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Abstract 
Background and Aim: Using different osteogenic growth factors, which is still under 
investigation, is a favorable method for bone regeneration. This systematic review is  
aimed at evaluating the effects of different growth factors and their carriers on 
osteogenesis. 
Materials and Methods: Electronic databases (Medline, EMBase and Cochrane) were 
searched by the authors for articles published from 1999 to April 2010. Clinical and  
 animal studies evaluating bone formation by applying a specific growth factor and the 
related carrier were included in this investigation. Obtained data were organized in a  
 table and evaluated through a qualitative analysis. 
 Results: Sixty-three studies most of which evaluated the effects of BMP-2  
 osteogenesis in different models were included in this study. Totally, twenty-five car 
 riers were applied with different growth factors in the experiments. Among these car 
 riers, poly lactic– co glycolic acid (PLGA), hydroxy apatite/tricalcium phos 
 phate/absorbable collagen sponge (HA/TCP/ACS) and BioOss were the most fre 
 quently used carriers with the growth factors in bone regeneration studies. 
 Conclusion: The current evidence, although not strong enough, confirms that BMP-2 
has more favorable results in osteogenesis compared with other factors. The carrier  
 scaffold, methods of measurement (histologic or radiographic), type of animal, defect 
diameter and the length of follow-up are the variables that should be matched before  
 reaching definite results for the effect of growth factors in bone regeneration.  
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Introduction 
Repair of fractured bones and regeneration of 
widespread osseous defects has become a chal-
lenge for orthopedists and maxillofacial sur-
geons in recent years [1], so that The United Na-
tions Organization and World Health Organiza-
tion have called years 2000 through 2010 as the 
decade of bones and joints [2]. Different materi-
als and methods have been used for osseous re-

generation (especially around implants) such as 
use of autogenous, allogenous, and xenogenous 
grafts as well as alloplastic materials, among 
which autogenous grafts are considered as the 
gold standard for osseous regeneration [3] How-
ever, use of such grafts have limitations such as 
lack of access to an appropriate graft tissue, pos-
sibility of transplant rejection, and high cost of 
the procedure which has led to development of 
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other techniques for osseous regeneration [4,5]. 
Current literature has focused on three novel 
methods: transferring genes encoding osteogenic 
cytokines into the cells of the region (gene ther-
apy); culturing the bone marrow stem cells of the 
patient and then implantation of osteogenic cells 
in the area of interest (stem cell-aided therapy) ; 
and use of osseous growth stimulation agents 
(protein therapy) [6]. The first two methods re-
quire especial considerations and widespread 
evaluations, the procedures are difficult and ex-
pensive [7]. In protein therapy which has the 
most laboratory and clinical evidence, osseous 
growth stimulation agents such as bone morpho-
genetic proteins (BMPs) [8,9]. as well as other 
growth stimulation agents like vascular endothe-
lial growth factor (VEGF) [10], platelet-derived 
growth factor (PDGF) [11] and transforming 
growth factor-beta-2 (TGF-β2) [12] are used. 
Although BMPs are more extensively studied 
[13], other investigations show that use of other 
growth factors can have positive results provid-
ing new hopes in future. In addition, the syner-
gistic effect of two or more growth factors are 
studied in a number of studies [14,15]. Since, the 
evaluated factors and their carriers are variable 
and studies are conducted differently, the ob-
tained results are different and confusing to 
some extent.  
The objective of this systematic review was to 
evaluate the effects of different growth factors in 
bone regeneration.  
 
Materials and Methods 
In this systematic review, the available literature 
was electronically searched within MedLine, 
EMBase and Cochrane Library databases. The 
searched articles were published from 1999 to 
April 2010. The key words by which the search 
was carried out contained words declaring bone 
formation such as bone regeneration OR bone
formation OR bone reconstruction. Key words 
declaring growth factors (e.g. osteogenic factor 
OR growth factor) were added with AND. Cer-
tain growth factors such as BMP, PDGF, VEGF 

and TGF were used as key words for a detailed 
search. All articles included in this review were 
written in English. (See table 1) 
The inclusion criteria for the articles in this re-
view were as follows: 
-Publication years between 1999 to April 2010 
-Articles published in English 
-Clinical and original studies on human (clinical 
trials) or animal models (animal studies) with 
in vivo settings 
-Articles concerning formation and growth of 
bone in correlation with a growth factor or a cer-
tain carrier.  
-Studies investigating the effects of a certain 
growth factor on repair of experimentally in-
duced bone defects 
The exclusion criteria were as follows: 
-In vitro studies 
-Reviews, letters and case reports 
-Studies concerning success or failure of im-
plants and osseointegration 
-Studies evaluating  the effect of a certain 
growth factor on repair of natural or pre-existing 
bony defects 
-Non-randomized clinical trials 
-Studies in which the evaluated factor differed in 
case and control groups. 
 
Results 
After selecting the articles according to the ex-
clusion/inclusion criteria, various parts of each 
article including its primary information (such as 
the name of the journal, the publication year, and 
the authors’ names), title, aim, methodology and 
results were separated to establish a single blind 
condition for the evaluator and to prevent bias 
towards a certain factor or a well-known author. 
Therefore, all possible attempts were done to 
prevent reviewer bias [8,9].  In each article the 
growth factor type, its carrier, the animal on 
which the study was performed, the site of the 
lesion, the evaluation time, the methodology of 
evaluation, the success rate, and the results were 
extracted and organized in a table. At first, the 
data obtained from all articles were or 
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ganized in a comprehensive table. Then, varia-
bles including the growth factor, carrier, animal 
type, site of effect, study time, and success rate 
were classified in a new table in order to perform 
a qualitative evaluation.  The amount of new 
bone formation in these studies had been evalu-
ated radiographically or histomorphometrically. 
Bone regeneration and the amount of bone for-
mation had been described as bone minerals 
density (BMD), percentage of new bone for-
mation or new bone volume or height. (See table 
2) Comparisons were carried out to declare a 
concise conclusion out of the studies which were 
designed under relatively equal circumstances. 
Superiority of a certain factor or carrier was de-
picted based upon abundance of studies or sig-
nificance of results. Studies in which comparison 
of the effects of two or more factors or carriers 
were used to evaluate the factor with a more sig-
nificant effect.  
 
Results 
In the primary search, 171 articles related to the 
key words were found. After reading the abstracts,

relevant studies according to the inclusion crite-
ria were determined. Among the total articles 
found, 63 articles were included in the project. 
(fig. 1)  According to the available evidence, it 
seems that BMP-2 possesses the highest capabil-
ity for differentiation of mesenchymal cells into 
osteoblasts among all bone morphogenetic pro-
teins. This has made BMP-2 at the center of at-
traction for researchers in comparison with other 
factors [1,13]. Thoroughly, 11 different evalua-
tions have been carried out concerning the effect 
of BMP-2 in formation of new bone with differ-
ent carriers. This factor has been most frequently 
utilized with gelatin hydrogel and hyaluronic 
acid. The bone morphogenetic protein which is 
produced via recombinant DNA (rhBMP) is 
considered as one of the growth factors with 
bone inductive activity [25].  Application of this 
growth factor accompanied by an appropriate 
carrier such as absorbable collagen sponge 
(ACS) provides a proper bed for migration, pro-
liferation, and differentiation of bone  

Number of remaining articlesProcedure Study steps
2868 Searching within Cochrane, EMBase, and PubMed databases Step 1 

171 Omitting irrelevant articles Step 2 

95 

Exclusion criteria in this step: 
1. Non-randomized articles 

2.Evaluation of success/failure of implants and osseointegration 
Step 3 

63 

Exclusion criteria in this step: 
1.In vitro designs 

2.Review articles, case reports and letters 

Step 4 

63Extracting identity information about articles Step 5 

63 
Considering variables of growth factor, carrier, animal type, site of action, 
time of research, and  success rate, and classifying these variables in a 
qualitative table 

Step 6 

63 
Registration of bone regeneration based on bone reconstruction(%), height 
of reconstructed bone (mm), amount of bone reconstruction 
radiographically (%), bone density (g/mm3), and the volume of recon-
structed bone 

Step 7 

63 Comparison of articles with equal conditions, evaluation of the effects of 
contributing factors and related carriers in bone regeneration Step 8 

63Conclusion Step 9 

Table 1: search strategy of articles according to the key words and inclusion/exclusion criteria
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The obtained results Evaluation techniqueEvaluation time/ defect 
location/ animal type carrier Article Growth

factor 
Increased bone density in gelatin 
hydrogel with 97.8% water was 
significantly more than other types 
of gelatin hydrogel (with different 
vol% water) 

 

Histology and  
Radiography Rabbit/Ulna/6 Gelatin Hydrogel Yamamoto M. 

et al (2006)(30) BMP-2 

Bone density increased with in-
creased concentration of BMP-2 in 
the gelatin carrier  

 

Radiography and   
Histology Monkey/Parietal/12 Gelatin Hydrogel Takahashi Y. 

et al(2006) (29) 
 

Bone reconstruction was enhanced 
by BMP-2. However, use of the 
considered carrier resulted in bone 
formation with improved minerali-
zation and development   

 

Radiography and  
Histology Rat/Cranium/4 Nanoparticle–hydrogel 

complex/Fibrin gel 
Chung Y. et al 

(2007)(44) 

After weeks 6,12, and 15, the re-
sults of radiographic evaluation 
were considerably better for BMP-2
compared with other groups, which 
shows the influence of this factor in 
better osseous reconstruction.  

 

Radiography and  
Histology Rat/Femur/6 Dicalcium phosphate 

dehydrate 
Tien-Min G. Chu
et al(2007) (33)  

Ectopic bone was seen in all areas 
after 4 weeks and was considerably 
increased after 8 weeks. 

 

Histology Rat/Thigh muscle/8 β-TCPaSamee M. 
et al(2008) (36)  

After 4 weeks, 90% of lesions were 
replaced by bone. This amount 
approximated to 100% with time.  

 

Live micro-CT Rat/Calvarium/8 PLGA Aghaloo T. 
et al(2010) (21)  

According to the concentration of 
BMP-2, bone reconstruction was at 
least 6% and at most 19.5%.  

Histomorphometery and 
micro-CT Rat/ Calvarium / Gelatin microparticles/ 

Poly(propylene fumarate)
Young S. 

et al(2009) (14)  

Eight weeks following implantation 
of the samples, using 5 to 20mg 
BMP, complete bone reconstruction 
was observed in all cases. In addi-
tion, using the considered carrier 
resulted in a 1/10 decrease in 
amount of the required BMP. 

 

Radiography, Histology, 
micro-CT and mechani-

cal compression test 
Rabbit/Radius/8 IPCHAb+ PLA–PEGcKaito T. 

et al (2005) (45)

Bone regeneration and growth were 
considerably more in samples con-
taining BMP-2. However, there was 
not a significant difference between 
the formed osteoid and the estimat-
ed volume in experimental samples.

Histology Rat/Mandible/ 
HAd

Or 
HA/TCP/ACSe

Arosarena O.A. 
et al(2004) (22)  

The volume of the constructed bone 
increased with an increase in BMP-
2, although statistically non-
significant. 

 

Histology Rat/Mandile/ Hyaluronic acid Arosarena O. 
et al(2005) (31) 

Histologic evaluations showed that
use of hydrogels accompanied with 
BMP-2 and MSCs caused maximal 
expression of osteocalcin and devel-
oped bone in comparison with other 
groups.

Histology Rat/Calvarium/4 Acrylated hyaluronic acid Kim J. 
et al (2007) (32)

Table 2: Qualitative data resulting from evaluation of articles�
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Trabecular bone volume was quite 
less in samples without gelatin 
carrier than those with carrier. 
 

Histomorphometery Dog/ Canine orbital floor 
fracture/5 Gelatin Hydrogel Asamura S. 

et al(2010) (46) BMP-2 

Bone regeneration in samples with 
growth factor and gelatin hydrogel 
carrier was quite more than other 
samples. 

Histology and micro-CT Rabbit/Maxilla/4 Gelatin Hydrogel Sawada Y. 
et al(2009) (41)  

No significant statistical difference 
was seen between experimental and 
control groups 

Radiofrequency analysis 
and Histomorphometry Dog/Buccal alveolar defects 

/16 Calcium phosphate Smeets R. 
et al(2009) (47) 

Longitudinal growth of lamellar 
bone after 16 weeks conveyed the 
complete bone regeneration.  

 

Radiography and  
Histology 

Biomechanical evaluationRabbit/Ulna/16 PLGA-coated gelatin 
sponge 

Kokubo S 
et al (2003) (17)  

The new bone was a combination of 
woven and lamellar bones. The 
amount of lamellar bone increased 
after 12 weeks. The thickness of 
trabecular bone was significantly 
increased in comparison with the 6th

week.

Radiography and  
Histology Monkey/Mandible/12 PLGA Marukawa E. 

et al(2001) (18) 

In experimental group, new bone 
covered all coronal parts of implants. 
New bone had a smooth surface with 
osteocytic lacunae creating an ap-
pearance similar to that of alveolar 
bone.

Microscopic analysis Rat/Maxilla/12 PLGA Matin K. 
et al(2003) (20)  

Transverse bone reconstruction in 
groups with rhBMP-2 was signifi-
cantly more than that in other groups. 
There was no significant difference in 
using TCP/HA/ACS or a-BSM as 
carriers. 
 

Histomorphometery Monkey/Jaws/16 ACS/HA/TCP Miranda D 
et al(2005) (23) 

The amount and thickness of trabecu-
lar bone in both apical and coronal 
aspects increased in a moderate to 
high degree. The amount of the wo-
ven bone was quite variable. 

 

Radiography and  
Histology Human/Alveolar ridge/54 ACS 

 
Cochran D.L. 

et al(2000) (28)  

Bone regeneration was observed 
unevenly after 60 days. Complete 
bone regeneration was seen after 90 
days 

Radiography and  
Histology Pig/Mandible/12 ACS Carstens M.H. 

et al(2005) (24) 

Complete bone regeneration was 
seen in histologic and radiographic 
evaluations.

Radiography and  
Histology Dog/Mandible/12 ACS Jovanovic S.H. 

et al(2006) (25)  

Bone regeneration in the group with 
the growth factor and ACS carrier 
was much more than in control group. 
Histologic evaluation declared com-
plete bone reconstruction in the ex-
perimental group.

Radiography and  
Histology Dog/Jaws/8 ACS 

 
WikesjoU. 

et al (2004) (26)  

A significant increase was observed 
in density and structure of trabecular 
bone between the 6th and 8th weeks. 
However a decrease in bone volume 
and height was also observed. 
Histometric evaluation revealed a 
minute difference between control 
and experimental groups. 
 

Radiography and  
Histology Dog/Jaws/8 ACS 

 
Tatakis DN 

et al (2002) (48) 
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There was no significant difference 
between experimental and control 
groups. 
 

Radiography and  
Histology Dog/Jaws/12 Bovine collagen Sykaras N. 

et al (2000) (49) 

The decrease from the baseline in 
height of the bony defect in both 
control and experimental groups was 
statistically significant.  

 

Histomorphometery Human/Jaws/4 Bio-Oss Jung R.E 
et al (2002) (27) 

No statistically significant difference 
in implants  was observed experi-
mental and control groups. 
 

Clinical evaluation and  
Radiography Human/Jaws/3 to 5 years graft material and the col-

lagen membrane 
JungR.E. 

et al (2009) (50) 
 

Partial and inadequate reconstruction 
of bone was seen in control group 
whereas more bone with a higher 
quality was observed in rhBMP2-
h/DBM group.   

 

Histomorphometery Rabbit/Mandible/12 DBMfChen B, 
et al (2007) (51) 

Ectopic bone was seen in all areas 
after 4 weeks and was considerably 
increased after 8 weeks. 

 

Histology Rat/Thigh muscle/8 β-TCPaSamee M. 
et al(2008) (36)  

Use of gelatin hydrogel and PRP in 
combination with the considered 
factor resulted in a complete bone 
regeneration in the area. 

 

Histology and micro-CT Rabbit/Calvarium/8 Gelatin Hydrogel Hokugo A. 
et al(2007) (37) PDGF 

Use of the considered carrier to 
transfer the osteoblastic progenitors 
caused a significant increase in new 
bone volume. 
 

Histomorphometery Rat/Calvarium/ Vinyl  styrene microbeads MarzoukKh. 
et al (2008) (40) 

Formation of even trabecular bone 
in both coronal and central direc-
tions was observed and was initiat-
ed primarily around NBM.  

 

Histomorphometery Dog/Mandible/3 
Natural bone miner-
al(NBM)/Collagen  

membrane 

Schwarz F. 
et al(2009) (52) 

 
rhPDGF

Histologic evaluation revealed a 
complete regeneration of periodon-
tal apparatus including cementum, 
PDL, and bone in furcation in-
volvement are. 

Histology and  
Radiography Human/Jaws/12 

DFDBAg

Or 
ABB-Ch

Nevins M. 
et al (2003) (53)  

Level of regeneration as well as the 
amount of mineralization was sig-
nificantly more in experimental 
than control groups.  

 

Histomorphometery Dog/Mandible/ BCPi/CMjSchwarz F. 
et al (2009) (54) 

VEGF microspheres with PLGA 
membranes caused a significant 
increase in bone reconstruction 
compared with other groups.  
 

Radiography 
 Rat/Calvarium/12 PLGA Yonamine Y. 

et al(2010) (55) VEGF 

There was an observable amount of 
bone formation in experimental 
group but its difference with the 
control group was not statistically 
significant.  

Histology Rabbit/Mandible/4 Collagen type 1 matrix Kleinheinz J. 
et al(2005) (35)  

Bone regeneration in VEGF/BMP-2
group was significantly more than 
other groups in days 21c and 28,
but there was no significant differ-
ence between VEGF and the con-
trol group.  
 

Histology Rat/ Thigh muscle/8 β-TCP Samee M. 
et al(2008) (36)  
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The carrier containing VEGF caused 
a significant increase in bone density 
with respect to control groups.  
 

micro-CT Rat/Calvarium/12 Polymeric scaffolds with a 
bioactive glass coating 

Leach J.K. 
et al (2006) (10)  

Superficial absorption of VEGF was 
not influential in bone formation.Histomorphometry Rat/Calvarium/4 Biphasic calcium phosphateWernike E. 

et al (2010) (56) 
The carrier containing PDGF caused a 
significant increase in bone regenera-
tion. Also, combined use of 
PDGF/VEGF enhanced bone recon-
struction 

Histomorphometry Rabbit/Femur/4 Brushite–chitosan De la Riva B. 
et al(2009) (11) 

PDGF/ 
VEGF 

There was no statistically signifi-
cant difference between experi-
mental and control groups. 
 

Histomorphometry Rat/Femur/3 β-TCP Niedhart C. 
et al(2001) (57) bFGF 

The height of regenerated bone was 
higher in the group with a concen-
tration of 10 micrograms and 95
volume percent of gelatin hydrogel.

Histomorphometry Dog/Mandible/4 Gelatin Hydrogel Akagawa Y. 
et al(2010) (58)  

Simultaneous use of bFGF and the 
considered carrier resulted in stimu-
lation of celluar proliferation and 
increased bone mineralization.  
 

Histomorphometry 

Rabbit/Femur/3 
 Inorganic polyphosphate Yuan Q. 

et al (2008) (59)  

The amount of new bone formation, 
new trabecular bone formation and 
new cementum regeneration was 
significantly higher in samples with 
bFGF compared with controls.  

 

Histomorphometry Dog/Mandible/6 Gelatinous carrier Murakami S. 
et al (2003) (60)  

Amount of bone regeneration in Ti-
HA-GM was significantly higher 
than Ti, Ti-HA, and Ti-HA+FGF-2
groups.  
 

Histomorphometry Rabbit/Calvarium/ 

Gelatin Hydro-
gel(GM)+titanium nonwoven 

fabrics(Ti) 
 

Ichinohe N. 
et al (2008) (61) 

FGF-2 
 

Rate of alveolar bone height in-
crease in experimental group was 
significantly higher than that in 
control group.   
 

Clinical evaluation and  
Radiography Human/Jaws/36 Hydroxypropylcellulose Kitamura M. 

et al (2008) (62)  

There was no significant difference 
between (collagen I + PRP) and (col-
lagen only) groups and between 
(collagenI+PRGF) and (control) 
groups. However, the difference 
between (collagen) group and (con-
trol) was statistically significant. 
 

Collagen type 1 Pig/Mandible/ Collagen type 1 Fuerst G 
et al(2004) (38) PRGF 

Marginal hardness of bone in (bone
graft) group was significantly more 
than those of ( PLA/rhTGF β -3)  and 
(PLA) groups. Also, radiographic 
evaluation revealed a significant 
difference between the bone graft 
group and other two groups.  
 

Radiography and CT Sheep/Tibia/12 PLGA Maissen O. 
et al(2006) (16) TGF-β3

Alveolar bone regeneration and 
cementum formation in furcation 
defects are positively related to the 
concentration  of  TGF-β3 of matrigel 
matrix.  
 

Histomorphometry Monkey/Mandible/ Matrigel matrix Ripamonti U. 
et al (2009) (64) 
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New bone formation in experimental 
defects (containing factor) was signif-
icantly more than control(carrier 
only).   
 

Radiography and 
Histomorphometry Rabbit/Ulna/4 

Gelatin Hydrogel 
 Ehrhart N.P 

et al (2004) (39) 
rhTGF-
β1

Volume of new bone in Alginate-
VEGF165/PDLLA-BMP-2 +
HBMSC group was significantly 
more than that in  Alginate/PDLLA
group and  Alginate-VEGF165/PDLLA-
BMP-2 group.  
 

Histology and micro-CT Rat/Femur/ PLGA/Alginate Kanczler J.M. 
et al(2009) (15) 

BMP-2/
VEGF 

Although VEGF did not stimulate 
bone formation, it was able to en-
hance formation of a supporting vas-
cular plexus. Simultaneous release of 
VEGF and BMP-2 in an ectopic area 
improved bone regeneration and 
provided better results than the use of 
BMP-2 alone.    
 

Histomorphometery and 
micro-CT Rat/Femur/8 PLGA 

Kempen D. 
et al(2008) (19) 

 

Percentage of bone regeneration was 
related to the amount of BMP-2. In 
this certain model simultaneous re-
lease of BMP-2 and VEGF was not 
significantly influential and bone 
regeneration was not more than that 
of BMP-2 only group.   
 

Histomorphometery and 
micro-CT Rat/Calvarium/12 Poly(propylene fumarate)/ 

Gelatin microparticle 
Young S. 

et al (2008) (14)  

Addition of VEGF to BMP-2 did not 
have a significant effect on the regen-
erated bone, but could help in homo-
geneity and integrity of the new bone.

Histomorphometery and 
micro-CT Rat/Calvarium/12 

Poly(propylene fumarate)/ 
Gelatin 

micro particle 

Patel Z. 
et al(2008) (42)  

After 4 weeks, new bone density in a 
group with TCP carrier concentration 
of 400mg/g was more than control. 
 

Histomorphometery Pig/Maxilla/4 β-TCP Gruber R.M. 
et al (2007) (64) 

rhGDF-
5

Although there was no significant 
difference between the experimental 
and control group, samples containing 
GDF tend to indicate more bone 
formation. 
 

Histomorphometery Dog/Mandible/ β-TCP Weng D. 
et al (2008) (65)  

There was no significant difference 
between experimental and control 
groups in the amounts used in this 
experiment.  
 

Histomorphometery Dog/Mandible/ ACS Kim T. 
et al (2009) (66)  

Mineralized tissue content in  rhBMP-
2 +NBM+ collagen membrane group 
was significantly more than that in 
other groups. 
 

Histomorphometery Rat/Calvarium/24 Natural bone miner-
al(NBM) 

Schwarz F. 
et al(2009) (67) 

rhGDF-5
or 

rhBMP-2

Combined use of TGF-2 and BMP-2
did not have a significant effect on 
bone regeneration compared with the 
use of BMP-2 only and the synergis-
tic effect of these two factors is insig-
nificant.  
 

Radiography and 
Histomorphometry Rat/Calvarium/14 Chitosan Gel Matrix Canter H.I 

. et al (2010) (44)
BMP-2/
TGF-β2

Use of CCN2 accompanied with 
gelatin carrierand collagen sponge 
had a significant effect on stimulation 
of bone mineralization. 
 

Histology Rat/Femur/2 Gelatin Hydrogel 
/Collagen sponge 

Kikuchi T. 
et al (2007) (68) 

 
CCN-2 
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a-tricalcium phosphate 

b-interconnected-porous calcium hydroxyapatite ceramics 

c-poly D,L,-lactic acid–polyethyleneglycol block co-polymer 

d-hydroxy apatite 

e-absorbable collagen sponge 

f-demineralized bone matrix 

g-demineralizedfreez dried bone allograft 

h-anorganic bovine bone in collagen 

i-biphasic calcium phosphate  

j-collagen membrane 
 

Although there was a slight predilec-
tion for better bone regeneration 
following 3 and 6 months (positive 
median values) and this predilection 
to regeneration is corroborated after 
12 months (negative median values),
the data were quite inconstant and no 
significant superiority was attributa-
ble to any of the methods 
 

Radiography Human/Jaws/51 

Bioresorbable guided tissue 
regeneration-membrane/ 

β-TCP 
Moder Ch.M. 

et al (2006) (69) 

PDGF/ 
TGF-β1/
IGF-1/ 
VEGF/ 

EGF 

Figure 1: stages of accessibility to the articles 

A number of 2868 articles were searched 
from the following databases: 
PubMed 
Embase 
Cochrane 

After evaluating the titles, 2697 
irrelevant articles with respect 
to the subject of the systematic 
review were excluded.  

مقاله مرتبط با 171پس از بررسي،
. موضوع يافت شد After reading the article abstracts, 76 

articles were excluded based on the 
following criteria: 
 
1.Non-randomized clinical studies 

2.Studies concerning success/failure of 
implant and osseointegration 

 

Sixty-five article corresponded with the 
inclusion criteria of the systematic 
review. 

One non-English (German) language 
article was excluded. 

After evaluation, 171 relevant 
articles were found 

A number of 95 relevant articles 
were included

Thirty articles were excluded 
due to the following reasons: 
 
1. In vitro designs 

2. Reviews, letters and case 
reports 

Sixty four articles entered in the 
systematic review. 
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marrow stem cells [24]. Numerous articles taken 
into consideration in the current investigation 
(n=16) have focused on this factor. In the ma-
jority of these articles this factor had been used 
with ACS (n=5) and polylactic co-glycolic ac-
id(PLGA) (n=2). Growth and differentiation fac-
tor 5 (GDF-5) is a member of morphogenetic 
proteins family and is also known as BMP-14. 
[64] Osteogenic potency of the recombinant 
form of this factor (rhGDF-5) was evaluated in 
four studies two of which used β-tricalcium 
phosphate (β-TCP) as the carrier. Fibroblast 
growth factors (FGFs) are a group of proteins 
that have a crucial role in cellular proliferation, 
angiogenesis, and fibroblast differentiation. To-
tally, six studies have been performed on differ-
ent types of FGFs, each using different carriers.  
Platelet-derived growth factor (PDGF) have 
been used in five different studies, each using 
different carriers. Vascular endothelial growth 
factor (VEGF) is considered an angiogenic fac-
tor and is increased in response to hypoxia, is-
chemia, as well as tissue regeneration and repair. 
Totally, there were ten studies evaluating the 
role of VEGF in bone reconstruction, among 
which five studies evaluated the effect of VEGF 
per se on bone reconstruction. In four other stud-
ies, the combined effect of VEGF and BMP-2 
and in the remaining study the simultaneous ef-
fect of VEGF and PDGF was evaluated. Plasma 
rich growth factor (PRGF) was used only in one 
study accompanied with collagen type I as the 
carrier and caused no significant difference in 
bone reconstruction. TGF- β, one of the im-
portant growth factors in bone formation, was 
evaluated in three studies for its effect on mar-
ginal bone reconstruction. In all of the evaluated 
articles 25 carriers were used accompanied with 
growth factors, among which 11 carriers were 
more extensively studied. Out of these 11 carri-
ers, three had considerable effects on bone re-
construction, which are described as follows:   
1.Polylactic co-glycolic acid (PLGA) [16-21]. 
This material was used as carrier in seven stud-
ies. The highest amount of bone reconstruction 

has been reported to be with the use of rhBMP-
2. Use of this carrier in combination with an ap-
propriate factor has led to about 65% increase in 
new bone formation.  
2.Simultaneous use of hydroxyapatite/tricalcium 
phosphate/absorbable gelatin sponge (HA/TCP / 
ACS) [22] 
Use of this carrier in combination with an appro-
priate growth factor can help increase bone min-
erals density (BMD) to about 80%. In both stud-
ies in which this carrier was used with rh-BMP-2 
or BMP-2, a considerable volume of bony de-
fects were reconstructed by new bone.  
3.BioOSS [23] 
The effect of rhBMP-2 with the use of this carri-
er was studied in only one article, concluding 
that this carrier was able to increase bone vol-
ume to 58.5% in case it is used with an appropri-
ate growth factor.    
4.Absorbable collagen sponge (ACS) 
[24-26, 28,48,66] 
ACS was used in six studies mainly with 
rhBMP-2 (in five studies). In most studies in 
which this carrier was used with rhBMP-2, fa-
vorable results have been achieved in bone re-
generation.  
5.Gelatin/ hydrogel [29,30,37,39,41,46,58,60,68] 
Gelatin hydrogel is nne of the most frequently 
used carrier agents which had been used in nine 
studies alone or in combination with other mate-
rials. In general, use of this carrier with a large 
number of other factors have shown relatively 
promising results. But, in many studies the re-
sults have shown that the volume percent of wa-
ter in gelatin hydrogel can play a crucial role in 
the amount of bone regeneration.  
6.Hydroxyapatite (HA) [22] 
Hydroxyapatite has rarely been used alone in the 
studies. It has been most frequently used with 
other agents such as absorbable collagen sponge 
and tri-calcium phosphate.  
7.Hyaluronic acid [31,32] 
Hyaluronic acid had only been used in only two 
studies as a carrier with BMP-2. The number of 
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studies in this regard is scarce and therefore not 
documentable enough.   
8.Natural bone matrix (NBM) [52,67] 
In two separate studies, this carrier was used 
with rhPDGF and rhGDF-5. In these two studies 
the initiation of bone formation was found to be 
around NBM.  
9.Demineralized bone matrix (DBM) [51] 
DBM was used in only in one study with rh-
BMP-2. Use of this carrier with rh-BMP-2 gave 
rise to better results in bone reconstruction in 
comparison with the control group, but such dif-
ference was not statistically significant.   
10.Collagen [35,38,49,68] 
Collagen was used in four separate studies with 
rh-BMP-2, rhPDGF, PRGF, or VEGF.  
11.Beta tri-calcium phosphate (β-TCP) 
[36,57,64,65,69] 
β-TCP was used in five studies but not with 
promising results in all of them. Qualitative re-
sults of the evaluated articles are represented and 
classified in table 1. 
 
Discussion  
Bone morphogenetic proteins (BMPs) comprise 
a superfamily of inductive agents for growth and 
development that are found in different tissues 
such as cartilage, bone, and even myocardium 
[29,30] Several studies have declared that use of 
this agent with PLGA carrier had a significant 
effect in new bone formation [19,21]. In other 
studies, simultaneous use of this agent with a 
gelatin hydrogel carrier [29,30] and hyaluronic 
acid [31,32] has been proved to increase bone 
minerals density (BMD) and construct new 
bone. In fact, numerous studies have confirmed 
the effect of this factor in bone regeneration us-
ing radiographic or tomographic methods 
[19,33]. Allegrini et al conducted a study on the 
effect of BMP-2 in sinus lifting of rabbits in 
2003 in Brazil. They demonstrated that use of 
this factor with hydroxyapatite increased rate of 
bone formation to 7.12%. Further electron mi-
croscopic evaluations revealed that the highest 
growth rate occurred in days 21 and 24 in exper-

imental and in days 21 and 28 in control group. 
[34] The positive effect of rh-BMP-2 and the 
collagen carrier in new bone formation and in-
creased bone density is well understood [24-26]. 
Kokubo and colleagues evaluated the effect of 
rh-BMP-2 with PLGA on bone regeneration in 
2003. In this investigation bone formation was 
evaluated in defects induced in diaphysis of ul-
nar bones in rabbits. It was demonstrated by ra-
diographic pOCT method that the radiographic 
union rate was 100% for the new bones after 16 
weeks. Biomechanical test disclosed that the 
maximal torque of the experimental group was 
75.6% that of healthy bone showing a significant 
difference with the control group [17]. The most 
pronounced effect of rhBMP was observed on 
bone minerals density, whereas BMP-2 had a 
significant effect on the amount of bone for-
mation. (Bone formation was more than other 
factors based on histomorphometric evaluations 
of similar investigations.) Equivalent evaluations 
revealed that the effect of rhBMP-2 is not at the 
level of BMP-2, but still is acceptable.  Regard-
ing the available literature, rhBMP-2 is not sig-
nificantly effective in promoting longitudinal 
bone formation. The inadequate number of arti-
cle failed to provide a documentable evidence 
for other factors. Therefore the obtained results 
failed to have a comparative value. One of the 
members of BMP superfamily is rhGDF-5 which 
I also known as BMP-14 [64]. Studies declare 
that use of rhGDF-5 alone could not have a sig-
nificant effect on bone regeneration [65-67]. 
However, Gruber et al demonstrated that combi-
nation of this factor with β-TCP could signifi-
cantly increase the amount of bone formation 
[64]. This signifies the importance of agent used 
as carrier. Some carrier agents such as β-TCP 
and BioOSS have some chemical properties in 
common with those of bone. use of these materi-
als can provide an organized bed for bone regen-
eration. On the other hand, such materials are not 
resorbed during remodeling process and there is 
a possibility for them to delay osseous regenera-
tion. Taking this into consideration, use of 
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resorbable carriers such as ACS is justifiable. 
Hence, a large number of included studies used 
this material as a carrier for rhBMP-2 with 
promising results [24-26, 28,48]. Schwarz and 
co-workers in 2009 compared rhGDF-5 and 
rhBMP-2 in reconstruction of bony defects on 
murine cranium. They concluded that the ability 
of rhBMP-2 in bone regeneration was signifi-
cantly more than that of rhGDF-5 [67]. FGFs are 
proteins that have a crucial role in cellular pro-
liferation and fibroblast differentiation. General-
ly, according to the results of the studies, the role 
of FGF in promoting bone regeneration is not 
well understood. A number of studies disclosed 
the effective role of this factor in osteogenesis. 
[58-60,62], whereas other studies revealed con-
tradictory results [57, 61] Nevertheless, one has 
to bear in mind that such difference can be due 
to the use of different carrier materials. Hence, 
more extensive studies are required to obtain 
more accurate results in this regard. Some stud-
ies have focused on the effect of angiogenic fac-
tors such as VEGF [35,36], PDGF [37,38], and 
TGF- β [16,39] on bone regeneration. These fac-
tors are assumed to have a role in new bone for-
mation due to their potential in angiogenesis.   
Although adequate blood supply is a prerequisite 
for anabolic activity of bone cells, thses factors 
are not significantly effective in the process of 
osseous regeneration. PDGF is one of the growth 
factors used in bone regeneration. Its mode of 
action is still a matter of debate for the authors. 
[40] Carrier agents used with PDGF are not uni-
form in any of the articles [40,52-54]. Indicating 
inadequate information about application of this 
growth factor. PDGF-BB is one of the members 
of this family with the highest mitogenic and 
chemotactic activity [37,40]. It is presumed that 
members of this family cause an increase in for-
mation of osteopontin and a decrease in produc-
tion of osteocalcin [40]. Although, positive ef-
fects of these factors including rhPDGF in re-
construction of periodontal and alveolar bone 
defects is proposed by some [40,52-54], it is 
suggested that cellular and molecular investiga 

tions be conducted to confirm its mode of action.  
Platelet-rich plasma (PRP) is also one of the 
agents used to regenerate bone. In order to pro-
duce plasma-rich growth factor, cells in plasma 
are activated by thrombin and then centrifuged. 
Then PRGF is derived from the supernatant. 
This factor causes an increase in proliferation of 
bone cells and fibroblasts [38]. Nonetheless, ad-
equate findings to conclude about the added ef-
fects of this agent in new bone formation com-
pared with factors is still lacking emphasizing on 
the need for further investigations. TGF-β is an 
important growth factor in bone formation. The 
considerable potential for the members of this 
family to induce new bone formation has led to 
the widespread use of these factors in osseous 
reconstruction. Bone morphogenetic proteins are 
important members of this superfamily which 
were previously discussed. TGF-β1 and rhTGF-
β3 are other members presumed to have the abil-
ity to stimulate osteoblast proliferation and ex-
tracellular matrix formation [16,64]. Use of 
TGF-β1 with gelatin hydrogel has led to promis-
ing results [39]. However, in order to obtain 
more favorable results, there is a continuous em-
phasize on its use with one of BMP family 
members [70]. Vascular endothelial growth fac-
tor (VEGF) is another angiogenic factor that is 
increased in response to hypoxia, ischemia, re-
pair, and tissue regeneration. Studies demon-
strate that VEGGF increases the repair rate of 
tissues, but its use alone does not have a signifi-
cant role in enhancing bone formation and min-
eralization [29,56]. Probably, the most contro-
versial results are related to the simultaneous use 
of VEGF and BMP-2. Samee and coworkers 
evaluated the role of this factor with β-TCP car-
rier in ectopic bone formation in muscles of the 
murine foot. The results indicated that the 
amount of bone formation was significantly 
higher in VEGF/BMP-2 group in days 21 and 28 
compared with other groups. On the other hand, 
no significant difference was found between 
VEGF group and controls [29]. In 2009, Patel et 
al evaluated the combined effect of VEGF/BMP-
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2 in reconstruction of cranial defects in mice. 
They concluded that addition of VEGF to BMP-
2 did not significantly affect the amount of re-
generated bone, but could help in homogeneity 
and integrity of the bone [42]. These two studies 
and other investigations [14,15,19], are indica-
tive of ambiguity in application of VEGF. In 
fact, this can be attributable to the carrier with 
which VEGF is used. All studies using PLGA as 
a carrier demonstrated significant results from 
simultaneous application of VEGF and BMP-2 
[15,19], but in other studies the results failed to 
show a statistical significance. This can declare 
the importance of carrier in the growth factor’s 
mode of action [14,42]   
 
Conclusion 
The available evidence, although feeble, could 
demonstrate the stronger effect of BMP-2 and 
rhBMP-2 n the process of bone formation and 
regeneration. It should be borne in mind that 
suspicions exist concerning application of other 
growth factors including angiogenic factors. In 
all cases, appropriate carriers are required for 
releasing and transferring growth factors due to 
their short half-lives. Amongst all carrier agents, 
gelatin hydrogel has been of widespread ac-
ceptance indicating relatively promising results 
when used with some growth factors. On the 
other hand, it appears that simultaneous use of 
the three carriers ACS, HA, and TCP can be in-
fluential in better transfer of the growth factor 
and improved bone regeneration.  In general, 
regarding the numerous and widespread studies 
performed and the differences between them, as 
well as the use of variable carriers and few 
available evaluations on most of the factors, it is 
impossible to issue a conclusion with certainty 
or introduce a certain carrier or factor as the best 
in this regard. 
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