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ABSTRACT 
  
INTRODUCTION: Augmentation of deficient alveolar ridge is a challenging task in periodontal regenerative therapy. The gold standard 
therapeutic modality for managing these defects is autogenous bone grafting. But, this approach was hampered by increased patient 
morbidity. Thus, recent advances in molecular and cellular biology have shed light on the ‘‘bioengineering’’ technology which seeks to introduce 
the incorporation of stem cells in periodontal regeneration. 
OBJECTIVE: The aim of this experimental study was to evaluate, histomorphometrically, the efficacy of guided bone regeneration (GBR) 
technique using autogenous bone marrow-derived mesenchymal stem cells (BMSCs) loaded on β-tricalcium phosphate (β-TCP) alloplast as a 
scaffold, in managing horizontal alveolar ridge defects.  
MATERIALS AND METHODS: Sixteen critical-sized horizontal ridge defects were created in four healthy mongrel dogs after bilateral 
extraction of the mandibular third and fourth premolars. In a split mouth design; the experimental group (right side): comprised eight ridge defects 
managed using GBR approach (autogenous BMSCs + β-TCP + collagen membrane). The control group (left side): comprised eight ridge defects 
were left empty to heal spontaneously. Dogs were sacrificed at 1 and 2 months intervals for histomorphometric assessment using Image J software 
to measure osteoblastic count (OC) from the obtained histological sections. 
RESULTS: The experimental group showed a statistically significant increase in OC  at both follow up intervals of the study.  
CONCLUSIONS: GBR technique using autogenous BMSCs/ β-TCP composites was effective in managing horizontal ridge defects. Osteogenic 
properties and bone regenerative capacity of alloplasts can be greatly enhanced using this technique in periodontal regenerative surgeries.  
KEY WORDS: Alveolar ridge defects; Autogenous stem cells; Guided bone regeneration; Osteoblastic count 
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INTRODUCTION 
Implant-supported prostheses for functional and esthetic 
rehabilitation of tooth loss have become a widely used 
established treatment modality in modern dentistry (1). 
However, placement of dental implants and esthetic 
outcomes are sometimes compromised by the presence of 
large alveolar ridge defects. Consequently, bone volume at 
the future implant site is considered to be one of the pivotal 
factors in overall treatment planning (1, 2). 
The quantity and quality of the existing alveolar bone 
available in all spatial dimensions affect the success of 
implant placement by influencing three important aspects; 
implant osseointegration, the outline of the soft tissue and  
 
 

 
 
 
prosthetic parameters such as the axis of implant and loaded 
restoration (1, 2). 
The remodeling process following tooth extraction results in 
significant resorptive changes particularly on the buccal 
aspect. These changes include both soft tissue collapse and 
volumetric alveolar ridge loss in both apico-coronal and 
bucco-lingual dimensions resulting in a ridge morphology 
located more palatal or lingual in comparison to the pre-
extraction tooth position (3-5). 
A multitude of surgical techniques have been proposed for 
bone augmentation of small/medium horizontal alveolar 
ridge defects (1, 6). These techniques include: GBR with or 
without tenting approach, ridge expansion procedures with 
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osteotomes or osseodensification techniques, ridge splitting 
piezoelectric surgical approach, and distraction osteogenesis (7-9). 
Mesenchymal stem cells (MSCs) belong to adult stem cells 
that are present in several mesenchymal tissues. These cells 
possess two main features; firstly, self-renewal by dividing 
and secondly, multi-lineage differentiation capacity into 
multiple tissues such as bone, cartilage, muscle or fat tissue 
(10-13). The osteogenic potential of MSCs to differentiate 
into osteoblasts provides the basic characteristic aspects of 
osteoinduction and osteoconduction of autologous bone 
grafting, thereby obviating the associated harvesting 
complications (2, 14). 
Bone marrow-derived MSCs (BMSCs) are a subpopulation 
of multipotent progenitor non-haematopoietic stromal cells 
residing in bone marrow. This group of stem cells can be 
expanded easily and differentiate into cells with an 
osteogenic phenotype (15). In addition to the iliac crest which 
is considered the main and most frequently used harvesting 
site, BMSCs can be isolated from other sources such as 
orofacial bones, including maxilla and mandible (16, 17). 
Alloplasts are osteoconductive bone replacement grafts 
without an intrinsic potential for osteogenesis or 
osteoinduction. They serve as scaffolds in regenerative 
procedures and have no risk of disease transmission and no 
need of second surgical sites (18). β-tricalcium phosphate (β-
TCP) is a porous form of calcium phosphate that is widely 
used as a bone grafting material.  
It has been shown that the rate of resorption of β-TCP is quite 
similar to the rate of apposition of new bone. Consequently, 
this graft material has the ability to act as a scaffold to induce 
osteoconduction of bone into the defect site, then it is totally 
resorbed. Thus, no biomaterial is permanently left within the 
reconstruction site (18, 19). 
Since, enhancing the osteoinductive properties of bone 
substitutes is a necessity in managing periodontal defects, the 
present study attempts to test the effectiveness of the 
adjunctive use of autogenous BMSCs loaded on β-tricalcium 
phosphate (β-TCP) alloplast as a scaffold, in managing 
horizontal alveolar ridge defects in dogs. 
The null hypothesis of the present experimental study 
presumes no significant difference in bone regeneration will 
be obtained using GBR approach (BMSCs/β-TCP scaffold 
and collagen membrane) compared to the spontaneous 
healing of critical-sized horizontal ridge defects. 

MATERIALS AND METHODS 
Experimental study  
The research protocol was approved by the Ethical 
Committee of the Alexandria University following the 
guidelines of the Institutional Review Boards of the Faculty 
of Dentistry, Alexandria University. 
A total of four male mongrel dogs (Canis familaris), about 
18-24 months old, weighting approximately 18-24 kg, were 
included in this study. All dogs were systemically healthy 
with intact maxillary and mandibular dentitions. Animals 
were housed under the same conditions at the experimental 
animal house, Medical Research Institute, Alexandria 
University. 
Study design and grouping  

This study was conducted as a split mouth design. It included 
two groups: 
1)  Experimental group (right side): included eight critical-

sized horizontal alveolar ridge defects that were managed 
with GBR using autogenous BMSCs, osteoconductive 
bone grafting material and collagen membrane 
(BMSCs/β-TCP). 

2)  Control group (left side): included eight critical-sized 
horizontal alveolar ridge defects that were left empty to 
heal spontaneously. 

Surgical Procedure 
All surgical procedures were accomplished while animals 
were under general anesthesia using intravenous sodium 
thiopental (13mg/kg (Sandoz GmbH, Kundl, Austria)). The 
slow intravenous solution was administered through the 
cephalic vein with a 25x8-cm needle. 
A- Sampling and BMSCs isolation (20) 
One day before surgery, heparinized bone marrow aspirates 
of 10 ml were aspirated from the iliac crest of each animal 
using sterile wide bone marrow aspiration needles. In a 
laminar air flow hood, the samples were drawn in falcon 
tubes with an equal volume of DMEM low glucose solution 
(DMEM Low Glucose, Biowest®SAS, Nuaillé, France). The 
falcon tubes were then centrifuged at 1200 rpm for 10 
minutes and the middle buffy coat layer (contains mostly 
granulocytes and mononuclear cells which were needed for 
implantation with the β-TCP scaffold) was carefully 
aspirated and collected in another falcon tube.  
The collected mononuclear cell fraction was washed again by 
DMEM low glucose solution and centrifuged at 2000 rpm for 
10 minutes, 3 successive times. The resultant mononuclear 
cell pellets were resuspended in the DMEM low glucose cell 
culture medium to be introduced into the scaffold (β-TCP 
(Adbone® TCP, Medbone® Sintra, Portugal)) in a sterile 
container. In CO2 incubator (Air-Jacketed, NU-5100E/G DH 
automatic CO2 incubator, MA, USA), the grafting materials 
were incubated for 24 hours before implantation to allow for 
cell attachment.  
B- Creation of ridge defects 
Sulcular incisions were taken and mucoperiosteal flaps were 
reflected buccally at the mandibular third and fourth premolar 
region, bilaterally. A periosteal incision was done at the base 
of each flap to aid in coverage and tension free closure. 
Mandibular third and fourth premolar teeth (P3 and P4) were 
extracted bilatellary, either as one unit or sectioned into two 
halves when needed. In each dog, four critical-sized 
horizontal alveolar ridge defects were created preserving the 
lingual walls. The dimensions of all defects were 
standardized to be about 7 mm mesio-distally, 8 mm apico-
coronally and 5 mm bucco-lingually (21, 22). With the aid of 
rotary burs, bone was removed with thourough irrigation 
using sterile saline to avoid overheating. The right side 
experimental defects were managed with GBR technique 
using autogenous BMSCs cells, alloplast. (BMSCs/β-TCP 
scaffold). The left control side defects were left empty to heal 
spontaneously. Collagen membranes were trimmed with the 
same configuration and adapted to cover the experimental 
defect areas extending to the surrounding bone by 2-3mm. 
Flaps were coronally positioned and closure of the wound 
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area was performed with interrupted suturing, using 3-0 silk 
suture (Ethicon silk suture, Johnson & Johnson, Somerville, 
New Jersy, USA). 
Postoperative care  
 All animals received: Antibiotic (Ampicillin 1gm, Eipico, 
Egypt), 1g. It was administered via intramuscular route in the 
first day. Afterwards, it was added to dogs food for seven 
days. Non-steroidal anti- inflammatory (Brufen 600 mg, 
Abbot GmbH, Germany) was also given intravenous the first 
day postoperative. The dogs were only served with soft diet 
during the healing period to reduce occlusal forces and 
trauma to the surgical site. The sutures were removed 10 
days, post-operatively.  
Animals sacrifice  
The dogs were sacrificed according to the following order: 2 
dogs, 1 month after surgery. The remaining 2 dogs were 
sacrificed 2 months after surgery. This was accomplished 
with an intravenous overdose injection of anesthesia 
(concentrated sodium thiopental).  
Preparation of histologic sections  
The mandibles were dissected and sectioned into two halves, 
then placed in a fixative of 10% buffered neutral formalin for 
two days, decalcified in multiple baths of 8% trichloroacetic 
acid. After decalcification, the blocks were immersed in 
paraffin, and semiserial (4-5μm) wide histologic sections in 
mesio-distal direction using a rotatory microtome were taken. 
Histologic sections were then stained with Hematoxylin and 
Eosin (H&E) stain for general examination of the operating 
site tissues (23).  
Histomorphometric quantitative analysis 
Histologic photomicrographs of the H&E stained sections 
(all obtained at x100 original magnification) were 
quantitatively analyzed of the regenerative process outcome 
using image analysis software (image J 1.46r software (24)). 
The osteoblastic count (parameter of interest) was measured 
for experimental and control groups at the two study 
observation periods after four and eight weeks of sacrifice. 
Measurements were finally averaged and standard deviation 
(SD) was calculated. 
Osteoblastic count (OC) measurement using image J program  
The number of osteoblasts in each photomicrograph was 
calculated by free hand selection using the “multi-point” 
button. OC was repeated three times for each specimen and 
the average value was used to represent the final value for 
this specimen used in statistical analysis. (Figure 1 A&B) 

Figure 1:  Osteoblastic cell count using image J program in 
the study groups. (A) Experimental   group, and (B) Control 
group. (NB: new bone, FT: fibrous tissue, BV: blood vessel, 
black arrow: osteocytes, yellow arrow: bone marrow spaces, 

black empty circles: lining osteoblast cells, and red square: 
the “multi-point” button in the image J software). 
 
 
 
Statistical analysis 
Data was presented using mean and SD. Paired t-test was 
applied to compare between the experimental and control 
groups regarding the OC and for tracing changes across time. 
Significance level was set at p value ≤0.05. 

RESULTS 
Histomorphometric analysis results (Osteoblastic Count) 
Quantitative assessment of the OC obtained from the 
histologic light micrographs of both study groups using 
image J software revealed the following: 
The experimental group showed a statistically significant 
increase in OC compared to control group at both follow up 
time intervals of the study. The mean OC after one month in 
the experimental and control groups were 39.75±3.86 and 
13.75±2.75, respectively (P=0.001). After two months it was 
17.75±4.11 and 7.5±1.29 for the same groups, respectively 
(P=0.014). (Table 1) (Figure 2) 
Furthermore, there was a statistically significant decrease in 
osteoblastic count related to experimental group between 
both follow up intervals of the study. (Mean value was 
39.75±3.86 after one month and 17.75±4.11 after two 
months) (P=0.0003). Similarly, there was a statistically 
significant decrease in osteoblastic count related to control 
group between both follow up intervals of the study. (Mean 
value was 13.75±2.75 after one month and 7.5±1.29 after two 
months) (P=0.02) 
Moreover, when comparing the percent change in 
osteoblastic count across the study period from first to second 
follow up intervals between both experimental and control 
groups, there was a non-statistically significant reduction in 
experimental group when compared to the control group. 
(Mean value was 55.55 ±7.58 and 43.18±16.86 respectively) 
(P=0.174). (Table 2) (Figure 3) 
Table 1:  Comparison of osteoblast count between the 
experimental and control groups at different time points 

 

Experimental 
group 
(n=4) 

Control 
group 
(n=4) P value 

Mean (SD) 
1 month 39.75 (3.86) 13.75 (2.75) 0.001* 
2 months 17.75 (4.11) 7.5 (1.29) 0.014* 

P value 0.0003* 0.02*  
*Statistically significant difference at p value e≤0.05 
 
Table 2: Comparison of percent change in osteoblast count 
between the experimental and control groups after 2 months 

 Experimenta
l group 
(n=4) 

Control group 
(n=4) P value 

Mean (SD) 
% Reduction 55.55 (7.58) 43.18 (16.86) 0.174 

*Statistically significant difference at p value e≤0.05 
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Figure 2:  Mean osteoblast count in the experimental and 
control groups at different time points 
 

 
Figure 3: Mean percent reduction in osteoblast count 
between experimental and control groups after 2 months 
 

DISCUSION 
Management of alveolar ridge defects is considered a 
challenging surgical procedures in regenerative periodontal 
therapy. The defects formed after tooth extraction result in 
limitation of the ideal three dimensional placement of dental 
implants (25). Many surgical interventions have been 
described to augment atrophic ridges at future implant sites, 
overcoming the main problem of lack in adequate bone 
volume essential for implant stability (26). 
Periodontal regeneration is the ultimate target of periodontal 
therapy. Bone regeneration can be improved by incorporating 
the concept of tissue engineering to enhance the quantity and 
quality of the newly formed bone. Because of the limitations 
of some current osteoconductive bone grafting materials, 
alternative methods for enhancing osteogenic properties of 
these materials in repairing bone defects were deemed 
necessary (27-29). 
Mesenchymal stem cells (MSCs) play a pivotal role in many 
biological processes including wound healing, growth, 
replacement and repair of daily aged and exfoliated cells (30). 
BMSCs can be expanded easily in culture and differentiate 
into cells with an osteogenic phenotype (15). This was 
confirmed when these cells were implanted ectopically on an 
appropriate scaffold and bone formation was observed, 
making them an appropriate possible stem cell source for 
bone regeneration therapy (12, 31). 

In addition to iliac crest, which is considered the main and 
most frequently used site in BMSCs harvesting for bone 
regeneration over the years (16), BMSCs can be isolated from 
many dental and non-dental sources such as orofacial bones, 
including maxilla and mandible. The choice of iliac crest to 
be the harvesting site in this study can be explained mainly 
by the abundance and large sample volume that could be 
aspirated. Furthermore, superior proliferation and osteogenic 
differentiation ability and lower adipogenic potential are 
other factors that were considered (32-35).  
Despite the fact that BMSCs contain many osteoinductive 
growth factors and possess high osteogenic properties, they 
lack the osteoconductive scaffold features (20, 36). The 
choice of β-TCP as a scaffold grafting material in this study 
can be explained by many aspects. Firstly, when compared to 
hydroxyapatite, β -TCP has good resorbability in animal and 
human subjects. Secondly, high biocompatibility and 
possible promotive effects of β-TCP in the differentiation of 
BMSCs to osteoblasts. Moreover, the porous nature (up to 
70% porosity) and high connectivity could play an important 
role in better inter-cellular communication (BMSCs and 
osteocytes) (20, 37). 
In the present study, sixteen critical-sized horizontal alveolar 
ridge defects have been surgically created in four healthy 
male mongrel dogs. In a split mouth design, the study 
included two groups as follows: the experimental group (right 
side): comprised eight ridge defects that were managed using 
GBR approach (autogenous BMSCs isolated from bone 
marrow aspirates one day before the surgery + β-TCP + 
collagen membrane). The control group (left side): comprised 
eight ridge defects the were left empty to heal spontaneously. 
The aim of this study was to assess histomorphometrically, 
the efficacy of GBR technique in managing alveolar ridge 
defects using autogenous BMSCs loaded on β-TCP alloplast 
as a scaffold grafting material.  
Since most of the previous studies evaluated alveolar bone 
regeneration through clinical or radiographic assessments, 
we chose to conduct a histomorphometric analysis (in terms 
of osteoblastic cell counts). This provided us with a definitive 
insight on the level of osteogenesis process and bone 
formation in the created ridge defects.  
The current study results demonstrated that critical-sized 
horizontal ridge defects can be repaired successfully with the 
(BMSCs/ β-TCP) construct. Bone formation was 
dramatically enhanced and almost complete bone fill was 
noticed in the experimental group two months post-
operatively. Meanwhile, defects that were left empty in the 
control group have not been repaired spontaneously. These 
observations were directly correlated with the count of 
osteoblasts in histological specimens that truly reflect the 
activity of osteogenesis.  
These findings are in agreement with several investigators. 
Yuan et al. (38) evaluated the management of segmental 
mandibular defects by bone graft construct (BMSCs seeded 
on porous β-TCP). Histologic and radiographic examinations 
showed that marked new bone formation and successful 
repair of such defects with complete union of bone was 
accomplished after 32 weeks in the experimental animals. 
The authors claimed that biodegradable scaffolds were 
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essential in regeneration of new bone, since they provide the 
skeleton that creates spaces supporting the ingrowth of 
osteogenic cells and newly formed bone (38). 
Our results are also in line with another experimental study 
conducted by Neamat et al. (39) They assessed the effect of 
pure phase β-TCP alloplast on osteogenesis and proliferation 
markers when incubated with BMSCs in intrabony osseous 
defects in a canine model. They concluded that overall new 
bone regeneration and osteogenesis were notably induced in 
the defects. They explained the obtained results by the 
possible proliferative effect of β-TCP on BMSCs by 
induction of the proliferating cell nuclear antigen (PCNA) 
and increased production of alkaline phosphatase, that 
dramatically increased the rate of differentiation of BMSCs 
into the osteogenic cell line.  
Another explanation that could support the fact behind the 
differentiation of BMSCs into particular cells is the 
surrounding environment (37, 40). When BMSCs are 
transplanted adjacent to existing alveolar bone, definitive 
signals that could promote the differentiation of BMSCs into 
osteoblasts are delivered through the native bone matrix 
proteins and growth factors. Consequently, lower level of 
such signals is predicted to be received in areas far from the 
native alveolar bone (37). This speculation may not only 
explain our results in study group, but also justifies the 
presence of limited areas on new bone in the control group 
next to the native surrounding bone in the surgically created 
defects.  
An additional finding in the current histomorphometric 
analysis was a reduction in osteoblastic count in both 
experimental and control groups across the study period from 
first to second follow up intervals. It is quite clear that there 
is an indirect relationship between osteoblastic count and the 
degree of bone maturation over time (29). This finding is in 
accordance with another immunohistopathologic study 
conducted by Afifi et al. (29) in a canine model with different 
periodontal defects. The authors evaluated the efficacy of 
guided tissue regeneration approach in managing furcation 
involvement defects. In line with the current study findings, 
their results depicted a decrease in osteoblastic count over 
time (one and two months intervals) with increasing bone 
maturity.  
Based on the obtained results from the current work, BMSCs/ 
β-TCP composites increased osteoblastic activity in terms of 
proliferation (increased osteoblastic cell count) and 
subsequent new bone formation in critical-sized horizontal 
ridge defects. Further immunohistopathologic studies 
investigating the possible role of specific bone proteins over 
longer periods of time are highly recommended.  

CONCLUSIONS 
Within the limitations of the present work; it could be 
concluded that engineered bone (BMSCs loaded on β-TCP 
scaffold) was effective in horizontal alveolar ridge 
augmentation. Such approach is predictable in both, restoring 
and preserving ridge defects. Incorporating autogenous stem 
cells is also expected to improve the clinical outcomes in 
challenging large osseous defects and improve the 
osteoinductivity of osteoconductive bone substitutes. 
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