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Abstract
Background Peri-implant diseases have been recognized as
being among the ever-increasing complications related to den-
tal implants. The aim of this study was to evaluate the adjunc-
tive use of enamel matrix derivative (EMD) to mechanical
debridement (MD) in patients with these conditions in terms
of clinical parameters and cytokine levels of peri-implant cre-
vicular fluid (PICF).
Methods In the present double-blind clinical trial, 46 patients
with peri-implant mucositis (PM) were randomly divided into
control and test groups. Two different therapeutic protocols,
consisting of non-surgical MD alone (control group) and MD
with the application of EMD (test group), were considered for
the two groups. Clinical parameters [bleeding on probing
(BOP) and probing depth (PD)] and sampling from PICFwere
carried out before treatment and 3 months postoperatively.

The levels of IL-6 and IL-17 cytokines in PICF were evaluat-
ed by enzyme-linked immunosorbent (ELISA).
Results Three-month post-interventional assay revealed sig-
nificant improvements in BOP and PD in the test group in
comparison to the control group (P < 0.0001). Relative to
control, IL-6 and IL-17 levels were reduced significantly
(p < 0.05) in the test group compared to the control group.
Conclusion Application of EMD can be considered an ad-
junct to MD in the non-surgical treatment of PM. However,
complete recovery was not observed using either treatment
approach showing that management of implant-associated
disease is still a significant clinical problem.
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Introduction

The ever-increasing placement of endosseous dental implants
has led to an inevitable increase in the total number of asso-
ciated complications observed, that is, peri-implant diseases
including peri-implant mucositis and peri-implantitis. Most
unfortunately though, management of peri-implant diseases
has shown itself to be a difficult problem with no reliable
and predictable treatments for these problems described to
date [1, 2]. Peri-implant diseases are infectious/inflammatory
diseases that affect the soft as well as hard tissues around a
functioning implant (peri-implant mucositis and/or peri-
implantitis, respectively) [3]. Both conditions are common
disorders with incidence rates of 18–56% with respect to im-
plants and are also found in about 60–80% of patients with
respect to peri-implant mucositis (PM) and 10–43% of im-
plants in 19–56% of patients with respect to peri-implantitis
(PI) [4, 5]. Microorganisms and the host immune response
may play a crucial role in the etiopathological mechanisms
of peri-implant diseases [6–10]. Major risk factors for PI in-
clude poor oral hygiene [11], a history of periodontitis [12],
and smoking [13]. Systemic diseases such as diabetes
mellitus, alcoholism, genetic factors, incomplete removal of
luting material from the sulcus, insufficient keratinized gingi-
va (KG), implant proximity, implant surface roughness, and
occlusal trauma are factors that may be involved in the etiol-
ogy of peri-implant diseases although the presence of
keratinized tissue is not quite as clear as a risk factor/
indicator [2, 11, 14].

The symptoms associated with peri-implant lesions include
bleeding on probing (BOP), pain on probing (in the experi-
ence of the authors, the pain on probing is often much more
severe than pain on probing observed in similarly inflamed
periodontal tissues) suppuration, increased pocket depth, and
mucosal swelling. Failure to diagnose and treat PM in a timely
fashion can lead to bone loss and eventually complete loss of
osseointegration [2]. It is also not inappropriate to presume
that inflammation and infection about implants might have
similar systemic effects or risks as seen with regard to peri-
odontitis or infection/inflammation about natural teeth.
Therefore, early diagnosis and appropriate treatment are es-
sential to stop and avert the progression of these lesions. Both
non-surgical and surgical treatments have been attempted for
management of peri-implant diseases, with the latter produc-
ing better results for cases withmore than 2mmof progressive
bone loss [15, 16]. It has also been found that non-surgical
treatment through mechanical debridement (MD) alone does
not provide much benefit in the management of peri-implant
diseases (e.g., without locally administered antimicrobial
agents), and hence, in most cases, adjunctive treatment is rec-
ommended [17–19]. As mentioned then, adjunctive treat-
ments that can be performed along with debridement can in-
clude the administration of local antibiotic (e.g., Arestin®,

Atridox®), while it has also been suggested that photodynam-
ic therapy and lasers might also have improve treatment out-
comes of MD, although not as reliably as the use of locally
administered antibiotic. In any case, however, the induction of
complete recovery of peri-implant lesions following treatment
has as yet not been achieved [20–29]. Therefore, other treat-
ment strategies need to be studied to identify the most effec-
tive interventions for this category of disease (either singly or
in combination).

Current approaches to clinical practice focus primarily on
decreasing bacterial challenges rather than modulating the
host response [30]. Given the role of cytokines in determining
the inflammatory response and bone loss and possibly even in
modulation of the disease-associatedmicrobiome [31], studies
are required to assess novel approaches to management of
implant-associated diseases with the use of therapies that
might modify host reactions as opposed to those that strictly
alter the microbial elements. In order to do this, it is also
important to assess the effects of any treatment on host-
mediated production-destructive (and protective) cytokines
around implants [32]. One therapeutic technique which has
been employed successfully in the management of periodontal
diseases and in particular bone loss associated with periodon-
titis involves the use of enamel matrix derivatives (EMDs)
[33–35] Amelogenin and related proteins are probably the
most important components of EMD [36]; however, there
are several other components in EMD, some known and
others as yet unidentified, that might also be important. In
any case, EMD has been shown to result in significant clinical
improvement in treatment of periodontal and also peri-implant
diseases [37, 38].

Although EMD is thought to mediate many of its effects by
modulation of host responses, including cellular differentia-
tion and inflammation [39], it has also been demonstrated to
have antibacterial properties that inhibit the growth of gram-
negative bacteria such as Porphyromonas gingivalis,
Aggregatibacter actinomycetemcomitans, and Prevotella
intermedia [40, 41]. As indicated previously in relation to
inflammation, EMD and in particular amelogenin also limit
the release of cytokines induced by bacterial lipopolysaccha-
ride [42] as well as epithelial cells and osteoclasts [43].
Amelogenin in EMD can stimulate mesenchymal cells (e.g.,
fibroblasts, osteoblasts, cementoblasts, and stem cells) (PMs)
(e.g., TGF-β, VEGF, and PDGF) [44]. Consequently, it can
enhance osteogenesis and inhibits osteoclastogenesis [45–48],
the effects of which are very important in the regeneration of
periodontal tissue [48]. Moreover, its effects on soft tissue
wound healing [49, 50] might be critically important since
the earlier establishment of a more Bsterile^ subsurface envi-
ronment following surgery could provide just the right envi-
ronment for enhancement of regeneration. Despite the effica-
cy of EMD in the treatment of periodontal disease, there are a
limited number of clinical studies focusing on the use of EMD
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for surgical treatment of PI [51, 52]. In particular, to the best of
our knowledge, the use of EMD as an adjunctive non-surgical
treatment for PI has not yet been studied. Therefore, the aim of
this randomized clinical trial was to compare the impact of
non-surgical MD alone vs. adjunctive therapy using both
MD and EMD on clinical and biological outcomes following
management of patients who have dental implants affected
either by severe PM and/or by mild PI.

Materials and methods

Study design

This is a prospective, double-blind randomized clinical trial
that was approved by the Research Ethics Committee of
Tabriz University of Medical Sciences (No. 9278) and regis-
tered with the local World Health Organization Registry
Network (IRCT2013060113543N1).

Study participants

The patients were referred to the Tabriz University of Medical
Sciences, Faculty of Dentistry, who had had at least one dental
implant with mild PI or severe PM that had been in place for at
least 1 year ranging from July until the end of November
2013.

Inclusion criteria

Patients were included if they meet the following eligibility
criteria:

– Adult patients (≥18 years of age) with at least one implant
functioning for a minimum of 1 year

– With PM, defined as presence of BOP, probing depth
(PD) ≥4 mm, no recession of soft tissue, and bone loss
not exceeding than the first-year annual amount (≤2 mm)
revealed by long-cone parallel radiographic projection
technique) [53]

Exclusion criteria

The subjects were excluded if they had the following condi-
tions [19–21, 25–27, 29]:

– If they were smokers or substance/alcohol abusers; were
pregnant or lactating; were undergoing radiotherapy in
the head and neck area; or had uncontrolled systemic
disease or infectious diseases such as AIDS, hepatitis,
and tuberculosis or if they needed antibiotic prophylaxis

– If they had PD ≥6 mm at the baseline examination

– Presence of untreated/active periodontal lesions. The pa-
tients with a history of non-surgical periodontal treat-
ments were included.

– If they had to use any medications affecting periodontal
tissue conditions for a long time (e.g., phenytoin, cyclo-
sporine, calcium channel blockers, bisphosphonates, non-
steroidal anti-inflammatory drugs)

– If they had to use systemic antibiotics during the past
3 months

– If they had any treatment intervention for peri-implant
diseases during the past 3 months

Study interventions

A total of 46 patients were selected based on the inclusion and
exclusion criteria of the study and were given an informed
consent form before they were enrolled. Prior to the study,
plaque was disclosed using an erythrosine dye,1 and full-
mouth plaque scores were obtained. All patients received rub-
ber cup prophylaxis with a low-abrasive paste and oral hy-
giene instructions. They were then assigned randomly to re-
ceive one of the following treatment protocols by a single
clinician (AM), under local anesthesia.

Protocol 1 (control group) Subgingival debridement using
an ultrasonic device2 with plastic tip and glycine-based pow-
der air polishing.3 Patients were given a commercial antimi-
crobial 0.12% chlorhexidine mouthrinse4 prior to treatment to
reduce the burden of bacteria in aerosols that are produced
during use. The tip of the subgingival nozzle was directed at
a 90° angle to the long axis of the implant and was activated
for 5 s. The tip was positioned 3–4 mm from the implant and
kept moving in circular or sweeping motion while the spray
was being dispersed.

Protocol 2 (test group) For the test group, protocol 1 was first
performed, followed by the use of EMD5 introduced
subgingivally into the affected sites 2 weeks after MD. The
2-week healing interval was intended to allow the healing of
the peri-implant soft tissue and the reduction of inflammation
and bleeding so that EMD would not be washed out from the
sulcus.

Emdogain application After controlling any discharge and
bleeding from the pockets around the implants, a 24% EDTA
gel was applied for 2 min to decontaminate the implant

1 Top Dent Lifco Dental AB, Enko¨ping, Sweden
2 Piezon ® 250, EMS Electro Medical Systems SA, Nyon, Switzerland
3 Air-Flow Master ®, Perio Powder ®; EMS Electro Medical Systems SA,
Nyon, Switzerland
4 Laboratorios KIN, S.A., ,Barcelona, Spain
5 Emdogain ® Straumann, Basel, Switzerland
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surface, and then, normal saline was used to remove EDTA.
After this process, EMD was placed in the pocket using an
insulin syringe.

Post-operatively, the patients rinsed with chlorhexidine
(0.12%)6 for 2 weeks. In the first day, the patients were pre-
scribed an anti-inflammatory drug (ibuprofen, 400 mg t.i.d.)
for management of post-treatment pain. All patients had to
report on the use of anti-inflammatory drug and to comment
on any possible adverse events during the healing phase. At
the end of study and in order to respect the ethical require-
ments of the trial, the patients were enrolled in a maintenance
program with visits to the dental hygienist every third month.
For those with less than acceptable clinical outcomes, supple-
mentary surgical interventions were performed as indicated in
an attempt to reduce further disease-related signs and
symptoms.

Study outcomes

The primary outcome was the reduction of BOP in one posi-
tive site in the examined regions. Changes in pocket depth,
pain on probing and suppuration, and the level of cytokines
around the implant (IL-6 and IL-17) were considered as sec-
ondary outcomes.

Pre- and post-treatment assessments

Clinical parameters

The calibrated examiner (AK), blinded to the interventions
and patients’ assignment, assessed the following variables be-
fore (baseline) and 3 months after treatment:

1. BOP: bleeding in 15 s after gentle probing was recorded
as the percentage of bleeding in six sites per examined
implant (mid-buccal, mesio-buccal, disto-buccal, mid-lin-
gual/palatal, mesio-lingual/palatal, and disto-lingual/pala-
tal) within each patient.

2. Pocket depth: using a periodontal probe7 with light force
(0.25 N), the maximum PD for each patient was recorded
calculating the distance from the mucosal margin to the
base of sulcus [54].

3. Pain on probing (POP): presence (+) or absence (−) of
pain upon probing.

4. O’Leary’s plaque index: for the examined implant (local
plaque index (LPI)) and for the whole mouth (whole-
mouth plaque index (WMPI)), the number of plaque-
containing surfaces was multiplied by 100 and divided
by the total number of available tooth surfaces.

5. Suppuration: presence (+) or absence (−) of spontaneous
suppuration or after finger pressure.

Radiographic assessment

Each implant underwent intraoral periapical radiography8

using the long-cone parallel technique at baseline to determine
the amount of bone loss using smooth components and
threads of the implants as reference points.

Peri-implant crevicular fluid collection

All the patients underwent a sampling procedure at baseline
and 3 months after treatment by a trained examiner (AK).
Before collecting peri-implant crevicular fluid (PICF),
supragingival plaque was removed using a plastic scaler.
These areas were then isolatedwith cotton rolls and were dried
gently using an air syringe for 10 s. Two strips9 were inserted
gently into mesial and distal crevices of each implant until
mild resistance was felt. They were then kept in place for
30 s. After removal, the paper strips were evaluated. If the
strips were contaminated with blood or saliva, they were
discarded and replaced by the other strips. The collected sam-
ples were placed in a single labeled Eppendorf tube10 contain-
ing 350 μL of phosphate-buffered saline11 and a protease in-
hibitor cocktail.12 They were then sent to the laboratory im-
mediately after sealing.

Enzyme-linked immunosorbent assay

In the laboratory, the strips were removed from the tubes after
15 min of shaking at room temperature, and the tubes were
centrifuged (10 min., 5000×g) in order to separate the cell
contents and bacterial biofilms from the supernatant that
would presumably contain the proteins of interest. Samples
from all the patients were then stored at −70 °C for subsequent
analysis. Enzyme-linked immunosorbent (ELISA) was used
to quantify IL-6 and IL-17 in PICF sample. According to the
manufacturer’s recommendations13, 100 μL of detection anti-
body was added to all the wells, except the blank wells, mixed
gently, and incubated for 60 min at room temperature. After
rinsing the plates, standards and PICF were added to the indi-
vidual wells in triplicate. Following incubation, the plates
were washed and incubated with 100 μL of conjugate (SA-
HRP) for 60 min at room temperature. The plates were
washed three times again, and 100 μL of TMB substrate

6 Laboratorios KIN, S.A., ,Barcelona, Spain
7 12 UNC color coded probe, Hu-Friedy Mfg. Co., LLC.Chicago, IL

8 Insight Dental Films, Eastman Kodak Company, Rochester, NY, USA
9 Periopaper ® Oraflow, Plainview, NY, USA
10 Eppendorf ® AG, Hamburg, Germany
11 PBS, Invitrogen, USA
12 Sigma-Aldrich, Saint Louis, MO, USA
13 MABTECH AB, R&D Systems, Büro Deutschland, Germany
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was added and incubated for 15 min at room temperature in
the dark. The reaction was stopped by the addition of 100 μL
of inhibiting solution, and the color was measured in an auto-
mated microplate spectrophotometer at 450 nm. The quanti-
tative values of cytokines were reported in microgram per
milliliter. The ELISA assays were carried out by a blinded
operator.

Statistical considerations

Based on a Schwarz et al. [27] study, with a standard deviation
of 1.3 (Fisher’s test), significance level of 5% and power of
63%, at least 20 patients per group were needed to identify a
positive site among six positive sites around the implant. The
sample size was increased to 23 patients per group to account
for dropouts. The participants were divided into two groups:
control and test using a randomization software program
(http://www.randomizer.org).

We used the patient as a Bunit^ for randomization since
only one implant for each patient was included in the study.
Therefore, each variable could be analyzed on the patient lev-
el. The Kolmogorov–Smirnov test was used to determine the
normality of the data. In order to compare the study variables
during various assessment intervals of the study (baseline and
3 months after intervention), Friedman’s test was used. The
Mann-Whitney U test was used to compare the variables be-
tween the case and the control subjects. Two-sided values of
p ≤ 0.05 were regarded as statistically significant differences.

Results

A total of 46 patients with severe PM and/or mild PI were
selected. Five patients dropped out for reasons unrelated to
the study (moved to other cities, pregnancy, and personal mat-
ters). Forty-one patients (21 in the control group and 20 in the
test group) were available for the data analyses (Fig. 1). The
baseline demographic characteristics of both groups are
shown in Table 1. There were no statistically significant dif-
ferences in the demographic characteristics of either group at
baseline.

Clinical parameters

Healing at treatment sites was clinically uneventful; no diverse
reactions were noted around the treated sites, nor did patients
report any adverse events.

Probing depth There were no significant reductions in PD
following treatment in the control group even up to 3 months
post-intervention. Alternatively, there was a mean reduction of
PD in the experimental group following treatment with EMD
in the range of 3 mm (P < 0.0001, Table 2).

Bleeding on probing The average percentage of sites positive
for BOP at the different study intervals for both groups is
shown in Table 2. At baseline, the median (interquartile range)
percentage of BOP sites for both the control and test groups
was 75% (75–100). After 3 months, no significant changes in
BOP were found in the control group compared to baseline,
whereas a significant decrease that appeared to be quite sub-
stantial at 50% was observed in BOP in the test group vs.
control (P < 0.0001).

Plaque index At baseline, the average LPI and WMPI were
75 and 55% in the control group and 75 and 62.5% in the test
group, respectively. LPI in both groups decreased significant-
ly during the follow-up period (P < 0.0001, Table 2).

Pain on probing Forty-seven percent of patients in the control
group and 50% in the test group had POP at baseline. No
changes were observed in the control group after 3 months
compared to baseline, but EMD decreased markedly to only
10% in the test group (P = 0.002, Table 3).

Suppuration Of the 41 patients evaluated, three subjects in
the test group showed suppuration in the infected implants;
EMD resulted in improvements in only one case (P = 0.368,
Table 3).

Laboratory results

Interleukin-6 At baseline, the concentrations of IL-6 in PICF
of the control and test groups were 54.40 and 33.20 μg/mL,
respectively. There was no statistically significant difference
between the groups (P = 0.205). Both treatment methods
caused a marked decrease in IL-6 after 3 months; however,
this change was significantly higher in the test group com-
pared with the control group with a magnitude difference be-
tween the two groups of twofold (P = 0.008, Table 2).

Interleukin-17 The mean level of IL-17 was ∼30 μg/mL in
both groups at baseline. No significant change was noticed
compared to the baseline after 3 months in the control group,
whereas a significant decrease in IL-17 was observed in the
test group as shown in Table 2.

Discussion

The aim of this clinical trial was to compare the use of non-
surgical MD with and without EMD on clinical and cytokine
profiles of PM. We found that EMD combined with MD sig-
nificantly reduced PD and BOP after 3 months, while no sig-
nificant improvement was obtained in areas treated with MD
alone. It is known that non-surgical MD alone has a limited
effect in the treatment of PI, and additional interventions are
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needed in most cases. For example, Renvert et al. [19] showed
that no significant PD change (0.2 mm) was found in mild
cases of PI with non-surgical debridement (titanium hand in-
struments or ultrasonic device) after 6 months. Greater reduc-
tion in mean PD (0.6 mm) was obtained after 3 months in the
mechanical treatment of mild to moderate PI by using an air-
abrasive device (amino acid glycine powder) [55]. The reason
why non-surgical mechanical treatment for PM and PI is not
as effective as it is for gingivitis and periodontitis may be
attributed to the histological and structural differences

between periodontal and peri-implant tissues as well as the
rough surface geometry of the implant [56]. It is also conceiv-
able that gingivitis and periodontitis represent very different
disease entities in comparison to peri-implant diseases [57],
the latter perhaps being less associated with infection and
more related to inflammatory processes and subsequent infec-
tion. Accordingly, anti-infective treatment protocols and use
of local antibiotics, among the more popular adjunctive treat-
ments, do not often lead to a complete remission of mucosal
inflammation around implants [19–21, 26, 28, 29].

Table 1 Demographic
information of the study subjects
at baseline visit

Demographic characteristics Control group Test group

Number of patients 21 20

Gender (female/male) 10/11 10/10

Age (years ± SD) [range] 45.61 ± 2.93 [25–75] 49.95 ± 2.92 [32–80]

Location (ant.max/post.max/ 3/8 3/8

ant.man/post.man) 8/2 3/6

Patients with a history of periodontitis (%) 10 (47.6) 10 (50)

Loading time (months ± SD) [range] 26.49 ± 2.05 [12–43] 23.69 ± 2.14 [12–40]

Keratinized gingiva (mm ± SD) [range] 2.38 ± 1.96[ [0–7] 2.47 ± 1.8 [0–7]

Prosthesis (crown/bridge/overdenture) 5/10/6 13/5/2

Patients with GBR treatment 4 7

Mean numbers of implants per patient 3 ± 0.5 3.7 ± 0.6

Surgical protocol (one/two stages) 4/17 3/17

SD standard deviation, ant.max anterior of maxilla (second premolar to second premolar), post.max posterior of
maxilla (molar region), ant.man anterior of mandible (first premolar to first premolar), post.man posterior of
mandible (second premolar and molars), GBR guided bone regeneration

Enrollment

Assessed for eligibility (n=64)

Excluded (n=18)  

Not meeting inclusion criteria (n=12)

Declined to participate (n=6 )

Other reasons (n=0 )

Randomized (n=46)

Allocation

Allocated to intervention (n=46)  

Received allocated intervention (n=46)

Did not received  allocated intervention (n=0)

Follow-Up

Lost to follow-up (patient were unavailable) (n=5; 2 patients of control group 

and 3 patient s of test group)  

Discontinued intervention (n=0)

Analysis

Analyzed (n=41)  

Excluded from analysis (n=0)

Fig. 1 Flowchart of the study
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Several studies have shown that surgical treatment of peri-
odontal disease using EMD leads to significant reductions in
PD and gain in clinical attachment level (CAL) as compared
to control [33–35, 58]. Moreover, non-surgical application of
EMD along with SRP in the treatment of moderate to severe
chronic periodontitis has been reported to demonstrate 30–
44% reduction in BOP and a 2–2.8-mm reduction in mean
PD after 3 months [59, 60]. In the present study, it was found
that EMD treatment led to a remarkable reduction in PD and
BOP compared to baseline, while no significant changes were
found in the control group, even up to 3 months after treat-
ment. We recruited patients with no soft tissue recession;
therefore, the amount of PD and CAL was equal. Although
we argue that inflammation is key, we must also recognize that
infection (whether primary or secondary) must play an impor-
tant role in the progression of PD and PI and this is in

agreement then with findings reported in a systematic review
showing that the additional use of local anti-infective therapy
in combination with non-surgical debridement led to signifi-
cant reductions in mean PD in cases of PI over a 4-month
period [26].

Complete remission of mucosal inflammation around im-
plants was achieved in 30% of the patients in the test group,
similar to findings reported elsewhere [21] in which 15% of
individuals with PI who received local delivery of minocycline
microspheres and 30% who received photodynamic therapy
had complete remission of mucosal inflammation around the
implant. It is known that soft tissue healing in PI often occurs
during the first 3 months after treatment [20]. In the current
study, the majority of participants in the control and test groups
(72 and 70%, respectively) had KG ≥2 mm. While the impor-
tance of KG for preserving the health of peri-implant tissues is
controversial, in patients with suboptimal plaque control, the
existence of KG around implants can maintain peri-implant
health [61]. Besides, a number of reports highlight the impor-
tance of oral hygiene instruction and supportive periodontal
therapy in strengthening the long-term results of PI treatment
[22]. In the current study, the average of LPI and WMPI in the
patients was diminished significantly, a change associated with
decreases in inflammation severity and pocket depths.
Furthermore, EMD significantly reduced POP, which can be
associated with a further reduction of inflammation in the test
group compared to the control group. In the present study, a 3-
mm reduction in mean PD was achieved at 3 months following
treatment only in the patients who were treated with EMD in

Table 2 Intragroup and intergroup comparisons and clinical and laboratory parameters among MD andMM + EMD groups at baseline and 3-months
follow-up

Parameters MD
Median (interquartile range)

MM + EMD
Median (interquartile range)

Intergroup comparison
P valuesb

Baseline 3 months Baseline 3 months Baseline 3 months

PD (mm) 5.00 (4.00–5.00) 5.00 (4.50–6.00) 4.50 (4.00–5.00) 3.00 (2.00–4.37) 0.209 <0.0001

P = 0.098a P < 0.0001a

BOP (%) 75.00 (75.00–100.00) 75.00 (50.00–100.00) 75.00 (75.00–100.00) 25.00 (0.00–50.00) 0.602 <0.0001

P = 0.109a P < 0.0001a

LPI (%) 75.00 (50.00–100.00) 50.00 (25.00–50.00) 75.00 (75.00–100.00) 50.00 (50.00–50.00) 0.376 0.033

P < 0.0001a P < 0.0001a

WMPI (%) 55.00 (43.00–73.00) 50.00 (31.00–56.15) 62.50 (51.85–80.31) 49.00 (31.12–55.00) 0.375 0.734

P = 0.848a P < 0.0001a

IL-6 (μg/mL) 54.40 (28.15–94.70) 41.32 (24.10–90.80) 33.20 (16.70–75.43) 15.85 (11.30–44.25) 0.205 0.008

P = 0.028a P < 0.0001a

IL-17 (μg/mL) 29.50 (17.70–33.35) 24.01 (14.97–32.57) 29.30 (15.70–33.59) 11.35(6.80–12.87) 0.990 0.002

P = 0.264a P < 0.0001a

MDmechanical debridement, EMD enamel matrix derivative, PD pocket depth, BOP bleeding on probing, POP pain on probing, SUP suppuration, LPI
local plaque index, WMPI Whole-mouth plaque index, IL-6 interleukin-6, IL-17 interleukin-17
a Friedman test
bMann-Whitney U test

Table 3 Mean POP and suppuration in the control and test groups at
baseline and after 3 months

Parameters Groups Baseline 3 months

POP (%) Control test 10 (47)
10 (50)

8 (38)
2 (10)a,b

Suppuration (%) Control test 0 (0)
3 (15)

0 (0)
2 (10)

POP pain on probing
a Statistically significant change from baseline to 3 months
b Statistically significant difference between groups
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adjunction withMD. It would appear then that the effect ofMD
+ EMD in the treatment of mild to moderate PI is comparable
to the use of topical MD + chlorhexidine [55], local delivery of
minocycline microspheres [29], and photodynamic therapy
[21].

To reiterate here though, although EMD does have some
antimicrobial properties, these are not nearly as potent as those
found with locally administered antimicrobials, and so, the
impact of EMD on treatment outcome could be related more
to its effects on local cellular function/host reaction than on the
microbial elements alone, and this will be discussed in more
detail in the following.

Consistent with previous studies indicating the relationship
of pro-inflammatory cytokines with the PI lesions [9, 10, 62,
63], the cytokines, either in the control or test group, were
diminished in the PICF of all the studied patients. IL-6 plays
a role in both the innate and adaptive immune responses and
leads to the activation of signals which stimulate Th17 cells to
produce IL-17 leading to activation of osteoclasts and bone
loss along with IL-1β and TNF-α. In turn, IL-17 causes acti-
vation of neutrophils (these cells play a critical role in bone
loss and tissue destruction in periodontitis [64] and likely in PI
and PM and osteoclasts as well as production of other destruc-
tive cytokines) (IL-1β, IL-6, IL-8) [10]. Given that in our
study, the amount of IL-6 and IL-17 significantly decreased
in the test group as compared to the control group, it can be
postulated that EMDmay play a role in controlling inflamma-
tion by reducing pro-inflammatory cytokines and regulating
the immune system in a manner consistent with a host modu-
lation phenomenon.

Given the presence of many classifications for peri-implant
diseases by individuals [65] and/or organizations [66–68], the
field of implantology requires a standardized means to com-
municate the level of disease severity and its impact on the
prognosis for implants for each level of the disease. This being
said, it is unlikely that the classification system used here had
any impact on the interpretation of the treatment outcomes
observed in this study.

Our study has some limitations. Due to the design param-
eters, only short-term outcomes could be assessed. Clearly,
longer-term assessments are required, but in this regard, we
can look at our findings as an initial proof of principle. It
would also be of some interest to determine whether repeated
interventions (instead of single) using EMD or onlyMD could
have produced better outcomes. In this regard, we do not
know what is the optimum dose regimen that should be used
for EMD in treatment of these types of conditions and this too
would have to be tested. Moreover, the use of EMD in com-
bination other therapeutic approaches for the treatment of PM
including but not limited to different techniques for cleansing
of implant surfaces, the use of various anti-infective and/or
host-modifying agents, and even the use of regenerative pro-
cedures require further investigation.

Conclusions

The results of this randomized clinical trial showed that non-
surgical MD has limited effects in the treatment of PM. At this
time, we postulate that the use of EMD in conjunction with
MD should be considered when managing these conditions at
least initially.

Recommendations

1. Further clinical trials are necessary on the treatment mo-
dalities for peri-implantitis with longer follow-ups.

2. Due to the chronic nature of this disease condition, repe-
tition of treatment procedures might be necessary to pre-
vent recurrence.
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