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Abstract

Purpose: In this prospective study, bone formation in human extraction sockets is augmented with bovine- cancellous bone (Bio-Oss) and compared to 
bone formation in unaugmented extraction sockets.

Methods: Twenty patients with bilateral extraction sockets were included in this study. After all 40 extractions, one socket was augmented using 
cancellous bovine bone and another socket left to heal naturally. Bone density was measured by means of histogram, after 1 week, 1 month & 3 months 
following extractions.

Results: Extraction sites with graft by the means of histogram showed significant difference in the bone density. They were significantly augmented as 
compared to the sockets without graft.

Conclusion: The results of the present study suggests that the use of bone xenograft as graft material for alveolar ridge preservation after extraction. 
This aids in future rehabilitation with implant placement or fixed prosthesis.
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Introduction

Tooth extraction is one of widely the performed procedures 
in dentistry and it has been historically well documented that this 
procedure may induce significant dimensional changes of alveolar 
ridge. The dilemma that clinician face today is how to manage tooth 
extraction to provide a good ridge for the future placement of a dental 
implant or to maximize ridge dimension for the fabrication of fixed or 
removal prosthesis. If performed inadequately the resulting deformity 
can be considerable obstacle to the aesthetic, phonetic, and functional 
results; that both our patients and we clinician expect at this current 
time [1].

Bone resorption occurs in the first three months following 
extraction. The condition appears to be progressive and irreversible, 
resulting in a host of prosthodontics, aesthetic, and functional 
problems. Post extraction bone loss is accelerated in the first 6 month, 
followed by a gradual modelling and remodelling of the remaining 
bone, with as much as 40% of the alveolar height and 60% of alveolar 
width lost in the first 6 months [2].

Jaw deformities from tooth removal can be prevented and repaired 
by a procedure called socket preservation. The procedure begins with 

atraumatic tooth extraction. Every attempt is made to preserve the 
surrounding bone and soft tissue, with an example on being careful 
not to fracture delicate buccal plate. After the extraction, a bone 
graft material is placed into the socket and covered with a resorbable 
or non-resorbable membrane and sutured. Most importantly, 
socket preservation helps to maintain the alveolar architecture and 
significantly reduces the loss of ridge width and height following tooth 
removal [3]. 

Various materials are used in modern dental and maxillofacial 
surgery for bone tissue substitution and reconstruction. All 
osteoplastic materials can be divided into four groups by origin: 
autogenic, allogeneic, xenogeneic, and synthetic.

Increasing the height and width of bone helps ensure the success 
and longevity of dental implants. Surgeons can utilize a variety of 
surgical procedure in ridge augmentation. The surgical procedure will 
depend on amount of available bone, the amount of augmentation 
necessary and patient related factors.

In this prospective clinical study, after multiple extractions, 
one socket is filled with xenograft graft and other socket left to heal 
naturally and then evaluated by means of bone density test, post-
operatively. 
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Materials and Methods 

After procuring the ethical approval from the ethical committee, 
20 patients who reported to the Department of Oral and Maxillofacial 
Surgery, who required extractions of bilateral teeth either from maxilla 
or mandible. Out of these 40 extractions; all left sided sockets were 
preserved with bovine-cancellous bone (Bio-Oss) and were grouped 
as Group A; and all right sided extractions were left to heal naturally 
and were grouped as Group B.

To keep the study unbiased in regards of surgical expertise, only 
one surgeon performed all the cases in the present study.

The study protocol was explained to the patient in detail and their 
consent was obtained.

Inclusion Criteria: - 

•	 Systemically healthy patients. 

•	 Patients requiring bilateral extractions.

•	 Tooth which were un-restorable by endodontic treatment and free 
from acute infections.

•	 Patients who required intra-alveolar extractions.

•	 Patients within 18–55 years of age group.

•	 Patients who are willing to sign the informed consent.

Exclusion Criteria:-

•	 Pregnancy or lactation

•	 Systemically ill patients.

•	 Chronic generalised/localized aggressive periodontitis patients or 
patients having severe bone loss more than 80%.

•	 Bone disease or the use of medications that interfered with bone 
metabolism

Materials

1. Deproteinized cancellous bovine bone supplied by Geistlich 
biomaterial, Inc. It has a granules size of 0.25mm-1mm. It is 
marketed in a sterile airtight pack, sterilized by gamma irradiation 
(Geistlich Bio-Oss).

2. Vicryl suture material.

Methodology

The surgical procedure was carried out in an operating room under 
strict aseptic conditions. The surgeries were performed under local 
anaesthesia (lignocaine 2% with epinephrine 1:80,000). Furthermore, 
patients were given an antibiotic prophylaxis a day before surgery. The 
surgical procedure was performed with standard instruments set used 
for minor oral surgical procedures.

Multiple tooth extraction was done carefully & atraumatically, 
while preserving the alveolar bone plates around the teeth. The socket 
was then gently flushed with normal saline.

In all left sockets, bone graft was placed. Sutures were used to 
approximate the grafted sockets and in all right sided ungrafted 
sockets were compressed digitally and allowed to heal naturally.

All patients were given postoperative instructions following 
extractions. Antibiotics and Analgesics were prescribed 
postoperatively.

Assessment of patients was done at the end of 1st week, 1st and 3rd 
months postoperatively, based on the following parameters:

•	 Pain Visual Analogue Scale (VAS) (Figure 1)

•	 Infection - present/absent

•	 Inflammation - present/absent

•	 Swelling - present/absent

•	 Graft - accepted/rejected

•	 Bone density by means of histogram. Changes in alveolar bone 
level were measured by means of histogram (adobe photoshop) 
pixels ranging between 15000–16000.

Results

20 patients (10 males and 10 females) with mean age of 25 
participated in this prospective study. Regarding the parameters of 
pain, swelling, infection & inflammation in both the groups there was 
no significant difference. Table I represents those cases who reported 
with such complications. Thus, we did not procure a graphical 
representation of it.

For the grafts assessment in group A, clinical observation shows 
that all 20 patients indicated quicker healing with graft acceptance 
without any Necrosis (Figure 2).

On every follow up, bone density in both the groups were 
calculated with the help of histogram (Figure 3).

The histogram displayed on overlay plot of different stages with 
increase or decrease of bone density at different times, for both the 
groups (Figure IV). The mean range of bone densities in group A 
on completion of 1st week it was 80.41±16.13 after 1 month it was 
109.52±22.25 & after 3 months it was 124.84±23.17. In group B the 
mean range on 1st week it was 71.67±15.17 after 1 month 81.24±16.26 
& after 3 months it was 89.21±15.34 (Table 2). The bone density 
presented in table 2 shows higher density in group A at the end of 3 
months followed by 1month. 

The ANOVA revealed significant interaction of grafting and time 
(P<.001) (Table 3 & Figure 5).

Discussion

In order to preserve the gift of nature, man is presently trying to be 
positively constructive and conservative, and thus from forest to fuel, 
all form of energy is being judiciously utilized [4]. The survival rate 
of human life has itself increased and hence maxillofacial structures, 
including natural teeth, are being preserved in an attempt toward this 
goal [5]. It is crucial to preserve the dimensions of the alveolar ridge 
after tooth extraction to achieve a predictable aesthetic and functional 
prosthetic restoration.

Alveolar preservation or Reconstruction is necessary for support, 
esthetics and function of any prosthodontic rehabilitation. M. M. 
Devan suggested that preservation of the alveolar ridge was an easier 
task than to reconstruct it, once it was lost [6].
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Figure 1. Visual Analogue Scale (VAS).

Figure 2. Placement of Bio Oss® Bone Graft & Post-operative healing of the socket.
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Figure 3. Mean Bone Density Measurement by Abode Photoshop® Histogram.

Range: 15000 To 16000 Pixels.
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Figure 4. Overlay Plot showing increase or decrease of bone density at different interval of times for both the groups.

The idea of directing host bone into a particular defect is not a new 
one [7]. The principle of sealing off an anatomical site for improved 
healing of a certain tissue type and directing regeneration by some 
type of mechanical barrier or by various resorbable bone grafts has 
been used in experimental osseous facial reconstruction since the 
mid-1950s [7].

Alveolar ridge resorption following tooth removal is 
physiologically undesirable and possibly unavoidable phenomenon. 
Significant knowledge exists of the healing process of extraction 
wounds, including contour changes caused by bone resorption and 
the cascade of histologic events in both animals and humans. It is 

common to see approximately 50% of the alveolar width and height 
resorbed within the first three months [8–10]. This can lead to ridge 
deformation and many other complications.

The use of bovine cancellous xenograft for bone regeneration has 
enhanced the surgeon’s ability to reconstruct deficient alveolus. Graft 
used in our study, is deproteinized cancellous (spongiosa) bovine 
bone supplied by Geistlich biomaterial, Inc. The graft particles are 
incorporated over time within living bone which provides long-term 
volume preservation [11–14]. The bio functionality of this graft is 
characterized by its topographic structure, hydrophilic properties and 
the biologic interaction that supports reliable bone formation [15].
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Figure 5. Bone density correlation.

Table 1. Prospective observations of parameters in volunteer participants Count (%).

Graft  Parameter  Indication Time of Observation

Preop Week 1 Month 1 Month 3

Group A 
(n=20)

Swelling Absent 17(85%) 20(100%) 20(100%) 20(100%)

Present 3(15%) 0(0%) 0(0%) 0(0%)

Pain VAS Scale Absent 11(55%) 20(100%) 20(100%) 20(100%)

Present 9(45%) 0(0%) 0(0%) 0(0%)

Infection Absent 17(85%) 20(100%) 20(100%) 20(100%)

Present 3(15%) 0(0%) 0(0%) 0(0%)

Inflammation Absent 17(85%) 20(100%) 20(100%) 20(100%)

Present 3(15%) 0(0%) 0(0%) 0(0%)

Graft - With Graft All were accepted

Group B
(n=20)

Swelling Absent 15(75%) 20(100%) 20(100%) 20(100%)

Present 5(25%) 0(0%) 0(0%) 0(0%)

Pain VAS Scale Absent 15(75%) 20(100%) 20(100%) 20(100%)

Present 5(25%) 0(0%) 0(0%) 0(0%)

Infection Absent 15(75%) 20(100%) 20(100%) 20(100%)

Present 5(25%) 0(0%) 0(0%) 0(0%)

Inflammation Absent 15(75%) 20(100%) 20(100%) 20(100%)

Present 5(25%) 0(0%) 0(0%) 0(0%)

Table 2. Prospective Bone Density (LS Mean ± SD).

Effect Pre Op Week 1 Month 1 Month 3

Group A 93.26±16.80 BC 80.41±16.13 CD 109.52±22.25 AB 124.84±23.17A

Group B 93.26±16.79 BC 71.67±15.17 D 81.24±16.26 CD 89.21±15.34 C

Superscript indicated connecting letters by Tukey HSD. Letters not similar are significantly different, (P<.001).
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Table 3. Pearson Correlation of Bone Density between jaws 
within participants.

Group A Group B Bone Density 
Correlation

Pre Op Pre Op 1.000**

Week 1 Week 1 0.932**

Month 1 Month 1 0.627**

Month 3 Month 3 0.740**

**Significant at P (<.001).

In our study, the dimensions of the grafted alveolar ridge were 
largely preserved both horizontally and vertically after 3 months of 
extraction. Moreover, the bone density in the extraction socket was 
significantly greater 1month after extraction than in the naturally 
healed sockets. The slow resorption and long-term stability of 
xenograft appears to be an advantage for preserving alveolar ridge 
structures. Similar finding were demonstrated by Nevins et al

 
showed 

that there is a good amount of ridge preservation after extraction 
of teeth in anterior region [16]. While Artzi et al observed minimal 
higher rates of bone in human extraction sockets filled with bovine 
bone mineral investigated after a healing period of 3 months than after 
a 6-week healing period [17].

These data demonstrates that bone resorption cannot be 
completely prevented even with effective socket preservation, but the 
dimensions of the alveolar ridge and keratinized soft tissue can be 
preserved to a major extent by socket preservation with Bio-Oss so 
that an optimal future implant site can be created predictably.

Conclusion

Alveolar ridge resorption has long been considered an unavoidable 
consequence of tooth extraction. With today’s increasing appearance 
consciousness, the days of just extracting a tooth and replacing it later 
is unacceptable to many patients. It is vital to preserve and maintain 
the edentulous ridge and gingival architecture.

In our study we discovered that bone regeneration using bovine 
cancellous seems promising. Clinical as well as stastical analysis of our 
study demonstrate an advantage of grafting after extraction for future 
rehabilitation with implant placement or fixed prosthesis, over the 
ungrafted socket. More long term studies are needed to confirm the 
success rate of implants placed in regenerated bone.
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