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The effect of enamel matrix derivatives 
on root coverage: a 12-month follow-up 
of a randomized clinical trial

Abstract: Subepithelial connective tissue grafts (SCTGs) with a 
coronally advanced flap (CAF) are accepted as the gold standard 
for covering denuded root surfaces. In recent years, enamel matrix 
derivatives (EMDs) have been used for their regenerative potential in 
periodontics. The aim of this split-mouth and randomized controlled 
study was to assess the clinical and aesthetical impacts of EMD 
application in combination with SCTG+CAF in patients with Miller’s 
Class I and II gingival recessions in contralateral canines of the 
maxilla. Participants who underwent SCTG+CAF+EMD application 
were identified as the test group (n = 19) and those who underwent 
SCTG+CAF as control group (n = 19). The outcome parameters were 
recession depth/width, root coverage percentage, and root coverage 
aesthetic score (RES). RES was evaluated by two calibrated blind 
periodontists one year after the treatment. Statistically significant 
root coverage percentage was observed at one year post-treatment for 
both groups (p < 0.05). However, significant differences between the 
groups were not observed in terms of total RES and complete root 
coverage rate (p > 0.05). The test group had significantly better results 
than the control according to the soft tissue texture and mucogingival 
junction alignment results (p < 0.05). These results indicate that EMDs 
contribute to the healing of soft tissue without scarring. As a result of 
better wound healing, the EMD-added group exhibited better results in 
terms of the harmony of the mucogingival junction between adjacent 
teeth. This paper is the first split-mouth study in which SCTG+CAF and 
SCTG+CAF+EMD were compared using RES in bilateral canines. 
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Introduction

The migration of the gingival margin to the apex is defined as 
gingival recession.1 Gingival recession can occur in single or multiple 
teeth.2 A common disease, it was reported to have an incidence of 
88% among individuals aged 65 years.3 Gingival recession may cause 
dentin sensitivity and aesthetic concerns in patients.4 Subepithelial 
connective tissue grafts (SCTGs) with a coronally advanced flap (CAF) 
are accepted as the gold standard for covering denuded root surfaces 
in periodontics.5
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Another approach used to improve the treatment 
efficacy of root coverage is the application of enamel 
matrix protein derivatives (EMDs).6,7 EMDs are 
potential regenerative materials and their contents 
serve as proteins capable of inducing the formation 
of new periodontal ligament fibres, cementum, and 
alveolar bone.7 Amelogenin, the protein responsible 
for the biological activity of EMDs, accounts for 90% 
of the total EMD content.8,9 Because of their role 
in cementum development, EMDs are thought to 
induce regeneration of periodontal tissues.10,11,12 It was 
reported that EMDs have a positive effect on cell 
proliferation and survival, cell adhesion, spreading 
and chemotaxis, and the expression of transcription 
factors, growth factors, cytokines, extracellular matrix 
components, and other macromolecules.13 Clinical 
indications of EMDs include nonsurgical periodontal 
therapy, guided bone regeneration, bone defects, 
furcation defects, and gingival recession treatments. 
In addition, it was suggested that EMDs improves 
early wound healing.7

For denuded root surfaces, the ideal result is the 
covering of the root surface with soft tissue-compatible 
material that cannot be distinguished from adjacent 
tissue.14 Clinical results of root coverage are generally 
evaluated according to the root coverage percentage 
and sometimes the complete root coverage.15 Cairo et 
al.16 showed that evaluating only the gingival margin 
level after surgical treatment does not fully reflect 
the aesthetic results. However, even if complete root 
surface coverage is ensured in some cases, aesthetic 
expectations are not fully met due to different tissue 
thicknesses or scar tissue formation. Root coverage 
aesthetic scoring (RES) is an improved method for 
subjective assessment of the treatment success of 
gingival recession. The RES scale evaluates at the same 
time the gingival margin, marginal tissue contour, soft 
tissue texture, mucogingival junction alignment, and 
gingival color.16 In light of this information, the null 
hypothesis of this study was that the combination of 
EMDs with SCTG+CAF does not have an impact on 
aesthetic and clinical success of gingival recession 
treatment. The aim of this study was to assess the 
clinical and aesthetic impact of EMD application in 
combination with SCTG+CAF in bilateral canine 
Miller class I or II gingival recessions. 

Methodology

Patient selection 
In this split-mouth, randomized controlled study, 

38 bilateral canine teeth from 19 patients aged 
18–55 years were included. Patients consulted with 
complaints of poor aesthetic and / or root surface 
hypersensitivity to the Department of Periodontology 
of the Faculty of Dentistry at Van Yuzuncu Yil 
University. The patients included in this study had 
no systemic disease, did not smoke cigarettes or 
use tobacco products, and were not in a pregnancy 
and breastfeeding period; they had class I or class II 
gingival recession according to the Miller gingival 
classification, had a recession depth of ≥ 2 mm, were 
without a restoration or caries, and had not undergone 
an operation in the relevant dental region. 

All the study’s methods were approved by the 
ethics committee at Van Yuzuncu Yil University 
(B.30.2.YYU.0.01.00.00/32). This study was also 
approved at clinicaltrials.gov (NCT03197610). After 
the enrollment was completed, the study protocol 
was explained to all patients and written consent 
forms were signed by all participants. 

Study population
The study included 19 patients (10 females and 

9 males) who met the inclusion criteria. In the control 
group and the test group, 19 isolated single-tooth 
defects were treated in maxillary canine teeth. In the 
test group, 10 class I and 9 class II recession defects 
were treated. In the control group, 9 class I and 10 
class II recession defects were treated. The treatment 
modalities were described to all the patients, but the 
participants were blind regarding which tooth was 
in the test group and which was in the control group.

Sample size
Before starting the study, the number of patients 

was determined by statistical power analysis. 
A difference of 1 mm in gingival recession height 
was considered the minimum significant difference. 
With an alpha of 0.05 and power of 80% the sample 
size of 14 was calculated. In calculations, the sigma 
value (0.80 mm) indicated in previous studies 
was used.6,17,18
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Randomization
In this study, a simple randomization technique, the 

coin flipping method, was used. For each right canine 
a coin was flipped. The side of the coin determined 
the group assignment of each right canine tooth 
(heads: control; tails: treatment). The left canine was 
included in the remaining group. 

Initial therapy
After enrolment, and one month before the surgery, 

all participants were informed about possible causes 
of gingival recession. Oral hygiene instructions were 
explained at the beginning of phase-1 treatment. 
After scaling and root planning, the patients who had 
bleeding index of less than 15% received the surgical 
phases. In addition, after the phase-1 treatment, teeth 
with periodontal pocket depth of over 3 mm were 
not included in surgical phases. These teeth were 
maintained in phase-1 therapy and then received 
the surgical phases.

Surgical procedures
After local anesthesia was applied to the operation 

area, the denuded root surface was planned with 
periodontal curette. The surface of the root was 
thoroughly washed with saline solution to remove 
cement residues from the area. The Langer and Langer 
technique was used to prepare the recipient side. 
The labial surfaces of adjacent interdental papillae 
were de-epithelialized. The graft dimensions were 
measured with periodontal probes, and they exceeded 
the dimensions of the defect area by at least 1 mm. 
The anesthetic solution was applied to the donor 
site in the palatal region on the same side as the 
operation site. The dimensions of the recipient area 
were measured by periodontal probes, four bleeding 
centers were created in the palatal region, and the 
connective tissue graft was then removed. In order to 
control the bleeding in the donor area pressure was 
applied with 0.9% saline-impregnated sponges. The 
graft was placed on the recipient site and fixed with 
6.0 resorbable sutures, and the flap was fixed with 4.0 
silk sutures. Pressure was applied to the operation 
area for five minutes with saline impregnated sponges. 

Gingival recessions in the control group were 
treated with SCTG+CAF; the EMD selected for this 

study (Emdogain®, Straumann, Basel, Switzerland) 
was used in addition to SCTG+CAF only in the 
test group. Prior to EMD application, 24% EDTA 
(PrefGel, Straumann, Basel, Switzerland) was applied 
to the root surface for two minutes. The area was 
washed with saline and EMD was then applied. 
Postoperative recommendations were made to the 
patient. Antibiotics, analgesics, and mouthwashes were 
prescribed. All surgical procedures were performed 
by a single periodontist (H.S.A). Sutures were removed 
in 10–14 days. 

Root coverage aesthetic score and clinical 
measurements

The RES system was developed by Cairo et al..16 
Each tooth was scored by two periodontists who 
were unaware of the treatment methods. Fifteen 
days before the study, examiners were calibrated; 
they scored 20 images and inter-examiner agreement 
was evaluated. After 15 days examiners re-scored 
the same 20 images and intra-examiner agreement 
was evaluated. There are five parameters in the RES. 
The first is gingival marginal (GM) scored as 0, 3 
or 6, as follows; unsuccessful root surface closure 
(0), partial closure (3), and complete root surface 
closure (6). The second is marginal tissue contour 
(MTC), scored as irregular (0, not following the 
cemento-enamel junction) or regular (1) (following 
the cemento-enamel junction). If there was scar 
formation, soft tissue texture (STT) was scored as 
0 and no scar formation scored as 1. Mucogingival 
junction alignment (MJA) was assigned a score of 0 
if it was not aligned with the mucogingival junction 
of the adjacent tooth and a score of 1 if it was aligned 
with the mucogingival junction of the adjacent tooth. 
On the gingival color scale (GC), a score of 0 was 
assigned if the color was different that the adjacent 
tooth gingival color, and a score of 1 was assigned 
if the gingival color was similar to the adjacent soft 
tissue (Table 1). The average score was calculated by 
the mean scores of two raters. The worst overall RES 
score was 0 and the best was 10.

Gingival recession height (GRH) was measure 
as the distance between the gingival margin and 
the free gingival margin, and gingival recession 
width (GRW) as the distance between the two sides 
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of the recession defects. The root coverage rate was 
calculated with the following formula: (baseline GRH 
– first year GRH) / baseline GRH).

Statistical analysis
The Kolmogorov-Smirnov normality test was used 

in the obtained data. Since the data were not normally 
distributed, the results in the test and control groups 
were evaluated using the Mann-Whitney U test. 
The Wilcoxon test was used for evaluation of GRH 
and GRW data before and after treatment. Cohesion 
coefficients between the observers were calculated 
using kappa analysis. 

Results

A total of 38 gingival recession sites in 19 patients 
(10 females and 9 males) were investigated in this 

randomized, split-mouth controlled trial. The mean 
age of patients was 32.18 ± 8.91 years. There was no 
statistically significant difference between groups in 
terms of average age (p > 0.05). In the control group, 
19 isolated single gingival recessions (9 Miller class 
I, 10 Miller class II) were treated with SCTG+CAF. 
In the test group, 19 isolated single gingival recessions 
(10 Miller class I, 9 Miller class II) were treated with 
SCTG+CAF+EMD. All gingival recessions were single 
and isolated in maxillary canine teeth. In total, 50% 
of the recessions were Miller class I and 50% were 
Miller class II. No statistically significant difference 
between groups in terms of defect characteristics 
were observed (p > 0.05).

There was no statistically significant difference 
between initial values of GRH and GRW in the 
test and control groups (p > 0.05). There was a 
statistically significant decrease one year after 

Table 1. Root coverage aestehtic scoring system (developed by Cairo et al.16).

Variable 0 point 1 point 3 points 6 points

Gingival margin Failed X Partial Complete

Marginal tissue contour Irregular Proper X X

Soft tissue texture Scar formation present Scar formation not present X X

Mucogingival junction 
alignment

Not aligned with the MGJ of adjacent 
teeth

Aligned with the MGJ of adjacent teeth X X

Gingival color Integrated with the adjacent soft tissues Not integrated with adjacent soft tissues X X

Table 2. Gingival recession height, gingival recession width, RES scores, and mean RES (t0: pre-treatment, t1: after 1 year of treatment).

Variable Test group  Control group p-value

Gingival recession height

t 0 3.91 ± 1.20 4.04 ± 1.42 0.08

t 1 1.34 ± 1.11 1.91 ± 1.56 0.07

Gingival recession width

t 0 3.73 ± 0.91 3.73 ± 0.75 0.1

t 1 2.00 ± 1.41 2.21 ± 1.62 0.1

RES Scores

Gingival margin 5.0 ± 1.46 4.68 ± 1.53 0.07

Marginal tissue contour 1.0 0.98 ± 1.25 0.12

Soft tissue texture 0.93 ± 0.25* 0.81 ± 0.4* 0.03*

Mucogingival junction alignment 1.0* 0.87 ± 0.34* 0.03*

Gingival colour 1.0 0.92 ± 0.97 0.06

Mean RES 8.93 ± 1.43 8.37 ± 1.85 0.07

*p < 0.05: statistically significant.
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treatment in both groups compared to baseline 
values (p < 0.05) (Table 2). 

GRW values exhibited a statistically significant 
decrease 12 months after the surgeries in both groups 
(p < 0.05). There was no difference between the two 
groups in terms of decrease of GRH and GRW values (p 
> 0.05). The complete root coverage rate was calculated 
as 68% in the test group and 52% in the control 
group. For teeth used in the present study, agreement 
between the two periodontists who performed RES 
was evaluated by kappa analysis, which indicated 
that there was high agreement between the raters for 
each parameter (GM, MTC, STT, MJA, GC) evaluated 
(p < 0.05). The kappa coefficient was calculated as 1 
for GC, 0.445 for MTC, 0.445 for STT, 0.642 for MJA, 
and 0.721 for GC between the two raters. In addition, 
there was statistically significant agreement between 

the raters in terms of total RES scores obtained from 
root surface aesthetic scoring (p < 0.05).

Based on the aesthetic score of root coverage 
described by Cairo (2009), mean GM, MTC, STT, 
MJA, and GC scores are exhibited in Table 2. There 
was no significant difference between the test and 
control groups in terms of GM, MTC, and GC scores 
(p > 0.05). However, a significant difference was found 
between the two groups in terms of the mean values 
of STT (p < 0.05) and in MJA scores (p < 0.05).

The root coverage aesthetic score obtained with 
the sum of GM, MTC, STT, MJA, and GC scores was 
8.93 ± 1.43 in the test group and 8.37 ± 1.85 in the 
control group (Table 2) but this difference was not 
statistically significant (p > 0.05).

There were 18 teeth in the test group and 17 in 
the control group with a GM score of 6 and a root 

Figure 1. A. Gingival recession in right canine; B. EMD application and SCTG placement; C. Suturing; D. One year post-operative; 

A B

C D
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coverage aesthetic score of 10. There was one tooth 
in the test group and two in the control group with 
a GM score of 6 but with a root coverage aesthetic 
score of 10>.

Sixty-three percent of teeth in the test group 
and 42% of the teeth in the control group had a root 
coverage aesthetic score of 10. 

Discussion

In this study, SCTG+CAF and SCTG+CAF+EMD 
were compared in terms of root coverage using the 
RES system and clinical parameters in bilateral 
canine teeth. According to the results, despite 
better clinical outcomes in the EMD group, the 
null hypothesis that the application of EMD has 

no positive impact on gingival recession treatment 
results cannot be completely rejected. Although there 
was no difference between the mean RES values 
between the two groups, there was a significant 
difference between the test and control groups in 
terms of STT and MJA scores. These results indicate 
that EMD contributes to the healing of soft tissue 
without scarring. As a result of better wound healing, 
it was found that the EMD group did better than 
the control group in terms of the harmony of the 
adjacent teeth’s mucogingival junction. However, 
the ratio of complete root coverage and RES results 
were found to be in favor of the test group. There was 
no significant difference between groups in terms 
of gingival recession depth and width reduction or 
total RES score.

Figure 2. A. Gingival recession in left canine; B. Flap elevation and SCTG placement; C. Suturing; D. One year post-operative. 

A B

C D
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In periodontology, gingival recession treatments 
have typically been evaluated with complete root 
coverage rate or root coverage percentage. However, 
a reduction in gingival recession is not sufficient in 
itself to assess aesthetic outcomes. In evaluating the 
results, it was pointed out that the soft tissue should 
be compatible with the adjacent tissue.14 For example, 
a total of 38 gingival recessions were treated in this 
study, and 23 of them were covered completely. 
Of the 23 treated gingival recessions, 20 received a 
full score of 10 points according to the RES system. 
The remaining three defects did not receive 10 points 
because of scar formation, although the root surface 
was covered completely. Considering these results, it is 
thought that the evaluation of parameters such as MTC, 
STT, MJA orientation, and GC may be useful in terms 
of accurately conveying the outcomes. Cairo et al.19 
also showed that examining only the position of the 
gingival margin was inadequate for evaluation of 
gingival recession results, and they introduced RES 
to cope with this restriction. Jhaveri et al. assessed the 
impact of acellular dermal matrix on CAF results and 
evaluated the aesthetic and clinical results using RES. 
In line with our results, they reported that although 
13 of 20 gingival recessions were completely covered, 
only seven of them scored 10 points according to 
RES.20 In another study, researchers reported that 
after the treatment, 11% of gingival recessions had 
10 points in the root coverage aesthetic scoring system, 
although 35% (n = 68) of recessions attained complete 
coverage.14 It is thought in general that RES results for 
evaluating the wound area after periodontal surgery 
is a more effective method than evaluating only the 
root coverage.14, 20

EMD application was evaluated histologically in 
recession defects to assess periodontal regeneration.21,22 
It was reported that EMD application provided new 
root cementum, alveolar bone, and periodontal 
ligament formation when recession was treated with 
CAF+EMD or CAF+SCTG+EMD.22 Several studies with 
controversial results have used EMDs in periodontal 
plastic surgery for gingival recession. These studies 
have observed that EMDs are used in combination 
with different surgical methods for the treatment 
of gingival recessions.5,10,12,18,23,24 A summary of the 
results indicates that application of EMDs with CAF 

and / or SCTG+CAF does not result in a statistically 
significant difference but that EMD application affects 
gingival recession treatment results positively.18 
A significant difference in complete root coverage 
rate was reported between subepithelial connective 
tissue grafts (98.4%) and EMD (71.8%) in addition to 
CAF 23. When different study models in the literature 
are excluded (CAF versus CAF+EMD, CAF+EMD 
versus SCTG, CAF + SCTG, CAF + EMD versus CAF 
+ CTG + EMD), we are left with three studies with 
which our work can be compared.6,12,25 In the first one, 
Roman et al. (2013)6 compared SCTG and SCTG+EMD 
in 38 gingival recessions; however, they studied both 
single and multiple gingival recessions in different 
teeth (incisors, canines, premolars, and molars). In our 
split-mouth study, all teeth were bilateral canine (19 
right maxillary and 19 left maxillary canines), and 
multiple gingival recessions were excluded because 
we believed they would affect the results. The most 
important characteristic of the split-mouth study 
design, which we applied in this study, is that it 
eliminates a great deal of interexaminer variability 
from the estimates of the treatment effect.26 

Like our study, Roman et al.6 reported that there 
is no significant difference between CAF+SCTG and 
CAF+SCTG+EMD in terms of RES results. However, 
it should be noted that RES has five variables. Although 
there was no difference between the total RES values 
between the two groups, there was a significant 
difference between the test and control groups in 
terms of STT and MJA scores. These results indicate 
that EMD application contributes to the healing of soft 
tissue without scarring. As a result of better wound 
healing, it was found that the EMD group did better 
than the control group in terms of the harmony of 
the mucogingival junction between adjacent teeth. 

In the second study, Rasperini et al.25 compared 
CAF + SCTG and CAF + SCTG + EMD on 56 single 
gingival recession defects (15 incisors, 21 canines, 
and 20 premolars). The study found no significant 
difference between groups, but in concordance 
with our outcomes, the results are in favor of the 
EMD-applied group. In the third study, the same 
treatment methods as our study were applied in 
Miller class III gingival recessions (10 canines and 20 
premolars).12 Henriques et al. reported that changes 
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in the depth of gingival recession at six months and 

one year were statistically significant in favor of 
EMD.12 Our study, however, found no significant 
difference between groups in terms of Miller class 
I and class II defects. 

The major limitation of the present study was 
its small sample size. It was hard to find bilateral 
gingival recessions only in maxillary canine teeth. The 
second important limitation was a follow-up period 
of one year, which is the shortest time possible for 
EMD follow-up. A multicentre, long-term follow-up 
study with a larger sample size is needed to develop 
further insights into EMDs and RES system validity.

Conclusion 

Co-administration of EMD with SCTG was 
shown to affect the aesthetic scores and clinical 
measurements favorably, but this contribution 
was not found to be statistically significant for all 

parameters. An impact of EMD application was 
reported only for STT and MJA (two steps of the 
RES, which is composed of five variables). While 
there was no difference between the groups in 
terms of clinical measurements, we thought that 
this difference in tissue integration is an important 
point. Therefore, it can be stated that RES gives 
more detailed results than the root surface coverage 
rate used. It is thought that the RES system should 
be developed and used more often for evaluating 
gingival recession treatment outcomes. 
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