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Aim: To evaluate the osteogenic potential of allogenic bone block grafts for horizontal alveolar ridge augmentation in the 
bounded anterior maxillary region, both radiologically and histologically.  
Materials & Methods: Study was conducted as a case series on 10 Medically free patients, which were selected from the 
outpatient clinics of the Oral and Maxillofacial surgery departments, faculty of dentistry, Ain Shams University, and Future 
University. These patients had horizontal defects in the alveolar ridge. These defects were located in the anterior maxillary 
region. The residual ridge width was ≤ 4mm and they were seeking implant treatment for the restoration of missing teeth. 
Allogenic bone blocks were used for augmentation of the bone defect in the maxillary region. The results of bone 
augmentation were assessed radiographically using cone beam computerized tomography (CBCT) by comparing bone 
width preoperatively and postoperatively after 6 months of follow up at crestal, middle and apical regions. The volume of 
bone gain was assessed by superimposition of 3D bone models obtained from CBCT. Histologic analysis was done on bone 
biopsies obtained by trephination drilling at the site of gained bone at the time of implant placement.  
Results: This study results showed significant increases in bone width and bone volume after 6 months of follow up. 
Histologic analysis revealed new bone formation with minimal fibrous tissue formation.  
Conclusion: Allogenic bone blocks used for bone augmentation produced a significant increase in bone width and bone 
volume and can be used as effective grafting material for bone augmentation in maxillary region. 
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Introduction 
Multiple adverse effects of tooth 

extraction on hard and soft tissues were 
discussed were mentioned in literature 
including alveolar bone loss.1,2,3,4,5 Different 
techniques for bone augmentation have been 
proposed to face this problem and gain bone 
volume to face this problem, such as guided 
bone regeneration (GBR), ridge splitting, 
distraction osteogenesis, bone block (both 
inlay and onlay techniques), and cortical shell 
technique, which aim to obtain adequate bone 
volume, especially in case of horizontal bone 
defects. 6,7,8, 9,10,11  

Multiple bone substitutes are used for 
augmentation of bone defects. The gold 
standard for usage during bone augmentation 
is Autogenous bone grafts. They provide 
osteoinductive, osteoconductive and 
osteogenic properties. 12 On the other hand, 
Autogenous bone grafting has some 
disadvantages or complications like 
harvesting donor site morbidity, pain, nerve 
injury, hematoma, infection and fracture at 
the donor site. 12 Other types of bone 
substitutes like allografts that are harvested 
from cadavers. They possess osteoinductive 
and osteoconductive properties, but they 
require sterilization and preparation of 
proteins normally found in the healthy bone 
to prevent the risk of disease transmission. 
12,13 Xenografts bone blocks were introduced 
as bone substitutes, which come from other 
species that include bovine, equine, porcine 
and coralline calcium carbonate derived bone 
minerals, which only possess 
osteoconduction capability. There is 
biocompatibility of the bone mineral matrix. 
This matrix has a macro-and microscopic 
porous structure that is interconnected. This 
matrix helps support ingrowth and formation 
of new bone at the implantation site. 14 

A gap of knowledge exists about the 
effectiveness of allogenic bone blocks in 
augmentation of horizontal defects in 
maxillary arch, and their efficiency to gain 
bone volume to allow for successful implant 

placement procedures outcome. Thus the aim 
of this study was to evaluate the osteogenic 
potential of allogenic bone block grafts for 
horizontal alveolar ridge augmentation in the 
bounded anterior maxillary region, both 
radiologically and histologically 

 
Materials and Methods 
Ethical Approval 

The research plan was reviewed and 
accepted by the research ethical committee, 
Faculty of Dentistry Ain-Shams University 
and all patients signed informed consents 
following explanation of the whole 
procedure. The ethical committee approval 
number for this study is FDASU-
ReclM021904.  
Sample Size Calculation 

A power analysis was designed in 
order to have adequate power that would 
result in the application of a two-sided 
statistical test of the null hypothesis that no 
difference would be found in values 
measured at different intervals. By adopting 
an alpha (α) level of (0.05) and a beta (β) level 
of (0.2) (i.e., power=80%) and an effect size 
(d) of (1.29) calculated based on the results of 
a previous study; the total required sample 
size (n) was found to be (7) cases. In order to 
compensate for possible dropouts, the sample 
size was increased to be (10) cases. R 
statistical analysis software version 4.3.2 for 
Windows was used to calculate the sample 
size.  
Patient Selection 
a- Inclusion Criteria  

Ten patients were selected from the 
outpatient clinics of the Oral and 
Maxillofacial surgery departments, faculty of 
dentistry, of both Ain Shams University and 
Future University in Egypt. Case selection 
was according to the following criteria: age 
above 18 years, patients with horizontal bone 
defects in anterior maxillary region where the 
where the residual ridge width is ≤ 4mm for 
patients seeking implant treatment in 
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maxillary region and sufficient mesiodistal 
length.  
b- Exclusion Criteria 

Patients excluded from this study who 
had any systemic disease that affected bone 
quality and healing process, or on medication 
that affect bone quality like chemotherapy 
and immunosuppressive medications, in 
addition to pregnant females, heavy smokers, 
patients with poor oral hygiene and patients 
with infection at defect area. 
Surgical Procedures 

Preoperative analysis was performed 
for patients with recording medical and dental 
history as well as clinical examination for 
defect area (Figure 1 a & b) and radiographic 
analysis using CBCT (Figure 2). Surgical 
intervention included two phases:  
a- presurgical phase which included strict oral 
hygiene for patients and using mouthwash 0.2 
% Chlorhexidine Hcl (Hexitol, Arab drug 
company, Egypt.) for one week prior to 
surgery. 
b- Surgical phase which included crestal flap 
incised with two oblique incisions using 
blade No. 15 (Figure 3) under local anesthesia 
(articaine 4% and adrenaline 1:100,000, 
Artinabase, Inisba Dental S.L.U, Spain).  
            Before placement of the bone block 
graft (Botiss, GmbH, Germany) trephination 
of the bone was performed to increase blood 
supply at the recipient site. Titanium fixation 
screws were used to fix the allogenic bone 
block grafts to the recipient site. (Figure 4) 
Following fixation of the allogenic graft 
block in place, flap release performed to 
make total coverage of the graft block. Flap 
was sutured with Polyglycolic acid resorbable 
suture (Isorb, Eldawlia, Turkey). Following 
the surgery, postoperative medications were 
prescribed for the patient including: 
Antibiotic, analgesic and antiseptic mouth 
wash, together with instructions for the 
patient to keep on clear fluid diet, use ice 
packs to prevent edema and follow oral 
hygiene instructions. 

 
 
 

 
 

 
 
 

 
 
Follow up of cases 

Follow up included immediate 
postoperative CBCT after graft placement, 
and monthly follow up for six months to 
check for any signs of failure of infection at 
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graft site. After 6 months, bone gain was 
evaluated using CBCT with measuring bone 
width at crestal, middle and apical regions. 
Further evaluation of volumetric analysis of 
bone gain was done by using DICOM images 
imported from CBCT to Mimics medical 
software. DICOM files were rendered into 3D 
models for bone. The produced models for 
preoperative and 6 months postoperative 
bone were superimposed inside the software 
to asses the gained bone volume in cubic 
millimeters (Figure 5 a & b). 
 

 
 
Histological Analysis 

For the sake of histological analysis of 
the bone gained at the time of implant 
insertion, full thickness flap was reflected 
followed by trephination drilling using a 
trephine bur to obtain a core biopsy. 
Specimen was prepared to be stained for 
histologic analysis. CBCT was used for 
planning implant placement in the grafted 
site, using implant planning software 
(Bluesky plan, USA) , and implant fixtures 
were placed in the augmented site (B&B 
dental, Italy) following the drilling sequence 
proposed by the manufacturer. 
Statistical Analysis 

Numerical data were presented as 
mean with 95% confidence interval, standard 
deviation, minimum and maximum values. 
Normality was explored by checking the data 
distribution. The Shapiro-Wilk test was also 
used. Data were normally distributed and an 
analysis was done by using paired t-test. 
Within all tests, the significance level was set 

at p<0.05. R statistical analysis software 
version 4.3.1 for Windows was used for the 
statistical analysis. 
 
Results 

Comparison of bone width increase at 
different levels was shown in (Table 1) 
The value that was measured at 6 months 
(8.28±0.73) was found to be significantly 
higher than value that was measured at 
baseline (3.70±0.31) (p<0.001). The value 
that was measured at 6 months (8.58±0.38) 
was found to be significantly higher than the 
value that was measured at baseline 
(3.55±0.62) (p<0.001). The value that was 
measured at 6 months (9.18±0.29) was found 
to be significantly higher than the value 
measured at baseline (4.35±0.31) (p<0.001). 
 
 
Table 1: Intergroup comparisons of bone width 
measurements (mm) 

 
     *p-value <0.05 is significant 
 

Also, results have shown that bone 
volume value that was measured at 6 months 
(1719.47±59.87) was found to be 
significantly higher than the value measured 
at baseline (1143.28±54.50) (p<0.001). 
(Table 2). 
 
Table 2: Intergroup comparisons of bone width volume 
(mm3) 

 
    *p-value <0.05 is significant    
 

Histologic analysis revealed 
trabeculae of intact woven bone as well as 
newly formed bone embedded within a 
stroma of fibrous tissue. The bone that was 
newly formed showed less calcification than 
the older bone (rather eosinophilic), while the 

Measurement 
Bone width (mean ± SD) 

(mm) p-value 
Difference (95% CI) 

(mm) 
Baseline 6 months 

Crestal bone 
width 3.70±0.31 8.28±0.73 <0.001* 4.58 (5.16:4.00) 

Mid bone width 3.55±0.62 8.58±0.38 <0.001* 5.03 (5.44:4.62) 
Apical bone 

width 
4.35±0.31 9.18±0.29 <0.001* 4.84 (5.13:4.54) 

 

Bone volume (mean±SD) (mm3) 
p-value Difference (95% CI) (mm3) 

Baseline 6 months 
1143.28±54.50 1719.47±59.87 <0.001* 576.19 (644.96:507.43) 
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fibrous tissue is better identified in Masson’s 
trichrome stain being green in color. Analysis 
revealed that the mean area of new bone 
formation (%) was (29.72) with 95% 
confidence interval of (25.56:33.87), standard 
deviation was (6.70). 
 
Discussion 

 The bone loss following tooth loss is 
a common problem that occurs, which can 
lead to bone deformities further problems 
during replacement of such missing teeth 
using implants. 15 
             Autogenous bone is bone that is 
derived from a different donor site. However, 
this donor site is from the same individual. 
This autogenous bone renders the properties 
of osteoconduction (new bone formation 
occurs over the scaffold that was provided), 
osteoinduction (undifferentiated pluripotent 
cells are recruited and stimulated to become 
bone-forming cells) and osteogenesis (which 
is when the graft cells cause the formation of 
new bone). Unfortunately, these beneficial 
properties do not come without their own 
complications, the biggest one being the 
occurrence of donor site morbidity. Apart 
from donor site morbidity, the previously 
mentioned properties of autogenous bone is 
what causes it to be considered as the gold 
standard in bone augmentation cases.16  
            This study was done in order to 
evaluate the osteogenic potential of allogenic 
bone block grafts for horizontal alveolar ridge 
augmentation in bounded maxillary region, 
and its efficiency to be used as an alternative 
for autogenous bone grafts, which were 
considered, when it comes to bone grafting, 
as the gold standard. 
        Selection criteria for including patients 
in this study were set according to literature 
to be free from any local or systemic risk 
factors that could jeopardize the outcome of 
bone graft, such as poor oral hygiene, 
systemic disease affecting bone like diabetes 
or any treatment/medications as 

bisphosphonate that can affect bone quality or 
local infection 17,18,19,20, and the same was 
applied for smoking patients. 21,22,23  

The surgical procedures were 
standardized under aseptic conditions that can 
result in failure of augmentation process. 24,25 
Surgical procedures were performed to 
finally, tension supply for the augmented area 
through flap design and bone trephination, 
proper fixation of bone graft and finally, 
tension free primary wound closure to protect 
the grafted area from microbiological and 
mechanical forces. 26  

The results of this study either 
radiographic analysis using CBCT or bone 
volume gain assessed by superimposition of 
3D rendered bone models obtained from 
DICOM files revealed significant bone gain 
after 6 months of follow up. The results were 
supported by studies that revealed the effect 
of allogenic bone grafts as they have 
osteoconductive and osteoindictive 
properties that help in new bone formation. 
27,28,29, 30,31 

 Also, the histologic findings showed 
a significant increase in new bone formation 
percentage, with minimal or no percentages 
of fibrous tissue were observed in the 
histologic sections. Studies consider the new 
bone formation as an indicative sign for the 
success of bone grafting procedures. 28,29,32,33 
These histologic findings could be further 
attributed to the osteoinductive and 
osteoconductive behavior of allogenic bone 
grafts.34,35 

These histologic findings show the 
success of bone grafting process.  
 
Conclusions 

Within the limitation of this study, the 
following conclusions could be made: 

1. Allogenic bone block used for bone 
augmentation produced a significant 
increase in bone measurements at 
crestal, middle and apical regions of 
bone. 
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2. Allogenic bone grafts produced an 
increase in overall bone volume. 

3. Allogenic bone blocks can be used as 
effective grafting material for bone 
augmentation in maxillary region. 
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