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Abstract

Enamel matrix derivative (EMD) has been proposed as an adjunctive treatment for peri-
implantitis, a prevalent complication of dental implants characterized by inflammatory
responses and progressive bone loss around the implant site. This study aimed to per-
form a systematic review and meta-analysis to evaluate the efficacy of EMD compared
with control interventions in the treatment of peri-implantitis. A comprehensive literature
search was conducted by two independent reviewers using a combination of Medical
Subject Headings (MeSHs) and free-text terms. The search included three major electronic
databases—Medline via PubMed, the Cochrane Library, and Embase—and studies pub-
lished up to November 2024. The search aimed to identify relevant clinical trials assessing
the long-term outcomes of EMD in peri-implantitis treatment. Out of an initial 54 articles
identified, five met the inclusion criteria and were included in the meta-analysis. The
pooled mean difference for probing depth reduction with EMD compared to controls was
0.88 (95% confidence of interval (CI): —1.26 to 2.02). The decrease in bleeding on probing
yielded a pooled mean difference of 16.70 (95% CI: —4.93 to 38.32). For bone level gain,
the pooled mean difference was 0.59 (95% CI: —0.01 to 1.19). This meta-analysis indicated
that the most significant improvement with the use of EMD was observed in bone level
gain with surgical approach. Moreover, the adjunctive use of EMD in the treatment of
peri-implantitis may offer clinical benefits in reducing probing depth and bleeding on
probing at the three-month evaluation. These findings support the consideration of EMD as
a valuable adjunct in peri-implantitis treatment protocols, warranting further investigation
through well-designed, long-term randomized controlled trials.
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1. Introduction

Enamel matrix proteins, particularly amelogenins, play a crucial role in the formation
and regeneration of tooth enamel [1,2]. Building on these biological properties, enamel
matrix derivative (EMD) was developed as a therapeutic agent for periodontal regeneration,
demonstrating the ability to stimulate the regeneration of key periodontal structures, includ-
ing cementum, the periodontal ligament, and alveolar bone [3,4]. EMD has been widely
used to promote periodontal regeneration and has shown enhanced clinical outcomes,
particularly when used in combination with bone grafting materials [5].

Successful dental implant therapy depends not only on osseointegration but also
on the maintenance of healthy peri-implant soft and hard tissues [6,7]. EMD has shown
promise in promoting bone healing around dental implants due to its regenerative capabili-
ties. Consequently, it has been proposed as a treatment for peri-implantitis—a common
complication of dental implants characterized by inflammation and progressive bone
loss surrounding the implant fixture [8]. Clinically, peri-implantitis presents similarly
to periodontitis, involving destruction of both soft and hard tissue destruction. How-
ever, its management often requires distinct strategies, including mechanical debridement,
biofilm removal, and adjunctive antimicrobial therapies such as antibiotics, antiseptics,
or sustained-release agents [9]. Among these, the adjunctive use of EMD and sustained-
release minocycline microspheres has shown promise in improving clinical parameters and
reducing Porphyromonas gingivalis levels within three months post-treatment [10].

Although early studies suggest that EMD contribute positively to the surgical man-
agement of peri-implantitis [11], the current evidence remains limited. Favorable outcomes
have been reported when EMD is used in combination with bone substitutes such as
hydroxyapatite, showing improved regenerative potential [12]. Long-term clinical and
radiographic follow-ups at three and five years post-surgery have also indicated a positive
correlation between EMD application and implant survival rates [13]. Typical surgical
protocols include flap elevation, surface decontamination, EMD application, and guided
bone regeneration using grafting materials like freeze-dried bone allograft or anorganic
bovine bone, often covered with an absorbable membrane or subepithelial connective
tissue graft [14].

Despite these encouraging findings, a standardized surgical protocol incorporating
EMD remains to be established. To address this gap, the present study aims to systematically
review the literature and conduct a meta-analysis to evaluate the clinical outcomes of EMD
compared to control interventions in the treatment of peri-implantitis. The null hypothesis
states that there is no significant difference in clinical outcomes between treatment with
EMD and control approaches.

2. Materials and Methods
2.1. Protocol

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [15]. The review
methodology adhered strictly to the PRISMA framework to ensure transparency, repro-
ducibility, and comprehensive reporting. The study protocol was prospectively registered
in the PROSPERO database (CRD42024591896). We applied this following structured
approach to ensure the selection of high-quality evidence relevant to evaluating the efficacy
of EMD in the treatment of peri-implantitis.
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2.2. Eligibility Criteria
The primary research question guiding this review was: Is there a difference in

treatment outcomes associated with the adjunctive use of EMD in patients with peri-
implant disease compared to treatments without EMD?

Participants: Adults diagnosed with peri-implant disease
Intervention: Adjunctive use of EMD
Comparison: Control groups receiving treatment without EMD

Outcomes: Indicators of bone and soft tissue regeneration, including:
- Change in probing depth

- Gain in bone level

- Change in bleeding on probing

- Change in local plaque index

- Change in pus discharge

e  Study Design: Randomized controlled trials (RCTs) involving adult participants

2.3. Inclusion and Exclusion Criteria
e Inclusion Criteria

- Studies evaluating the surgical treatment of peri-implantitis with adjunctive use
of EMD

- Studies involving mechanical and/or chemical decontamination of implant surfaces

- RCTs that reported sufficient quantitative data for meta-analysis

e  Exclusion Criteria

- Studies focused exclusively on natural teeth without involvement of dental implants

- Studies involving patients who had not undergone implant placement or were
treated with removable dentures

- Studies lacking outcome data necessary for meta-analysis

2.4. Information Sources and Search Strategy

An experienced information specialist (NJK), affiliated with an academic library,
conducted the initial systematic search using a combination of controlled vocabulary (MeSH
terms) and free-text keywords to identify relevant studies. The search was performed across
three major electronic databases: Medline via PubMed, the Cochrane Database, and Embase,
with coverage extending up to 30 November 2024. To ensure the comprehensiveness of the
search, two additional reviewers (HJS and K]J]) independently replicated the search using
the same methodology, integrating both MeSH terms and free-text terms tailored to each
database. In addition to the electronic search, a manual screening of the reference lists of all
retrieved full-text articles was performed to identify any potentially eligible studies not
captured in the database searches. All references were imported into EndNote reference
management software (version 21, Clarivate, Philadelphia, PA, USA), where duplicates
were systematically identified and removed. The search strategy was adapted to the syntax
and indexing terms specific to each database. Detailed search terms and strategies are
provided in Supplementary Material Tables S1 and S2.

2.5. Study Selection and Data Extraction

Two reviewers (HJS and K]JJ) independently screened the titles and abstracts of all
retrieved articles for eligibility, following a blinded assessment process based on the pre-
defined inclusion and exclusion criteria. Any discrepancies between the reviewers were
resolved through discussion with a third author (SHH) to reach consensus. Full-text articles
of potentially eligible studies were then assessed independently and in duplicate by the
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same two reviewers to determine their final inclusion. Data extraction was also performed
independently using a structured approach based on the PICOS (Population, Intervention,
Comparison, Outcomes, and Study design) framework. Extracted data were categorized
into the following domains:

General study characteristics: Author, year of publication, and country of origin
Participants: Number of patients and treatment sites
Intervention and comparison: Use of EMD versus control

Outcomes: Changes in probing depth, gain in bone level, change in bleeding on
probing, local plaque index and pus discharge

2.6. Risk of Bias Assessment

The methodological quality of the included randomized controlled trials was eval-
uated using the Cochrane Risk of Bias 2.0 (ROB 2.0) tool. This assessment covered the
following domains: the randomization process (selection bias), deviations from intended
interventions (performance bias), missing outcome data (attrition bias), measurement of
outcomes (detection bias), selection of the reported results (reporting bias), and the overall
risk of bias. Each domain, as well as the overall risk of bias for each study, was classified
as low risk, some concerns, or high risk. Two reviewers (HJS and K]JJ) performed the
risk of bias assessments. Any discrepancies were resolved through discussion to reach
a consensus.

2.7. Data Synthesis and Analysis

The meta-analysis was performed using R software (version 4.3.2; R Project for Statis-
tical Computing). The mean difference (MD) with corresponding 95% confidence intervals
(CI) was used as the summary measure for continuous outcomes. A random-effects model
was employed to account for potential variability between studies. Statistical significance
was set at p < 0.05. Heterogeneity among the included studies was evaluated using the I
statistic and the tau-square (72) test.

3. Results
3.1. Study Selection and Data Extraction

The initial database search yielded 54 articles. Following the removal of 21 duplicates,
the titles and abstracts of the remaining studies were screened, resulting in the exclusion of
23 articles that did not meet the inclusion criteria. A full-text review was conducted for the
remaining 33 articles. After applying the eligibility criteria, 24 articles were excluded, and
one additional study identified through manual search was included. In total, nine studies
were assessed for eligibility. The study selection process is illustrated in the flowchart
presented in Figure 1. Details of the excluded full-text articles, along with reasons for
exclusion, are provided in Supplementary Material Table S3. Tables 1 and 2 provide a
summary of the main characteristics of the included studies.

Table 1. Design of the included studies.

Study
(Author, Year)

Sample Size

Study Design Treatment Modality Inclusion Criteria (Test: Control)

Faramarzi et al., (2015) [10]

Adults (>18) with at least one implant
functional > 1 year
Peri-implant mucositis/mild peri-implantitis

RCT
(double-blind, three-arm Non-surgical N BOP, I.)D >4 mm 20:21
0 soft tissue recession
parallel group)

Radiographic bone loss < 2 mm
Classified as Implant Success Index
Grade III/IV
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Table 1. Cont.

Sample Size

Study . . . o
(Author, Year) Country Study Design Treatment Modality Inclusion Criteria (Test: Control)
Patients with peri-implantitis
RCT Pocket depth > 5 mm
Isehed et al., (2016) [16] Sweden (double-blind, parallel Surgical BOP and/or suppuration (pus) 12:13
group) Angular bone loss > 3 mm at >1 implant (on
radiograph)
Adults (>18) with implant functional > 1 year
Kashefimehr et al., (2017) Iran RCT Non-surgical Severe peri-implant mucositis or mild 2021
[17] (double-blind) & peri-implantitis ’
Excluded if PD > 6 mm at baseline
RCT 3 years: 11:7
Isehed et al., (2018) [13] Sweden (double-blind, parallel Surgical Same as 2016 (extended follow-up of 2016) Syea s 9,'5
groups) years: 9:
Adults (>18) with implant functional > 1 year
Severe peri-implantitis defined as:
PPD > 5 mm
Regidor et al., (2025) [18] Spain (t RE 1{ ) Surgical Persistent BOP and/or SOP despite prior 20:16 (ESS) *
WO paratiel groups non-surgical therapy
Intraosseous defect > 3 mm depth and <4 mm
width
ESS, effective sample size; BOP, bleeding on probing; PD, probing depth; SOP, suppuration on probing. * Patient
ESS = Number of patients <+ [1 + (average implant number — 1) X intracluster correlation coefficient].
Table 2. Main characteristics of the included studies.
Study Test P 1 Proced Foll
(Author, Year) est Procedure Control Procedure ollow-Up Outcomes
Faramarzi et al., Mechanical debridement Mechanical subgingival 2 weeks, PD. BOP
(2015) [10] (MD) followed by application of EMD debridement only 3 months ’
leehed et al Flap surgery with S - 4 MBL change, PD/FOPZ pla;lue index,
sened eral debridement and saline cleaning, ame surglcal procedure 12 months . | suppuration (pus),
(2016) [16] followed by application of EMD without EMD. microbiological composition, implant
¥ app ' survival/loss
. Subgingival debridement Subgingival debridement . .
Kasl(12e(t;11n71)e Er 7? al, with ultrasonic device and air polishing, with ultrasonic device and 3 months BOP, PD Ch?:ge' ri)r?énesn probing,
followed by application of EMD glycine-based air polishing only plaque
Isehed et al., debrid l;lla};ts urrlgéeryhﬁlthl nin Same surgical procedure 1,3, and Implant survival, MBL change
(2018) [13] fe eruent and sa ine cleaniig, without EMD 5 years BOP, plaque index, suppuration (pus)
ollowed by application of EMD.
. Flap surger i
: Flap surgery, implant | rlap surgery, PD change, BOP, suppuration (SOP),
Ra(ezg(l)glg)r [ﬁts?l" surface decontamination, bone graft + ‘mPl"m.t surface 6 months recession, keratinized mucosa,
resorbable membrane + EMD decontamination, bone graft + 12 months MBL change, early healing index

resorbable membrane (without EMD)

PD, probing depth; BOP, bleeding on probing; MBL, marginal bone level; SOP, suppuration on probing.

Identification of studies via manual ‘

Identification of studies via Pubmed, Embase, Cochrane

§ Records identified from: Records identified from:
= Databases (n = 54) Records removed before 3 o
5 screening: atabases (n = 2)
&
k- - Pubmed (n = 19) Duplicate records removed " -
H - Embase (n = 11) (n=21) b i)
= - Cochrane (n = 24) - Pubmed (n = 1)
_ !
Blagard i Records excluded after
oo Secleene screening titles and abstracts
(=33 (n=24)
Reports excluded:
o ReECérIs sought for retrieval No response received (n = 1) (F:\egozr)&s sought for retrieval
2 (n=9) No relevant outcomes (n = 5)
=
5 !
Reports assessed for eligibility (Repor;s assessed for eligibility
(= n=
L
o
3 Reports of included studies
E (n=5)
3
£

Figure 1. Flowchart illustrating the selection process of studies included in the systematic review.
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3.2. Risk of Bias Assessment

The summary of the risk of bias across individual domains for each included study
is presented in Figure 2. This figure visually depicts the risk of bias assessments, with
green indicating low risk, yellow indicating some concerns, and red indicating high risk
(Figure 2A). A detailed breakdown of the risk of bias evaluations, including domain-
specific and overall scores for each study, is provided in Supplementary Material Table
54. All included studies were rated as having some concerns regarding the overall risk
of bias. Notably, areas such as the randomization process and the selection of reported
outcomes were common sources of potential bias, warranting cautious interpretation of the
findings (Figure 2B).

D5 Overall

! @ . Low risk

! @ ! Some concerns
! @ . High risk
O

O

Study

D1

Faramarzi 2015 .

Isehed 2016 .
Kashefimeh 2017 !
1

®

Isehed 2018

00000
00000:
00000

Regidor 2025

D1 Randomisation process
D2 Deviations from the intended interventions
D3 Missing outcome data
D4 Measurement of the outcome
D5 Selection of the reported result
(A)

As percentage (intention-to-treat)

Overall Bias

Selection of the reported result
Measurement of the outcome
Mising outcome data

Deviations from intended interventions

Randomization process
0 10 20 30 40 50 60 70 80 90 100

m Low risk Some concerns M High risk
(B)

Figure 2. Risk of bias assessment. (A) Summary of the risk of bias across individual domains for
the included studies. (B) Overall risk of bias rating for each study. Faramarzi (2015) [10], Isehed
(2016) [16], Kashefimehr (2017) [17], Isehed (2018) [13], and Regidor (2025) [18].

3.3. Meta-Analysis

Five studies—Faramarzi (2015) [10], Isehed (2016) [16], Kashefimehr (2017) [17], Ise-
hed (2018) [13], and Regidor (2025) [18]—were included in the meta-analysis to evaluate
the efficacy of adjunctive use of EMD in the treatment of peri-implantitis.

3.3.1. Change in Probing Depth

Figure 3a shows forest plot illustrating the effect of EMD with different treatment
protocol on change in probing depth. The analysis was conducted in two subgroups:
non-surgical and surgical approaches. For the non-surgical approach, two studies (Fara-
marzi (2015) [10] and Kashefimehr (2017) [17]) were used. This subgroup demonstrated
substantial heterogeneity (I = 0%), indicating low heterogeneity between the studies. The
pooled MD was 1.61 (95% CI of 1.07 to 2.15) and the forest plot indicated a trend favoring
adjunctive use of EMD for greater probing depth reduction. In the surgical subgroup,
moderate heterogeneity was observed (I? = 40.4%, p > 0.05), indicating some inconsistency
among study results. For surgical approach, two studies (Isehed (2016) [16] and Regidor
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(2025) [18]) were analyzed. The use of EMD demonstrated a pooled MD of 0.88 (95% CI
of —0.26 to 2.02), implying no apparent differences between two groups. The application
of EMD showed a pooled MD of —1.60 (95% CI of —4.12 to 0.92) and the combination of
EMD and adjuncts led to a pooled MD of 0.29 (95% CI of —1.06 to 1.64). When considering
all four included studies together (total sample size: experimental n = 72, control n = 71),
substantial heterogeneity was observed (I* = 67.9%, p < 0.05), indicating considerable
variability between studies. The overall effect demonstrated a pooled MD of 0.88 (95% CI
of —0.26 to 2.02), with a test for overall effect yielding z = 1.51 (p = 0.1317). This suggests
a positive trend toward improved outcomes with EMD, though the effect did not reach
statistical significance at the pooled level.

Experimental Control
Study Total Mean SD Total Mean SD Mean Differance MD 95%-Cl Weight
Non-surgical
Faramarzi 2015 20 1.38 153 21 000 074 il 138 [064;212] 316%
Kashefimehr 2017 20 1.38 1.53 21 -0.50 0.98 — 1.88 [1.09;267] 31.0%
Random effects model 40 42 <= 1.61 [1.07; 2.15] 62.6%
Heterogeneity: /= 0%, «° = < 0.0001, p = 0.3660
surgical
Isehed 2016 12 237 259 13 397 378 =] -160 [-412;092] 131%
Regidor 2025 20 429 243 16 4.00 168 ;E— 0.29 [-1.06;1.64] 24.2%
Random effects model _ 32 239 = -0.13 [-1.32; 1.08] 37.4%

Heterogeneity: /= 40.4%, ©° = < 0.0001, p = 0.1953

Random effects model _ 72 7 —— 0.88 [-0.26; 2.02] 100.0%
Heterageneity: I° = 67.9%, < = 0.9346, p = 0.0251 ! T T !
Test for overall effect: z = 1.51 (p = 0.1317) —4 -2 V] 2 4

Test for subgroup differences: y? =6.85, df =1 (p = 0.0089) Mean Difference in PD (mm)

(a)
Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Non-surgical
Faramarzi 2015 20 1.38 1.53 21 0.00 0.74 Hill— 1.38 [064;212] 31.6%
Kashefimehr 2017 20 138153 21 -0.50 098 i 188 [1.09;:267] 31.0%
Random effects medel 40 42 <> 1.61 [1.07;2.15] 62.6%
Heterogeneity: 1©=0%, ° = 0. p = 0.3660
surgical (EMD only)
Isehed 2016 12 237 2.59 13 397 3.78 —1.60 [-4.12,092] 131%
Surgical (EMD + Adjuncts)
Regidor 2025 20 429 243 16 4.00 168 — 0.29 [-1.06;1.64] 242%
Random effects model 72 7 0.88 [-0.26; 2.02] 100.0%
Heterogeneity I° = 67 9%, « = 0 9346, p = 0 0251 ! !
Test for overall effect: z = 1.51 {p = 0.1317) -4 -2 0 2 4
Test for subgroup differences: 3, = 8.53, df = 2 (p = 0.0141) Mean Difference in PD {mm)
(b)
Experimental Control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
short-Term (3M)

Faramarzi 2015 20 138153 21 000074 il 1.38 [064:212] 316%
Kashefimehr 2017 20 1.381.53 21 -0.50 0.98 —E— 1.88 [1.09;267] 31.0%
Random effects model 40 42 <> 1.61 [1.07; 2.15] 62.6%
Heterogeneity: 1% = 0%, «° = < 0.0001, p = 0.3660

Mid-Term (1Y)

Isehed 2016 12 237 259 13 3.97 3.78 L -1.60 [-4.12;0.92] 13.1%
Regidor 2025 20 4290243 16 4.00 168 2&* 029 [-1.06;164] 242%
Random effects model _ 32 28 = =-0.13 [-1.32; 1.06] 37.4%
Heterogeneity: I~ = 40.4%. «° = < 0.0001, p = 0.1953

Random effects model 72 7 e 0.88 [-0.26; 2.02] 100.0%

z 2 T 1 1
Heterogeneity: I” = 67.9%, v = 0.9346, p = 0.0251
Test for overall effect: z = 1.51 (p = 0.1317) -4 -2 0 2 4

Test for subgroup differences: f =6.85, df =1 (p = 0.0089) Mean Difference in PD (mm)

(o)
Figure 3. Forest plot comparing the effect of enamel matrix derivative versus control on probing
depth change. (a) Comparing the effect of non-surgical and surgical approaches. (b) Different types
of surgical approaches. (c) Different follow-up periods. Included studies: Faramarzi 2015 [10],
Isehed 2016 [16], Kashefimehr 2017 [17], and Regidor 2025 [18].

The results of different follow-up periods are shown in Figure 3c. A random effects
model was applied for the short-term of three- months follow-up evaluation, and the I?
value (67.9%) indicated considerable variability between studies. The subgroup analysis on
3 months showed that the pooled MD was of 1.61 (95% CI of 1.07 to 2.15) and the forest plot
indicated a trend favoring the adjunctive use of EMD for greater probing depth reduction.
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Subgroup on analysis at one year demonstrated an I value of 40.4% and p-value of 0.1953.
The application of EMD showed a pooled MD of -0.13 (95% CI of —1.32 to 1.06) on one-year
follow up evaluation.

3.3.2. Decrease in Bleeding on Probing

Figure 4a shows a forest plot illustrating the effect of EMD with different treatment
protocols on decrease in bleeding on probing. The analysis was conducted in two sub-
groups: non-surgical and surgical approaches. For non-surgical approaches, two studies
(Faramarzi (2015) [10] and Kashefimehr (2017) [17]) were used. This subgroup demon-
strated low heterogeneity (I> = 0%, p = 1.0). The pooled MD was 50.0 (95% CI of 32.34 to
67.66) and the forest plot indicated a trend favoring the adjunctive use of EMD for greater
decrease in bleeding on probing.

Experimental Control
Study Tetal Mean SD Total Mean sD Mean Difference MD 95%-Cl Weight
Nen-surgical
Faramarzi 2015 20 58.33 3210 21 833 3210 —— 5000 [30.34;69.66] 16.3%
Kashefimehr 2017 20 58.33 3210 21 833 3210 —— 5000 [30.34,69.66] 16.3%

Random EﬁEC:tS mudgl 40 42
Heterogeneity: /“ = 0%, r* = 61.8555, p = 1.0000

==== 50.00 [32.34;67.66] 32.6%

Surgical (EMD only)
Isehed 2016 12 26.00 12.00 13 17.00 12.00 Hil: 900 [-0421842] 182%

Isehed 2018 (3Y) 11 13.00 10.00 7 2300 16.00 — —-10.00 [-2324; 324] 176%

Isehed 2018(5Y) 9 37.00 14.00 5 46.00 19.00 —— -0.00 [-28.00; 10.00] 16.5%

Random effects medel 32 25 = -1.63 [-13.45; 10.19] 52.3%

Heterogeneity: I° = 69.2%, v = 61.8555, p = 0.0390

surgical (EMD + Adjuncts)

Regidor 2025 20 5119 41.44 16 38.04 35.25 __-_ 13.15 [-11.91;38.21] 15.1%

Random effects model 92 83 T 16.70 [—4.93; 38.32] 100.0%
-2 = 2_

Heterogeneity- I” = 88 7%, © = 645 3207, p < 0.0001

Test for overall effect: z = 1.51 (p = 0.1302)
Test for subgroup differences: ;5 = 22.67, df = 2 (p < 0.0001)

-60-40-20 0 20 40 60
Mean Difierence in BOP (%)

@
Experimental Contrel
Study Total Mean  SD Total Mean sD Mean Difference MD 95%-C| Weight

Short-Term (3IM)
Faramarzi 2015
Kashefimehr 2017
Random effects model 40 42
Heterogeneity: ?=0%, ¢ =0, £ = 1.0000

20 58.33 3210 21 833 3210
20 58.33 3210 21 8.33 3210

—l— 50.00 [30.34:69.66] 16.3%
—B— 5000 [30.34;69.66] 16.3%
<=  50.00 [36.10;63.90] 32.6%

Mid-Term (1Y)

Isehed 2016 12 26.00 12.00 13 17.00 12.00 Hil: 9.00 [-0.42;1842] 182%
Regidor 2025 20 51.19 41.44 16 38.04 3525 —— 1315 [-11.91;3821] 151%
Random effects medel 32 29 9.51 [ 0.70;18.33] 33.3%

Heterogeneity: #=0%, =0, p=07613

Long-Term (3Y)

Isehed 2018 (3Y) 11 13.00 10.00 7 23.00 16.00 -10.00 [-23.24; 3.24] 176%

Long-Term (5Y)

Isehed 2018(5Y) -9.00 [-28.00;10.00] 165%

—
9 37.00 1400 5 46.00 19.00 ——
I

Random effec_ts model a 92 83
Heterageneity: I* = 88.7%, ©° = 645 3207, p < 0.0001

Test for overall effect: z = 1.51 (p = 0.1302)

Test for subgroup differences 7; =44.26, df = 3 (p < 0.0001)

T 16.70 [-4.93; 38.32] 100.0%

-60-40-20 0 20 40 60
Mean Difference in BOP (%)

(b)
Figure 4. Forest plot comparing enamel matrix derivative versus control for the reduction in bleeding
on probing in the treatment of peri-implantitis. (a) Different types of non-surgical and surgical
approaches. (b) Different follow-up periods. Included studies: Faramarzi 2015 [10], Isehed 2018 [13],
Isehed 2016 [16], Kashefimehr 2017 [17], and Regidor 2025 [18].

For surgical approach, three studies—Isehed (2016) [16], Isehed (2018) [13], and
Regidor (2025) [18]) were used for the analysis. In the surgical subgroup of EMD only
group, substantial heterogeneity was observed (I> = 69.2%, p < 0.05), indicating consider-
able variability exists between studies. The pooled MD was —1.63 (95% CI of —13.45 to
10.19) and the forest plot indicated no significant difference between the groups regarding
the decrease in bleeding on probing.

When considering all five included studies together (total sample size: experimental
n =92, control 1 = 83), substantial heterogeneity was observed (I? = 88.7%, p < 0.01), indi-
cating marked variability between the studies. The overall effect demonstrated a pooled
MD of 16.70 (95% CI of —4.93 to 38.32), with a test for overall effect yielding z = 1.51
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(p = 0.1302). This suggests a positive trend toward improved outcomes with EMD, though
the effect did not reach statistical significance at the pooled level.

The results of different follow-up periods are shown in Figure 4b. A random effects
model was applied for short-term of three months follow-up evaluation, and I? value (0.0%,
p = 1.0) indicated that low heterogeneity between the studies. Subgroup on 3 months
showed that the pooled MD was 50.0 (95% CI of 36.1 to 63.9) and the forest plot indicated
a trend favoring the adjunctive use of EMD for greater reduction in bleeding on probing.
Subgroup on one year demonstrated I? value of 0.0% and the p-value of 0.7613. The
application of EMD showed a pooled MD of 9.51 (95% CI of 0.70 to 18.33) on one-year follow
up evaluation, showing greater reduction in bleeding on probing with the application
of EMD.

3.3.3. Increase in the Bone Level

Figure 5a shows forest plot illustrating the effect of EMD with different treat-
ment protocol on bone level gain. For the surgical subgroup of EMD only group, two
studies—Isehed (2016) [16] and Isehed (2018) [13] were used for the analysis. I? value
(0.0%, p = 0.7562) indicated that low heterogeneity between the studies. The pooled MD
was 0.45 (95% CI of —0.40 to 1.29) and the forest plot indicated that there was no significant
difference between the groups regarding the bone level gain. When considering all three
included studies together (total sample size: experimental n = 52, control n = 41), low
heterogeneity was observed (I = 0.0%, p = 0.8554). The overall effect demonstrated a
pooled MD of 0.59 (95% CI of —0.01 to 1.19), with a test for overall effect yielding z = 1.93
(p = 0.05). This suggests a positive trend toward improved outcomes with EMD, indicating
greater bone level gain with the application of EMD.

Experimental Control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
surgical (EMD only) H
Isehed 2016 12 0.73 0.96 13 013 1.41 ——-— 060 [-0.34;1.54] 40.5%
Isehed 2018(3Y) 11 0.20 491 7 053 210 -0.33 [-3.62;2.96] 3.3%
Isehed 2018(5Y) 9 108 284 5 125183 R [ 017 [-262;228] 5.9%
Random effects model 32 25 =T 0.45 [-0.40; 1.29] 49.7%
Heterogeneity: I° = 0%, <~ = 0, p = 0.7562
surgical (EMD + Adjuncts)
Regidor 2025 20 1.85 143 16 112 115 '—-— 073 [-0.11:1.57] 50.3%
Random effects model 52 41 — 0.58 [-0.01; 1.19] 100.0%

. Z_ =
Heterogeneity: I* = 0.0%, © =0, p = 0.8554
Test for overall effect: z = 1.93 (p = 0.0534) 321 0 1 2 3

Test for subgroup differences: »* = 0.22, df = 1 (p = 0.6419) Mean Difference in MBL (mm)

@

Experimental Control

study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Mid-Term (1Y) |

Isehed 2016 12 073006 13 013 141 - 060 [-034:154] 405%
Regidor 2025 20 185143 16 112115 T+l 073 [-0.11;157] 50.3%
Random effects model 32 29 S 0.67 [0.04;1.30] 90.8%

Heterogeneity: F=0% =0, p =0.28400

Long-Term (3Y)
Isehed 2018 11 020491 7 053210

-033[-362,296] 33%

Long-Term (5Y)

Isehed 2018 9 108 284 5 125183 —0.17 [-2.62;2.28] 59%

Random effects model 52 41 o 0.59 [-0.01; 1.19] 100.0%
e 2 z_ B

Heterogeneity: 1©=0.0%, <= 0. p = 0.8554

Test for overall effect: z = 1.93 (p = 0.0534) -3 -2 1 0 1 2 3

Test for subgroup differences: yé =0.73, df =2 (p = 0.6926) Mean Difference in MBL (mm})

(b)

Figure 5. Forest plot illustrating the comparison between enamel matrix derivative and control
groups for bone level gain in the treatment of peri-implantitis across various follow-up periods.
(a) Different types of non-surgical and surgical approaches. (b) Different follow-up periods. Included
studies: Isehed 2018 [13], Isehed 2016 [16], and Regidor 2025 [18].
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The results of different follow-up periods are shown in Figure 5b. For mid-term of
one year follow-up evaluation, I? value (0.0%, p = 0.84) indicated that low heterogeneity
between the studies. Subgroup on one year showed that the pooled MD was 0.67 (95% CI
of 0.04 to 1.30) and the forest plot indicated a trend favoring the adjunctive use of EMD for
greater bone level gain.

3.4. Publication Bias

The results of the analyses for publication bias are shown in Figure 6 and Table 3.
The analysis for publication bias, assessed through original and trim-and-fill methods
along with Egger’s regression test, revealed varying degrees of potential bias across the
evaluated variables. For probing depth, two additional studies were added in the trim-and-
fill analysis, and Egger’s test indicated no significant publication bias (p = 0.07). Similarly,
for bleeding on probing, one additional study was added in the trim-and-fill analysis, and
Egger’s test indicated no significant publication bias (p = 0.44). In contrast, for marginal
bone level, two additional studies were added in the trim-and-fill analysis and Egger’s
regression showed a statistically significant result (p = 0.02). Overall, while most variables
did not show evidence of publication bias, the findings for marginal bone level suggest the
need for cautious interpretation.

o
o

04
°

Standard Errer

08

1.0

142

T T T T T
-1 0 1 2 3

Mean Difference in PD (mm)

@

Standard Error

T T T T T T T
-10 o 10 20 30 40 50

Mean Difference in BOP (%)
(b)

Figure 6. Cont.
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Standard Error

Mean Difference in MBL (mm)
(0
Figure 6. Funnel plots illustrating the assessment of publication bias for each outcome measure:

(a) Change in probing depth. (b) Reduction in bleeding on probing. (c) Bone level gain.

Table 3. Analyses for publication bias.

Original Analysis Trim-and-Fill Analysis Egger’s Regression Test
Variables MD (95% CI) p-Value MD (95% CI) Addedsilt::lciei;!s/Total t-Value df p-Value Es]tsiinalsate
PD (—o.z%ii 2.02) 0.13 (0.181’;223.06) 2/6 =359 2 007 (g, i Z.lo3)
BOP (—4.9136&7)038.32) 0.13 (713.995'%3) 36.77) 177 086 4 044 (SE3;2;.74)
MBL (—o.oqi)g 1.19) 0.05 (0.100£71.24) 2/6 =703 2 002 (g, 2'3?13)

PD, probing depth; BOP, bleeding on probing; MBL, marginal bone level.

4. Discussion

This systematic review and meta-analysis evaluated the long-term efficacy of EMD
in the management of peri-implant disease. Although EMD consistently showed a trend
toward improved clinical and radiographic outcomes, most differences did not reach
statistical significance. Notably, EMD demonstrated a significant benefit in bone level gain,
suggesting its potential role for enhancing regeneration around the implant.

The long-term outcomes presented in this study indicate that EMD contribute posi-
tively to both clinical and radiographic parameters in the treatment of peri-implant disease.
While non-surgical interventions alone have shown limited effects on clinical parameters
and biomarker levels, adjunctive treatments including EMD have demonstrated more
favorable short-term outcomes [19]. In this study, the significant clinical benefits of EMD in
reducing probing depth and bleeding on probing were observed at three months. Moreover,
surgical therapies incorporating EMD appeared to yield greater improvements in inflam-
mation control and clinical indicators over both the short and long term when compared
with non-surgical approaches [11]. This study clearly demonstrated the benefits of EMD
in bone level gain when using a surgical approach. Combination therapies involving
EMD have also shown promising success rates. One study reported a 56.6% success rate
after 36 months of treatment using EMD as part of a combination therapy, supporting its
effectiveness in managing peri-implantitis [20]. Furthermore, a randomized controlled trial
reported a 100% implant survival rate in the EMD group at three years and 85% at five
years, compared to 83% and 75%, respectively, in the non-EMD group [13].

The therapeutic effects of EMD in the treatment of peri-implant disease can be at-
tributed to its multifaceted influence on both inflammatory modulation and tissue regener-
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ation. Adjunctive use of EMD has been associated with a reduction in key inflammatory
biomarkers in peri-implant crevicular fluid, indicating a more favorable local immune
environment following treatment [19]. Specifically, EMD has been shown to downregu-
late pro-inflammatory cytokines, including interleukin (IL)-1f3, IL-6, IL-17, and receptor
activator of nuclear factor-kappa B ligand, which are critical mediators of peri-implant
inflammation and bone resorption [17,21]. In addition, EMD promotes the expression of
leukocyte chemotactic factors and adhesion molecules in vascular endothelial cells, enhanc-
ing immune cell recruitment and function at the site of inflammation [22]. Furthermore,
EMD facilitates immune modulation by enhancing the proliferation and migration of T
lymphocytes, inducing monocyte differentiation, and promoting the clearance of bacteria
and tissue debris [21]. A notable shift toward a Gram-positive and aerobic bacterial profile
has also been observed following EMD application, potentially contributing to a more
stable and healing-conducive microbiome in peri-implant tissues [16].

At the cellular level, EMD exerts a stimulatory effect on various cell types involved
in tissue regeneration. It has been reported to enhance the attachment, proliferation, and
migration of fibroblasts, osteoblasts, and other regenerative cells, processes that are crit-
ical for effective wound healing [23]. EMD also supports osteoblast differentiation and
upregulates the expression of bone-related proteins such as osteocalcin and transforming
growth factor-beta 1, both of which play essential roles in bone remodeling and regener-
ation [24]. Moreover, the regenerative effects of EMD appear to be mediated by several
intracellular signaling pathways, including the extracellular signal-regulated kinase 1/2,
¢-Jun N-terminal kinase, and p38 mitogen-activated protein kinase pathways [25,26]. These
pathways are known to regulate cell proliferation, migration, and differentiation, thereby
contributing to the observed clinical improvements associated with EMD treatment. Col-
lectively, these mechanisms highlight the biological potential of EMD as a therapeutic
agent that addresses both inflammation and tissue regeneration in the management of
peri-implant disease.

Variations in treatment protocols across clinical settings may influence the application
of EMD. The recommended amount of EMD typically depends on the size and configuration
of the defect, with clinicians generally applying it as a thin, uniform layer to ensure adequate
coverage of the affected area. The exact volume used is determined by the clinical context
and the discretion of the treating dentist or periodontist. Additionally, the carrier system for
EMD can vary depending on the manufacturer and product formulation [27,28]. Common
carriers include hyaluronic acid, propylene glycol, glycerin, and water, which aid in the
delivery of EMD by providing suitable consistency and handling properties for clinical
use [29]. Notably, the adsorption of EMD onto grafting materials can vary significantly
based on the carrier employed [27]. In regenerative procedures, EMD is often combined
with scaffold materials to support and enhance periodontal tissue regeneration.

Despite the rigorous methodology employed in this meta-analysis—including a com-
prehensive literature search and strict adherence to PRISMA guidelines—several limitations
should be acknowledged. A major source of concern lies in the methodological quality of
the studies included in both the qualitative and quantitative syntheses [30]. The nature
of the intervention, which involved the adjunctive application of a gel, likely rendered
participant blinding unfeasible [31,32], potentially introducing performance bias. Further-
more, selective outcome reporting in some studies might have affected the reliability and
generalizability of the results. The statistical analysis also revealed substantial heterogene-
ity, indicating possible underlying differences in study design, patient populations, and
treatment protocols. Such heterogeneity limits the external validity of the pooled estimates
and warrants cautious interpretation. Given the limited number of included studies, the
statistical power of Egger’s regression test to detect publication bias might have been
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insufficient, and the observed funnel plot asymmetry could have been influenced by factors
other than publication bias. These findings highlight the need for well-designed random-
ized controlled trials with clearly defined inclusion criteria to confirm the efficacy of the
intervention [33]. Future studies should also consider standardizing follow-up durations
and accounting for variability in patient characteristics to enhance clinical applicability.

Collectively, the results of this meta-analysis suggest that EMD is associated with
more favorable outcomes in terms of probing depth reduction, improvements in bleeding
on probing and bone level gain. Overall, these findings support the potential clinical
advantage of EMD in the management of peri-implantitis and suggest that it may merit
prioritized consideration in appropriate treatment protocols.

5. Conclusions

This meta-analysis indicates that the adjunctive use of EMD in the treatment of peri-
implantitis may offer clinical benefits. The most significant improvement with the use of
EMD was observed in bone level gain with surgical approach. Moreover, the adjunctive
use of EMD in the treatment of peri-implantitis can offer clinical benefits in reducing
probing depth and bleeding on probing at the three-month evaluation. These findings
support the consideration of EMD as a valuable adjunct in peri-implantitis treatment
protocols, warranting further investigation through well-designed, long-term randomized
controlled trials.
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