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Objective: The purpose of this study was to review the scientific evidence regarding the efficacy 

of Osteogain.

Materials and Methods: A literature search for relevant english articles was performed till 

September, 2017 through PubMed and Google Scholar databases.

Results: After screening the titles and abstracts, eight studies were found to be relevant and 

included in the study while considering the specific criteria. Studies consist of six In Vitro and two 

Animal studies. Significantly higher amount of total adsorbed amelogenin for Osteogain has been 

reported by enzyme-linked immunosorbent assay (ELISA). Histologic evaluation showed higher 

amounts of connective tissue attachment and bone formation for Osteogain. Micro-CT analysis 

demonstrated that Osteogain induced significant new bone formation. Real-time polymerase chain 

reaction (PCR) revealed that Osteogain significantly upregulated the expression of the genes in-

volved in osteogenesis and increased alizarin red staining.

Conclusions: Most studies indicated promising results about the use of Osteogain in peri-

odontal regeneration. Further investigations are needed to discover the characteristics of this novel 

liquid enamel matrix derivative (EMD) formulation (Osteogain).  
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Using Enamel matrix derivative (EMD), improves 
periodontal regeneration through new root ce-
mentum, periodontal ligament and alveolar bone 

formation [1]. The rationality for the clinical application 
is that enamel matrix proteins sediment on the root sur-
face of developing teeth before cementum formation. 
Thus, likely have an important role in cementogenesis [2]. 
Currently, enamel matrix derivative in poly glycolic acid 
(PGA) base is produced under the name EMD but there 
are many concerns about the gel delivery system of the 

EMD. Lack of flap support and blood clot stabilization 
limits space maintenance and regeneration outcomes [3, 
4]. In order to overcome these problems, various combi-
nations of the biomaterials and EMD have been used till 
now. Some clinical studies show that these combinations 
provide additional benefits, while others failed to show 
any additional regeneration [5-7]. 

Recently, a liquid carrier system for enamel matrix de-
rivative (EMD dissolved in acetic acid solution) has been
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introduced called Osteogain [10,11]. Osteogain has a 
much more complete and stable surface coating and 
penetrates porous biomaterials [12,13]. So the aim of 
this review article was to provide scientific evidences 
regarding the characteristics of this liquid EMD for-
mulation (Osteogain).

Materials and Methods

An independent electronic search of the English 
language literature about EMD in liquid formulations 
(Osteogain) was performed by two reviewers using the 
PubMed search engine and the Google Scholar data-
base. The specific terms that were used for the elec-
tronic search were ‘’Osteogain’’ and [“Enamel matrix 
derivative “or “EMD” or “Emdogain”]. The process was 
repeated until no further new articles could be identi-
fied. The last electronic search was performed on Sep-
tember, 2017. The titles and abstracts of literatures were 
reviewed and analyzed for the eligibility criteria (inclu-
sion/exclusion) by reviewers. Disagreement about the 
included articles was resolved by discussion. 

Results

The electronic search provided 7595 articles in to-
tal of which, 5964 records were identified in PubMed 
and 1649 records identified in Google Scholar database 
searching. Of the total number of articles, 424 articles 
were found relevant to the study; of these, 18 articles 
were included for full-text evaluation. After screening 
the titles and abstracts, eight studies were found rele-
vant to be included in the study while considering the 
specific criteria. Studies consist of six In Vitro and two 
Animal studies, were included (Figure 1). Search re-
sults are summarized in Table1.

Figure 1.

-Clinical observations 

Out of 8 included studies, only one animal study 
[14] presented data about clinical evaluation of Os-
teogain application in cl III furcation defects. In this 

study, healing period was completed without any seri-
ous complication such as material exposure, infection 
and suppuration. 

-Histologic/ histometric observations

Six out of 8 selected studies reported histologic/
histometric evaluation of Osteogain. In one animal 
study by Yufeng Zhang et al, [15] the new bone for-
mation  in test defect was quantitatively assessed from 
sections of H&E staining and Safranin O staining. The 
newly formed bone was observed in bone mineral 
(NBM) + Osteogain group and  then in NBM alone, 
compared to the drilled control group at all time in-
tervals (p<0.05). Although no significant difference 
between NBM + Osteogain and NBM alone was ob-
served at 2 weeks, statistical analysis showed that new 
bone formation was significantly higher in the NBM + 
Osteogain group at 4 and 8 weeks compared to NBM 
alone (p<0.05). This result is in agreement with an in 
vitro study by Richard J. Miron et al [16]. 

Two In Vitro studies found a significant benefit of 
adding Osteogain to absorbable collagen sponge (ACS) 
[17] and procine derived collagen membrane [18] 
based on alizarin red staining. In a study by Richard J 
Miron et al, [19]  alizarin red staining was significant-
ly higher in both osteoblasts and periodontal ligament 
(PDL) cells treated with either Emdogain (EMD) or 
Osteogain in comparison to control samples without 
any significant differences between EMD and Os-
teogain.

Yoshinori Shirakata et al [14] demonstrated that 
migration of junctional epithelium was more restrained 
in the Osteogain + ACS group than in the open flap de-
bridement (OFD), ACS and EMD + ACS groups. Mod-
erately thick new cellular and thin acellular cementum, 
with dense collagen fibers obliquely or perpendicular 
oriented to the root surface was observed. Highly vas-
cularized new periodontal ligament-like tissue main-
tained its width up to the coronal portion.

-Radiographic observations 

Only in one animal study, [15] micro-CT recon-
struction was used to visualize the ability of NBM 
alone or NBM + Osteogain to influence new bone for-
mation. In the unfilled control groups, little to no bone 
formation was observed at each time period. Defects 
filled with NBM material initially demonstrate a large 
filled area of mineralized tissue since NBM grafting 
particles are mineralized. Increase in bone formation 
was observed at 4 and 8 weeks post-implantation. A 
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similar trend is observed for defects filled with NBM + 
Osteogain when compared to NBM alone. 

-Ability of different carrier to adsorb and release 
amelogenin over time

Among 8 included studies, in three of them, en-
zyme-linked immunosorbent assay (ELISA) was uti-
lized to investigate the amount of adsorbed amelogenin 
when carriers were coated with Osteogain. A simple 
PBS rinse significantly removed over 20% more (from 
>90% to 70%) of the total amelogenin content from 
EMD in comparison to Osteogain where the total pro-
tein content remained greater than 90% of the initial 
concentrations. At each time period, a 20-60% signifi-
cantly higher amount of total adsorbed amelogenin 
was found for ACS loaded with Osteogain compared 
to EMD. After a 10-day period, nearly 60% of the ini-
tial amelogenin protein content found in Osteogain re-
mained present within the ACS whereas in the EMD 
samples, no remaining amelogenin could be quanti-
fied as values approached 0% [14]. This finding is in 
agreement with a study by Richard J. Miron et al [17]. 
In one In Vitro study, [20] a significant difference was 
observed between EMD-liquid and EMD-gel when the 
bone grafts were compared for their release of amelo-
genin profile over time.

The results revealed that a single rinse with phos-
phate-buffered saline (PBS) was able to decrease sur-
face coating of amelogenin proteins coated by bone 
grafting materials with EMD-gel by over 50% in NBM, 
demineralized freeze-dried bone allograft (DFDBA) 
and calcium phosphate (CaP) study whereas had little 
effect on grafts coated with EMD-liquid.

Scanning Electron Microscopy (SEM) results re-
vealed that the surface topography did not vary much 
from control uncoated particle surfaces following coat-
ing with EMD-liquid. When grafts were coated with 
EMD-gel however, a large surface coating formed over 
the surface of bone grafts by demonstrating regions of 
thicker coating, likely as a result of the PGA carrier in 
EMD-gel [20]. A higher number of gold-labelling was 
observed on NBM and DFDBA scaffolds coated with 
EMD-liquid when compared to EMD-gel in Transmis-
sion Electron Microscopy (TEM). 

About CaP scaffolds, only a small, non-significant 
increase was observed. On NBM + EMD-liquid and 
DFDBA + EMD-liquid, most adsorption of proteins 
was done either within the scaffold or directly on the 
scaffold surface. When these scaffolds were coated with 

EMD-gel, this distance increased. This same trend was 
also observed on CaP scaffolds, although to a lesser 
extent [20].

-Influence of Osteogain on cell adhesion, attachment, 
migration and proliferation

Two studies demonstrated that the additional use 
of Osteogain significantly increased cell adhesion while 
ACS [17] or NBM [16] alone did not induce ST2 cell 
attachment to tissue culture plastic (TCP). While no 
significant differences were observed between TCP and 
ACS, the additional coating with Osteogain significant-
ly decreased undifferentiated mouse cell line ST2 stro-
mal bone marrow cell’s numbers at 1, 3, and 5 days (p < 
0.05). But in a study by NBM particles in combination 
with Osteogain significantly increased cell prolifera-
tion at 3 and 5 days after seeding (P<0.05) [17]. In one 
study, [19] no difference in primary human osteoblasts 
and PDL cell number was observed between EMD in 
the gel and liquid formulation and control samples at 
day 1, post seeding, although at 3 and 5 days post seed-
ing, a significant increase in cell number was observed 
for both EMD formulations compared to control sam-
ples without any significant difference between samples 
treated each EMD formulations.

Barrier membranes with EMD in a liquid carri-
er system markedly upregulated cell attachment at 8 
hours compared with barrier membranes alone. By 
24 hours, cell numbers/attachment were equivalent 
between control and EMD coated membranes. EMD 
had no significant influence on cell numbers at 3 and 5 
days post seeding. It was found that neither the barrier 
membrane alone nor its combination with EMD in a 
liquid carrier system had the ability to recruit progen-
itor cells [18]. NBM alone demonstrated no potential 
to induce undifferentiated mouse cell line ST2 stromal 
bone marrow cell’s migration. The additional use of 
Osteogain in combination with NBM did not improve 
cell migration [16].

-Influence of Osteogain on cell differentiation and 
gene expression 

As expected, several genes involved in osteogenesis 
were upregulated when primary human PDL cells were 
cultured in the presence of Osteogain [21]. Neither 
ACS nor Osteogain had any influence on genes encod-
ing osteoblast differentiation markers at 3 days post 
seeding of the undifferentiated mouse cell line ST2 
stromal bone marrow cells. However, at 14 days post 
seeding, ACS significantly increased Runx2 messenger 
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RNA (mRNA) levels up to 2- fold, and Osteogain fur-
ther significantly upregulated all osteoblast differenti-
ation markers such as runt-related transcription factor 
2 (Runx2), collagen1alpha 2 (Col1 α 2), alkaline phos-
phatase (ALP), and bone sialoprotein (BSP) compared 
to TCP [17]. Osteogain + NBM significantly increased 
Runx2 expression at 14 days, and COL1a2 expression 
at 3 and 14 days after seeding as opposed to NBM 
alone. Furthermore, Osteogain + NBM further stimu-
lated ALP expression at 3 days and osteocalcin (OCN) 
expression at 3 and 14 days after seeding [16]. Cells 
treated with either formulation had a slight non-sig-
nificant increase in transforming growth factor-beta 
1 (TGF-b1) mRNA expression in primary osteoblasts. 
On the other hand, TGF-b1 expression was signifi-
cantly upregulated at all time periods of 8, 24 and 72 
hours for PDL cells. It was then found that the gene 
expression of bone morphogenetic protein 7 (BMP7) 
was upregulated for all time periods when either os-
teoblasts or PDL cells were cultured with either for-
mulation. Furthermore, both EMD formulations sig-
nificantly reduced the expression of interleukin 1-beta 
(IL-1b) in osteoblasts and PDL cells at all time points 
when compared to controls. No significant differences 
were observed between EMD formulations at all times 
suggesting similar potencies on gene expression of cy-
tokines and growth factors for both cell types [19].

It was found that both formulations had no effect 
on osteoblast gene expression of Runx2 however a sig-
nificant upregulation was observed at time points 7 
and 14 days for PDL cells cultured with either EMD 
formulations when compared to control samples. It 
was observed that both EMD formulations were able 
to significantly upregulate Col1 α 2 gene expression 
at 7 and 14 days in osteoblasts and 3, 7 and 14 days in 
PDL cells. Similarly, the gene expression of ALP was 
significantly upregulated at all time periods for both 
osteoblasts and PDL cells cultured in the presence of 
either EMD formulation. 

A similar result was observed for osteocalcin 
mRNA expression with both EMD formulations for 
cells at all time points. No significant differences were 
observed between EMD formulations at all time points 
for each of the experiments [19]. The additional use 
of enamel matrix derivative in a liquid carrier system 
to barrier membranes significantly increased COL1A2 
mRNA levels at 3 days post seeding, mRNA levels of 
ALP at 3 days and BSP expression at 14 days post seed-
ing. No significant difference in Runx2 expression was 
observed at either time point [18].

Discussion 

To our knowledge, no study reviewed data about 
Osteogain, thus this is the first one in this subject to 
date. Significantly higher amount of total adsorbed 
amelogenin for Osteogain has been reported by ELI-
SA. Histologic evaluation showed higher amounts 
of connective tissue attachment and bone formation 
for Osteogain. Micro-CT analysis demonstrated that 
Osteogain induced significantly more new bone for-
mation. Real-time PCR revealed that Osteogain sig-
nificantly upregulated the expression of the genes a 
number of genes involved in osteogenesis and in-
creased alizarin red staining. 

Osteogain alone could never be used, because, liq-
uid formulation prevents the material flap support and 
blood clot stabilization which were necessary for peri-
odontal regeneration. Truthfully, Osteogain is designed 
for combination of EMD with different bone substitute 
materials. A bone graft placed in the bony defect might 
interfere with bone formation since the graft would 
need to be resorbed before the bone occupies the de-
fect [22,23]. If the aim of any clinical intervention was 
to decrease detrimental effect of remaining particles 
because these remaining particles prevent periodontal 
regeneration, we must use EMD alone and Osteogain 
is not a good choice.

One animal study used Micro-CT reconstruction 
to evaluate the new bone formation. However micro 
CT was not able to accurately quantify new bone for-
mation because of mineralized tissue contained in 
NBM. So another approach like histology was needed 
to quantify new bone formation. Two studies undiffer-
entiated mouse cell line ST2 stromal bone marrow cell 
was cultured and assessed. The reason for selecting this 
cell was that every cell that is less differentiated, is more 
sensitive to differentiation to osteoblast with EMD us-
ing [22-25].

Although most studies indicated promising results 
about the use of Osteogain in periodontal regenera-
tion, further clinical and preclinical studies are needed 
to fully elucidate the advantages of this novel liquid 
EMD formulation (Osteogain). Investigation in this re-
spect is ongoing. 
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Author Study 
Design

Study Subjects Intervention Variables Outcomes

Yoshinori 
Shirakata 
et al (14)

Animal 
study

Chronic class III 
furcation defects

a:OFD + ACS b:OF-
D+Emdogain/ACS

c:OFD+Osteogain/ACS
d:OFD alone

1-ELISA

2-Histometric 
analysis

-Significantly higher amount of total adsorbed amelogenin for c 
- Both b and c resulted in higher amounts of connective tissue 

attachment and bone formation 
-c showed higher new attachment formation, cementum and 

new bone area.

Yufeng 
Zhang et al 

(15)

Animal 
study

Rat femur defect 
model

a:Un filled
b:NBM alone

c:NBM + Osteogain

1- Micro-CT 
analysis

2- Histometric 
analysis

-Significantly more new bone formation
in c 

-More
mature mineralized bone with the presence of osteocytes

in c 

Richard J. 
Miron et al 

(16)

In Vitro Undifferentiated 
mouse cell line 

ST2 stromal bone 
marrow

cells

a:NBM alone
b:NBM + Osteogain

1- Cell migra-
tion,

adhesion ,prolif-
eration

2-Real-time PCR
3-

Alizarin red 
staining

-b significantly upregulated cell adhesion 

-b significantly upregulated genes encoding Runx2, ALP, CO-
L1a2 and OCN

-b increased alizarin red staining vs a

Richard J. 
Miron et al 

(17)

In Vitro Undifferentiated 
mouse cell line 

ST2 stromal bone 
marrow

cells

a:TCP
b:ACS alone

c:ACS + Osteogain

1- ELISA
2- Cellular 

attachment and 
proliferation
3- Real-time 

PCR
4- Alizarin red 

staining

-ACS efficiently loaded nearly 100% of the
amelogenin proteins found in Osteogain® 

-c significantly
induced a increase in cell attachment

-c resulted
in increase

 Runx2, COL1a2, ALP, and BSP
-c induced alizarin red staining 

Richard J 
Miron et al 

(18)

In Vitro Undifferentiated 
mouse cell line 

ST2 stromal bone 
marrow

cells

a: Procine derived colla-
gen membrane alone

b:Procine derived 
collagen membrane + 

Osteogain

1- Cell recruit-
ment, adhesion 

and proliferation
2- Real time 

PCR
3- Alizarin red 

staining

- A significant increase in cell adhesion in b and no significant 
differences for cell and proliferation

-b significantly increase ALP, COL1a2 and BSP

-b induced alizarin red staining vs a

Richard J 
Miron et al 

(19)

In Vitro Undifferentiated 
mouse cell line 

ST2 stromal bone 
marrow

cells
Primary human 

osteoblasts and PDL 
cells

a:TCP
b:EMD

c:Osteogain

1- Cell
proliferation and 
differentiation

2- Real-time 
PCR

3- Alizarin red 
staining

-b and c increased cell proliferation of both osteoblasts and PDL 
cells

-b and c significantly upregulated the expression of genes en-
coding BMP2 and TGF-β1 as well as decreased the expression 

of IL-1β
–c increased COL1a2 and OCN gene expression

–c significantly higher alizarin red staining

Richard J. 
Miron et al 

(20)

In Vitro - NBM, DFDBA or CaP
+

EMD or Osteogain

1- ELISA

2- SEM or TEM

-EMD adsorbed less protein to the surface of grafting particles,
which easily dissociated following PBS rinsing.

- TEM revealed that
adsorption of amelogenin proteins of EMD were significantly 

further from the grafting material surface
-the combination of Osteogain + NBM or DFDBA adsorbed 

higher amounts of
amelogenin than all other treatment modalities.

-amelogenin proteins delivered by Osteogain
were able to penetrate the porous surface structure of NBM and 

DFDBA

Richard J. 
Miron et al 

(21)

In Vitro Primary human 
PDL cells

a:NBM alone
b:NBM + Osteogain

1- Real-time 
PCR

-b significantly upregulated the expression of
the genes including BMP2, TGF β 1, FGF, EGF and PDGF as 

well as some of their associated
receptors

-b promoted gene expression COL1a2 and ALP
as well as

FNT and a variety of integrin binding
proteins and  calcitonin receptor
and annexin A5 gene expression

Table1. Main characteristics of selected studies.
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Abbreviation: OFD: open flap debridement; ACS: 
absorbable collagen sponge; ELISA: enzyme-linked 
immunosorbent assay; NBM: natural bone mineral; 
PCR :polymerase chain reaction;  Runx2: runt-relat-
ed transcription factor 2; ALP: alkaline phosphatase; 
Col1 α 2: collagen1 alpha 2; OCN: osteocalcin; TCP: 
tissue culture plastic; BSP: bone sialoprotein; PDL peri-
odontal ligament; BMP2: bone morphogenetic protein 
2; transforming growth factor-beta1 (TGF-b1); inter-
leukin 1-beta (IL-1b); DFDBA: demineralized freeze-
dried bone allograft; CaP calcium phosphate; SEM 
:scanning electron microscopy; TEM: transmission 
electron microscopy; PBS: phosphate-buffered saline; 
FGF: fibroblast growth factor; EGF: epidermal growth 
factor; PDFG: platelet-derived growth factor; FNT: fi-
bronectin.

Conclusion

Most studies indicated promising results about the 
use of Osteogain in periodontal regeneration. Further 
studies are needed to discover the characteristics of this 
novel EMD formulation (Osteogain).
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