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ABSTRACT

To evaluate the efficacy of enamel matrix derivative (EMD) with bioactive glass (BG) in the management of
periodontal osseous defects. The addressed focused question was “Does the use of EMD with BG, improve its
efficacy in the management of periodontal defects in comparison to EMD alone?” Databases were searched up to
December 2019 using different combinations of MESH words. Six randomized clinical trials were included. One
study showed significantly better periodontal outcomes for BG as an adjunct to EMD as compared to EMD alone.
However, in two studies, improvement in the periodontal parameters for BG application as an adjunct to EMD and
EMD alone were comparable. One clinical trial indicated significant improvement in clinical periodontal measures
with the use of adjunctive EMD to BG compared with BG alone. However, one study showed equal outcomes
between adjunctive EMD and BG alone. One study showed significant clinical improvement for BG compared with
EMD. In conclusion, it remains unclear whether the efficacy of EMD in the management of periodontal osseous
defects is improved when it is used in combination with BG as compared to when EMD is used alone given that
the number of selected studies was relatively low and reported parameters were inconsistent.

KEY WORDS: ENAMEL MATRIX DERIVATIVE; BIOACTIVE GLASS; PERIODONTAL OSSEOUS DEFECTS; SYSTEMATIC REVIEW.

Periodontitis is an inflammatory condition of periodontal
tissues caused by complex oral biofilms and is
characterized by irreversible periodontal tissue damage,
which if not treated, may lead to tooth loss (Tonetti et al.,
2018; Hajishengallis, 2015). This disease affects almost
50-90% of the global population and is considered one
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of the most common oral diseases and is the sixth most
prevalent disease in the world (Preshaw et al., 2012).
The putative microorganisms that includes Porphyromonas
gingivalis, Prevotella intermedia, Tannerella forsythia,
and Treponema denticola are responsible in the
development of chronic periodontitis and activate
innate, inflammatory, and adaptive immune responses
(Van der Velden, 2017). As a result, this disease creates
a local proinflammatory state and secretes a plethora of
cytokine production which is manifested by dysregulated
immune responses and results in periodontal tissue
destruction (Akram et al., 2016).

Treatment of periodontitis aims to repair, regenerate and
maintain the periodontal tissues. Multiple management
strategies for periodontal disease have been utilized,
including scaling and root planning (SRP) (Smiley et al.,



2015), administration of local and systemic antibiotics
(Keestra et al., 2015), photodynamic therapy (Akram et al.,
2017), probiotic therapy (Ikram et al., 2018), metformin
therapy (Akram et al., 2018), surgical intervention
(Akram et al., 2019) and guided tissue regeneration
(GTR) (Akizuki et al., 2005). Guided tissue regeneration
(GTR), which is placement of barrier membranes and
bone fillers or grafts in the periodontium (Bottino et
al., 2012), aims to achieve the regeneration of lost
periodontal tissues. Bioactive glass (BG), in particular, has
been used as a contemporary alloplastic bone substitute
to restore periodontal defects. It binds to natural bone
and stimulates the regeneration of periodontal tissues
in the implantation site (Hench, 2006). It induces the
formation of a hydroxy carbonate apatite (HCA) layer,
causing migration of osteoblasts to defect area, protein
adsorption, incorporation of collagen fibrils, and
attachment of stem cells and, therefore, regeneration of
bone (Mondal et al., 2018).

Use of BG filler to restore periodontal defects requires
much simpler surgical techniques as compared to using
GTR membranes (Mengel et al., 2006; Yukna et al.,
2001) and have demonstrated better bone regeneration
when compared to surgical interventions alone (Zhang
et al.,, 2016). In addition, when used with autogenous
bone grafts, BG fillers have shown results comparable
to autogenous grafts combined with hydroxyapatite
(Galindo-Moreno et al., 2008). Lately, enamel matrix
derivative (EMD) has been used as an adjunct to surgical
periodontics for the regeneration of lost periodontal
bone (Miron et al., 2016). EMD comprises amelogenin
and other proteins extracted from porcine fetal teeth and
has shown to stimulate the regeneration of periodontal
ligament (PDL) cells (Amin et al., 2016). In addition,
it facilitates the proliferation and attachment of PDL
cells such as fibroblasts, by stimulating the production
and release of cyclic adenosine monophosphate levels,
transforming growth factor-PB, and interleukin-6
(Kawase et al., 2000; Lyngstadaas et al., 2001; Schwartz
et al., 2000; der Pauw et al., 2000).

It is hypothesized that the use of EMD in combination
with conventional freeze-dried allografts could produce a
synergistic effect in periodontal regeneration procedures.
In a study by Sculean et al. (2005a), patients with
intrabony defects treated with EMD as an adjunct to BG
demonstrated substantial improvement in periodontal
measures compared with BG alone. However, Sculean et
al., (2002) in a clinical trial comparing the effect of EMD
combined with BG and EMD alone in the management of
periodontal osseous defects, concluded that all patients
showed comparable clinical outcomes at follow up
regardless of the materials used. Hence, there appears
to be a debate and contradictory results in terms of the
purpose of EMD with and without BG in the treatment
of periodontal defects and therefore, a systemic review
is deemed necessary. This review aims to systematically
evaluate the efficacy of EMD in combination with BG in
the management of periodontal osseous defects.

Systematic review question and protocol: This systematic
review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Moher, Liberati, Tetzlaff, & Altman, 2009).
The focused systematic review question was “Does the
use of EMD, when used with BG, improve its efficacy in
the management of periodontal defects in comparison
to EMD or BG used alone?”

Eligibility criteria: To conduct the systematic review,
following criteria were considered: (a) Randomized
controlled clinical trials (RCTs) in humans (b) Trials
evaluating efficacy of EMD and BG in the treatment
of intrabony defect. (c) Studies reporting pocket
depth (PD), clinical attachment loss (CAL) as primary
outcomes and gingival recession (REC), plaque index
(PI), gingival index (GI) or bleeding on probing (BOP)
as secondary outcomes and (d) English language articles
only. The studies were excluded if they had in vitro or
experimental design, letters to the editor, review papers
and unpublished articles.

Search: The author searched the PUBMED, EMBASE, and
CENTRAL databases up to December 2019 for appropriate
articles addressing the focused question. A structured
approach to literature searching was used to identify
the relevant papers that directly compare the efficacy of
EMD with or without BG in subjects with the presence of
at least one intra-bony defect. Following that, reference
lists of original studies were hand-searched to identify
any articles that could have been missed during the
initial search. Hand searching of the following journals
was performed: Journal of Clinical Periodontology,
Journal of Periodontology, and Journal of Periodontal
Research. Different combinations of MeSH (Medical
Subject Headings) terms were considered: enamel
matrix derivative; enamel matrix protein; bioactive
glass; bioglass; ceramics; intrabony defect; intraosseous
defect.

Screening methods and data abstraction: Titles and
abstracts of articles that satisfied the selection protocol
were screened and checked for agreement. Thereafter,
the full-text screening was done. The information from
the accepted studies was tabulated according to the (1)
study design, (2) demographic characteristics of study
participants, (3) study groups, (4) intrabony defect, (5)
assessed periodontal parameters, (6) subjects follow up,
and (7) main outcome. The kappa value for the intra-
assessor agreement was 0.92.

Quality of the studies: The methodological quality of
the included studies according to a grading system was
developed using the Jadad scale (Jadad et al., 1996).

Study selection: A total of 542 studies were initially
identified. Twenty-six studies which did not fulfill the
eligibility criteria after full-text screening were excluded
(Appendix A). In total, 6 studies (Kuru et al., 2006;
Leknes et al., 2009; Sculean et al., 2002; Sculean et al.,
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2007; Sculean et al., 2005a; Sculean et al., 2005b) were
included and processed for data extraction. All studies
(Kuru et al., 2006; Leknes et al., 2009; Sculean et al.,
2002; Sculean et al., 2007; Sculean et al., 2005a; Sculean
et al.,, 2005b) were performed at either universities or
health care centers. Figure 1 shows the PRISMA study
identification flow chart.

General characteristics of the selected articles: All 6
studies (Kuru et al., 2006; Leknes et al., 2009; Sculean
et al., 2002; Sculean et al., 2007; Sculean et al., 2005a;
Sculean et al., 2005b) included in the present systematic
review were RCTs. The total number of patients in these
clinical trials ranged between 6 and 30 individuals (Kuru
et al., 2006; Leknes et al., 2009; Sculean et al., 2002;
Sculean et al., 2007; Sculean et al., 2005a; Sculean et al.,
2005b). Only two studies (Leknes et al., 2009; Sculean et
al., 2007) reported the mean age of study participants,
which was 46.1 and 52.5 (age range 38 to 74). Five
clinical studies (Leknes et al., 2009; Sculean et al., 2002;
Sculean et al., 2007; Sculean et al., 2005a; Sculean et
al., 2005b) reported the number of female participants,
which ranged from 6 to 16 individuals. Five studies
(Sculean et al., 2002; Sculean et al., 2007; Sculean, et
al., 2005a; Sculean et al., 2005b) used EMD and BG in
the test group while one study (Leknes et al., 2009) used
BG alone in the test group. In the control group, four
studies (Kuru et al., 2006; Leknes et al., 2009; Sculean
et al., 2007; Sculean et al., 2005b) used EMD while two
studies (Sculean et al., 2002; Sculean, et al., 2005a) used
BG (Table 1). In all the studies (Kuru et al., 2006; Leknes
et al., 2009; Sculean et al., 2002; Sculean et al., 2007;

Sculean, et al., 2005a; Sculean, et al., 2005b) the follow-
up period ranged from 24 - 192 weeks. In one study
(Sculean et al., 2007), 16.66% of patients dropped out of
the trial. Smokers were in included in studies by Sculean
et al and Leknes et al respectively (Leknes et al., 2009;
Sculean et al., 2002). All the enrolled participants had
a complication-free healing period with no side-effects
related to BG and EMD.

Clinical periodontal parameters of included studies: All
clinical studies (Kuru et al., 2006; Leknes et al., 2009;
Sculean et al., 2002; Sculean et al., 2007; Sculean, et
al., 2005a; Sculean et al., 2005a; Sculean et al., 2005b)
described clinical periodontal measures (Table 2). In four
studies (Kuru et al., 2006; Sculean et al., 2002; Sculean
et al., 2007; Sculean, et al., 2005a), the mean PI ranged
from 0.18 to 0.9 at follow up. In four studies (Kuru et
al., 2006; Sculean et al.,, 2002; Sculean et al., 2007;
Sculean, et al., 2005a) gingival index was reported,
which was 0.17 to 0.9 at follow-up. Three studies
(Sculean et al., 2002; Sculean et al., 2007; Sculean, et
al.,2005a) reported BOP in percentage which ranged from
229% to 43%. In 5 studies, the mean PD ranged from 1.0
mm to 5.73 mm at follow-up.

All six studies (Kuru et al., 2006; Leknes et al., 2009;
Sculean et al., 2002; Sculean et al., 2007; Sculean, et
al.,, 2005a; Sculean et al., 2005b) reported CAL and
five studies (Kuru et al., 2006; Leknes et al., 2009;
Sculean et al., 2002; Sculean et al., 2007; Sculean et
al., 2005a) reported REC which ranged from 6.3 mm to
13.7 mm and 2.4 mm to 6.5 mm respectively at follow-

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analyses

(PRISMA) flow diagram
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up. Relative bone loss was reported by only one study
(Kuru et al., 2006).

The main outcome of the studies: All studies (Kuru et al.,
2006; Leknes et al., 2009; Sculean et al., 2002; Sculean
et al., 2007; Sculean, et al., 2005b; Sculean, et al., 2005b)
that reported periodontal indices demonstrated that EMD
was successful in intrabony periodontal osseous defects
at follow-up. Among these clinical studies (Kuru et al.,
2006; Leknes et al., 2009; Sculean et al., 2002; Sculean
et al., 2007; Sculean, et al., 2005a; Sculean, et al., 2005b),
one study (Kuru et al., 2006) showed significantly better
periodontal outcomes for BG as an adjunct to EMD

Table 1. General characteristics of the selected studies

Investigator, Study Sample size Mean
year design (Female %) | age range
(in years)
Sculean et al.
2002 RCT 28 NA
(53.5)
Kuru et al.
2006 RCT 23 NA
(NA)
Sculean et al.
2005a RCT 30 NA
(53.3)
Sculean et al.
2005b RCT* 6 (100) NA
Leknes et al. 2009 | RCT* 13 52.5
(61.5) (41 - 74)
Sculean et al.
2007 RCT 25 (56) 46
(38 - 55)

Alghamdi

as compared to EMD alone. However, two studies by
Sculean et al., (2007; 2005a).

Demonstrated equal improvement for BG as an adjunct
to EMD and EMD alone. Sculean et al. (2005b), showed
significantly better clinical measures for EMD as an
adjunct to BG as compared to BG alone. However, one
study (Sculean et al., 2002) showed equal improvement
in periodontal indices for adjunctive EMD and BG alone.
Leknes et al. (2009) reported significant improvement in
clinical periodontal parameters with BG compared with
EMD in intrabony osseous defects.

Quality of the clinical studies: All clinical studies in

Study groups Follow-up Main
Test  Control (weeks) outcome
(n) (n)
EMD+BG| BG 48 Equal improvements
(14) (14) in clinical parameters
for both groups at
follow-up
EMD+BG| EMD 32 Clinical parameters
(13) (10) were significantly
better for test group
as compared to
control at follow-up
EMD+BG| EMD 48 Improvements in
(15) (15) clinical parameters
for both groups
were comparable
at follow-up
EMD+BG| BG 24 Clinical parameters
were significantly
better for test
group as compared to
control at follow-up
BG EMD 48 Clinical parameters
(13) (13) were significantly
better for test group
as compared to
control at follow-up
EMD+BG| EMD 192 Improvements in
(12) (13) clinical parameters for

both groups were
comparable at follow-up

RCT; randomized clinical trial, *Split-mouth technique, EMD; enamel matrix derivative, BG;

bioactive glass, PD; pocket depth
NA; not available
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this systematic review were RCTs. Four studies used
coin toss method for randomization (Kuru et al., 2006;
Leknes et al., 2009; Sculean et al., 2007; Sculean et al.,
2005a). Five studies (Kuru et al., 2006; Leknes et al.,
2009; Sculean et al., 2002; Sculean et al., 2007; Sculean
et al., 2005a a) reported the power analysis. The quality
of one study was regarded as high (Leknes et al., 2009)
and hence this study received a score of 5. Three studies

were graded as moderate receiving a score of 3 (Kuru et
al., 2006; Sculean et al., 2007; Sculean, et al., 2005a),
whereas two studies were graded as poor receiving a
score of 1 (Sculean et al., 2002; Sculean et al., 2005b). A
summary of the quality scoring of the studies is presented
in Table 3.

The present review was based on the hypothesis of

Table 2. Clinical periodontal parameters of the included studies

Authors PD (mm) CAL (mm) REC (mm)
Sculean EMD+BG EMD+BG EMD+BG
et al. Baseline: Baseline: Baseline:
2002 8.07+1.14 9.64+1.59 1.50+1.16
Follow up: Follow up: Follow up:
3.92+0.73 6.42+1.08 2.50+1.08
BG BG BG
Baseline: Baseline: Baseline:
8.07+1.32 9.78+1.71 1.64+0.74
Follow up: Follow up: Follow up:
3.85+0.66 6.71+1.89 2.92+1.85
Kuru EMD+BG NA NA
et al. Baseline:
9.77+1.01
2006 Follow up:
5.73+0.80
EMD
Baseline:
9.47+0.81
Follow up:
5.03+0.89
Sculean EMD+BG EMD+BG EMD+BG
et al. Baseline: Baseline: Baseline:
8.5+1.1 10.4+1.5 1.9+1.1
2005a Follow up: Follow up: Follow up:
4.4+1.2 7.1+1.5 2.8+0.9
EMD EMD EMD
Baseline: Baseline: Baseline:
8.5+1.5 10.2+2.1 1.5+1.4
Follow up: Follow up: Follow up:
4.0+1.6 6.3+2.2 2.4+1.6
Sculean NA EMD+BGS§ NA
et al. Baseline:
2005b 11-13
Follow up:
7-8 BGY
Baseline: 9-14
Follow up: 7-11
Leknes EMD: EMD: EMD:
et al. Buccal: Buccal: Buccal:
2009 Baseline: Baseline: Baseline:
1.1+£0.5 11.2+2.5 3.5+1.0
Follow up: Follow up: Follow up:
1.1+£0.4 12.2+2.9 5.3+2.2

PI GI BOP (%) RBL (mm)
EMD+BG EMD+BG EMD+BG: NA
Baseline: Baseline: Baseline:

0.9+0.5 1.8+0.9 60
Follow up: Follow up: Follow up:
0.6+0.4 0.8+0.7 40
BG BG BG:
Baseline: Baseline: Baseline:
0.8+0.7 2.1+1.9 58
Follow up: Follow up: Follow up:
0.7+0.4 0.9+0.6 43
EMD+BG EMD+BG NA EMD+BG:
Baseline: Baseline: Baseline:
0.30+0.05 0.30+0.06 6.24+0.78
Follow up: Follow up: Follow up:
0.19+0.05 0.17+0.05 2.76+0.69
EMD EMD:
Baseline: Baseline:
0.29+0.06 6.38+0.62
Follow up: Follow up:
0.18+0.05 2.15+0.42
EMD+BG EMD+BG EMD+BG: NA
Baseline: Baseline: Baseline:
0.5+0.3 1.2+0.4 52
Follow up: Follow up: Follow
0.4+0.4 0.5+0.4 up: 28
EMD EMD EMD:
Baseline: Baseline: Baseline:
0.4+0.2 1.1+£0.3 50
Follow up: Follow up: Follow up:
0.4+0.3 0.4+0.4 22
NA NA NA NA
NA NA NA NA
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Lingual: Lingual: Lingual:
Baseline: Baseline: Baseline:
3.8+2.8 12.0+3.2 3.8+1.6
Follow up: Follow up: Follow up:
2.1+1.3 11.9+2. 5.0+1.6
Proximal: Proximal: Proximal:
Baseline: Baseline: Baseline:
6.5+1.3 14.2+2.4 4.2+1.3
Follow up: Follow up: Follow up:
4.0+2.2 13.6+2.7 6.5+1.8
BG: BG: BG:
Buccal: Buccal: Buccal:
Baseline: Baseline: Baseline:
1.1+0.5 11.4+2.8 4.4+2.1
Follow up: Follow up: Follow up:
1.0+0.6 11.6+3.1 5.0+1.8
Lingual: Lingual: Lingual:
Baseline: Baseline: Baseline:
3.3+1.8 12.6+2.8 4.5+1.6
Follow up: Follow up: Follow up:
2.5+1.5 11.7+2.2 5.5+1.6
Proximal: Proximal: Proximal:
Baseline: Baseline: Baseline:
6.9+1.6 14.9+3.0 5.5+1.6
Follow up: Follow up: Follow up:
4.3+1.6 13.7+2.9 6.2+1.3
Sculean EMD+BG EMD+BG EMD+BG
et al. Baseline: Baseline: Baseline:

8.6+1.0 10.3+1.6 1.7+1.0
2007 Follow up: Follow up: Follow up:
4.1+1.0 6.7+1.2 2.6+0.9
EMD EMD EMD
Baseline: Baseline: Baseline:
8.6+0.9 10.4+1.6 1.8+1.2
Follow up: Follow up: Follow up:
3.9+0.6 6.7+1.1 2.8+1.0

EMD+BG EMD+BG EMD+BG: NA
Baseline: Baseline: Baseline:
0.8+0.4 1.7+0.5 53
Follow up: Follow up: Follow up:
0.9+0.4 0.6+0.4 34
EMD EMD EMD:
Baseline: Baseline: Baseline:
0.7+0.5 1.8+0.8 49
Follow up: Follow up: Follow up:
0.7+0.5 0.8+0.6 36

EMD; enamel matrix derivative, BG; bioactive glass, PD; pocket depth, CAL; clinical attachment loss, REC; recession, PI;
plaque index, GI; gingival index, RBL; relative bone loss, BOP; bleeding on probing; NA; not available.

§ treatment on tooth #19, #30, #31
{ treatment on tooth #19, #4, #3

whether EMD when used with BG, improves with efficacy
in the management of periodontal osseous defects in
comparison to EMD alone. All studies (Kuru et al., 2006;
Leknes et al., 2009; Sculean et al., 2002; Sculean et al.,
2007; Sculean et al., 2005a; Sculean, 2005b) included
in the present systematic review showed that EMD was
effective in the treatment of intrabony periodontal
osseous defects at follow-up.Guided tissue regeneration
(GTR) and grafting have been used extensively since the
last few decades to restore periodontal defects (Bottino
et al., 2009; Bottino et al., 2012). It has been observed in
multiple RCTs that GTR is more effective than open-flap
debridement in treating periodontal defects (Jepsen et al.,
2002; Murphy & Gunsolley, 2003). EMD, a GTR material
that is primarily composed of porcine amelogenin, is
more effective in restoring clinical attachment levels and

radiographic bone when compared to flap procedures
(Amin et al., 2016). In addition to the clinical trials
(Esposito et al.,2009), in vitro as well as in vivo studies
have shown that EMD stimulates the proliferation of
pre-osteoblastic cells (Boyan et al., 2000; Schwartz et
al., 2000). Although a systematic review of using EMD
against other types of GTR materials and periodontal
treatments found it to be clinically effective, it did not
include any studies which used EMD in combination
with BG.

Studies included in this review assessed the clinical
effectiveness of using EMD with BG and compared that
with the use of BG or EMD alone. Comparable clinical
periodontal parameters were observed among the studies
using EMD with BG and those using BG or EMD alone
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(Kuru et al., 2006; Sculean et al., 2002; Sculean et al.,
2007; Sculean, et al., 2005a; Sculean et al., 2005b).
However, it is appropriate to mention that there was
inconsistency observed among the studies with regards
to study groups included and parameters measured. A
major shortcoming of these studies is the limited follow-
up period of the treated patients. Only one study (Sculean
et al., 2005a) followed-up patients for up to 192 weeks
while the remaining studies followed up patients for a
period of only 12 to 48 weeks (Kuru et al., 2006; Leknes
et al., 2009; Sculean et al., 2002; Sculean et al., 2007;
Sculean 2005b). In addition, smoking harms periodontal
health (Preber & BergstrOM, 1986) and quitting smoking
can improve the outcomes of periodontal treatment (Patel
et al., 2012). Given this, in only 2 studies included in
this review, smokers were included (Leknes et al., 2009;
Sculean et al., 2002). Therefore, further studies with
follow up of longer duration and strict inclusion and
exclusion criteria are needed to assess the long-term
efficacy of using EMD with BG in the management of
periodontal osseous defects.

Table 3. Assessing the quality of included RCTs
using the Jadad scale.

Reference | Randomization Blinding, An account |Total
of all patients|score

Sculean 0 0 0|0 +1 1

et al. 2002

Kuru et al. +1 | +1 0|0 +1 3

2006

Sculean +1 | +1 0|0 +1 3

et al. 2005a

Sculean 0 0 0|0 +1 1

et al. 2005b

Leknes et +1 | +1 +1| +1 +1 5

al. 2009

Sculean +1 | +1 0|0 +1 3

et al. 2007

Only half of the studies (Sculean et al., 2002; Sculean et
al., 2007; Sculean et al., 2005a) assessed in the present
review reported all major clinical periodontal parameters
(PD, CAL, REC, PI, GI, and BOP) and only one study
(Kuru et al., 2006) assessed RBL. A comparison of only
clinical parameters in the absence of RBL does not allow
accurate prediction of periodontal outcomes (Haffajee et
al., 1983). In addition, none of the studies assessed the
subgingival microbial flora of the treated periodontal
defects which is essential for an accurate surrogate
assessment of periodontal recovery. Also, studies aimed
at comparing the effectiveness of EMD+BG and BG or
EMD through the use of biomarkers present in oral fluids
are recommended (Taba., et al 2005) to accurately assess
the efficacy of these GTR materials.

The study by Sculean et al. (2005b) also assessed the use
of EMD+BG histologically and observed that healing
around EMD+BG showed more mineralized tissue, PDL,
and cementum. Conversely, when BG was used alone,

more epithelial cellular growth was seen, suggesting that
EMD+BG is more effective than BG. This lack of bone
of formation around BG has been observed previously
as well. Nevins et al observed that using BG to fill
periodontal defects (Nevins et al., 2000) resulted in
cellular growth that was characterized by the formation
of junctional epithelium and limited formation of
mineralized tissue and clinical attachment. The findings
suggest that using BG alone decreases the likelihood
of the formation of mineralized tissue. However, these
histological observations are in contrast to the clinical
findings shown in this systematic review i.e. comparable
clinical outcomes for the use of EMD with and without
BG in the management of periodontal osseous defects.
Therefore, further randomized controlled trials aiming
to assess the clinical and histological outcomes of the
use of EMD with and without BG in the management of
periodontal osseous defects are recommended.

It remains unclear whether the efficacy of EMD in the
management of periodontal osseous defects is improved
when it is used in combination with BG as compared
to when EMD is used alone given that the number
of selected studies was relatively low and reported
parameters were inconsistent.
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