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Evaluation of gingival crevicular fluid transforming
growth factor‑β1 level after treatment of intrabony
periodontal defects with enamel matrix derivatives
and autogenous bone graft: A randomized controlled
clinical trial
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Abstract

Aim: The present study aimed to evaluate the effects of enamel matrix derivatives (EMD) either alone or combined with
autogenous bone graft (ABG) applied to intrabony defects in chronic periodontitis patients on clinical/radiographic parameters and
gingival crevicular fluid (GCF) transforming growth factor‑β1 (TGF‑β1) level and to compare with open flap debridement (OFD).
Materials and Methods: A total of 30 deep intrabony defects in 12 patients were randomly treated with EMD + ABG (combination
group), EMD alone (EMD group), or OFD (control group). Clinical parameters, including plaque index, gingival index, bleeding
on probing, probing depth, relative attachment level, and recession were recorded at baseline and 6 months postsurgery.
Intrabony defect fill percentage was calculated on the standardized radiographs. TGF‑β1 level was evaluated in GCF just
before surgery and 7, 14, 30, 90, 180 days after surgery using enzyme‑linked immunosorbent assay.
Results: All treatment procedures led to significant improvements at 6 months (P < 0.01). Gain in attachment
level (P < 0.01) and radiographic defect fill (P < 0.05) of the combination and EMD groups were found to be significantly
higher than those of the control group, while the use of EMD either with ABG or alone was observed to produce
significantly less recession than the OFD (P < 0.05).
Conclusion: The findings suggest no clinical and radiographic differences between the combination and EMD groups
whereas GCF TGF‑β1 level demonstrates an increase during the healing phase and is positively affected from EMD.
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structures (i.e., alveolar bone, periodontal ligament, and
root cementum) that were lost due to trauma or disease
in such a way that the architecture and function can be
re‑established.[1] Periodontal regeneration can be attained
by the use of a commercially available enamel matrix
derivative (EMD) product (Emdogain® Gel, Straumann,
Switzerland) which contains mainly amelogenin and related
proteins derived from porcine tooth germs.[2‑5] When the
regenerative treatment is targeted to intrabony defects,
combining this product with a graft has been recommended
in order to overcome the soft tissue collapse and maintain
space because of its gel‑like consistency.[6] Among different
available graft materials, autogenous bone graft (ABG)
has several ideal characteristics, including osteogenic,
osteoinductive, and osteoconductive properties. [7,8]
By the use of ABG together with EMD, two different
wound healing types can be achieved in the intrabony
defect as a result of a synergistic effect between these
biomaterials.[8] While the ABG provides osteoinductive
and/or osteoconductive effect, avoids flap collapse by
maintaining space together with stabilizing the biomaterial,
the EMD can exert biological potential by stimulating the
development of new periodontal ligament and cementum.[8]
The data from several clinical studies evaluating the use
of EMD + ABG combination in intrabony defects suggest
comparable outcomes in attachment gain (AG) and bone
fill parameters.[8‑10]
Although the underlying mechanism of EMD during
periodontal wound healing process is not clear, some
evidence emerged from in vitro studies. Besides expression
of a number of molecules, that is, extracellular matrix
molecules, cytokines, and growth factors, effects on the
attachment, proliferation, chemotaxis, spreading, and
survival properties of different types of periodontal cells
have been demonstrated by the use of EMD.[11] There are
limited data concerning the action mechanism of EMD on
periodontal wound healing process following nonsurgical or
surgical therapy by assessing the protein gingival crevicular
fluid (GCF) level of any biomarker.[12‑14] GCF could be
considered to reflect the ongoing activities around the
periodontium such as tissue formation, remodeling, tissue
inflammation, and destruction.[15‑19] Transforming growth
factor‑β1 (TGF‑β1) is a multifunctional peptide which is
produced by both activated macrophages and neutrophils
that are existing during the initial phases of wound healing. It
shows a chief role in wound healing process, including tissue
remodeling and regeneration by stimulating differentiation,
proliferation and expression of cells.[16,20‑23] TGF‑β1 alone
or in combination with other growth factors accelerates
several stages of wound healing.[24‑26] It stimulates the
development of new granulation tissue through angiogenesis
and collagen production by fibroblasts. [24,26,27] By this
way, TGF‑β1 exerts regulation responsibility in collagen
metabolism in some kind of pathological conditions,
including periodontitis.[16,22,28,29] It is shown that TGF‑β1
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has some degree of clinical effectiveness in stimulating
periodontal regeneration in vivo.[16,30,31] The present study
aimed to evaluate the effects of EMD either alone or
combined with ABG applied to intrabony defects in chronic
periodontitis patients on clinical, radiographic parameters
and GCF TGF‑β1 level and to compare with open flap
debridement (OFD). Hypothesis of the current study is
to test whether the use of ABG and EMD combination in
the treatment of intrabony periodontal defects of chronic
periodontitis patients enhance the clinical, radiographic,
and biochemical parameters in comparison with the OFD
alone.

Materials and Methods
Experimental design
Three different treatment modalities to treat deep intrabony
defects were compared in this randomized, prospective,
controlled, parallel, clinical study. The control group defects
were treated with OFD only while the test group defects were
treated with EMD alone (EMD group) and EMD combined
with ABG (combination group). The same periodontal
flap procedure was accomplished in three groups, except
EMD application on the root surfaces in both test groups.
Additional graft usage was the only difference between
two test groups. Clinical and radiographic parameters were
measured at baseline and 6 months after surgery.
Sample size calculation
A sample size calculation was performed. An α error of 5%
with 80% power and standard deviation of 1.35 mm with
a difference of 1.85 mm AG score between the groups was
considered clinically significant which is evident from a
recent clinical study.[32] It was indicated that a sample of 9
defects per group would be needed. Bearing in mind that
some defects could be lost during the follow‑up period, 10
defects per group were included.
Patient and site selection
A total of 30 defects in 12 chronic periodontitis
patients (6 female and 6 male) with a mean age of
44.17 ± 7.80 years were included (i.e., 10 defects in each
group) from September 2010 to September 2012. Prior to
the study, informed consent was signed by all patients. The
design and flow chart of the study are shown in Figure 1.
Treatments of the patients were performed at the Clinics
of Department of Periodontology, Faculty of Dentistry,
Marmara University, Istanbul, Turkey. The inclusion
criteria were: (a) No systemic diseases that contraindicated
periodontal surgery and could affect the consequences of
the therapy; (b) no smoking (c) no medications (d) no
pregnancy or lactation; (e) a good oral hygiene level (plaque
index [PI] <1)[33] and full mouth bleeding on probing (BOP)
score <20% after initial periodontal treatment (IPT),
(f) compliance with the maintenance program and
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(g) minimum one intrabony defect existence with a probing
depth (PD) ≥6 mm, radiographic depth ≥3 mm as detected
on the radiographs.[10,34,35]

Ethical approval
The study was completed compatible with the Helsinki
Declaration presented in 1975 which is revised in 2000.
Ethical approval of the study protocol was obtained from the
Research Ethical Board of Marmara University Faculty of
Medicine, Istanbul, Turkey (number: MAR‑YÇ‑2009–0048).
Randomization and allocation concealment
All defects included in this study were distributed to three
treatment groups according to a randomization table
created in software, which can be reached through internet
access (http://www.randomization.com). If a patient had
two or more intrabony defects, they were distributed to the
treatment groups in a clockwise direction.
Clinical parameters
The PI, [33] gingival index (GI), [33] BOP, PD, relative
attachment level (RAL), recession scores were noted for
the deepest site of the defect before and 6 months after the
surgery using the same type of periodontal probe (UNC 15,
Hu‑Friedy, Chicago, IL, USA). Probing assessments were
recorded at the nearest millimeter mark, or if the obtained
measurement was positioned between two marks, it would be
considered the increment of 0.5 mm during the evaluation.
The clinical assessment were done at 6 sites of the tooth,
vestibulary (mesial, mid, distal) and oral (mesial, mid, and
distal) using an adapted acrylic stent with reference holes
by one calibrated examiner (OBA), who was not blinded
to the surgical procedures.
Radiographic assessment
Standardized periapical radiographs of all intrabony
defects were taken at baseline and after 6 months with
long cone paralleling technique using an appropriate
screening device (RWT Roentgenographic‑System,
Kentzler‑Kaschner Dental GmbH, Germany). Radiographs
were digitized using a digital camera (Canon Powershot
G10, Japan) and edited at a resolution of 8‑bits 300 dpi
grayscale images by photo editor software (ACD Photo
Editor 3.1, ACD Systems Ltd., USA). Before evaluation,
two radiographs taken from the same defect were brought to
the same size by using cut and resizing tools of the software.
Then, obtained images were analyzed in image processing
software (Image J 1.43u, Wayne Rasband, National Institute
of Health, USA). The image measurements were used in
a formula (1 – [A2/A1 × (L1/L2)2] ×100) in order to
calculate the radiographic bone fill percentage where A1
represents the baseline area specified by borders of the
defect; A2 the postoperative area specified by borders
of the defect; L1 linear length between mesial and distal
cementoenamel junctions on baseline radiograph and L2

linear length between mesial and distal cementoenamel
junctions on the radiograph taken at 6 months [Figure 2].

Intrasurgical measurements
The intrabony defect depth (IDD) was measured as
the distance from the maximum coronal part of the
alveolar bone to the bottom of the defect. Besides, defect
configuration (i.e., number of walls) was recorded during
surgery.
Determination of gingival crevicular fluid transforming
growth factor‑β1 levels
GCF samples were collected with paper strips (PerioPaper®
Oraflow Inc., New York, USA) just before surgery and
7, 14, 30, 90, 180 days after surgery and evaluated by
enzyme‑linked immunosorbent assay using a commercially
available kit for TGF‑β1 (Quantikine Human TGF‑β1, R
and D Systems, Inc., USA) according to the manufacturers’
instructions.[16] The volume of samples as determined
by a standardized automated gingival fluid measuring
device (Periotron 8000, Smithtown, New York, USA), and
strips placed into sterile tubes were stored at −80°C.
Treatment of intrabony defects
All procedures were performed by the same operator (OBA).
All patients received IPT including oral hygiene instructions,
scaling and root planing using both hand (Gracey, SG 3/4,
5/6, 7/8, 11/12, 13/14, Minifive, SAS 3/4, Hu‑Friedy,
USA) and ultrasonic instruments (Cavitron® Bobcat Pro®,
Dentsply International Inc., USA). After 8 weeks, each
defect was randomly assigned to the groups. After local
anesthesia (Ultracain® D‑S forte, Hoechst Marion Roussel,
Turkey), sulcular incisions were made and full‑thickness
flaps were raised buccally and lingually, granulation tissues
removed, and the root surfaces gently scaled and planed.
Special care was taken to create a surgical area free from
blood and saliva. In the EMD and combination groups,
the exposed root surfaces were conditioned with 24%
EDTA gel (Prefgel®, Straumann, Switzerland) for 2 min.[36]
Surgical area was then rinsed with saline. EMD gel was
injected onto the intrabony defects and root surfaces.
Then, in the combination group, the adequate amount
of ABG obtained from adjacent bone surfaces by using
hand instruments (Ochsenbein Periodontal Chisel CO2,
Rhodes Back Action Periodontal Chisel C36/37, Hu‑Friedy
Inst. Co. USA) was mixed with the gel and placed into
the bone defects. Finally, a second layer of EMD gel was
injected to cover the ABG. Then, the flaps were sutured
interdentally with an absorbable polyglycolide‑co‑lactide
suture (5–0 pegelak, Doğsan A. R. Trabzon, Turkey).
Postoperative care
Patients received amoxicillin + potassiumclavulanate
(1000 mg tablet, GlaxoSmithKline, Istanbul, Turkey)
twice a day for 7 days, naproxen sodium (550 mg tablet,
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Bilim Ilac, Istanbul, Turkey) twice a day for 7 days and
0.12% chlorhexidine + benzydaminehydrocloride mouth
rinse (Drogsan, Ankara, Turkey), twice a day for 4 weeks.
Mechanical tooth cleaning was not allowed in the surgical
area for the first 4 postoperative weeks. Sutures were
removed at 14 days following surgery. Patients were recalled
strictly for supra‑gingival tooth cleaning and polishing
procedures weekly in the first 2 months, once for 2 weeks
during the 3rd month and monthly after 3 months.

Statistical analysis
Statistical software (SPSS® 15.0 for Windows, Chicago, IL,
USA) was used for data analysis. Nonparametric tests were
used because the data did not show normal distribution. The
Friedman test was used for intragroup repeated‑measures,
Wilcoxon test was used for paired intragroup comparison.
Kruskal–Wallis test was used to detect intergroup
differences, followed by a post‑hoc Bonferroni corrected
Mann–Whitney U‑test at P < 0.017 level. Statistical
significance was evaluated at P < 0.05 level.

Results
A total of 30 intraosseous defects in 12 patients were
randomly treated. No dropouts occurred until the end of the

study. No adverse reactions were seen. Minor complications
such as swelling and bleeding were present in the early
healing phase after surgery.

Clinical and radiographic parameters
Table 1 demonstrates similar initial clinical parameters
of the groups. There were no significant differences in
any of the clinical measurements among the groups at
baseline (P > 0.05). Although, the defect distribution and
configuration showed a comparable outcome [Table 2],
there was no statistically significant difference in the IDD
measurements among the groups (P > 0.05) [Table 1].
Table 3 demonstrates the intragroup comparisons of the
Table 1: Initial clinical parameters
Control

EMD

Combination

P†

0.36±0.17
0.75±0.26

0.23±0.06
0.65±0.24

0.32±0.14
0.55±0.16

0.121
0.105

0.31±0.15
0.90±0.21

0.24±0.09
0.90±0.21

0.28±0.12
0.78±0.24

0.321
0.305

8.50±2.03
62.50±17.68
7.60±1.51
5.60±1.64

8.29±2.33
55.00±10.54
8.30±1.70
6.40±1.95

8.98±2.29
60.33±17.29
7.93±1.66
5.20±1.39

0.598
0.525
0.624
0.280

PI
Full mouth
Interproximal
GI
Full mouth
Interproximal
BOP (%)
Full mouth
Interproximal
PD (mm)
IDD (mm)

Kruskal-Wallis test, P<0.05. PI=Plaque index; GI=Gingival index; BOP=Bleeding
on probing; PD=Probing depth; EMD=Enamel matrix derivatives; IDD=
Intrabony defect depth
†

Table 2: Characteristics of intrabony defects
Number of defect walls
Defect localization
1
1‑2
1‑2‑3 Incisor/ Premolar Molar
Walled Walled Walled canine
Control
EMD
Combination

1
4
1

9
5
6

‑
1
3

3
2
5

2
6
2

5
2
3

EMD=Enamel matrix derivatives

Figure 1: Flow chart of the study
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Figure 2: The measures for calculation of the radiographic bone
fill percentage
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Baseline

*Wilcoxon signed‑rank test, P<0.05; ¥Kruskal-Wallis test, P<0.05; aDifferent from EMD, Mann-Whitney test, Bonferroni post‑hoc test, P<0.17; bDifferent from combination, Mann-Whitney test, Bonferroni
post‑hoc test, P<0.17. EMD=Enamel matrix derivatives; PI=Plaque index; GI=Gingival index; BOP=Bleeding on probing; PD=Probing depth; RAL=Relative attachment level

P*

0.002
0.010
0.005
0.005
0.005
0.064
0.50±0.00
0.51±0.33
47.71±18.49
4.71±1.63
3.55±1.46
−1.16±1.62
64.56±24.23

Baseline

0.55±0.16
0.78±0.24
60.33±17.29
7.93±1.66
13.06±1.77
5.12±1.91

Change

P*

0.15±0.24
0.25±0.26
12.50±13.18
3.30±0.67
9.20±2.66
5.90±2.28
0.65±0.24
0.90±0.21
55.00±10.54
8.30±1.70
13.70±2.58
5.40±1.96

P*

0.005
0.038
0.002
0.004
0.004
0.004

Change

PI
GI
BOP (%)
PD (mm)
RAL (mm)
Recession (mm)
Radiographic bone fill (%)

0.75±0.26
0.90±0.21
62.50±17.68
7.60±1.51
12.10±2.13
4.70±1.70

0.35±0.24
0.70±0.22
37.50±17.68
3.20±0.79
10.50±1.78
7.30±1.49

0.40±0.21
0.20±0.22a
25.00±0.00a,b
4.40±1.17
1.60±0.70a,b
−2.70±0.95a,b
35.31±20.56a,b

Baseline

0.50±0.00
0.65±0.33
42.50±12.08
5.00±1.41
4.50±3.24
−0.50±2.72
65.98±14.76

0.002
0.006
0.004
0.005
0.005
0.310

Combination
6 months
Change
EMD
6 months
Control
6 months

Table 3: Intragroup, intergroup, and paired comparisons of clinical and radiographic parameters

0.05±0.16
0.27±0.34
12.62±13.05
3.22±0.41
9.51±0.84
6.28±0.82

P¥

0.126
0.011
0.002
0.660
0.001
0.001
0.003
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mean PI, GI, BOP, PD, RAL, recession scores. All measured
parameters at 6 months with respect to their baseline
value revealed statistically significant improvements in
all groups (P < 0.05), except the control group which
demonstrated statistically significant recession (P < 0.01)
at 6 months. The intergroup comparisons of the changes in
clinical and radiographic parameters displayed statistically
significant differences among the groups (P < 0.05), except
PI and PD scores (P > 0.05) [Table 3].
Further, paired comparisons revealed statistically
significant differences between the control and EMD
groups also between the control and combination groups
(P < 0.05), whereas no significant differences, were
present between the combination and EMD groups in any
of the clinical and radiographic parameters (P > 0.05)
[Table 3].

Biochemical parameters
Table 4 demonstrates the changes in GCF volume
throughout the study period. In the control group, the
GCF volume showed a slight increase on day 7 and
diminished under the initial value during 180 days
period. GCF volume in the control group decreased from
a baseline value of 1.03 ± 0.59 µL to 0.51 ± 0.31 µL at
6 months. However, this decrease was not statistically
significant (P > 0.05) [Table 4]. GCF volume measured
in the EMD group decreased from 0.87 ± 0.52 µL
to 0.45 ± 0.35 µL at 6 months (P > 0.05) [Table 4].
In the combination group, baseline GCF
volume (1.01 ± 0.74 µL) exhibited increase in 7th and
14th day evaluation periods (P < 0.05) and decreased
to 0.62 ± 0.53 µL at 6 months (P < 0.05) [Table 4].
Statistically significant differences were detected in GCF
volume at 90th day with respect to baseline, 7th day and
14th with respect to 90th day, and 180th day with respect to
14th day in the combination group [Table 5].
TGF‑β1 could not be detected in 25% of total GCF samples,
41% of the control group, 26% of the EMD group and 6%
of the combination group [Table 6]. TGF‑β1 concentration
in the control group increased on day 7 remained high with
respect to the baseline value until the end of the evaluation
period. However, the intragroup statistical analysis could
not be performed in the control group because of the
excessive number of TGF‑β1 undetected GCF samples. In
the EMD group, TGF‑β1 concentration showed a slight
increase on day 7 and remained high until the 30th day
and then decreased below the baseline concentration at
day 90. These changes were not statistically significant
throughout the whole evaluation period (P > 0.05). In
the combination group, TGF‑β1 concentration showed
similar changes with the EMD group and decreased from
baseline value of 4.39 ± 3.57 ng/mL to 3.63 ± 1.85 ng/mL
at 6 months (P > 0.05). As shown in Table 4, baseline
TGF‑β1 concentrations did not show statistically significant
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Table 4: Changes of GCF volume, TGF‑β1 concentration and TGF‑β1 amount

GCF volume (µL)
Control
EMD
Combination
P†
TGF‑β1 concentration (ng/mL)
Control
EMD
Combination
P†
TGF‑β1 amount (pg)
Control
EMD
Combination
P†
†

Days
30

0

7

14

90

180

P*

1.03±0.59
0.87±0.52
1.01±0.74
0.803

1.26±0.55
1.21±0.52
1.23±0.71
0.904

1.10±0.63
1.13±0.75
1.16±0.82
0.996

0.83±0.45
0.94±0.61
0.88±0.61
0.964

0.56±0.48
0.71±0.25
0.38±0.15
0.041

0.51±0.31
0.45±0.35
0.62±0.53
0.724

0.060
0.098
0.028

1.15±0.51
4.49±4.38
4.39±3.57
0.130

1.61±1.05
5.16±4.95
6.03±7.26
0.019

4.31±8.74
4.23±0.84
4.92±4.89
0.096

2.93±3.08
4.85±3.43
4.88±5.04
0.549

4.06±4.57
3.00±2.21
3.71±3.59
0.953

2.75±2.53
2.98±1.52
3.63±1.85
0.564

‑
0.477
0.388

1.47±0.77
2.82±2.26
3.68±3.15
0.222

2.28±2.09
3.49±2.00
5.89±4.85
0.184

1.74±1.22
4.90±2.81
3.04±1.82
0.025

1.40±1.11
3.49±1.76
3.44±2.46
0.232

1.40±1.52
1.95±1.38
1.45±1.24
0.713

0.29±0.15
1.26±0.44
1.86±1.47
0.050

‑
0.168
0.141

Kruskal-Wallis test, P<0.05, *Friedman test, P<0.05. EMD=Enamel matrix derivatives; GCF=Gingival crevicular fluid; TGF‑β1=Transforming growth factor‑β1

Table 5: Comparison of the GCF volume in combination group at different evaluation periods

P†
†

0/7

0/14

0/30

0/90

0/180

7/14

7/30

Days
7/90

7/180

14/30

14/90

14/180

30/90

30/180

90/180

0.307

0.475

0.575

0.028

0.123

0.333

0.050

0.013

0.161

0.123

0.013

0.036

0.068

0.173

0.237

Wilcoxon signed rank test, P<0.05. GCF=Gingival crevicular fluid

Table 6: Number of GCF samples which TGF‑β1 was
not detected
Day
0
7
14
30
90
180
Total (%)

Control (n=60)

EMD (n=60)

Combination (n=60)

4
2
2
6
4
6
25 (41)

‑
3
3
3
2
4
16 (26)

‑
‑
‑
2
1
1
4 (6)

EMD=Enamel matrix derivatives; GCF=Gingival crevicular fluid;
TGF‑β1=Transforming growth factor‑β1

difference among the groups (P > 0.05), except day
7 (P < 0.05) [Table 4].
In the control group, TGF‑β1 amount demonstrated a
slight increase on day 7 and 14 followed by a decrease
under the baseline value at 6 months. However, this
change could not be evaluated statistically because of the
undetected TGF‑β1 amount in GCF samples. In the EMD
group, TGF‑β1 amount decreased from a baseline value of
2.81 ± 3.15 pg to 1.26 ± 0.44 pg at 6 months (P > 0.05).
In the combination group TGF‑β1 amount displayed similar
changes and decreased from 3.68 ± 3.15 pg baseline amount
to 1.86 ± 1.47 pg at 6 months. These changes were not
statistically significant (P > 0.05). Intergroup comparisons
revealed that TGF‑β1 amount in the EMD group was
significantly higher than that in the combination group at
14th day only (P < 0.05) [Table 4].
540

Discussion
The primary aim of this study was to assess regenerative
effects of EMD in intrabony periodontal defects combined
with ABG. Results have shown that all treatment procedures
led to statistically significant clinical and radiographic
improvements. The present trial demonstrates that the
application of EMD together with OFD promotes relevant
advantages in the therapy of intrabony defects compared to
OFD alone. However, combining EMD with ABG did not
show any advantage compared to the use of EMD alone.
In this study, gingival health was evaluated by GI and BOP
measurements. At 6 months, changes in the interproximal
GI and BOP parameters were statistically significant among
the groups (P < 0.05). Reductions of these parameters
were significantly higher in the EMD and combination
groups than the control group. However, there is no
significant difference between the EMD and combination
groups (P > 0.05). These findings are in line with the studies
which had examined the possible advantage of EMD when
used with OFD and shown that addition of EMD exhibited
statistically significant soft tissue healing when compared
with OFD alone.[2‑5,37,38] Possibly by the decrease of matrix
metalloproteinase levels in the EMD treated sites,[39] and
antimicrobial[40,41] and anti‑inflammatory effects[42] of PGA.
Clinical evaluations demonstrated similar and significant
PD reductions in all groups at 6 months (P < 0.05) with
insignificant differences among the groups (P > 0.05). The
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PD reductions obtained from the studies evaluated the
potential effect of the use EMD alone or its combinations
with graft materials in the intrabony defects have reported
to be between 1.85 mm and 5.40 mm,[8‑10,43‑47] while our
results showing 5.0 mm and 4.71 mm reduction of the EMD
and combination groups, were in accordance with these
clinical trials. The PD reductions of the studies evaluating
the effect of OFD in the intrabony defects with initial PD
score >6 mm ranged from 1.4 mm to 4.5 mm.[45,47‑52] The
present study demonstrated similar PD reductions in the
control group with 7.60 mm mean initial PD, which supports
the results of these studies. Assessing the PD reductions
together with the gingival recession scores may reflect the
regenerative response of the periodontal treatment.[53]
Clinical evaluations demonstrated significant AG in all
groups at 6 months (P < 0.01). AGs obtained in the control,
EMD and combination groups were 1.60 ± 0.70 mm,
4.50 ± 3.24 mm, 3.55 ± 1.46 mm, respectively. The
AG obtained in the EMD and combination groups was
significantly higher than the control group (P < 0.01)
but, there was no statistically significant difference
between the EMD and combination groups (P > 0.05).
The studies evaluating the clinical effect of OFD in
intrabony defects demonstrated AG between 1.19 mm
and 2.75 mm.[37,41,47,48,50,54‑56] AG in our control group
supported these evidences as1.60 ± 0.70 mm. In the present
study, surgical use of EMD in intrabony defects displayed
significant AG when compared with OFD. This finding
was in agreement with a systematic review investigating
the probable advantage of EMD when used in addition
to OFD.[57] Another recently published systematic review
showed that various combinations of EMD with different
types of grafting materials have the potential to enhance
AG compared to EMD alone.[10,43,44,58‑60]
Although the combination of EMD with a number of bone
grafts has led to significant AG results, a larger number
of studies have failed to show any significant differences
in terms AG.[8,61‑68] The mean AG results revealed in
the EMD and combination group were 4.50 ± 3.24 mm
and 3.55 ± 1.46 mm, respectively. These AG results are
consistent with the AG results revealed from the studies
evaluating the regenerative response of the use of EMD
alone or various combinations of graft materials with EMD
in intrabony periodontal defects.[8,10,44,60,61,63,65,66]
The radiographic evaluation showed the amount of the
radiographic bone fill percentage within the defect, was
35.31 ± 20.56, 65.98 ± 14.76 and 64.56 ± 24.23 for
the control group, EMD group, and combination group,
respectively. These obtained radiographic results were in
agreement with the radiographic findings of other studies
that present radiographically detected additional newly
formed hard tissue.[8,54,69‑72] Crea et al.[69] presented 50%
bone fill 1‑year after EMD application.

GCF is a vehicle which represents a noninvasive access to the
periodontium. Monitoring the contents of GCF can provide
detecting the tissue and cell‑derived molecules not only
originated from microbiota but also originated from the host
response. Evaluation of varying molecular levels detected
in the GCF might be of value as a prognostic marker of
periodontal and systemic health, wound healing activity, and
therapeutic progress following periodontal therapy.[16‑18,73‑76]
In the present study, TGF‑β1 level present in the GCF during
reconstruction process was evaluated after the treatment of
intrabony defects with three different treatment approaches.
At the early healing phase, GCF volume and TGF‑β1
levels increased followed by reductions below respective
baseline levels. Kuru et al.[16] suggested that TGF‑β1 could
be noticeable in GCF and the level of this growth factor
rises transiently after regenerative periodontal surgery using
nonresorbable membranes. In a recent study, Ribeiro et al.[14]
applied OFD with a minimally invasive surgical technique
with and without EMD application and analyzed the levels
of mediators, including TGF‑β1 involved in GCF after
the periodontal surgery. According to this study, TGF‑β1
levels increased after 15 days in both groups and reduced to
baseline values after 3 months which are similarly changed
in our study. In contradiction to our results, no differences
in TGF‑β1 levels were observed between the groups in that
study. Studies have presented the existence of TGF‑β1
or TGF‑β‑like molecules, bone morphogenic protein‑like
growth factor and bone sialoprotein‑like molecules in EMD
together with its stimulative effects on various types of
periodontal cells.[11,77‑81] Our biochemical results revealed
by the evaluation of the GCF samples support these in vitro
evidence biochemically. However, in our study the use of
ABG together with EMD in the regenerative treatment of
periodontal intrabony defects did not show any significant
difference in terms of detected TGF‑β1 levels in GCF.
A limitation of the current study may be the sample size.
Although a power analysis was performed from the current
literature, the number of defects included to the study groups
may limit the generalizability of this study. Further clinical
trials with larger sample size are needed for enlightening
the clinical and biochemical benefits of EMD. Another
limitation was that the measurements and interventions
were made without blinding of the clinical examiners to
the experimental groups, which has the potential for bias.
However, the potential bias was minimized by randomly
assigning the participants to the groups and following the
standardized study protocol. It must be taken into account
that the examiners were calibrated to confirm accuracy and
reproducibility of measurements.
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