters :  

1) Pain – Visual analogue scale (0 – 10).  

 

2) Swelling-Technique-(Objective 

assessment) Laskin and Amin (1983) and 

Gallardo et al. (1990). 

The swelling was measured as the linear distance 

between corner of mouth and the lobe of ear, and 

the linear distance between outer canthus and the 

angle of mandible (gonion). Swelling measurements 

were done preoperatively and postoperatively at 

each follow up of (1st week, 2nd   week, 1st month, 

and 6th month). 

Swelling 

• 3*3 cm: 3 

• 2*2: 2 

• 1*1: 1 

• Absent: 0 

3) Tooth Mobility  – Present / Absent   

• Grade III:  

• Grade II:  

• Grade I: Absent  :: 0 

4) Lymph Nodes 

• Palpable  :: 1 

• Not palpable :: 0 

5) Pus Discharge 

• Present   :: 1 

• Absent  :: 0 

Follow up :  

At 1st week, 2nd week, 4th week, and 24th week. 

Radiographic Evaluation :  

OPG and CBCT were done preoperatively and then 

at 2 weeks, 4th week and 24th week. 

Radiographic (percentage bone fill)- 

▪ Total number of small squares covering the defect 

(preoperative) =  A  

▪ Total number of small squares covering the defect 

(postoperative follow op)  =  B 

▪ Percentage bone fill =    =     A-B    ×   100 

                                                      A 

Complications: 

Postoperative complications considered were 

• Gape  

• Discharge 

• Extrusion of graft 

• Nerve Injury 

RESULTS 

Table 1: Age distribution between the groups. 

Groups Group I Group II 

Age in 

years 

(Mean 

± SD) 

30.20±11.84 25.30±9.61 

Unpaired t-test : p= 0.32 
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Table-1 & Fig.1 shows the age distribution between 

the groups. There was no significant (p>0.05) 

difference in the age between Group I 

(30.20±11.84) and Group II (25.30±9.61).  

 

Fig 1: Age distribution between the groups. 

Table 2: Gender distribution between the groups. 

Gender Group I 

(n=10) 

Group II 

(n=10) 

No. % No. % 

Male 5 50.0 3 30.0 

Female 5 50.0 7 70.0 

p=0.36 (Chi-square test) 

Table-2 & Fig.2 shows the age distribution between 

the groups. There was no significant (p>0.05) 

difference in the gender between Group I and Group 

II.  

 

Fig 2: Gender distribution between the groups 

Table 3: Comparison of VAS pain score between the 

groups at different time intervals 

Time 

intervals 

Group I Group II p-value1 

Pre-op 7.70±0.48 7.60±0.51 0.15 

Day 7 4.30±1.25 3.90±0.87 0.39 

Week 2 1.10±0.31 1.00±0.00 NA 

Week 4 1.00±0.00 1.00±0.00 NA 

Week 24 1.00±0.00 1.00±0.00 NA 

Unpaired t-test, NA-Not applicable 

Table-3 & Fig. 3 shows the comparison of VAS 

between the groups at time intervals. There was no 

significant (p>0.05) difference in the VAS at pre-op 

and Day 7 between the groups and became similar 

after Week 2. 

 

Fig 3: Comparison of VAS pain score between the 

groups at different time intervals 

Table 4: Comparison of swelling between the 

groups at different time intervals . 

Time 

intervals 

Group I Group II p-value1 

Pre-op 1.90±0.87 1.90±0.73 1.00 

Day 7 0.60±0.51 0.70±0.48 0.66 

Week 2 0.00±0.00 0.00±0.00 NA 

Week 4 0.00±0.00 0.00±0.00 NA 

Week 24 0.00±0.00 0.00±0.00 NA 

Unpaired t-test, NA-Not applicable 

Table-4 & Fig. 4 shows the comparison of swelling 

between the groups at time intervals. There was no 

significant (p>0.05) difference in the VAS at pre-op 

and Day 7 between the groups and became nil after 

Day 7. 

 

Fig 4: Comparison of swelling between the groups 

at different time intervals. 
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Table 5: Comparison of tooth mobility (in which 

apicectomy is done) between the groups at different 

time intervals. 

Time 

intervals 

Group I Group II p-

value1 

No. % No. % 1.00 

Pre-op 

Absent 10 100.0 10 100.0 NA 

Day 7 

Absent 5 50.0 6 60.0 
0.65 

Grade I 5 50.0 4 40.0 

Week 2 

Absent 10 100.0 10 100.0 NA 

Week 4 

Absent 10 100.0 10 100.0 NA 

Week 24 

Absent 10 100.0 10 100.0 NA 

Chi-sqaure test, NA-Not applicable 

Table-5 & Fig. 5 shows the comparison of tooth 

mobility between the groups at time intervals. The 

tooth mobility was absent in both the groups at pre-

op. The grade I tooth mobility was observed in 50% 

patients of Group I and in 40% patients of Group II, 

however, the difference was found to be statistically 

insignificant (p>0.05). The tooth mobility became 

absent after Day 7 in both the groups. 

 

Fig. 5: Comparison of tooth mobility (in which 

apicectomy is done) between the groups at different 

time intervals 

Table 6: Comparison of lymph nodes between the 

groups at different time intervals 

Time 

intervals 

Group I Group II p-

value1 

No. % No. %  

Pre-op 

Palpable 3 30.0 2 20.0 0.60 

Not 

palpable 

7 70.0 8 80.0 

Day 7 

Palpable 3 30.0 2 20.0 0.60 

Not 

palpable 

7 70.0 8 80.0 

Week 2 

Palpable 0 0.0 0 0.0 NA 

Not 

palpable 

10 100.0 10 100.0 

Week  4 

Palpable 0 0.0 0 0.0 NA 

Not 

palpable 

10 100.0 10 100.0 

Week  24 

Palpable 0 0.0 0 0.0 NA 

Not 

palpable 

10 100.0 10 100.0 

Chi-sqaure test, NA-Not applicable 

Table-6 & Fig. 6 shows the comparison of the lymph 

nodes between the groups at time intervals. The 

palpable lymph node was observed in 30% patients 

of Group I and in 20% of Group II at pre-op which 

remained  at Day 7, however, the difference was 

statistically not significant (p>0.05). The palpable 

lymph node became nil in both the groups after Day 

7. 

 

Fig 6: Comparison of lymph nodes between the 

groups at different time intervals 

Table 7: Comparison of pus discharge between the 

groups at different time intervals 

Time 

intervals 

Group I Group II p-

value1 

No. % No. % 1.00 

Pre-op 

Present 3 30.0 2 20.0 0.60 

Absent 7 70.0 8 80.0 

Day 7 

Present 3 30.0 2 20.0 0.60 

Absent 7 70.0 8 80.0 

Week 2 

Present 0 0.0 0 0.0 NA 

Absent 10 100.0 10 100.0 
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Week  4 

Present 0 0.0 0 0.0 NA 

Absent 10 100.0 10 100.0 

Week  24 

Present 0 0.0 0 0.0 NA 

Absent 10 100.0 10 100.0 

Chi-sqaure test, NA-Not applicable 

Table-7 & Fig. 7 shows the comparison of the pus 

discharge between the groups at time intervals. The 

pus discharge was observed in 30% patients of 

Group I and in 20% of Group II at pre-op which 

remained  at Day 7, however, the difference was 

statistically not significant (p>0.05). The pus 

discharge became nil in both the groups after Day 7. 

 

Fig 7: Comparison of pus discharge between the 

groups at different time intervals 

Table 8: Comparison of Percentage bone fill 

between the groups at different time intervals 

Time 

intervals 

Group I Group II p-value1 

Week 2 11.30±0.70 16.74±1.18 0.0001* 

Week 4 62.44±4.55 68.50±3.30 0.003* 

Week 24 92.96±1.44 95.52±1.98 0.004* 

Unpaired t-test, *Significant 

Table-8 & Fig. 8 shows the comparison of the 

percentage bone fill between the groups at time 

intervals. The percentage bone fill was significantly 

(p<0.01) lower in Group I than Group II at week 2, 4 

and 24 weeks.   

 

Fig 8: Comparison of Percentage bone fill between 

the groups at different time intervals 

Table 9: Comparison of Complications (gape, discharge, extrusion of graft, nerve injury) between the groups at 

different time intervals 

Time intervals gape    Discharge Extrusion of graft nerve injury 

Group I Group II Group I Group II Group I Group II Group I Group II 

No. % No. % No. % No. % No. % No. % No. % No. % 

Day 7 

Present 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Absent 10 100 10 100 10 100 10 100 10 100 10 100 10 100 10 100 

Week 2 

Present 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Absent 10 100 10 100 10 100 10 100 10 100 10 100 10 100 10 100 

Week  4 

Present 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Absent 10 100 10 100 10 100 10 100 10 100 10 100 10 100 10 100 

Week  24 

Present 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Absent 10 100 10 100 10 100 10 100 10 100 10 100 10 100 10 100 

1Chi-sqaure test, NA-Not applicable 
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Table-9 shows the comparison of complications 

between the groups at time intervals. The gape was 

found to be absent in both Group I and Group II at 

all the time intervals.  The pus discharge was found 

to be absent in both Group I and Group II at all the 

time intervals.  The extrusion of graft was found to 

be absent in both Group I and Group II at all the 

time intervals. The nerve injury was found to be 

absent in both Group I and Group II at all the time 

intervals. 

DISCUSSION 

Calcium phosphate based bioceramics have been 

used in medicine and dentistry for nearly two 

decades. Applications include dental 

implants,percutaneous devices, and use in 

periodontal treatment, alveolar ridge augmentation, 

maxillofacial surgery, otolaryngology, orthopedics, 

and spinal surgery.9 

Repair can be defined as healing of an injured tissue 

that leads to the formation of a tissue that differs in 

morphology or function from the original tissue.10 

Regeneration is used to describe  healing that leads 

to complete restoration of morphology and 

function. The biphasic structure of BCP ceramics, 

characterized by different degradation rates for HA 

and β-TCP, accounts for their controlled bioactivity. 

BCP ceramics present intermediate degradation 

behavior, so that their progressive resorption and 

ultimate replacement are adapted to bone in 

growth.11  

It has been hypothesized that the biphasic nature of 

this ceramic serves two basic functions: i) initiates 

cell growth and differentiation; and ii) acts as a 

scaffold for cell maturation and bone formation, i.e., 

having the property of osteoinductivity.12 

In our study group mean age of patients in group I 

was 30.20 years with standard deviation of 11.84 

while for that of group II it was 25.30 years with 

standard deviation of 9.61.There was no significant 

(p>0.05) difference in the age between Group I 

(30.20±11.84) and Group II (25.30±9.61). There 

were 50% males and 50% females in group I while 

in group II, there were 30% males and 70% females. 

There was no significant (p>0.05) difference in the 

gender between Group I  and Group II. The results 

were in accordance with the study of Griffith et al.13 

We observed  no significant (p>0.05) difference in 

the VAS pain score between both the groups at 

different time intervals. There was no significant 

(p>0.05) difference in the VAS at pre-op and Day 7 

between the groups and became similar after Week 

2. 

There was no significant (p>0.05) difference in the 

swelling  at pre-op and Day 7 between the groups 

and became nil after Day 7.In our study the tooth 

mobility was absent in both the groups at pre-op. 

The grade I tooth mobility was observed in 50% 

patients of Group I and in 40% patients of Group II, 

however, the difference was found to be statistically 

insignificant (p>0.05). The tooth mobility became 

absent after Day 7 in both the groups. The palpable 

lymph node was observed in 30% patients of Group 

I and in 20% of Group II at pre-op which remained  

at Day 7, however, the difference was statistically 

not significant (p>0.05). The palpable lymph node 

became nil in both the groups after Day 7.We 

observed  pus discharge  in 30% patients of Group I 

and in 20% of Group II at pre-op which remained  at 

Day 7, however, the difference was statistically not 

significant (p>0.05). The pus discharge was absent 

in both the groups after Day 7.These findings were 

in congruence with study by Daculsi et al.14 The 

percentage bone fill was significantly (p<0.01) 

lower in Group I than Group II at week 2, 4 and 24. 

Previous studies have shown that biphasic calcium 

phosphate (BCP) has osteoconductive potential. The 

development of biphasic calcium phosphate ceramic 

made it possible to control the resorbability of 

tricalcium phosphate and at the same time maintain 

the osteoconductive potential of hydroxyapatite. 

Results of the previous study on tissue response to 

biphasic calcium phosphate ceramic with different 

ratios of HA/β-TCP in periodontal osseous defects 

have indicated that the ratio of HA to β-TCP in the 

ceramic implant influenced periodontal wound 

healing when used in the treatment of chronic 

osseous defects in dogs. Higher HA/β-TCP ratio 

tended to show greater gain in attachment level, 

accompanied by accelerated new bone formation as 

shown histologically. When β-TCP was removed 

from the ceramic component, using only 100% 

porous HA, the gain was found to be less than that 

of the groups that received ceramic containing β-

TCP. This may be due to the low dissolution rate of 

porous HA. Since this study showed that the 

combination of HA and β-TCP has better new 

attachment level and bone regeneration, it would 

indicate that β-TCP plays an important role in cell 
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proliferation, revascularization, and 

osteogenesis.Our graft granule too had 60% 

hydroxyapatite and 40% β-TCP which served two 

basic functions a)cell growth and differentiation 

b)scaffold for cell maturation and bone formation. 

The postsurgical results obtained both clinically and 

radiographically, showed predictable clinical 

outcome. Manjubala et al. studied the bone in-

growth induced by biphasic calcium phosphate 

ceramic in femoral defect of dogs. BCP ceramic 

composed of 55% hydroxyapatite (HA) and 45% β-

tricalcium phosphate was grafted in femoral defects 

of dogs. In this study, radiographic results showed 

that the process of ossification started after 4 weeks 

of grafting, and the defect was completely filled with 

new woven bone after 12 weeks. Histological 

examination of the tissue showed the formation of 

osteoblast inducing the osteogenesis in the defect. 

The collagenous fibrous matrix and the complete 

Haversian system were observed after 12 weeks. 

The blood serum was collected postoperatively, and 

biochemical assays for alkaline phosphatase activity 

were carried out. The measurement of alkaline 

phosphatase activity levels also correlated with the 

formation of osteoblast-like cells. Gape, graft 

extrusion and paresthesia was absent in either of 

the groups probably relating to the size of the defect 

and in agreement to the study by Manjubala et al.15 

CONCLUSION 

Biphasic calcium phosphate ceramics consist of 

both β-tricalcium phosphate and hydroxyapatite. 

The alliance of these two components allows 

bioactivity to be controlled through a combination 

of HA and β-TCP properties. Previous studies have 

shown that biphasic calcium phosphate (BCP) has 

osteoconductive potential.  

The development of biphasic calcium phosphate 

ceramic made it possible to control the resorbability 

of tricalcium phosphate and at the same time 

maintain the osteoconductive potential of 

hydroxyapatite. In the light of our present study we 

conclude that hydroxyapatite and beta tricalcium 

phosphate are totally safe & biocompatible for use 

in human with no aggravation of  any inflammatory 

response when used as graft material and faster 

bone healing was achieved too. 
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