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ABSTRACT

Objectives: The aim of the present study was to evaluate periodontal regeneration/ alveolar 
bone fill with the use of autologous bone marrow concentrate alone and with a combination of  
demineralized freeze dried allograft  in the treatment of intrabony defects (IBDs). The evaluation 
was based on histological, immunohistochemical and radiographic analysis.

Materials and Methods: Forty adult male albino rats with experimentally induced periodontitis 
were included in the present study and divided as follows, group I involved 10 rats and served as 
positive controls, group II involved 10 rats were treated with demineralized freeze dried allograft 
(DFDBA) only, group III involved 10 rats were treated with autologous bone marrow concentrate 
(BMSCs) only and group IV involved 10 rats were treated with combined demineralized freeze 
dried allograft and autologous bone marrow concentrate. Five rats of each group were sacrificed 
two weeks after the beginning of the experiment and the other 5 rats were sacrificed six weeks after 
the beginning of the experiment. Harvested jaw specimens were fixed in formalin, then embedded 
in paraffin wax, and serially sectioned at 4µm for histological, immunohistochemical assessment 
using of TGF-β1. Furthermore radiographic assessment was done at the end of study period.

Results: The histological examination of control positive rats revealed degeneration of the 
collagen fibers associated with alveolar bone resorption. In group II DFDB allograft treated rats 
showed signs of PDL regeneration associated with increase in the thickness of bone trabeculae. 
BMSCs treated rats (group III) showed formation of new bundles of collagen fibers of PDL with 
increase in alveolar bone thickness. In group IV rats treated with combined DFDBA and BMSCs 
showed the best regenerative features in the PDL fibers and cells with more increase in the thickness 
of alveolar bone.
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INTRODUCTION 

Periodontitis is a chronic inflammatory disease 
that causes pathological alterations in tooth-
supporting tissues, which can lead to tooth loss if 
left untreated1. The significant burden of periodontal 
disease and its impact on general health and patient 
quality of life suggest a clinical need for the effective 
management of this condition2.The ultimate goal of 
periodontal therapy is the predictable regeneration 
of the functional attachment apparatus that is 
destroyed by periodontitis,which involves at least 
three unique tissues, including the cementum, 
periodontal ligament (PDL) and alveolar bone.

Regeneration is defined as the reproduction or 
reconstitution of lost or injured a part of the body 
in such a way that the architecture and function of 
the lost or injured tissues are completely restored. 
Therefore, the key to periodontal regeneration 
is to stimulate the progenitor cells to re-occupy 
the defects. Growth factors are vital modulators 
during this process which can induce the migration, 
attachment, proliferation, and differentiation of 
periodontal progenitor cells3.

To date, several regenerative procedures have 
been developed in an attempt to treat periodontitis, 

including guided tissue regeneration (GTR), bone 
graft placement and the use of bioactive agents, 
such as growth factors(2,4). However, the current 
therapeutic techniques used either alone or in 
combination have limitations in producing complete 
and predicable regeneration, especially in advanced 
periodontal defects. In these cases, remaining deep 
intraosseous defects following periodontal therapy 
are high-risk sites for the furtherprogression of 
periodontitis5.

Recent advances in stem cell biology and 
regenerative medicine have enabled the use of 
cell-based therapy in periodontal diseases6. A large 
number of studies have indicated that ex vivo-
manipulated stem cells derived from either bone 
marrow or the PDL can be used in conjunction with 
different physical matrices (autografts, xenografts, 
allografts, and alloplastic materials) to regenerate 
periodontal tissues in vivo(7-9).

Allograft material has been used in periodontal 
therapy for last three decades. it is generally used 
in one of two forms: freeze- dried bone allograft 
(FDBA) and demineralized freeze- dried bone 
allograft (DFDBA). DFDBSA provides, an 
osteoconductive surface. Moreover, it provides a 
source of osteoinductive factors 10.

Immunohistochemical results of TGF-β1 of group I showed negatively to weakly positive 
TGF-β1 reaction. While, PDL of group II presented moderately positive TGF-β1staining. PDL 
of group III revealed weakly to moderately positive TGF-β1 stain. However, group IV presented 
strongly positiveTGF-β1 staining. 

Radiographic analysis: showed a statistical significant difference between the three treated 
groups compared to the positive control group at 2 and 6 weeks respectively indicating that the 
bone density increased gradually in the three treated groups with the best radiographic evidence of 
increased bone density in group IV (treated with combined DFDBA and BMSCs).

Conclusion: The present investigation revealed that all the treatment modalities showed 
favorable regeneration of the intrabony defect. The combination of DFDBA with BMSCs may 
positively influence the treatment of a periodontal attachment gain with enhancing resolution of 
osseous defects compared with other treatment modalities. Regenerative combination (DFDBA 
with BMSCs) emerging as a promising option in the treatment of periodontal osseous defects.

KEY WORDS: Periodontitis, bone marrow stem cells, bone graft, TGF-β1.
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The chemical inductive agent exposed after bone 
demineralization was termed bone morphogenetic 
protein (BMP). BMP is composed of a group of 
acidic polypeptides that have been cloned and 
sequenced and stimulate the formation of new bone 
by osteoinduction11

The available BMPs in DFDBA stimulate host 
osteoprogenitor cells to differentiate into osteoblasts 
and begin new bone formation (12,13).

Bone marrow concentrate contains mesenchymal 
stem cells (MSCs), hematopoetic stem cells, 
platelets (containing growth factors), and cytokines. 
The anti-inflammatory and immunomodulatory 
properties of bone marrow stem cells (BMSCs) 
can facilitate regeneration of tissue. Additionally, 
BMSCs enhance the quality of cartilage repair by 
increasing aggrecan content and tissue firmness. 
Following bone marrow aspiration (BMA), BMC 
is easily prepared using centrifugation, and is 
available for a same-day procedure with minimal 
manipulation of cells14.

The basic concept underlying conventional 
periodontal regenerative therapy is first to remove 
the source of infection and then to provide a space 
into which neighboring cells can grow. Regenerative 
periodontal/bone therapy was originally based 
on the use of scaffolds. Tissue regeneration 
requires three key elements: cells, scaffolds, and 
signaling molecules. Cells (e.g., bone marrow 
stromal cells, osteoblasts, and periodontal ligament 
cells), scaffolds (e.g., type I collagen [Col-I], 
hydroxyapatite [HA], and b-tricalcium phosphate 
[b-TCP]), and signal molecules (e.g., platelet-
derived growth factor, basic fibroblast growth factor 
[bFGF], and bone morphogenetic protein [BMP]) 
have been used in regenerative therapy as single 
factors and in combination 15.

The hypothesis of the present study is that 
autologus bone concentrate combined with DFDBA 

graft material can providing an ideal conditions 
for regeneration of alveolar bone and periodontal 
ligament tissues for the treatment of induced 
periodontal intraosseous defect using histological, 
immunohistochemical and radiographic assessment 
methods. 

MATERIALS AND METHODS

Forty adult male albino rats with induced 
periodontitis, their body weight range from 200-
220 g, were used as an experimental animal model 
in this study. Five rats were housed in each cage 
and maintained under 12-hour light/dark cycle at a 
temperature of 23oC and relative humidity of 50% 
with access to standard rat chow pellets and water 
adlibitum throughout the whole experimental period, 
in the animal house of the faculty of Dentistry, Suez 
Canal University.

Induction of Periodontitis:

All procedures of periodontal disease induction 
for all of the experimental rats were performed 
under general anesthesia by intramuscular injection 
with a solution of Ketamine 10% and Xylazine 
2% (2:1), 0.12 ml /100 g body weight. Anesthesia 
was installed in 4-5 min after administration. After 
anesthesia, ligatures in “8” with sterile 4/0 silk 
(Ethicon, Johnson e Johnson, São Paulo, SP, Brazil) 
were placed around the mandibular anterior teeth. 
This ligature acted as gingival irritants for 14 days 
and promoted the accumulation of plaque and 
subsequently development of periodontal disease 16 .

Treatment:

Following the induction of periodontitis, the 
animals were divided into four groups as follows 
ten on each and subjected to different treatment 
modalities:

Group I : receiving open flap debridement only 
and served as positive controls.
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Group II : treated with DFDBA *

Group III: treated with autologous bone marrow 
concentrate (BMSCs).

Group IV: treated with combination of autolo-
gous bone marrow concentrate and DFDBA.

Harvesting procedure for bone marrow aspiration

In groups III & IV autologous bone marrow had 
been harvested as following

After anesthetizing of rats of with an 
intraperitoneal injection of 60 mg/kg ketamine with 
6 mg/kg xylazine, and then placing the animal in 
dorsal recumbency. The anterior face of the thigh 
was shaved and disinfected the area with ethanol. 
The rat’s leg held firmly in place. The needle is used 
to pierce perpendicularly through the thigh skin and 
musculature onthe anterior face, above the knee 
joint until it reaches the solid surface of the femur. 
With the needle perpendicular tothe bone, a hole is 
made in the femur at the junction between epiphysis 
and diaphysis by a firm, rotating, and grinding 
movement. Next, the needle is moved so that it is 
almost parallel to the bone and the needle is inserted 
into the diaphysis channel. After attaching a syringe 
to the needle the investigator advanced it gradually 
up its cylinder by pushing and rotating the needle 
as it moves up, periodically aspirating the marrow. 
Toprevent the coagulation of the diaphysis content 
one preloads the syringe with 0.1 ml heparin (5,000μ 
g/ml). Then, the wound is cleaned and disinfected, 
and processes the bone marrow accordingly.17

Animal sacrification

Five rats of each group were sacrificed under 
general anesthesia by cervical dislocation two 
weeks after the beginning of the experiment and 

the other 5 rats were sacrificed six weeks after 
the beginning of the experiment. The jaws of the 
lower incisors regions of the sacrificed animals 
were dissected out for histological examination and 
immunohistochemical analysis.

The jaw specimens were decalcified in 10% 
ethylene diamine tetra acetic acid (EDTA) PH 
7-7.4.After complete decalcification, jaw specimens 
were prepared for light microscopic examination. 
They were dehydrated in alcohol, cleared in xylene, 
embedded in paraffin, sectioned and subjected to:

1-  Hematoxylin and eosin stain: for histological 
examination of the periodontal ligament and 
alveolar bone of teeth.

2-  Masson’s trichrome stain: for collagen fibers 
demonstration18.

3-  Immunohistochemical localization of TGF-β1 
in PDL & alveolar bone using a kit of antibody 
against TGF-β1 antigen. 

Immunohistochemistry

Polyclonal rabbit anti-rat TGF-β1**; Igs were 
used. Sections were deparaffinized in xylene and 
rehydrated in a series of 100, 95, 85 and 70% alco-
hol, then in distilled water and phosphate-buffered 
saline (PBS). Enzymatic pretreatment with 0.1% 
(wt/vol) trypsin (Zhongshan, Beijing, China), for 
15 min at 37°C, was performed to increase acces-
sibility of antibody to the epitopes, after which the 
sections were washed in PBS and soaked in 3% hy-
drogen peroxidase solution (Zhongshan) for 15 min 
to block endogenous peroxidase activity. The sec-
tions were then blocked with 5% normal goat se-
rum for the staining of TGF-β1, for 20 min at room 
temperature, followed by incubation of the primary 
antibody (TGF-β1, 1 : 250 dilution) overnight at 
4°C. Negative controls were obtained by replacing 

* Straumannallograft ,LLC,60 Minuteman Road. Andover, MA01810 USA.
**(Santa Cruz Biotechnology, TX, USA)
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primary antibody with PBS. After three washes in 
PBS, the sections were incubated with a biotinyl-
ated secondary antibody followed by incubation 
with conjugated streptavidin–peroxidase (Zhong-
shan) for 20 min. Specific immunostaining was vi-
sualized by incubation with 3,3’-diaminobenzidine 
tetrachloride solution (Zhongshan) for 3 min and 
the sections were washed twice with distilled water. 
Then the sections were counterstained with hema-
toxylin solution, rinsed in running tap water, dehy-
drated in a series of ethanol (70, 85, 95 and 100%, 
3 min each) and cleared with xylene. All sections 
were viewed and photographically recorded using 
an Olympus Microscope*

Radiographic assessment

Standardized digital periapical X-ray films**: 
were taken at, baseline, 2, and 6 weeks, A 
standardized rectangle was drown at the interdental 
areas between the two central incisors of the rats to 
calculate the bone density changes. 

Statistical Analysis

All the data regarding the expression of TGF-β1 
as well as the bone density were tabulated and 
statistically analyzed using Unpaired t test was used 
for comparison between groups. ANOVA test was 
used to compare all groups, used for comparison 
between groups.

RESULTS

a) Hematoxylin and eosin stain:

The jaw specimens of control positive rats 
revealed dissociation of the collagen fibers 
associated with widening of the blood vesselsafter 2 
weeks. Alveolar bone resorption with appearance of 
osteoclasts in their Howship’s lacunae (arrows) and 
widening of the bone marrow cavities is apparent. 

While the specimens taken after 6 weeks showed 
severe degeneration of PDL fibers with loss of their 
attachment to the bone and cementum surfaces 
(Fig1A,B). Group II (DFDBA) treated rats for two 
weeks revealed signs of PDL regeneration in the 
form of well-defined but unorganized fibers found 
close to alveolar bone associated with mild increase 
in the thickness of bone trabeculae associated with 
disappearance of osteoclasts in their Howship’s 
lacunae (arrows, Fig 1C). While specimens taken 
after six weeks were characterized by the presence of 
well vascularized connective tissue having apparent 
number of viable and undamaged periodontal cells 
and oriented fibers with apparent increase in the 
thickness of bone trabeculae. Alveolar bone also 
showed the presence of reversal lines (arrow) which 
indicated the past osteoclastic activity (Fig 1D).
Group III (BMSCs) treated rats showed formation 
of new bundles of collagen fibers with mild degree 
of periodontal degeneration after two weeks. 
Alveolar bone presented increase in its thickness 
with appearance of resting lines which indicates the 
formation of new layers of bone. While specimens 
taken after six weeks revealed more regeneration of 
PDL fibers& alveolar bone (Fig 1E,F). Group IV 
rats treated with combined DFDBA and BMSCs for 
two weeks showed the least degenerative changes in 
the periodontal ligament fibers and cells with more 
increase in the thickness of bone trabeculae when 
compared with groups II&III. However, specimens 
treated for six weeks showed the best regenerative 
features when compared to groups II and III  
(Fig 1G,H).

b) Masson’s trichrome stain:

Jaw specimens of control positive rats revealed 
localized degeneration of the collagen fibers of 
PDL with weakly positive reaction to Masson’s 
trichrome stain after two weeks. Moreover, the 

*(Olympus, Tokyo, Japan).
** Digora computer image analysis program version 2.7.
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specimens taken after six weeks showed generalized 
massive degeneration of the collagen fibers which 
stained negatively to weakly positive reaction to 
Masson’s trichrome stain (Fig 2A,B). While, PDL 
fibers of DFDBA treated rats presented the number 
of fibers was increased and denser collagen fibers 
formed with weak tomoderate positive stain after 
two weeks and moderate positive stain after six 
weeks (Fig 2C,D). BMSCs treated rats revealed 

weak tomoderate positive stain after two weeks 
and moderate positive stain after six weeks (Fig 
2 E,F). However, Jaw specimens of rats treated 
with combined DFDBA and BMSCs presented 
further increase of collagen fibers with moderately 
to strongly positive stain after two weeks and well 
organized bundles of collagen fibers with strongly 
positive stain after six weeks (Fig 2 G&H).

Fig. (1) Showing histological examination of the periodontal ligament and alveolar bone of Control positive rats (A,B), DFDBA 
treated rats (C,D), BMSCs treated rats (E,F) , Combined DFDBA and BMSCs treated rats (G,H) . (H&E.orig.mag.400). 
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c) Immunohistochemical detection of TGFB:

Jaw specimens of control positive rats showed 
weakly positive TGF-β1 reactionin the PDL 
fibroblasts, extracellular matrix &bone marrow 
cavities after two weeks and negatively to weakly 
positive TGF-β1 reaction after six weeks(Fig 3 
A,B). While, PDL fibers of DFDBA treated rats 
presented mild to moderate positive TGF-β1 stain 

after two weeks and moderate positive stain after 
six weeks (Fig 3 C,D).BMSCs treated rats revealed 
weak tomoderate positive TGF-β1 stainafter two 
weeks and moderate positive stain after six weeks 
(Fig 3 E,F). However, Jaw specimens of rats treated 
with combined DFDBA and BMSCs presented 
moderately to strongly positive stain after two 
weeks and strongly positive stain after six weeks 
(Fig 3 G,H).

Fig. (2) Showing collagen fibers of the periodontal ligament of Control positive rats (A,B), DFDBA treated rats (C,D), BMSCs 
treated rats (E,F) , Combined   treated rats (G,H).   (Masson’s trichrome, Origin. Mag.400).
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Fig. (3) Showing immunohistochemical localization of TGF-β1 in PDL & alveolar bone of Control positive rats (A, B), DFDBA 
treated rats (C,D), BMSCs treated rats (E,F), Combined DFDBA and BMSCs treated rats (G,H). (TGF-β1, Origin. 

Mag.400).  

Evaluation of TGFB immunostaining by image analysis:

TABLE (I) Illustrates the mean labeling index of TGF-β1in PDL at the different groups:

Positive control group I
DFDBA 

group II

BMSCs 

group III

DFDBA and 

BMSCs group IV
ANOVA test

2 week 102.617 ± 5.716 133.451 ± 4.605 123.537 ± 3.291 152.781 ± 3.121 P ≤ 0,5 *

6 week 85.531 ± 2,53 155.621 ± 4.551 142.642 ± 3.908 175.426 ± 4.523 P ≤ 0,5 *

t-test P ≤ 0,5 * P ≤ 0,5 * P ≤ 0,5 * P ≤ 0,5 *

Group II versus group III   P ≤ 0,5 *

 Group II versus group IV   P ≤ 0,5 *

Group III versus group IV  P ≤ 0,5 *

Data represented as mean ± standard deviation. 
*P<0.001 versus positive control.
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There is a significant statistical difference 
between the rats of treated groups II, III, and 
IVwhen compared with those of group I (control 
positive) using one-way ANOVA test. Also, the 
analysis of variance clarified a high significant 
differences (p<0.01) between the groups IV when 
compared with those of groups II& III. As the mean 
values are considered significant when the P value 
< or = 0.05. This means that the immunostaining 
of TGF-β1 in PDL of groups II, III and IV rats was 
gradually increased during thetreatment periods 
when compared with group I rats. While marked 
increase TGF-β1immunostainingin groups IV when 
compared with those of groups II & III.

Radiographic Results

The mean bone density in the region of interest 
was (26.13±3.2), (41.87 ± 2.1), (32.39±1.9), and 
(50.32±2.8) for the positive control, allograft 
treated, bone marrow treated, and allograft + bone 
marrow treated groups at 2 week  respectively, 
while at 6 week the results was (30.23±2.3),  

(52.82± 2.8), (38.24 ± 2.4), and (64.36 ± 2.9) for 
the positive control , allograft treated, bone marrow 
treated, and allograft + bone marrow treated groups 
respectively. 

The one way ANOVA test showed a statistical 
significant difference between the three treated 
groups compared to the positive control group at 
2 and 6 week respectively. Moreover, Using t-test 
the result showed a statistical significant difference 
within the group at 2 week compared to 6 week in 
all studied groups.

The comparison between the three treated groups 
by using t-sample t-test (bone marrow, allograft, 
and bone marrow + allograft treated groups showed 
better statistical significant difference between the 
bone marrow + allograft treated group compared to 
the bone marrow treated group or allograft treated 
group (p≤ 0.5). additionally, the allograft treated 
group showed better statistical significant difference 
results compared to bone marrow treated group  
(Fig 4-7).

TABLE (II) Showed Mean and standard deviation of bone density of the four groups in 2 and 6 week post 
evaluation period.

Positive control group I
DFDBA 
group II

BMSCs 
group III

DFDBA and BMSCs 
treated group IV

ANOVA test

2 week 26.13 ± 3.2 41,87 ± 2.1 32,39 ± 1.9 50,32 ± 2,8 P ≤ 0,5 *

6 week 30.23 ± 2,3 52,82 ± 2,8 38, 24 ± 2,4 64,36 ± 2,9 P ≤ 0,5 *

t-test P ≤ 0,5 * P ≤ 0,5 * P ≤ 0,5 * P ≤ 0,5 *

Group II versus group III   P ≤ 0,5 *

 Group II versus group IV   P ≤ 0,5 *

Group III versus group IV  P ≤ 0,5 *
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DISCUSSION

The primary objective of the present study was to 
evaluate the regenerative power of autologous bone 
marrow concentrate alone or in combination with 
DFDBA in treatment of induced intrabony defects.

Tissue engineering involves three strategies 
adapted for the creation of new tissue, isolated stem 
cells, signal molecules and biocompatible scaffold.19

In the present study, we have shown that place-
ment of a silk thread around the cervical region of 
the lower incisors induced gingival inflammation 

and the first symptoms of periodontitis from the 
third day of experiment. Significant alveolar bone 
loss was proven by histopathological analysis af-
ter 14 days the data obtained being in accordance 
with results of previous study. Many animal studies 
provided evidence that MSCs can be safe and ef-
fectively used to support periodontal regeneration. 20

Bone marrow stromal cells used in the present 
study have the multilineage potential to become 
osteoblasts, chondroblasts, fibroblasts, and more, 
and the differentiation into each type of cell depends 
on the culture environment 21 . These properties 

Fig. (4) Showed the mean bone density in the interdental bone 
between the two central incisors in a rat from positive 
control group 

Fig. (6) Showed the mean bone density in the interdental bone 
between the two central incisors in a rat from bone 
marrow treated group at 6 week

Fig. (5) Showed the mean bone density in the interdental bone 
between the two central incisors in a rat from allograft 
treated group at 6 week

Fig. (7) Showed the mean bone density in the interdental bone 
between the two central incisors in a rat from allograft 
+ bone marrow treated group at 6 week
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in conjunction with bone formative capacity of 
DFDBA can be effectively used in the treatment 
of intrabony defects. To best of our knowledge this 
is the first histological, immunohistochemical and 
radiographic study reports this combination therapy 
in the scientific literature.

Autologous bone grafts are currently considered 
the gold standard for regeneration of the hard tissue 
in oral surgery because of their osteoconductive, 
osteoinductive and osteogenic properties.In recent 
years, bone grafting techniques have taken great ad-
vantage of the establishment of Tissue Banks, which 
have allowed an increasing diffusion of demineral-
ized freeze-dried bone allografts (DFDBA). The 
present study demonstrated that rats with induced 
periodontitis treated with demineralized freeze- 
dried bone allograft (DFDBA) for two weeks re-
vealed signs of PDL regeneration in the form of 
well-defined but unorganized fibers found close to 
alveolar bone associated with mild increase in the 
thickness of bone trabeculae associated with disap-
pearance of osteoclasts in their Howship’s lacunae. 
Moreover, further improvement in the jaw speci-
mens which taken after six weeks and characterized 
by the presence of well vascularized connective tis-
sue having apparent number of viable and undam-
aged periodontal cells and oriented fibers with ap-
parent increase in the thickness of bone trabeculae. 
Alveolar bone also showed the presence of reversal 
lines which indicated the past osteoclastic activity. 
These results are in agreement with Acocella et al 
(2012) who concluded that DFDBA alone can have 
an osteoinductive effect, elicit the bone resorption 
when implanted in mesenchymal tissues and suit-
able for reducing heterologous bone tissue antige-
nicity without inducing biomechanical changes in 
the material 22.

Bone marrow-derived MSCs, also named bone 
marrow stromal cells, are multipotent and have the 
ability to differentiate into osteoblasts, chondro-
cytes, adipocytes, and smooth muscle cells 23.

In the current study the experimental rats with 
induced periodontitis treated with autologous 
bone marrow concentrate (BMSCs) for two weeks 
showed formation of new bundles of collagen fibers 
with mild degree of periodontal degeneration. In 
addition to, increase in thickness of alveolar bone 
with appearance of resting lines which indicates 
the formation of new layers of bone. Interestingly, 
further regeneration of PDL fibers& alveolar bone 
of experimental rats after six weeks of their surgi-
cal treatment. This is supported by Nemeth et al 
(2009) who reported that the therapeutic effect of 
MSCs through the stimulation of host macrophages 
to produce IL-10, which has a potent inhibitory ef-
fect on osteoclastogenesis 24. Moreover, maximum 
bone repair and almost complete anatomical resto-
ration with no permanent loss of the operated al-
veolar bone is achieved if the preoperative bone is 
the thick cancellous type with many marrow spaces 
which contain mesenchymal stem cells (MSCs) 25.

In the last years, a tissue engineering procedure 
has been set up in which autologous mesenchymal 
stem cells (MSCs) are used in combination with 
an osteoconductive scaffold as a graft material. 
In the present investigation the experimental rats 
with induced periodontitis which treated with 
combination of autologus bone marrow concentrate 
and DFDBA for six weeks showed the best 
regenerative features in the periodontal ligament 
fibers and cells with further increase in the thickness 
of bone trabeculae when compared to the other 
experimental groups which treated with DFDBA 
only or autologus bone marrow concentrate only.
Our results are highlighted with the recent studies 
which demonstrated that MSCs are capable of 
regenerating large boney defects when used in 
combination with bone substitutes and increasing 
allograft osteointegration 26.

These results are supported by Masson’s 
trichrome staining of the Jaw specimens of the 
different experimental groups which revealed that 
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localized degeneration of the collagen fibers of 
PDL of positive control rats with weakly positive 
reaction to Masson’s trichrome stain after two 
weeks.Further massive degeneration of the collagen 
fibers of positive control rats after six weeks which 
stained negatively to weakly positive reaction. 
While, PDL fibers of DFDBA treated rats presented 
the number of fibers was increased and denser 
collagen fibers formed with weak to moderate 
positive stain after two weeks and moderate positive 
stain after six weeks. BMSCs treated rats revealed 
weak to moderate positive stain after two weeks and 
moderate positive stain after six weeks. However, 
Jaw specimens of rats treated with combined 
DFDBA and BMSCs presented further increase of 
collagen fibers with moderately to strongly positive 
stain after two weeks and well organized bundles of 
collagen fibers with strongly positive stain after six 
weeks.

Bone is a rich source of growth factors, of which 
TGF-β has been extensively characterized and has a 
profound effect on bone formation.TGF-βhas been 
proven to be inducer of osteoblast proliferation and 
inhibitor of alkaline phosphatase (ALP) activity and 
osteoblast mineralization indicating potential ap-
plication for bone growth induction in bone tissue 
engineering 27.

The results of the current study are confirmed 
by the immunohistochemical detection of TGF-β1 
where Jaw specimens of control positive rats 
showed weakly positive TGF-β1 reaction in the PDL 
fibroblasts, extracellular matrix & bone marrow 
cavities after two weeks and negatively to weakly 
positive TGF-β1 reaction after six weeks. While, 
PDL fibers of DFDBA treated rats presented mild 
to moderate positive TGF-β1 stain after two weeks 
and moderate positive stain after six weeks. BMSCs 
treated rats revealed weak to moderate positive 
TGF-β1 stain after two weeks and moderate positive 
stain after six weeks. However, Jaw specimens of 
rats treated with combined DFDBA and BMSCs 

presented moderately to strongly positive stain 
after two weeks and strongly positive stain after six 
weeks.

This is in agreement with Rodrigues et al (2007) 
who demonstrated that TGF-β1 is implicated in 
periodontal wound healing and regeneration 28 as 
TGF-β plays a role in osteoblast and cementoblast 
differentiation 29. In the present study, the healing 
of the intrabony defects and the new bone area 
ratio gradually increased with the healing time 
for regeneration of alveolar bone and periodontal 
ligament.

The radiographic results of the present study 
showed a statistical significant difference between 
the three treated groups compared to the positive 
control group at 2 and 6 week respectively indicating 
that the bone density increased gradually in the three 
treated groups compared to the positive control 
with the best radiographic parameters rats treated 
with combined DFDBA and BMSCs followed 
by DFDBA treated group and group treated with 
BMSCs alone.

These radiographic changes are in accordance 
with Chandrashekar et al (2009) who reported that 
biograft bone regenerative materials are both bio-
compatible and bioactive and hydroxyapatite phase 
is the major constituent. These materials of porous 
crystalline structure provide osteoconductivity. Hy-
droxyapatite has a stoichiometry similar to natural 
bone structure and provides an osteoconductive 
scaffold in the bone regenerative process 30. Combi-
nation of DFDBA and BMSCs demonstrated more 
favorable results compared to DFDBA alone. The 
faster bone formation occurred in the groups treated 
with autologus bone and DFDBA as seen in study 
done by Arenaz-Bua et al (2010)31.

Furthermore, the results of the present 
investigation are in accordance with Gothi et al 
(2015) who reported an increase in the radiodenisty 
in intrabony defect treated with DFDBA32.
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CONCLUSION

The present study provides further support to the 
notion that DFDBA bio-engineered with BMSCs 
can significantly improve bone formation when 
compared with DFDBA or BMSCs alone and can 
represent  a promising treatment of periodontal 
osseous defects.
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