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Abstract
Odontogenic jaw cysts are common lesions in the oral and maxillofacial region. Enucleation and 
Bone grafting is the treatment of choice for large jaw cysts. After enucleation of jaw cyst, the bone 
defect is generally left for the spontaneous bone healing which will take time for complete bone 
healing. Replacement of jaw bone defect is one of the challenges faced by oral and maxillofacial 
surgeons since long time. For treating such defects bone grafting is an ideal treatment option. Bone 
grafting after removal of different pathologic defects was evaluated by many authors, but same study 
was not reported for exclusively for radicular cysts. In the present study, Demineralized Freeze-
Dried Bone Allograft (DFDBA) was placed after enucleation of the radicular cyst and healing was 
evaluated on the gray scale histogram study up to 6-month post-operative period. This method first 
time used for exclusively for the radicular cysts.

Keywords: Radicular cyst; Bone graft; Demineralized Freeze-Dried Bone Allograft (DFDBA); 
Healing; Enucleation; Gray scale histogram

Introduction
“Healing is a matter of time, but sometimes also is a matter of opportunity” - Hippocrates (460-

377 BCE) [1]. Human bone is characterized by the unique ability to regenerate its original structure 
after defects or fractures through a programmed sequence of maturation steps closely resembling 
the pattern of bone development and bone growth [2].

The art of repairing a bone defect has been accomplished and refined by man for thousands of 
years. Examination of a skull from 2000 BC uncovered evidence of healing around a 7-mm defect 
repaired with a piece of animal bone. Surgeon Job van Meekeren heralded the modern era of bone 
replacement in 1668 when he successfully performed the first heterologous graft by inserting the 
fragment of a dog skull into the skull of an injured soldier. In 1820, a German surgeon by the 
name of Philips von Walter performed the first autologous graft, replacing a cranium fragment after 
trephination [3].

Bone grafting is done for accelerated bone healing in surgical field by the surgeons [4]. There 
are many applications for using bone and bone substitutes in surgery, including restoring form and 
function to the skeletal structure, providing stabilization, and enabling aesthetic modifications [5]. 
Bone substitutes are being increasingly used in craniofacial surgery. This is due to their ease of use 
and handling, improved safety profiles, operative cost and time advantages, and adaptability to a 
variety of clinical challenges [3].

In this era of 21st century, it has become necessary for oral and maxillofacial surgeons to retain 
or regain the bone lost secondary to oral surgical procedures. The bone-grafting process is not a new 
procedure in the field of oral and maxillofacial surgery. Surgeons have been performing autologous 
grafts to the cranial facial region for many years [5].

Radicular cyst is the most common cystic lesion in the jaws. Recent study shows that 42% to 
44% of all periapical lesions are radicular cysts [6-13]. Enucleation and Marsupialization are two 
surgical treatment methods for radicular cyst [12,13]. Size and location of a cyst is considered before 
planning the treatment of a radicular cyst, but enucleation and bone grafting are the treatment of 
choice for large jaw cysts [6]. Now a days there are many bone replacement materials are available, 
like allograft, xenograft, alloplast, but autologous bone graft said to be gold standard for it [5]. 
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Autologous bone graft harvesting procedure has many disadvantages. 
Allogenic bone grafts have now been used for more than 50 years in 
orthopedics and maxillofacial surgery. Recently allogenic bone graft 
has gained wider attention in the scientific and clinical communities, 
and some promising results have been achieved, in terms of 
generating excellent quantity and quality of bone. It has excellent 
osteoconductive and osteoinductive properties [5].

In this present study, Radiographical comparison of post-surgical 
bone healing has been done following enucleation of radicular cyst 
with and without bone graft. For bone grafting, Demineralized Freeze-
Dried Bone Allograft (DFDBA) has been used, and bone healing is 
measured by calculating bone density on gray level histogram [4,14].

Material and Methods
The study samples were selected from the population of subjects 

who reported to the Department of Oral and Maxillofacial Surgery. 
On the basis of case history, clinical examination and radiographical 
features, the subjects with provisional diagnosis of radicular cyst were 
selected for the study. Final diagnoses were then confirmed with 
histopathology report.

Sample size
A total of 20 cases of radicular cysts in the age group of 20 to 50 

years were selected for the study.

Cases were divided into 2 groups.

Group 1 – Group of patients with radicular cyst for which 
enucleation without bone graft placement was done (10 cases).

Group 2 – Group of patients with radicular cyst for which 
enucleation with bone graft (i.e. DFDBA) placement was done (10 
cases).

Inclusion criteria
-Patients with radicular cyst.

-Patients in the age group of 20 to 50 years.

Exclusion criteria
-Medically compromised patients.

Materials
Demineralized Freeze-Dried Bone Allograft (DFDBA) material 

was used for bone grafting in group 2 cases. Particle size – 500 
microns to 1040 microns.

Method
1) Patients satisfying the inclusion criteria were selected for the 

study. 

2) Before the surgical procedure, routine blood investigation and 
pre-operative radiographs were taken. Well informed written consent 
was also obtained for the surgical procedure.

3) After following aseptic surgical protocol, all cases were done 
under local anesthesia. The flap design was marked according to the 
location of radicular cyst than full thickness mucoperiosteal flap was 
reflected. Overlying cortical bone was removed and pathologic tissue 
was exposed. With the help of curettes enucleation of cystic tissue 
was done.

4) Before initiating the surgical procedure Demineralized freeze-
dried bone allograft was well soaked in sterile saline to make a paste 
like consistency.

5) Cases were randomly divided in the study groups.

No bone graft was placed in bony defect for Group 1 cases.

The bone paste was placed in bony defects for Group 2 cases.

6) The flap was then repositioned and sutured with the help of 3 
to 0 black silk or vicryl suture material.

7) Post-surgical instructions and medications were given to the 
patients.

8) Radiographs were taken on immediate postoperatively and 
after 1, 3, 6 months follow up period post-operative.

9) Optical densities of bony defects were recorded during follow 
up on the radiographs.

10) Relative bone density of the pixels of bone defect and area 
around them were measured with the help of computer software 
Adobe Photoshop v.8 (on grey scale of 255 tonalities) using gray level 
histogram [4,14].

11) Index of relative bone healing were calculated with help of 
readings of pixel density of bone defect and area around them to 
evaluate bone healing progress.

Evaluation criteria
For radiographic assessment of bone healing following parameters 

were used.

All patients were evaluated on immediate post-operative day, 
after 1, 3 and 6 months post-operatively for:

1) Bone density of bony defect.

2) Bone density of surrounding bone.

3) Index of relative bone healing.

On radiographs, relative bone density of the pixels of bone defect 
and area around them were measured with the help of computer 
software Adobe Photoshop v.8 (on gray scale of 255 tonalities) using 
gray level histogram [4,14].

Index of relative bone healing was calculated by the following 
formula [14]:

Index of relative bone healing (I) = Bone Density of Bony defect/
Bone Density of surrounding bone

For the radiographic assessment of bone healing, all radiographs 
were transferred to the computer software Adobe Photoshop v.8. 
Bone density was measured on the radiographs through a grayscale 
histogram of 256 tonalities. Areas of pixels were selected both on the 
lesion regions and healthy bone from the symmetrical regions of the 
cysts. Denser parts had higher tonality values. The difference between 
healthy bone and pathologic bone tonalities were calculated on the 
radiographs taken at different times. The decrease in this difference, 
along with tonal increase in the operation site (increased radiopacity) 
at the 1st, 3rd and 6th months post operatively, indicated an increase 
in the bone density at the surgical site, suggestive of bone healing 
progress. The calculated values were evaluated and tabulated for 
statistical evaluation.

Observations
To evaluate bone healing, bone density of bony defect, bone 

density of surrounding bone and index of relative bone healing were 
calculated on radiographs.
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Results
The samples were then subjected to statistical analysis using 

ANOVA test, t test and Tukey’s multiple comparison test.

The age of the patients varied from 22 to 49 years in both group 
with the mean age of 36 years in group-1 and 30.9 years in group-2 
respectively.

In the total 20 cases, 15 were male patients (75%) and 5 were female 
patients (25%) included. There were obvious male predilections with 
8 patients (80%) in group 1 and 7 patients (70%) in group 2 than 
female cases, 2 patients (20%) in group 1 and 3 patients (30%) in 
group 2.

In the total 20 cases of radicular cyst, 15 cases were seen in 
maxilla (75%) and 5 cases were seen in mandible (25%). In group-1, 
total 9 cases were seen in maxilla (90%) while only 1 case was seen 
in mandible (10%) and in group-2, total 6 cases were seen in maxilla 
(60%) while 4 cases were seen in mandible (40%). There was clear 
predominant involvement of maxillary jaw (75%) was seen.

Comparison between groups for values of bone density of bony 
defect. In group 1, there is percentage increase of 5.37% after 1 
month, 17.86% after 3 month and 28.27% after 6 months comparing 
from immediate post-operative values. In group 2, there is percentage 
increase of 19.53% after 1 month, 43.48% after 3 month and 60.22% 
after 6 months comparing from immediate post-operative values.

Comparison between groups for values of index of relative bone 
healing. In group 1, there is percentage increase of 4.69% after 1 
month, 12.5% after 3 months and 17.19% after 6 months comparing 
from immediate post-operative values. In group 2, there is percentage 
increase of 17.74% after 1 month, 33.87% after 3 months and 38.71% 
after 6 months comparing from immediate post-operative values.

p-value for Index (I) of relative bone healing is less than that 
of 0.05 indicates significance of difference and from means we can 
conclude that the average value Index (I) of relative bone healing is 
significantly more for group 2 than that of group 1 at 6-month.

Discussion
The results of present study revealed extremely good results for 

us. In this study, we did not come across infection, graft rejection, 
inflammatory or other complications in any cases. Different 
parameters were compared to achieve aims and objectives of study. 
In study group (group-2) we found statistically significant change in 
the bone density of bony defect (p<0.05) and gained 19.53%, 43.48% 
and 60.22% increase in bone density of bony defect for 1st, 3rd and 
6th months post-operative radiographs respectively when compared 
with immediate post-operative values. Whereas control group (group 
1) showed 5.37%, 17.86% and 28.27% changes in bone densities for 
1st, 3rd and 6th months post-operative radiographs when compared 
immediate post-operative values. This result is similar to result given 
by Bonder et al. in 1996 that, defect grafted with DFDBA reached 
density levels to doubles in time equal to those of the non-grafted 
defect [6]. (60.22% vs. 28.27% after 6 months) in this study percentage 
of change in mean value of bone density (without bone grafting) after 
6 months is similar (28.27% in group 1) to study conducted by Shokier 
and khalifa in 2009. (32.3% in maxilla and 33.3% in mandible) [10].

On gray scale histogram values, index of relative bone healing 
shows more accurate bone healing pattern. In present study the index 
of relative bone healing is also significantly increased in group 2 than 

group 1. In study group (group-2) we found statistically significant 
change (p<0.05) in the index of relative bone healing and gained 
17.74%, 33.87% and 38.71% increase in index of relative bone healing 
for 1st, 3rd and 6th month post-operative values respectively when 
compared with immediate post-operative values. whereas control 
group (group 1) showed 4.69%, 12.5% and 17.19% changes in the 
index of relative bone healing for 1st, 3rd and 6th month post-operative 
radiographs when compared with immediate post-operative values.

Despite of minimized errors originating from radiographic 
technique, digitalization of radiograph and density recording, there 
were some changes in values of bone density of surrounding bone 
observed. But in all our statistical analysis there is no significant 
difference observed in values of bone density of surrounding bone.

When compared individual groups at different time intervals, 
according to ANOVA test and Tukey’s test results, in group 1 there 
is significant difference observed (p<0.05) at interval of immediate 
post-operative, after 1-month and after 6–months in bone density 
of bone defect values. For all other comparison the difference is not 
significant in group 1 in group 2 there is significant difference observed 
(p<0.05) at interval of immediate post-operative and 6–months for 
bone density of bony defect and the immediate post-operative and 
3-months and 6–months for index of relative bone healing values. 
For all other comparison the difference is not significant in group 2.

According to t-test at all different time intervals there is no 
significant difference seen, when compared between groups for bone 
density of bony defect and bone density of surrounding bone values. 
But for index of relative bone healing values, there is significant 
difference observed (p<0.05) after 3 and 6 months, when compared 
between groups. So, it was concluded that the average values of index 
of relative bone healing is significantly more for group 2 than that of 
group 1 at post-operative 3-months and 6 months intervals.

The results revealed that there is increase in bone density of 
defect during follow up period indicating progressive bone healing, 
which is similar to study given by Pradel et al. [4] in 2006 and Shokier 
and khalifa [10] in 2009. Present Study also indicates that grafting 
of DFDBA to radicular cyst enhances bone formation, with similar 
results given by Bodner et al. in 1996 [6].

Conclusion
Previously, many studies were done for spontaneous bone healing 

in jaw cysts, but there were no studies comparing bone healing after 
enucleation of only radicular cyst with and without bone graft.

On the basis of statistical analysis there was significant difference 
observed (p<0.05) in average of index of relative bone healing after 
3 and 6 months, when compared between groups. Which concludes 
that the average value of index of relative bone healing is significantly 
more for group 2 than that of group 1, suggesting that the enhanced 
bone healing in bony defect in group 2 is more compared to group 
1, after 3 and 6 months. Study also showed that defects grafted with 
DFDBA reached density levels to double compare to those with 
non-grafted defects in same time duration (60.22% vs. 28.27% after 
6 months).

In this study, on the basis of radiographic values we can conclude 
that, treatment of radicular cyst after enucleation with bone grafting 
(DFDBA) gives enhanced bone healing than that of without bone 
grafting cases.
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