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Abstract
Background/Aim: Network meta-analyses of randomized-controlled trials were
undertaken to investigate whether enamel matrix derivatives (EMD) in conjunction
with other regenerative materials yield better treatment outcomes than EMD alone in
the treatment of infrabony defects � 3 mm.

Material and Methods: A literature search was conducted using the Medline,
EMBASE, LILACS and CENTRAL databases up to and including December 2008.
Treatment outcomes were changes in probing pocket depth (PPD), clinical attachment
level (CAL) and infrabony defect depth. Different types of bone grafts (or barrier
membranes) were first treated as a group and then separately.

Results: Twenty-eight studies were included in the review. EMD plus bone grafts and
EMD plus membranes attained 0.24 mm [95% high probability density (HPD)
intervals: � 0.38, 0.65] and 0.07 mm (95% HPD intervals: � 1.26, 1.04) more PPD
reduction than EMD alone, respectively. For CAL gain, EMD plus bone grafts and
EMD plus membranes attained 0.46 mm (95% HPD intervals: � 0.17, 0.83) and
0.15 mm (95% HPD intervals: � 1.37, 0.30), respectively. When different types of
bone grafts and barrier membranes were treated separately, EMD with bovine bone
grafts showed greater treatment effects.

Conclusion: There was little evidence to support the additional benefits of EMD in
conjunction with other regenerative materials.
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In the last decade, the introduction of
enamel matrix derivatives (EMD) in the
treatment of periodontal lesions has led
periodontal regeneration into a new era
of tissue engineering. While its clinical
efficacy is well established, little is
known about the molecular mechanisms
of its activities (Esposito et al. 2005,
Bosshardt 2008, Palmer et al. 2008,
Trombelli & Farina 2008). EMD has
been received with great enthusiasm,
and this has been shown in the numerous
publications in the literature (Kalpitis &
Ruben 2002, Venezia et al. 2004, Espo-
sito et al. 2005). EMD has been used for
treatments of periodontal lesions, such as
furcation involvement (Hoffmann et al.
2006) and infrabony defects (Esposito
et al. 2005, Tu et al. 2008).

In several recent studies, EMD has
been used in conjunction with other
regenerative materials such as barrier
membranes and bone grafts in the treat-
ment of infrabony lesions (Zucchelli
et al. 2003, Gurinsky et al. 2004, Scu-
lean et al. 2005, Bokan et al. 2006, Kuru
et al. 2006), presumably assuming that
combination therapy is likely to yield
better treatment outcomes than the use
of EMD alone. Nevertheless, as recog-
nized by the Consensus Report in a
recent European Workshop on Perio-
dontology (Palmer et al. 2008), the
high number of possible combinations
being tested makes it difficult to disen-
tangle the role of different components
of combination therapy. Moreover, it is
possible that, under some circum-
stances, a combination might antagonize
the bioactive agent (Palmer et al. 2008).

The use of combination therapy also
raised the issue of cost-effectiveness.
Most regenerative materials are expen-
sive, and combination therapy increases
the treatment cost and surgical time. To
justify the uses of these expensive treat-
ments, combination therapy is expected

to provide substantial, additional treat-
ment effects than the use of EMD alone.

Several recent systematic reviews
compared EMD with periodontal flap
operation in the treatment of infrabony
lesions (Kalpitis & Ruben 2002, Vene-
zia et al. 2004, Esposito et al. 2005, Tu
et al. 2008), but only one broad qualita-
tive systematic review has considered
whether or not EMD in conjunction with
the uses of barrier membranes and/or
bone grafts provides better treatment
outcomes than EMD alone (Trombelli
& Farina 2008). As there are many
combination therapies being tested in
the literature, the aim of this study was
to conduct a network meta-analysis, an
emerging new methodology for evi-
dence synthesis, to investigate whether
the combination therapy yields better
clinical outcomes in the treatment of
infrabony defects compared with the
use of EMD alone.

Material and Methods

Literature search

We adopted modified selection criteria
for the inclusion of randomized-con-
trolled trials (RCTs) in this meta-analy-
sis, as reported by a recently updated
review on the efficacy of EMD in the
treatment of periodontal infrabony
lesions (Esposito et al. 2005). For stu-
dies to be included, the patients/defects
needed to be randomly allocated to
either the test or the control groups,
and treatment outcomes were measured
at baseline and at least 6 months after
the treatments. Where a trial reported
results at 6-month of follow-up and
results longer than that, the results at 6
months or later were all used in the
meta-analysis if the numbers of studies
are considered sufficient (� 4) for the
meta-analysis. Studies that included
treatment of shallow infrabony defects
o3 mm were excluded. Three groups of
studies were included in this meta-ana-
lysis: the first group is studies compar-
ing EMD or possible combinations to
flap operation; the second included stu-
dies comparing combination therapy
with EMD alone; and the third included
studies comparing different combination
therapies. While studies in the second
group provided direct evidence to the
comparisons between combination
therapies and EMD alone, studies in
the other two groups as a whole pro-
vided evidence for indirect comparisons
in the network meta-analysis. For

instance, while the aim is to compare
two active treatments A and B, results
from studies comparing A with placebo
with B to placebo nevertheless provide
evidence for indirect comparisons
between A and B. In our network
meta-analysis, flap operation is consid-
ered as the ‘‘placebo’’ group. Note that
for studies of the third group to be
included, EMD has to be one com-
ponent of the combination therapy. For
example, studies that compared EMD
with guided tissue regeneration (GTR)
were not included. An electronic search
of the database MEDLINE, EMBASE,
LILACS and CENTRAL from January
1996 to December 2008 was undertaken
to identify relevant studies using the
following key words: ‘‘emdogain’’,
‘‘enamel matrix proteins’’, ‘‘infrabony,
intrabony, or intraosseous’’. The refer-
ence lists of previously published sys-
tematic reviews on EMD (Kalpitis &
Ruben 2002, Venezia et al. 2004,
Esposito et al. 2005, Tu et al. 2006,
Trombelli & Farina 2008) were cross-
checked. Electronic searching of the
journal websites of three major perio-
dontal journals, Journal of Clinical
Periodontology, Journal of Perio-
dontology and Journal of Periodontal
Research, was also undertaken. Electro-
nic literature search and data extractions
were undertaken in duplicate, and qual-
ity assessment of included studies, such
as randomization, allocation conceal-
ment, blinding, intention to treat and
sample size calculation, was carried
out independently by two authors (Y.
K. T. and C. M. F.). Disagreements on
study inclusions and quality assessment
were resolved by discussions between
two authors.

We also searched for non-published
and published RCTs in ClinicalTrials.
gov and used the internet search engine
‘‘Google’’ in English, French, Spanish,
German and Italian. We used the key
word Emdogain for articles published in
the language of the original search
engine (e.g. articles in Italian in Google
Italy, articles in German in Google
Germany, etc.).

Network meta-analyses

Network meta-analysis is a metho-
dology for the statistical synthesis of
direct and indirect comparisons of
different treatments (Lumley 2002,
Psaty et al. 2003, Lu & Ades 2004,
Caldwell et al. 2005, Glenny et al.
2005, Chou et al. 2006, Coleman et al.
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2008, Thijs et al. 2008, Cipriani et al.
2009). The treatment outcomes used in
our meta-analysis were changes in prob-
ing pocket depth (PPD), clinical attach-
ment level (CAL) and infrabony defect
depth recorded at least 6 months after
the lesions were treated by periodontal
regeneration. Changes in the bone level
might be measured clinically or radio-
graphically. When the standard devia-
tions (SD) for the outcomes were not
available, they were derived from the
SD of baseline and 12-month measure-
ments by assuming that their correla-
tions were 0.5 based on data in a
previous review (Tu et al. 2005).
When multiple lesions were treated
within one patient, the standard errors
of means (SEM) for treatment effects
were derived from the reported SD by
using the number of patients as the unit
of analysis. Because the commercial
product of EMD has evolved over the
last decade and there are many different
combination therapies, the network
meta-analysis was undertaken in two
stages. In the first stage, the following
assumptions were made in constructing
the network: firstly, it was assumed that
there was no difference in treatment
effects between treatment groups that
did or did not carry out root condition-
ing procedures before the application of
EMD, and that the vehicle for EMD,
propylene glycol alginate (PGA), was
not effective in periodontal regenera-
tion. Secondly, there was no difference
in the additional treatment effects for
EMD in conjunction with different types
of bone grafts. Thirdly, there was no
difference in the additional treatment
effects for EMD in conjunction with
different types of barrier membranes.
In the second stage, the second and third
assumptions were relaxed by estimat-
ing possible different additional treat-
ment effects among studies that used
different types of bone grafts or barrier
membranes.

The network meta-analyses were
undertaken using the random-effects
modelling as described by Whitehead
(2002) and Glenny et al. (2005). The
basic random-effects model is given as

yij ¼ ŷþ uþ vþ uvþ eijð1Þ
where yij is the observed treatment
effect of treatment group i in study j, ŷ
is the mean treatment effect of the
reference group (i.e. defects treated
with EMD alone), u is the fixed effects
of different treatment groups (i.e. differ-
ent combination therapies or flap opera-

tion), v is the study-level random
effects, uv is the random effects for the
interaction between treatment groups
and studies and eij is the residuals.
Details of the rationales and estimations
of this model have been described else-
where (Whitehead 2002, Glenny et al.
2005, Brown & Prescott 2006). When
studies reported treatment outcomes at
different follow-ups after surgery, the
length of follow-up was modelled as
both random and fixed effects. Study
design (parallel groups versus split
mouth) was also modelled as both ran-
dom and fixed effects to account for the
heterogeneity in treatment effects. To
explore the potential bias caused by
regression to the mean (Tu & Gilthorpe
2007), the baseline measurements of
treatment outcomes were included as
covariates in a further analysis. Standard
pair-wise meta-analyses of direct com-
parisons among different combination
therapies, EMD alone and flap operation
were also carried out and compared with

the results from the network meta-ana-
lysis. The inverse of SEM for treatment
effects was used as the weights in the
meta-analysis. Corresponding authors of
original studies were contacted by email
for clarifications of dubious data and
requests for missing data.

The random-effects network meta-
analysis was performed using the func-
tion lmer in the package lme4 (Bates &
Maechler 2009) for the statistical soft-
ware R (version 2.9.1, R Foundation for
Statistical Computing, Vienna, Austria)
with the estimation procedure of
restricted maximum likelihood. Markov
Chain Monte Carlo methods with
50,000 simulations were then used to
obtain 95% high probability density
(HPD) intervals (interpreted as confi-
dence intervals) (Baayen 2008). The
standard pair-wise random-effects
meta-analysis was performed using sta-
tistical software STATA (version 10.1,
StataCorp LP, College Station, TX,
USA).

Fig. 1. Flowchart for literature search and identifications of articles for review.
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Table 2. Summary of studies included in the network meta-analysis for probing pocket depth (PPD) reduction

Study Treatment groups Treatment
effects (mm)

SD F/u Study design Baseline PPD

Bokan et al. (2006) EMD124% EDTA 3.90 1.30 12 Parallel group 8.60
Bokan et al. (2006) EMD124% EDTA1Cerasorb (TCP) 4.10 1.20 12 Parallel group 8.60
Bokan et al. (2006) Flap operation 3.80 1.80 12 Parallel group 9.80
Döri et al. (2005) EMD124% EDTA1Bio-Oss 4.80 0.90 12 Parallel group 7.90
Döri et al. (2005) EMD124% EDTA1Cerasorb (TCP) 4.60 0.80 12 Parallel group 7.80
Döri et al. (2008) EMD124% EDTA1Bio-Oss 5.90 1.30 12 Parallel group 8.80
Döri et al. (2008) EMD124% EDTA1Bio-Oss1PRP 5.80 1.80 12 Parallel group 8.80
Francetti et al. (2004) EMD124% EDTA 4.71 1.60 12 Parallel group 7.86
Francetti et al. (2004) Flap operation 2.57 1.27 12 Parallel group 6.71
Francetti et al. (2005) EMD124% EDTA 4.00 2.01 12 Parallel group 8.06
Francetti et al. (2005) Flap operation 3.00 1.47 12 Parallel group 7.11
Froum et al. (2001) EMD1citric acid 4.94 0.45 12 Split mouth 7.99
Froum et al. (2001) Flap operation 2.24 0.91 12 Split mouth 7.32
Guida et al. (2007) EMD124% EDTA1autogenous bone grafts 5.10 1.70 12 Parallel group 9.10
Guida et al. (2007) EMD124% EDTA 5.60 1.70 12 Parallel group 9.60
Heijl et al. (1997) EMD 3.30 1.40 16 Split mouth 7.80
Heijl et al. (1997) Flap operation1PGA 2.60 1.20 16 Split mouth 7.80
Minabe et al. (2002) EMD137% orthophosphoric acid gel1GTR

(Tissue Guide)
4.30 1.60 12 Parallel group 7.90

Minabe et al. (2002) EMD137% orthophosphoric acid gel 3.80 0.90 12 Parallel group 7.80
Okuda et al. (2000) EMD137% orthophosphoric acid gel 3.00 0.97 12 Split mouth 6.33
Okuda et al. (2000) Flap op1PGA137% orthophosphoric acid gel 2.22 0.81 12 Split mouth 6.22
Pontoriero et al. (1999) EMD124% EDTA 4.40 1.05 12 Split mouth 8.00
Pontoriero et al. (1999) Flap operation1PGA 3.50 1.25 12 Split mouth 7.90
Rösing et al. (2005) EMD124% EDTA 4.17 1.59 12 Split mouth 7.57
Rösing et al. (2005) Flap op1PGA124% EDTA 4.39 1.50 12 Split mouth 7.38
Sculean et al. (2001b) EMD124% EDTA1GTR (Resolut) 4.30 1.40 12 Parallel group 8.60
Sculean et al. (2001b) EMD124% EDTA 4.10 1.70 12 Parallel group 8.40
Sculean et al. (2001b) Flap operation 3.70 1.40 12 Parallel group 8.60
Sculean et al. (2005) EMD124% EDTA1Perioglass 4.20 1.40 12 Parallel group 8.50
Sculean et al. (2005) EMD124% EDTA 4.50 2.00 12 Parallel group 8.50
Silvestri et al. (2000) EMD117% EDTA 4.90 1.79 12 Parallel group 7.70
Silvestri et al. (2000) Flap operation 1.40 1.26 12 Parallel group 7.70
Sipos et al. (2005) EMD124% EDTA1GTR (ePTFE) 3.02 1.55 12 Split mouth 7.32
Sipos et al. (2005) EMD124% EDTA 2.86 0.75 12 Split mouth 6.95
Tonetti et al. (2002) EMD124% EDTA 3.90 1.70 12 Parallel group 8.00
Tonetti et al. (2002) Flap operation124% EDTA 3.30 1.70 12 Parallel group 7.70
Wachtel et al. (2003) EMD124% EDTA 3.90 1.40 12 Split mouth 7.00
Wachtel et al. (2003) Flap op 2.10 1.10 12 Split mouth 6.50
Zucchelli et al. (2002) EMD124% EDTA 5.10 0.70 12 Parallel group 9.20
Zucchelli et al. (2002) Flap operation124% EDTA 4.50 1.00 12 Parallel group 8.90
Zucchelli et al. (2003) EMD124% EDTA1Bio-Oss 6.20 0.40 12 Parallel group 9.40
Zucchelli et al. (2003) EMD124% EDTA 5.80 0.80 12 Parallel group 9.20
Camargo et al. (2001) EMD124% EDTA1Bio-Oss 3.91 1.39 6 Split mouth 7.30
Camargo et al. (2001) Flap op 1.59 1.36 6 Split mouth 7.09
Chambrone et al. (2007) EMD124% EDTA 3.75 1.12 6 Split mouth 6.42
Chambrone et al. (2007) Flap op 4.08 0.98 6 Split mouth 6.08
Gurinsky et al. (2004) EMD124% EDTA 4.00 0.30 6 Parallel group 7.50
Gurinsky et al. (2004) EMD124% EDTA1DFDBA 3.60 0.20 6 Parallel group 7.50
Jepsen et al. (2008) EMD1BoneCeramic (60%HA140%TCP) 1.93 1.80 6 Parallel group 6.90
Jepsen et al. (2008) EMD 2.55 1.80 6 Parallel group 7.10
Lekovic et al. (2000) EMD124% EDTA1Bio-Oss 3.40 1.34 6 Split mouth 7.46
Lekovic et al. (2000) EMD124% EDTA 1.88 1.40 6 Split mouth 7.24
Lekovic et al. (2001) EMD124% EDTA1BIO-Oss1GTR (Bio-Gide) 4.85 1.50 6 Split mouth 8.39
Lekovic et al. (2001) Flap op 2.87 0.87 6 Split mouth 8.39
Velasquez-Plata et al. (2002) EMD124% EDTA1Bio-Oss 4.00 0.80 6 Split mouth 6.90
Velasquez-Plata et al. (2002) EMD124% EDTA 3.80 1.20 6 Split mouth 6.60
Guida et al. (2007)n EMD124% EDTA1autogenous bone grafts 4.60 1.30 6 Parallel group 9.10
Guida et al. (2007)n EMD124% EDTA 5.10 1.90 6 Parallel group 9.60
Minabe et al. (2002)n EMD137% orthophosphoric acid gel1GTR

(Tissue Guide)
4.20 1.73 6 Parallel group 7.90

Minabe et al. (2002)n EMD137% orthophosphoric acid gel 3.60 1.13 6 Parallel group 7.80
Rösing et al. (2005)n EMD124% EDTA 3.72 1.40 6 Split mouth 7.57
Rösing et al. (2005)n Flap op124% EDTA 4.02 1.36 6 Split mouth 7.38
Sipos et al. (2005)n EMD124% EDTA1GTR (ePTFE) 2.95 1.29 6 Split mouth 7.32
Sipos et al. (2005)n EMD124% EDTA 2.26 1.03 6 Split mouth 6.95
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Table 2. (Contd.)

Study Treatment groups Treatment
effects (mm)

SD F/u Study design Baseline PPD

Wachtel et al. (2003)n EMD124% EDTA 3.30 1.20 6 Split mouth 7.00
Wachtel et al. (2003)n Flap op 2.20 0.80 6 Split mouth 6.50
Kuru et al. (2006) EMD124% EDTA 5.03 0.89 8 Parallel group 9.47
Kuru et al. (2006) EMD124% EDTA1Perioglass 5.73 0.80 8 Parallel group 9.77
Heijl et al. (1997) EMD 3.30 1.30 8 Split mouth 7.80
Heijl et al. (1997) Flap op1PGA 2.60 1.30 8 Split mouth 7.80

nThese studies reported treatment outcomes at 6 (or 8) and 12 (or 16) months from baseline.

F/u, length of follow-up in months.; PGA, propylene glycol alginate; EDTA, ethylenediaminetetraacetic acid; EMD, enamel matrix derivatives; TCP, tri-

calcium phosphates; PRP, platelet-rich plasma; DFDBA, demineralized freeze-fried bone allografts; SD, standard deviation.

Table 3. Summary of studies included in the network meta-analysis for CAL gain

Study Treatment groups Treatment
effects (mm)

SD F/u Study design Baseline CAL

Bokan et al. (2006) EMD124% EDTA 3.70 1.00 12 Parallel group 10.30
Bokan et al. (2006) EMD124% EDTA1Cerasorb

(TCP)
4.00 1.00 12 Parallel group 9.80

Bokan et al. (2006) Flap operation 2.10 1.40 12 Parallel group 10.20
Döri et al. (2005) EMD124% EDTA1Bio-Oss 4.30 0.80 12 Parallel group 8.80
Döri et al. (2005) EMD124% EDTA1Cerasorb

(TCP)
4.10 0.80 12 Parallel group 8.80

Döri et al. (2008) EMD124% EDTA1Bio-Oss 5.00 0.90 12 Parallel group 10.50
Döri et al. (2008) EMD124% EDTA1Bio-Oss1PRP 4.80 1.30 12 Parallel group 10.80
Francetti et al. (2004) EMD124% EDTA 4.14 1.35 12 Parallel group 9.43
Francetti et al. (2004) Flap operation 2.29 0.95 12 Parallel group 8.29
Francetti et al. (2005) EMD124% EDTA 3.41 2.15 12 Parallel group 8.91
Francetti et al. (2005) Flap operation 1.96 2.17 12 Parallel group 7.98
Froum et al. (2001) EMD1citric acid 4.26 0.56 12 Split mouth n

Froum et al. (2001) Flap operation 2.75 0.93 12 Split mouth n

Guida et al. (2007) EMD124% EDTA1autogenous
bone grafts

4.90 1.80 12 Parallel group 10.30

Guida et al. (2007) EMD124% EDTA 4.60 1.30 12 Parallel group 10.60
Heijl et al. (1997) EMD 2.30 1.60 16 Split mouth 9.40
Heijl et al. (1997) Flap operation1PGA 1.70 1.20 16 Split mouth 9.30
Minabe et al. (2002) EMD137% orthophosphoric acid

gel1GTR (Tissue Guide)
3.00 1.30 12 Parallel group 8.50

Minabe et al. (2002) EMD137% orthophosphoric acid
gel

2.60 1.00 12 Parallel group 8.60

Okuda et al. (2000) EMD137% orthophosphoric acid
gel

1.72 1.07 12 Split mouth 6.72

Okuda et al. (2000) Flap op1PGA137%
orthophosphoric acid gel

0.83 0.86 12 Split mouth 6.83

Pontoriero et al. (1999) EMD124% EDTA 3.00 1.00 12 Split mouth 9.10
Pontoriero et al. (1999) Flap operation1PGA 1.80 1.21 12 Split mouth 8.60
Rösing et al. (2005) EMD124% EDTA 2.01 1.96 12 Split mouth 12.93
Rösing et al. (2005) Flap op1PGA124% EDTA 2.16 2.57 12 Split mouth 13.47
Sculean et al. (2001b) EMD124% EDTA1GTR

(Resolut)
3.40 1.10 12 Parallel group 10.00

Sculean et al. (2001b) EMD124% EDTA 3.40 1.50 12 Parallel group 10.60
Sculean et al. (2001b) Flap operation 1.70 1.50 12 Parallel group 10.10
Sculean et al. (2005) EMD124% EDTA1Perioglass 3.20 1.70 12 Parallel group 10.40
Sculean et al. (2005) EMD124% EDTA 3.90 1.80 12 Parallel group 10.20
Silvestri et al. (2000) EMD117% EDTA 4.50 1.58 12 Parallel group 9.10
Silvestri et al. (2000) Flap operation 1.20 1.03 12 Parallel group 8.70
Sipos et al. (2005) EMD124% EDTA1GTR (ePTFE) 1.65 1.29 12 Split mouth 11.10
Sipos et al. (2005) EMD124% EDTA 1.28 2.04 12 Split mouth 10.94
Tonetti et al. (2002) EMD124% EDTA 3.10 1.50 12 Parallel group 9.40
Tonetti et al. (2002) Flap operation124% EDTA 2.50 1.50 12 Parallel group 9.10
Wachtel et al. (2003) EMD124% EDTA 3.60 1.60 12 Split mouth 7.70
Wachtel et al. (2003) Flap op 1.70 1.40 12 Split mouth 7.20
Zucchelli et al. (2002) EMD124% EDTA 4.20 0.90 12 Parallel group 9.90
Zucchelli et al. (2002) Flap operation124% EDTA 2.60 0.80 12 Parallel group 10.00
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Results

The flow of literature search is shown in
Fig. 1. Eventually, 31 studies were
identified from the literature search.

After retrieving full articles, one study
was excluded because its design was to
test the effects of different post-surgical
antibiotics regimes (Sculean et al.

2001a); one was excluded because it
aimed to test whether or not root con-
ditioning with 24% EDTA before the
application of EMD made any differ-
ence in the treatment outcomes (Sculean
et al. 2006), and another was excluded
because it is unclear whether it is an
RCT and none of the SDs of treatment
effects were reported (Forabosco et al.
2003). A study comparing EMD with
two different bone grafts (Döri et al.
2005) was only included in the second-
stage network meta-analysis. Table 1
shows the results of trial quality assess-
ment for the studies included. Of the 28
studies, only 14 reported changes in
infrabony defect depths measured clini-
cally or radiographically. Tables 2–4
present summaries of the studies
included. Most studies reported no ser-
ious complications, except mild swel-

Table 3. (Contd.)

Study Treatment groups Treatment
effects (mm)

SD F/u Study design Baseline CAL

Zucchelli et al. (2003) EMD124% EDTA1Bio-Oss 5.80 1.10 12 Parallel group 10.30
Zucchelli et al. (2003) EMD124% EDTA 4.90 1.00 12 Parallel group 10.10
Camargo et al. (2001) EMD124% EDTA1Bio-Oss 3.45 1.35 6 Split mouth n

Camargo et al. (2001) Flap op 1.43 1.31 6 Split mouth n

Chambrone et al. (2007) EMD124% EDTA 2.67 2.10 6 Split mouth 13.42
Chambrone et al. (2007) Flap op 1.84 2.12 6 Split mouth 12.42
Gurinsky et al. (2004) EMD124% EDTA 3.20 0.30 6 Parallel group 8.10
Gurinsky et al. (2004) EMD124% EDTA1DFDBA 3.00 0.30 6 Parallel group 8.20
Jepsen et al. (2008) EMD1BoneCeramic(60%

HA140% TCP)
1.31 1.80 6 Parallel group 9.30

Jepsen et al. (2008) EMD 1.83 1.80 6 Parallel group 10.10
Lekovic et al. (2000) EMD124% EDTA1Bio-Oss 3.12 1.40 6 Split mouth 0.00
Lekovic et al. (2000) EMD124% EDTA 1.74 1.35 6 Split mouth 0.00
Lekovic et al. (2001) EMD124% EDTA1BIO-

Oss1GTR (Bio-Gide)
3.84 1.15 6 Split mouth n

Lekovic et al. (2001) Flap op 1.50 0.81 6 Split mouth n

Velasquez-Plata et al. (2002) EMD124% EDTA1Bio-Oss 3.40 0.90 6 Split mouth n

Velasquez-Plata et al. (2002) EMD124% EDTA 2.90 0.90 6 Split mouth n

Guida et al. (2007)w EMD124% EDTA1autogenous
bone grafts

4.40 1.50 6 Parallel group 10.30

Guida et al. (2007)w EMD124% EDTA 4.40 1.30 6 Parallel group 10.60
Minabe et al. (2002)w EMD137% orthophosphoric acid

gel1GTR (Tissue Guide)
2.90 1.80 6 Parallel group 8.50

Minabe et al. (2002)w EMD137% orthophosphoric acid
gel

2.70 1.44 6 Parallel group 8.60

Rösing et al. (2005)w EMD124% EDTA 1.58 1.83 6 Split mouth 12.93
Rösing et al. (2005)w Flap op124% EDTA 2.42 2.54 6 Split mouth 13.47
Sipos et al. (2005)w EMD124% EDTA1GTR (ePTFE) 1.45 1.60 6 Split mouth 7.32
Sipos et al. (2005)w EMD124% EDTA 0.94 1.51 6 Split mouth 6.95
Wachtel et al. (2003)w EMD124% EDTA 2.80 1.30 6 Split mouth 7.70
Wachtel et al. (2003)w Flap op 2.00 1.30 6 Split mouth 7.20
Kuru et al. (2006) EMD124% EDTA 4.06 1.06 8 Parallel group n

Kuru et al. (2006) EMD124% EDTA1Perioglass 5.17 0.85 8 Parallel group n

Heijl et al. (1997) EMD 2.10 1.50 8 Split mouth 9.40
Heijl et al. (1997) Flap op1PGA 1.50 1.10 8 Split mouth 9.30

nThese studies did not report baseline CAL, and so they were excluded from the adjusted network meta-analysis.
wThese studies reported treatment outcomes at 6 (or 8) and 12 (or 16) months from baseline.

PRP, platelet-rich plasma; DFDBA, demineralized freeze-fried bone allografts; F/u, length of follow-up in months; PGA, propylene glycol alginate;

TCP, tri-calcium phosphates; EDTA, ethylenediaminetetraacetic acid; EMD, enamel matrix derivatives; CAL, clinical attachment level; SD, standard

deviation.

Fig. 2. Network for the comparisons among different combination therapies, enamel matrix
derivatives (EMD) alone and flap operation. Dotted lines refer to those comparisons that have
not been tested directly in randomized-controlled trials. The width of the solid lines is in
proportion to the amount of evidence available in the literature.
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ling and pain after surgery, and the most
serious post-operative complication was
membrane exposure in lesions where a
GTR procedure was undertaken along
with the application of EMD (Sculean et
al. 2001b, Sipos et al. 2005).

Stage 1 network meta-analysis

Twenty-seven studies were grouped into
six nodes in the network meta-analysis,
yielding 15 possible pairs of compari-
sons (Fig. 2). Evidence of direct com-
parisons was only available in seven of
the 15 pairs (Figs 2 and 3). Fourteen
studies reported treatment outcomes at
6–8 months after surgery and 21 studies
reported results at 12–16 months
(Tables 2–4). To simplify the presenta-
tion and analysis, results at 6–8 months

were pooled together as the 6-month
group, and results at 12–16 months
were pooled together as the 12-month
group. Two studies reported results at 24
months and one at 36 months after
surgery. As the numbers of studies
reporting results at 24 months or longer
were too few to yield robust and mean-
ingful results, the meta-analyses were
only conducted on 6- or 12-month
groups. The length of follow-up in
months (6- versus 12-month group)
was included as both fixed and random
effects in the network meta-analysis,
and results from the tradition pair-wise
meta-analysis were based on the strati-
fications of follow-up lengths.

For PPD reduction and CAL gain,
four studies compared EMD with flap
operation after 6–8 months of follow-up,

and 13 studies did that after 12–16
months of follow-up. Six studies com-
pared EMD with EMD in conjunction
with bone grafts after 6–8 months, and
four studies compared these treatments
after 12–16 months of follow-up. No
more than three studies were found for
the other five comparisons. For infrab-
ony defect fill, four studies compared
EMD with EMD in conjunction with
bone grafts at 6 months, and five studies
compared FMD with flap operation at
12 months. No more than two studies
were found for other comparisons.

The results from network meta-ana-
lysis showed that the mean PPD reduc-
tion for EMD alone at 12 months was
4.48 mm, which was 0.93 mm (95%
HPD intervals: 0.56, 1.54) greater than
that for flap operation (Table 5). EMD in

Table 4. Summary of studies included in the network meta-analysis for clinical or radiographical infrabony defect fill

Study Treatment groups Tx effects
(mm)

SD F/u Study design Baseline depth

Francetti et al. (2004) EMD124% EDTA 2.96 1.13 12 Parallel group 5.93
Francetti et al. (2004) Flap op 1.44 0.74 12 Parallel group 4.81
Francetti et al. (2005) EMD124% EDTA 3.09 2.13 12 Parallel group 5.76
Francetti et al. (2005) Flap op 1.86 1.60 12 Parallel group 5.26
Froum et al. (2001) EMD1citric acid 3.83 0.61 12 Split mouth 5.63
Froum et al. (2001) Flap op 1.47 0.71 12 Split mouth 4.11
Heijl et al. (1997) EMD 2.20 1.60 16 Split mouth 7.10
Heijl et al. (1997) Flap op1PGA � 0.20 0.60 16 Split mouth 6.50
Rösing et al. (2005) EMD124% EDTA 1.55 2.22 12 Split mouth 6.95
Rösing et al. (2005) Flap op124% EDTA 1.39 1.33 12 Split mouth 6.56
Zucchelli et al. (2003) EMD124% EDTA1Bio-Oss 5.20 1.10 12 Parallel group 6.10
Zucchelli et al. (2003) EMD124% EDTA 4.30 1.50 12 Parallel group 6.10
Guida et al. (2007) EMD124% EDTA1autogenous bone grafts 4.30 1.30 12 Parallel group 6.50
Guida et al. (2007) EMD124% EDTA 4.30 2.40 12 Parallel group 6.50
Sipos et al. (2005) EMD124% EDTA1GTR (ePTFE) 1.58 1.92 12 Split mouth 12.90
Sipos et al. (2005) EMD124% EDTA 1.63 1.21 12 Split mouth 12.70
Camargo et al. (2001) EMD124% EDTA1Bio-Oss 3.82 1.52 6 Split mouth 7.30
Camargo et al. (2001) Flap op 1.06 1.02 6 Split mouth 7.09
Jepsen et al. (2008) EMD1BoneCeramic(60% HA140% TCP) 2.07 2.10 6 Parallel group 6.70
Jepsen et al. (2008) EMD 2.07 1.20 6 Parallel group 6.90
Lekovic et al. (2000) EMD124% EDTA1Bio-Oss 3.78 1.41 6 Split mouth n

Lekovic et al. (2000) EMD124% EDTA 1.37 1.18 6 Split mouth n

Lekovic et al. (2001) EMD124% EDTA1Bio-Oss1

GTR (Bio-Gide)
4.79 1.37 6 Split mouth n

Lekovic et al. (2001) Flap op 1.73 0.91 6 Split mouth n

Velasquez-Plata et al. (2002) EMD124% EDTA1Bio-Oss 4.00 0.80 6 Split mouth 5.30
Velasquez-Plata et al. (2002) EMD124% EDTA 3.10 1.00 6 Split mouth 4.90
Gurinsky et al. (2004) EMD124% EDTA1DFDBA 3.70 0.20 6 Parallel group 4.90
Gurinsky et al. (2004) EMD124% EDTA 2.60 0.40 6 Parallel group 5.20
Sipos et al. (2005)w EMD124% EDTA1GTR (ePTFE) 1.25 1.99 6 Split mouth 12.90
Sipos et al. (2005)w EMD124% EDTA 1.41 2.20 6 Split mouth 12.70
Heijl et al. (1997)w EMD 0.90 0.60 8 Split mouth 7.10
Heijl et al. (1997)w Flap op1PGA � 0.10 0.40 8 Split mouth 6.50
Rösing et al. (2005)w EMD124% EDTA 0.33 2.35 6 Split mouth 6.95
Rösing et al. (2005)w Flap op124% EDTA 1.20 1.03 6 Split mouth 6.56

nThese studies did not report baseline CAL, and so they were excluded from the adjusted network meta-analysis.
wThese studies reported treatment outcomes at 6 (or 8) and 12 (or 16) months from baseline.

TCP, tri-calcium phosphates; PRP, platelet-rich plasma; DFDBA, demineralized freeze-fried bone allografts; F/u, length of follow-up in months; PGA,

propylene glycol alginate; EDTA, ethylenediaminetetraacetic acid; EMD, enamel matrix derivatives; CAL, clinical attachment level; SD, standard

deviation.
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Fig. 3. Forest plot of the standard pair-wise meta-analysis for probing pocket depth reduction when different types of bone grafts were
grouped together and different types of barrier membranes were grouped together.
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conjunction with bone grafts achieved
0.24 mm (95% HPD intervals: � 0.38,
0.65) greater PPD reduction, while
EMD in conjunction with GTR showed
no additional treatment effects. EMD in
conjunction with bone grafts and GTR
seemed to achieve the greatest treatment
effects (1.17 mm more than EMD alone,
95% HPD intervals: � 0.97, 3.42), but
the confidence intervals were large. The
adjustment of baseline PPD in general
reduced the differences in the treatment
effects between combination therapies
and EMD alone (Table 5). The esti-
mated PPD reduction for EMD at 6
months was 0.23 mm less than that at
12 months, but the confidence intervals
are very large (95% HPD intervals:
� 9.96, 10.59). Studies using the split-
mouth design seemed to report less
favourable results than those using the
parallel-group design. Results from
standard pair-wise meta-analysis
showed that EMD alone achieved sig-
nificantly greater PPD reduction than
flap operation at 12 months, while EMD

in conjunction with bone grafts showed
greater PPD reduction than EMD alone at
12 months (Table 5, Fig. 3).

For CAL gain, network meta-analysis
showed that EMD alone achieved
3.57 mm at 12 months, which was
1.27 mm (95% HPD intervals: 0.89,
1.71) greater than that for flap operation
(Table 6). EMD in conjunction with
bone graft achieved 0.46 mm (95%
HPD intervals: � 0.13, 0.83) greater
CAL gain, while EMD in conjunction
with GTR showed no additional the
treatment effects. The adjustment of
baseline CAL in general reduced the
differences in treatment effects between
combination therapies and EMD alone
(Table 6). Studies using the split-mouth
design seemed to report less favourable
results than those using the parallel-
group design. Results from standard
meta-analysis showed that EMD alone
achieved significantly greater CAL gain
than flap operation at 12 months. EMD
in conjunction with bone grafts showed
0.36 mm (95% CI: � 0.22, 0.95) greater

CAL gain than EMD alone at 12 months
(Table 6, Fig. 4).

For infrabony defect fill, network
meta-analysis showed that EMD alone
achieved 3.10 mm at 12 months, which
was 1.53 mm (95% HPD intervals: 0.91,
2.13) greater than that for flap operation
(Table 7). EMD in conjunction with
bone graft achieved 1.10 mm (95%
HPD intervals: 0.56, 1.82) greater defect
fill, while EMD in conjunction with
GTR showed no additional treatment
effects. The adjustment of baseline
CAL has only a small impact on the
estimated treatment effects between
combination therapies and EMD alone
(Table 4). Studies using the split-mouth
design seemed to report less favourable
results than those using the parallel-
group design. Results from standard
meta-analysis showed that EMD alone
achieved significantly greater defect fill
than flap operation at 12 months, while
EMD in conjunction with bone grafts
achieved a small additional defect fill
than EMD alone (Table 7, Fig. 5).

Table 5. Results of network and standard meta-analysis for PPD reduction

Unadjusted network
meta-analysis

Adjusted
network

meta-analysis

Standard pair-wise
meta-analysis:

12 months

Standard pair-wise
meta-analysis:
6 months

estimates 95% HPD
intervals

estimates 95% HPD
intervals

estimates 95% CI estimates 95% CI

Stage 1
Intercept 4.48n (� 3.14, 11.52) � 1.67 (� 8.62, 4.44)
EMD1bone grafts 0.24 (� 0.38, 0.65) 0.24 (� 0.35, 0.46) 0.30 (0.02, 0.58) 0.15 (� 0.48, 0.79)
EMD1bone grafts1GTR 1.17 (� 0.97, 3.42) 0.96 (� 0.95, 2.47)
EMD1bone grafts1PRP 0.62 (� 2.10, 3.83) 0.57 (� 1.63, 2.99)
EMD1GTR 0.07 (� 1.26, 1.04) 0.03 (� 0.93, 0.82) 0.32 (� 0.25, 0.89) 0.64 (� 0.04, 1.33)
Flap op � 0.93 (� 1.54, � 0.56) � 0.76 (� 1.19, � 0.43) � 1.13 (� 1.68, � 0.57) � 0.33 (� 1.01, 0.35)
F/u 5 6 months � 0.23 (� 10.59, 9.96) � 0.22 (� 8.99, 8.12)
Split-mouth design � 0.77 (� 1.32, � 0.06) 0.06 (� 0.45, 0.72)

Stage 2
Intercept 4.49n (� 2.57, 11.57) � 0.86 (� 7.23, 4.87)
EMD1autogenous bones � 0.05 (� 1.50, 1.94) � 0.11 (� 1.48, 1.31) � 0.50 (� 1.77, 0.77) � 0.50 (� 1.73, 0.73)
EMD1Bio-Oss 0.78 (0.15, 1.37) 0.70 (0.09, 1.07) 0.40 (0.09, 0.71) 0.84 (� 0.45, 2.14)
EMD1Bio-Oss1Bio-Gide 1.28 (� 0.71, 3.21) 1.01 (� 0.75, 2.46)
EMD1Bio-Oss1PRP 1.01 (� 1.58, 3.73) 0.85 (� 1.29, 2.97)
EMD1TCP 0.04 (� 1.21, 1.03) 0.26 (� 0.81, 1.02) 0.20 (� 0.60, 1.00)
EMD1DFDBA � 0.53 (� 1.20, 0.21) � 0.26 (� 0.88, 0.30) � 0.40 (� 0.56,� 0.24)
EMD1HA � 1.49 (� 3.59, 0.02) � 0.93 (� 2.62, 0.34) � 0.62 (� 1.44, 0.20)
EMD1Perioglass 0.43 (� 0.45, 1.96) 0.16 (� 0.79, 1.20) � 0.30 (� 1.53, 0.93) 0.70 (0.01, 1.39)
EMD1ePTFE � 0.04 (� 1.88, 1.58) � 0.17 (� 1.66, 1.11) 0.16 (� 0.86, 1.18) 0.69 (� 0.29, 1.67)
EMD1Resolut � 0.10 (� 2.34, 1.77) � 0.13 (� 2.02, 1.31) 0.20 (� 0.96, 1.36)
EMD1Tissue Guide 0.22 (� 1.34, 1.68) 0.35 (� 0.92, 1.51) 0.50 (� 0.36, 1.36) 0.60 (� 0.36, 1.56)
Flap op � 0.87 (� 1.44, � 0.56) � 0.74 (� 1.17, � 0.44) � 1.13 (� 1.68, � 0.57) � 0.33 (� 1.01, 0.35)
F/u 5 6 months � 0.22 (� 10.24, 9.73) � 0.21 (� 7.88, 8.20)
Split-mouth design � 0.88 (� 1.35, � 0.17) � 0.14 (� 0.65, 0.49)

nThe mean PPD reduction for the reference treatment group, i.e. defects treated with EMD alone.

Baseline PPD is the covariate in the adjusted network meta-analysis. Note that HPD intervals are not necessarily symmetrical around the estimates of

fixed effects.

CI, confidence intervals; F/u, length of follow-up in months; EMD, enamel matrix derivatives; HPD, high probability density; PRP, platelet-rich plasma;

DFDBA, demineralized freeze-fried bone allografts; PPD, probing pocket depth

Network meta-analysis for EMD 69

r 2009 John Wiley & Sons A/S



Stage 2 network meta-analysis

Twenty-eight studies were grouped into
12 nodes in the network meta-analysis,
yielding 66 possible pairs of compari-
sons. Evidence of direct comparisons
was only available in 14 of the 66 pairs
(Figs 6 and 7). Thirteen studies compared
EMD with flap operation at 12 months,
and four compared the two at 6 months.
No more than two studies were found for
the other comparisons. Because only one
or two studies provided direct evidence
for these comparisons, the confidence
intervals were generally large. EMD in
conjunction with bovine bone grafts
showed 0.78 mm (95% HPD intervals:
0.15, 1.37) greater PPD reduction, while
other bone grafting materials did not
show significantly additional treatment
effects. EMD in conjunction with bovine
bone grafts and a resorbable membrane
(Bio-Gides, Osteohealth, Shirley, NY,
USA) seemed to achieve the greatest treat-
ment effects (1.28 mm greater than EMD

alone, 95% HPD intervals: � 0.71, 3.21),
but the confidence intervals were large.
The adjustment of baseline PPD reduced
the differences in the treatment effects
between combination therapies and EMD
alone (Table 5). Standard pair-wise meta-
analysis found a small additional effect for
EMD in conjunction with bovine bone
grafts (Table 5, Fig. 6).

EMD in conjunction with bovine
bone grafts showed 0.93 mm (95%
HPD intervals: 0.48, 1.54) greater CAL
gain than EMD alone, and EMD in
conjunction with Perioglasss showed
0.54 mm (95% HPD intervals: � 0.03,
2.13) greater gain than EMD alone.
However, in the adjusted analysis, Peri-
oglass did not show an additional ben-
efit. Standard meta-analysis based on
one study found significantly better
results for EMD in conjunction with
bovine bone grafts (Table 6, Fig. 7).

EMD in conjunction with bovine bone
grafts showed 1.46 mm (95% HPD inter-
vals: 0.69, 2.62) greater defect fill than

EMD alone, and EMD in conjunction
with bovine bone grafts and BioGuides

membrane showed 1.91 mm (95% HPD
intervals: 0.05, 4.40) greater gain than
EMD alone. The adjustment of baseline
defect depth did not yield substantial
changes in the estimates. Standard
meta-analysis found significantly better
results for EMD in conjunction with
bovine bone grafts (Table 7, Fig. 8).

Discussion

In this study, the network meta-analysis
did not find substantially additional ben-
efits for EMD in conjunction with bone
grafts or barrier membranes in the treat-
ments of infrabony defects, while both
network and standard meta-analyses
showed that EMD achieved better treat-
ment outcomes than flap operation. The
latter is in agreement with previous
meta-analyses on the treatment effects
of EMD (Kalpitis & Ruben 2002, Espo-

Table 6. Results of network and standard meta-analysis for CAL gain

Unadjusted network
meta-analysis

Adjusted
network
meta-analysis

Standard pair-wise
meta-analysis:

12 months

Standard pair-wise
meta-analysis:
6 months

estimates 95% HPD
intervals

estimates 95% HPD
intervals

estimates 95% CI estimates 95% CI

Stage 1
Intercept 3.57n (� 2.29, 9.88) 2.14 (� 3.70, 7.33)
EMD1bone grafts 0.46 (� 0.13, 0.83) 0.20 (� 0.29, 0.63) 0.36 (� 0.22, 0.95) 0.36 (� 0.23, 0.95)
EMD1bone grafts1GTR 1.10 (� 0.34, 2.61) w

EMD1bone grafts1PRP 0.44 (� 1.17, 2.59) 0.15 (� 1.24, 2.04)
EMD1GTR 0.15 (� 1.37, 0.56) 0.18 (� 1.04, 0.64) 0.27 (� 0.28, 0.82) 0.32 (� 0.49, 1.14)
Flap op � 1.27 (� 1.71, � 0.89) � 1.19 (� 1.55, � 0.76) � 1.36 (� 1.72, � 1.00) � 0.53 (� 1.04, � 0.03)
F/u 5 6 months � 0.20 (� 9.59, 7.72) � 0.16 (� 7.54, 7.08)
Split-mouth design � 0.75 (� 1.25, � 0.13) � 1.01 (� 1.61, � 0.35)

Stage 2
Intercept 3.62n (� 2.03, 9.37) 2.22 (� 2.55, 6.04)
EMD1autogenous bones 0.33 (� 0.67, 2.32) 0.38 (� 0.50, 1.94) 0.30 (� 0.88, 1.48) 0.00 (� 1.06, 1.06)
EMD1Bio-Oss 0.93 (0.48, 1.54) 1.07 (0.55, 1.83) 0.90 (0.37, 1.43) 0.90 (0.04, 1.76)
EMD1Bio-Oss1Bio-Gide 1.18 (� 0.04, 2.51) w

EMD1Bio-Oss1PRP 0.82 (� 0.65, 2.57) 0.89 (� 0.40, 2.28)
EMD1TCP 0.56 (� 0.39, 1.27) 0.67 (� 0.06, 1.34) 0.30 (� 0.33, 0.93)
EMD1DFDBA � 0.23 (� 0.85, 0.34) � 0.21 (� 0.71, 0.36) � 0.20 (� 0.38, � 0.02)
EMD1HA � 0.91 (� 2.98, � 0.08) � 0.86 (� 2.73, � 0.12) � 0.52 (� 1.34, 0.30)
EMD1Perioglass 0.54 (� 0.03, 2.13) � 0.62 (� 2.14, 0.97) � 0.70 (� 1.95, 0.55) 1.11 (0.33, 1.89)
EMD1ePTFE 0.03 (� 2.37, 0.70) � 0.08 (� 1.88, 0.68) 0.37 (� 1.06, 1.80) 0.51 (� 0.78, 1.80)
EMD1Resolut 0.17 (� 1.53, 1.26) 0.23 (� 1.18, 1.13) 0.00 (� 0.98, 0.98)
EMD1Tissue Guide 0.16 (� 1.39, 0.97) 0.19 (� 1.03, 0.92) 0.40 (� 0.34, 1.14) 0.20 (� 0.86, 1.26)
Flap op � 1.19 (� 1.54, � 0.82) � 1.12 (� 1.41, � 0.74) � 1.36 (� 1.72, � 1.00) � 0.53 (� 1.04, � 0.03)
F/u 5 6 months � 0.20 (� 8.53, 7.50) � 0.17 (� 6.00, 5.67)
Split-mouth design � 0.90 (� 1.27, � 0.27) � 1.03 (� 1.49, � 0.44)

nThe mean CAL gain for the reference treatment group, i.e. defects treated with EMD alone.
wOnly one study is included in this group, and it does not report baseline CAL.

Baseline CAL is the covariate in the adjusted network meta-analysis. Note that HPD intervals are not necessarily symmetrical around the estimates of

fixed effects.

CAL, clinical attachment level; EMD, enamel matrix derivatives; CI, confidence intervals; F/u, length of follow-up in months; DFDBA, demineralized

freeze-fried bone allografts; HPD, high probability density; PRP, platelet-rich plasma; GTR, guided tissue regeneration.
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Fig. 4. Forest plot of the standard pair-wise meta-analysis for clinical attachment level gain when different types of bone grafts were grouped
together and different types of barrier membranes were grouped together.
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sito et al. 2005, Tu et al. 2008). The
HPD intervals for the differences
between combination therapies and
EMD alone were generally large, and
this is probably due partly due to the
limited number of studies included in
this meta-analysis and partly to the
heterogeneity in the observed differ-
ences (Figs 3–8). When different types
of bone grafts and barrier membranes
were examined separately, the network
meta-analysis suggested that the use of
bovine bone grafts may provide an
additional 1 mm PPD reduction, CAL
gain and defect fill that was similar to
that shown by direct comparisons. The
network meta-analysis also suggested
that EMD in conjunction with bovine
bone grafts and resorbable Bio-Gides

membrane might provide additional
treatment effects, while no direct com-
parison has been performed yet.

In this study, the network meta-ana-
lysis was undertaken in two stages by
treating different types of bone grafts (or
barrier membranes) as a group first and
then separately. The considerable varia-
tions in the estimates seemed to suggest
that it might not be appropriate to
assume that the clinical effects of dif-
ferent bone grafts (or barrier mem-

branes) were identical. Moreover, the
networking meta-analysis also sug-
gested that it is possible that, under
some circumstances, a combination
might reduce the treatment effects of
EMD (Palmer et al. 2008). Our results
suggest that EMD in conjunction with
GTR does not show additional benefits
compared with EMD alone. Moreover,
the study that used a non-resorbable
membrane in conjunction with EMD
showed a high incidence of early mem-
brane exposure after surgery that might
compromise the treatment outcomes
(Sipos et al. 2005). Early exposure of
membranes was also observed by
another study that used a resorbable
membrane in conjunction with EMD
(Sculean et al. 2001b). Considering the
additional cost and surgical time, the
cost-effectiveness of this combination
therapy seems to be questionable. In
contrast, one study that used a combina-
tion of EMD, bovine bone grafts and a
resorbable membrane showed better
treatment outcomes than flap operation,
and based on indirect evidence, the net-
work meta-analysis suggested that this
combination may achieve better out-
comes than EMD alone. However, as
both membranes and bovine bone grafts

are used in this combination therapy,
further studies are required to validate
this finding and to evaluate its cost-
effectiveness.

The most consistent finding in our
meta-analysis is the additional benefits
shown by EMD in conjunction with
bovine bone grafts. While it is plausible
that this combination may enhance
periodontal regeneration (Simunek
et al. 2008, Trombelli & Farina 2008),
bone grafts may act as fillers for infrab-
ony defects and therefore yield better
short-term clinical and radiographical
measurements (Wang & Cooke 2005).
From a cost-effectiveness perspective, it
is not clear how much difference in
treatment effects is required to justify
the use of combination therapies. Our
analysis and previous systematic review
showed that EMD alone achieved about
1 mm more PPD reduction and CAL
gain than flap operation (publications
in the literature (Kalpitis & Ruben
2002, Venezia et al. 2004, Esposito
et al. 2005). To justify the additional
cost and surgical time (and potential
complications after surgery), we may
expect the combination therapies to pro-
vide a similar number of additional
benefits than EMD alone.

Table 7. Results of network and standard meta-analysis for clinical or radiographical infrabony defect fill

Unadjusted network
meta-analysis

Adjusted
network
meta-analysis

Standard pair-wise
meta-analysis:

12 months

Standard pair-wise
meta-analysis:
6 months

estimates 95% HPD
intervals

estimates 95% HPD
intervals

estimates 95% CI estimates 95% CI

Stage 1
Intercept 3.10n (� 3.31, 9.49) 4.22 (� 2.26, 10.34)
EMD1bone grafts 1.10 (0.56, 1.82) 0.91 (0.40, 1.67) 0.70 (� 0.04, 1.43) 1.10 (0.40, 1.79)
EMD1bone grafts1GTR 1.77 (� 0.02, 4.27) w

EMD1GTR � 0.54 (� 3.30, 1.79) � 0.11 (� 2.57, 2.74) � 0.05 (� 1.38, 1.28) � 0.16 (� 1.90, 1.58)
Flap op � 1.53 (� 2.13, � 0.91) � 1.78 (� 2.47, � 1.09) � 1.70 (� 2.34, � 1.05) � 0.19 (� 2.00, 1.63)
F/u 5 6 months � 0.25 (� 10.13, 8.01) � 0.25 (� 8.81, 8.18)
Split-mouth design � 0.43 (� 1.45, 0.60) � 0.27 (� 1.45, 0.85)

Stage 2
Intercept 3.15n (� 3.40, 9.60) 4.24 (� 2.14, 10.47)
EMD1autogenous bones 0.87 (� 1.55, 3.37) 0.89 (� 1.41, 3.34) 0.00 (� 1.47, 1.47) 0.00 (� 1.06, 1.06)
EMD1Bio-Oss 1.46 (0.69, 2.62) 1.22 (0.34, 2.46) 0.90 (0.23, 1.57) 1.64 (0.16, 3.12)
EMD1Bio-Oss1Bio-Gide 1.91 (0.05, 4.40) w

EMD1DFDBA 1.03 (0.09, 2.03) 0.93 (� 0.13, 1.88) 1.10 (0.90, 1.30)
EMD1HA � 0.29 (� 2.48, 1.77) � 0.29 (� 2.27, 1.76) � 0.00 (� 0.78, 0.78)
EMD1ePTFE � 0.55 (� 3.16, 1.90) � 0.09 (� 2.62, 2.82) � 0.05 (� 1.38, 1.28) � 0.16 (� 1.90, 1.58)
Flap op � 1.46 (� 2.09, � 0.86) � 1.74 (� 2.39, � 1.03) � 1.70 (� 2.34, � 1.05) � 0.19 (� 2.00, 1.63)
F/u 5 6 months � 0.23 (� 9.73, 8.78) � 0.24 (� 8.95, 8.06)
Split-mouth design � 0.59 (� 1.57, 0.48) � 0.37 (� 1.59, 0.79)

nThe mean defect fill for the reference treatment group, i.e. defects treated with EMD alone.
wOnly one study is included in this group, and it does not report baseline defect depth.

Baseline defect depth is the covariate in the adjusted network meta-analysis. Note that HPD intervals are not necessarily symmetrical around the

estimates of fixed effects.

CI, confidence intervals; F/u, length of follow-up in months; HPD, high probability density; EMD, enamel matrix derivatives; CI, confidence intervals;

GTR, guided tissue regeneration; DFDBA, demineralized freeze-fried bone allografts.
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In contrast to traditional pair-wise
meta-analysis, network analysis took
into account the indirect comparisons
in its estimations. For instance, when
estimating the differences between
active treatments A and B, standard
pair-wise meta-analysis only uses the
evidence from clinical trials that ran-
domly allocated patients to either A or B
(i.e. direct comparison). However, in
addition to the evidence from the direct
comparison, network meta-analysis also
takes into account the results such as
those from the studies that compare A
with placebo or B with placebo. The
differences in the results from A-place-
bo and B-placebo clinical trials then
provide indirect evidence of A–B com-
parison. If results from trials comparing
A with placebo are better than those
comparing B with placebo, it may be

inferred that A is better than B. Network
meta-analysis therefore uses a broader
evidence base than standard pair-wise
meta-analysis in the synthesis of
research findings with a view to provid-
ing more robust estimates. Some studies
suggested that adjusted network meta-
analysis might be less biased than direct
comparisons (Song et al. 2008).

It is important to note that the rando-
mization in the included studies is not
broken in the network meta-analysis
(Lumley 2002, Caldwell et al. 2005,
Glenny et al. 2005, Sutton et al. 2008),
and this is different from those meta-
analyses that summarize results for each
arm of treatments from different studies
and then test the differences between
treatment arms (Venezia et al. 2004,
Cheng et al. 2007). An assumption for
network meta-analysis is that there is a

consistency across evidence, i.e. if
treatment A had been included in the
B-to-placebo trials, the estimate of
the difference between A and placebo
would be comparable with those pro-
duced by A-to-placebo trials and vice
versa (Sutton et al. 2008). This assump-
tion is the same as that made by the
standard pair-wise meta-analysis, where
all the estimates of treatment effects
across trials are exchangeable and the
observed heterogeneity is attributed to
random variations (Sutton et al. 2008).

One motivation for undertaking net-
work (also known as mixed treatments)
meta-analysis is that indirect compari-
sons can provide estimates for treatment
comparisons that have not been tested in
head-to-head trials without breaking
randomization (Sutton et al. 2008). For
instance, in the network shown in Fig. 2,

Fig. 5. Forest plot of the standard pair-wise meta-analysis for infrabony defect fill when different types of bone grafts were treated as separate
groups and different types of barrier membranes were treated as separate groups.
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Fig. 6. Forest plot of the standard pair-wise meta-analysis for probing pocket depth reduction when different types of bone grafts were treated
as separate groups and different types of barrier membranes were treated as separate groups.
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Fig. 7. Forest plot of the standard pair-wise meta-analysis for clinical attachment level gain when different types of bone grafts were treated as
separate groups and different types of barrier membranes were treated as separate groups.
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evidence of direct comparisons is only
available in seven out of the 15 possible
comparisons. Results from the random
effects meta-analysis nevertheless pro-
vide clues regarding what might have
been observed if these comparisons had
been made in clinical trials. Another
motivation is that network and mixed
treatments meta-analysis provide a fra-
mework for more than two treatments to
be compared simultaneously, using the
same evidence base. For instance, in this
study, the network meta-analysis allows
us to estimate the differences in the
treatment effects between all possible
combination therapies and EMD alone.
If we wish to use direct evidence for

these comparisons, we would only
include trials with multiple arms testing
all combination therapies. At the
moment, no such study has been per-
formed yet.

Network and mixed treatments ana-
lysis is an emerging new methodology
for evidence synthesis and is still under
development. It is only in recent years
that the use of this methodology has
become widespread (Bucher et al.
1997, Lumley 2002, van Houwelingen
et al. 2002, Psaty et al. 2003, Caldwell
et al. 2005, Glenny et al. 2005, Chou et al.
2006, Coleman et al. 2008, Thijs et al.
2008, Cipriani et al. 2009). In this study,
random-effects modelling with the pro-

cedure of restricted maximum likeli-
hood was used to obtain the point
estimates, and then Markov Chain
Monte Carlo methods were used to
obtain Bayesian HPD intervals (Baayen
et al. 2008). This is because the con-
fidence intervals for estimates in the
random-effects models based on classi-
cal likelihood methods may be too nar-
row for small samples, and the
distributions of model estimates may
not follow a symmetrical distribution.
Different random-effects models for
network meta-analysis have been for-
mulated (Lumley 2002, van Houwelin-
gen et al. 2002, Whitehead 2002,
Glenny et al. 2005), and a more complex

Fig. 8. Forest plot of the standard pair-wise meta-analysis for infrabony defect fill when different types of bone grafts were treated as separate
groups and different types of barrier membranes were treated as separate groups.
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Bayesian network meta-analysis ap-
proach has been proposed (Lu & Ades
2004, Ades et al. 2006, Salanti et al.
2008). While network meta-analysis
should be viewed as an exploratory
method for research hypothesis genera-
tion and its results have to be interpreted
with caution, it is nevertheless a valu-
able tool for evidence synthesis when
more than two treatment options are
available, which is a very common
scenario in periodontal and dental
care. As discussed previously, certain
assumptions are made by network meta-
analysis, and if these assumptions do not
hold, the validity of its results may be
questionable. However, these assump-
tions are not different from those made
by standard pair-wise meta-analysis,
and both require sound evidence base,
i.e. high-quality RCT.

A common problem with systematic
review is that some important informa-
tion such as SD or SEM of treatment
effects is not available for meta-analy-
sis. As SD or SEM is usually used as
weights in meta-analysis; studies not
reporting them have to be excluded. In
this study, we made a few assumptions
in order to derive SD and SEM from
available information, and this may be
viewed as a way of imputing missing
data. However, our sensitivity analysis
with the adjustment of baseline values
was based on RCTs with complete data.

In summary, this network meta-ana-
lysis only found a small additional treat-
ment effect for combination therapies
compared with EMD alone in the treat-
ment of infrabony defects when differ-
ent bone grafts were treated as a group
or different barrier membranes were
treated as a group. Among different
bone grafts, the network meta-analysis
suggested that the use of bovine bone
grafts might provide some additional
benefits, and this will need to be con-
firmed in a large clinical trial with
sufficient statistical power before any
firm conclusion and recommendation
can be made. Further research is also
required to undertake an economic ana-
lysis of cost-effectiveness for these
expensive combination therapies.
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Clinical Relevance

Scientific rationale for the study:
Although EMD in conjunction with
other regenerative materials has been
used in a few clinical trials, it is not
clear whether the use of these com-
bination therapies provides substan-
tial, additional treatment effects than
the use of EMD alone. The rationale
for this study was to conduct a net-

work meta-analysis to estimate the
additional treatment effects provided
by combination therapies.
Principal findings: The network
meta-analysis of randomized clinical
trials showed that combination thera-
pies did not give rise to substantial,
additional benefits in the treatment of
infrabony defects. However, EMD in
conjunction with bovine bone grafts

might provide greater treatment
effects.
Practical implications: Combina-
tions of different regenerative mate-
rials in the treatment of infrabony
defects do not necessarily yield bet-
ter treatment outcomes than single
therapy.
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