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Abstract This controlled clinical study investigated the
clinical and radiographic outcome of wide intrabony
periodontal defects treated by enamel matrix derivatives
alone or in combination with a bioactive glass over a period
of 8 months. Twenty-three chronic periodontitis patients,
who received initial therapy and had radiographical
interproximal defects with an associated probing depth of
6 mm or more and an intrabony component of at least
4 mm, were included. Each of the patients, contributing at
least one intrabony defect, was treated with either enamel
matrix derivative alone (group 1, n=10) or the combination
(group 2, n=13). In both groups, all clinical and radio-
graphical parameters were improved. Groups 1 and 2
presented a mean pocket reduction of 5.03±0.89 and 5.73±
0.80 mm, recession of 0.97±0.24 and 0.56±0.18 mm,
relative attachment gain of 4.06±1.06 and 5.17±0.85 mm,
and radiographic bone gain of 2.15±0.42 and 2.76±
0.69 mm, respectively. An intergroup comparison revealed
significant differences for all of the parameters, yielding a
more favorable outcome towards the combined approach.
Within the limits of the study, both treatments resulted in
marked clinical and radiographical improvements, but
combined treatment seemed to enhance the results in the
treatment of wide intrabony defects.
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Introduction

One of the major objectives of periodontal therapy is the
morphological and functional regeneration of tooth-
supporting tissues, which has been destroyed due to
periodontal disease. The biologic principles of periodontal
regeneration have been established in the scientific
literature for the past 20 years. The magnitude of the
evidence firmly establishes the concept of regeneration as
an efficacious and valid treatment goal. With various new
technologies, biological approaches, and biomaterials, the
challenge is now to add to this complex environment and to
distill the experience and knowledge contributing to patient
outcomes in terms of function, ease of care, esthetics, and
long-term maintenance.

Several treatment procedures including bone grafts,
guided tissue regeneration, combined approaches, and
growth factors have been suggested for regenerative
periodontal therapy. To mimic the events that take place
during the development of dental root has been recently
used as an alternative approach to obtain periodontal
regeneration. The discovery of the presence of the enamel
matrix layer between the peripheral dentin and the
developing periodontal tissues has provided the funda-
mental concept for enamel matrix protein derivative
(EMD)-supported tissue engineering in regenerative peri-
odontal therapy. It has been shown that EMD is a
promising and useful tool for periodontal regeneration
and the application of EMD on the diseased root surfaces
enhances the formation of a new connective tissue
attachment and of new alveolar bone [2, 5, 12–15, 20,
30, 31, 48]. Prospective controlled clinical trials have
demonstrated that the gains in clinical attachment and bone
levels are significantly greater with the use of EMD than
open flap surgery alone [8, 15, 24]. Comparable clinical
outcomes to bioabsorbable and non-resorbable barriers
used for guided tissue regeneration have also been shown
[29, 32, 41]. However, it has been suggested that there exist
a possible limitation to the regenerative capability of EMD,
related to its semi-fluid consistency and lack of space-
making effect [20]. Therefore, combining EMD with a
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graft material may overcome the problem of flap collapse
and space maintenance when using it alone. Thus, more
recently, prominence has been given to the use of EMD in
combination with graft materials. The positive effects of
bone grafts and bone substitutes on the outcome of
periodontal regenerative procedures are well documented.
Autografts, allografts, xenografts, and synthetic materials
have been shown to improve attachment levels and
promote osseous defect fill in humans [9]. While materials
intended to promote bone formation play an important role
in periodontal regeneration, their combination with agents
like EMD capable of enhancing cell-mediated phenomena
in periodontal wound healing with formation of a func-
tional periodontal ligament and new cementum has the
potential to optimize the outcome of periodontal regener-
ation. To the best of our knowledge, a number of case
reports or investigations evaluating the use of EMD
combined with various graft materials in the treatment of
periodontal osseous defects are available in the literature
[1, 4, 18, 26, 27, 32, 36–38, 43, 50]. Recent data from two
studies have indicated that the combination of EMD and a
cancellous bovine-derived xenograft (BDX) may lead to
higher bone fill and less gingival recession compared with
treatment with EMD alone [18, 43]. In a controlled clinical
study, a combination of EMD + bioactive glass (BG),
composed of elements naturally occurring in bone, is also
suggested for preventing the collapse of the mucoperiosteal
flap, thus minimizing soft tissue recession [34]. Another
controlled clinical study comparing EMD alone to BDX +
GTR has indicated that both techniques may lead to
significant improvements in clinical and radiographic
parameters without any significant differences between
the treatments [23]. In a very recent study comparing the
treatment of wide intrabony defects with a combination of
EMD + BG to EMD alone, the clinical results have failed to
demonstrate the superiority of the combined approach [37].

In this process, trials evaluating the efficacy of different
graft materials and combinations in the treatment of
intrabony lesions can add valuable information for the
clinician in decision-making regarding effective treatment
alternatives for various types of periodontal destruction.

The aim in this study was, therefore, to evaluate the
clinical and radiographic outcomes of treatments per-
formed by using EMD alone or combined with BG in the
treatment of wide intrabony periodontal defects.

Materials and methods

The present clinical study was a controlled trial with a
parallel design. Each patient first received non-surgical
periodontal therapy consisting of oral hygiene instructions,
full-mouth supra-/sub-gingival scaling and root planing
under local anesthesia, and occlusal adjustment. Two
months after the initial periodontal therapy, the patients
underwent a re-evaluation examination. Cases with one-,
two-, one- to two-wall intrabony periodontal defects with a
probing depth (PD) ≥6, radiographic angle about 45°, and
intrabony defect depth ≥4 mm confirmed during surgery

were included in chronic periodontitis patients (23 patients
with the mean age of 44.7 years). Patients with keratinized
gingiva ≤2 mm or with exposed root surfaces were not
included. Osseous defects with intrabony component of
<4 mm were excluded at the time of surgical exposure of
the experimental area. Patients who met the inclusion
criteria were systemically healthy and there were no
contraindications for periodontal therapy. After an expla-
nation of all aspects of the study as well as alternative
treatment regimens, the patients were required to sign an
informed consent. The study design and consent were
approved by the University Institutional Review Board.

Study groups

Patients were randomly divided into two groups according
to the type of the treatment by flip of a coin. In patients
contributing more than one defect, all defects were
assigned to the same type of treatment modality.

The study groups were designated as follows:

Group 1
Ten patients treated with EMD alone (Emdogain Gel,
BIORA, Malmö, Sweden)

Group 2
Thirteen patients treated with EMD + BG (Perioglas)
(Emdogain Gel TS, BIORA, Malmö, Sweden)

Surgical procedure

The experimental areas selected for surgery were anesthe-
tized. After intracrevicular incisions, aiming to preserve the
interdental papilla as much as possible, full-thickness
mucoperiosteal buccal and lingual access flaps were
reflected. Vertical releasing incisions were performed
only if necessary for a better access or to achieve a better
closure of the surgical site. All granulation tissues were
removed from the defects and the root surfaces were gently
scaled and planed using ultrasonic and hand instruments.
After defect debridement, the following measurements were
made: distance from the edge of the individual occlusal stent
to the bottom of the defect (A) and distance from the edge of
the stent to the most coronal extension of the alveolar bone
crest (B). The intrabony component of the defects was defined
as A–B. The horizontal width of the defect at the level of the
most coronal extension of the alveolar crest was also evaluated
to confirm the wide intrabony defect angle (Fig. 1c). The
osseous defects were classified by the number of osseous
walls and recorded along with the other surgical notes. The
root surfaces adjacent to the defects were then conditioned for
2 min with ethylenediaminetetraacetic acid gel (pH 6.7)
(PrefGel, BIORA, Malmö, Sweden). After acid application,
the defects and the adjacent mucoperiosteal flaps were then
thoroughly rinsed with sterile saline. In all defects, the EMD
gel was first applied on the root surfaces and then into the
defects. The defects treated with the combined approach were
additionally filled up with the mixture of EMD + BG. The
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flaps were then replaced and sutured appropriately by
interdental sutures. The sutures were free of tension, obtaining
a complete coverage of the intrabony defects. A deep
horizontal mattress suture was additionally used only if
there was any residual tension from the flap margins. After a
healing period of 2 weeks, the sutures were removed.

Postoperative care

Postoperative care was directed at the maintenance of
wound stability and infection control. The patients received
systemic antibiotic therapy for a period of 2 weeks
postoperative. The regimen consisted of oral administra-
tion of 200 mg of doxycycline on the first day and
thereafter at 100 mg daily. In addition, the patients were
advised to avoid hard chewing in the surgical areas and to
rinse twice daily with a 0.2% solution of chlorhexidine
digluconate for 6 weeks. After at least 4 weeks [35], gentle
toothbrushing was resumed in the operated areas. Recall
appointments were scheduled every second week during
the first 2 months after the surgical procedure and the
patients were recalled once a month for the remaining
observation period. During the 8-month follow-up period,
neither sub-gingival instrumentation nor probing of the
operated areas was performed.

Clinical assessments

For all patients, the following clinical parameters were
recorded preoperatively and at 8 months [15, 47, 49]
postoperatively by one trained examiner who was blinded
to the treatment assignments. A calibration exercise was
carried out to obtain acceptable intra-examiner reproduc-
ibility as previously described by Sculean et al. [37].

Plaque index (PI) was measured according to Silness and
Löe [39], and sulcular bleeding index (SBI) according to

Mühlemann and Son [21]. PD, relative attachment level
(RAL), and marginal recession (REC) were measured to
the nearest millimeter with a calibrated periodontal probe
(PCP 15 UNC, Hu-Friedy, Chicago, IL, USA) using
individual occlusal stents as a reference point for probe
placement. Occlusal stents for positioning measuring
probes were fabricated with cold-cured acrylic resin on a
cast model obtained from an alginate impression. It was
made to cover the occlusal surface of the tooth being
treated and the occlusal surfaces of at least one tooth in the
mesial and distal directions. It was also extended apically
on the buccal and lingual surfaces to cover the coronal third
of the teeth. Grooves were placed so that the postoperative
measurements could be at the same position and angula-
tions were as those made before surgery. PD was the
distance between the free gingival margin and the probe-
able bottom of the pocket, RAL was the distance between
the probeable bottom of the pocket and the edge of the
stent, and REC was the distance between the free gingival
margin and the apical edge of the stent. The probe was
forced through the soft tissue toward the bone until definite
resistance was met. Pl was evaluated at four periodontal
sites whereas other measurements were made at six aspects
of the selected teeth: mesio-buccal, mid-buccal, disto-
buccal, mesio-lingual, mid-lingual, and disto-lingual. Six
grooves were accordingly placed on the stent to standardize
the probe positions. Measurements where edge of the stents
has taken as the reference points were relative values (RAL
and REC) to evaluate the attachment loss/gain and
marginal soft tissue level change.

Radiographic examination

Preoperative and 8-month postoperative intraoral standard-
ized radiographs (Kodak Ultra Speed, Readymatic, X-
omet, Paris Cedex, France) were taken by the paralleling
technique using an individual film holder device consisting

Fig. 1 a A preoperative radio-
graph revealing the presence of
an intrabony defect. b Intrabony
component of the defect. c The
horizontal width of the defect.
d The clinical appearance of the
defect filled with the combina-
tion of enamel matrix derivative
and bioactive glass at 8 months.
e Radiographic appearance at
8 months postoperatively
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of a bite block for the evaluation of radiographic bone
level (RBL) (roentgenographic system RWT; indicator
arm-anterior/57,5026, bite block-anterior/61,5018,
Kentzler-Kaschner Dental GmbH, Jagst, Germany) rigidly
connected to an acrylic dental splint to achieve identical
film placement at each evaluation [47]. The film holder was
rigidly coupled to the X-ray tube via an adapter (Aiming
Ring-anterior/59, 5123). Pre- and postoperative radiograph
pairs were independently assessed on a light box by three
experienced clinicians who were not told which radiograph
was which. The mode (most frequent) count was accepted
[3]. When measuring RBL, the three investigators were
blind with respect to the clinical measurements and had to
reach agreement in terms of the location of both anatomical
and bone loss landmarks. Radiographic measurements were
obtained as described elsewhere [17], utilizing an adhesive
millimeter grid (X-ray Grid 34 cm, Meyer Haake GmbH,
Oberursel, Germany). The differences between pre- and
postoperative RBL measurements were considered as the
radiographic bone loss/gain.

Statistical analysis

Each parameter was expressed as the mean value±standard
deviation. The average results of defects treated in each
patient were taken into consideration and the findings were
analyzed considering the patient as the unit of evaluation.
Statistical analysis was performed, using a commercially
available software program (SPSS for Windows, version
13, 2005). The baseline values to assess the homogeneity
of the groups (excluding the relative values) and the
differences between the groups before and after treatments
were compared using the Mann–Whitney U test. For the
statistical evaluation of the changes from baseline to
8 months within the groups, Wilcoxon matched pairs
signed-ranks test was used. In the calculations, the deepest
site per defect measurements was included. The value of
p<0.05 was considered as the level of significance.

The change in RAL was one of the primary outcome
variables. A size estimation was carried out based on a
previous study by Heijl et al. [15]. Power calculation has
demonstrated that a much higher number of patients would
have been needed for a power of 0.95; however, after
8 months, the difference in change of RAS was already
1.12 mm (α1=1.06 mm, α2=0.85), which resulted in a

power of 0.80 and a required sample size of n=10 patients
in each group.

Results

All 23 patients returned for clinical and radiographic
evaluation at 8 months (Figs. 1a–e and 2a–c, two
representative cases for each group). A clinical evaluation
of post-surgical healing revealed a good soft tissue
response to EMD with no adverse complications.

The baseline defect characteristics and distribution are
presented in Table 1. Both groups presented similar
baseline conditions in terms of oral hygiene levels,
bleeding scores, probing, and intrabony component depths.
The full-mouth PI and SBI scores for each of the two
groups, at baseline and after 8 months, are summarized in
Table 2. Although PI and SBI values were low before the
initiation of surgical therapy, both PI and SBI improved
significantly compared to baseline values.

Recession as negative changes in REC values before and
after treatments was observed in both groups and found to
be statistically significant (Table 3). The average amount of
recession was 0.56±0.18 mm (p<0.001) in the EMD + BG
group while it was 0.97±0.24 mm (p<0.01) for the EMD
gel group. Intergroup differences were found to be
significant (p<0.001) (Table 3). Greater recession occurred
with EMD gel application.

At 8 months, the EMD + BG group showed a reduction
of 5.73±0.80 mm in PD (p<0.001) and a change of 5.17±
0.85 mm (p<0.001) in RAL (Table 3). In the EMD gel
group, the mean reduction of PD was 5.03±0.89 mm
(p<0.01) while the mean RAL change was 4.06±1.06 mm
(p<0.01) (Table 3). The intergroup comparison revealed a
statistically significant difference both for PD (p<0.05) and
RAL measurements (p<0.05) (Table 3). Greater PD
reduction and attachment gain occurred with EMD + BG
application.

An evaluation of the hard tissue findings indicated that
both treatment modalities result in bone gain at 8 months.
The EMD + BG group showed 2.76±0.69 mm (p<0.001) of
RBL change considered as the radiographic bone gain,
while this was 2.15±0.42 mm (p<0.01) for the EMD group
(Table 3). The difference between the groups was in favor
of the combined group (p<0.05) (Table 3).

Fig. 2 a A preoperative radiographic appearance. b Intrabony component of the defect. c At 8 months after treatment with enamel matrix
derivative
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Discussion

This study was undertaken to evaluate the clinical and
radiographic effectiveness of EMD alone or combined with
a BG in the treatment of wide intrabony periodontal
defects. Both groups presented similar baseline conditions.
There was similar distribution in anatomical location of the
defects (tooth type). Defect configurations (one, two, one-
to two-wall), probing depths as well as the depth of the
intrabony component were comparable among the groups.
The number of patients contributing only one defect was
one patient in group 1 vs six patients in group 2. However,
the group distribution of two or three defects is comparable
and the measurements of defects treated in each patient
were averaged as they received the same treatment. The
findings were analyzed considering the patient as the unit
of evaluation.

The clinical outcomes of any regenerative procedure are
positively correlated with the morphology of the osseous
defect [9]. Based on clinical evidence, predominantly
three-wall defects have been associated with greater
regenerative potential in conventional or bone grafting

procedures [25]. Tonetti et al. [42] have reported that the
number of bone walls affects the clinical outcomes of the
EMD therapy. Presuming a positive correlation between
the number of osseous walls forming the intrabony defect
and degree of regeneration, three-wall intrabony defects
were deliberately excluded in our study to evaluate the type
of bone defects, which are not as predictable as three-wall
defects in regenerative treatment.

Establishing nontension primary wound closure of
various soft tissue flaps is paramount for optimal
postsurgical wound healing. Regenerative surgical proce-
dures that require clinical flap manipulation also require
excellence in suturing. The primary objective of dental
suturing is to position and secure surgical flaps. Surgical
sutures should hold flap edges in apposition until the
wound has healed enough to withstand normal functional
stresses. When the proper suture technique is used, primary
intention healing occurs. Accurate apposition of surgical
flaps is significant to patient comfort, blood clot stabiliza-
tion, and prevention of unnecessary bone destruction. If
surgical wound edges are not properly approximated and
are therefore inadequate, blood and serum may accumulate
under the flap, delaying the healing process by separating
the flap from the underlying bone [40]. Interrupted suture
techniques achieve excellent clinical results when used for
wound closure with tension-free flaps. Another suturing
technique, which is a variation of the interrupted suture, is
the mattress technique. This technique usually is used in
areas where tension-free flap closure cannot be accom-
plished. Mattress suturing techniques generally are used to
resist muscle pull, evert the wound edges (this keeps
epithelium away from underlying structures), and adapt the
tissue flaps tightly to the underlying structures (e.g., bone
graft, tissue graft, alveolar ridge, regenerative membrane,
or dental implant). When performing a mattress suture, the
needle penetration through the surgical flap should be 8 to
10 mm away from the flap edge or just above the
mucogingival junction in keratinized tissue. In this study,
interrupted sutures were used and flaps were placed back to
their original places. The sutures were free of tension,
obtaining a complete coverage of the intrabony defects. A
deep horizontal mattress suture was additionally used, only
if there was any residual tension from the flap margins (2
defects out of 40).

In clinical studies, the control of plaque and gingivitis is
important because both vary in association with periodon-

Table 2 Full-mouth PI and SBI values at baseline and 8 months
after treatment

Group 1 Group 2 z

PI Before treatment 0.29±0.06 0.30±0.05 −0.62, NS
After treatment 0.18±0.05 0.19±0.05
Difference 0.11±0.05a* 0.11±0.03b** −0.22, NS

SBI Before treatment 0.27±0.04 0.30±0.06 −1.56, NS
After treatment 0.19±0.02 0.17±0.05
Difference 0.08±0.03a* 0.13±0.05b** −2.59c*

NS Not significant
*p≤0.01; **p≤0.001
aIntragroup difference (group 1)
bIntragroup difference (group 2)
cIntergroup difference (group 1 vs group 2)

Table 3 Clinical and radiographic outcomes at 8 months

Group 1 Group 2 z

Increase in REC −0.97±0.24a* −0.56±0.18b** −3.57c****
Decrease in PD 5.03±0.89a* 5.73±0.80b** −1.98c***
Gain in RAL 4.06±1.06a* 5.17±0.85b** −2.53c***
Gain in RBL 2.15±0.42a* 2.76±0.69b** −2.08c***

*p<0.01; **p<0.001**; ***p≤0.05; ****p≤0.001
aIntragroup difference (group 1)
bIntragroup difference (group 2)
cIntergroup difference (group 1 vs group 2)

Table 1 Baseline defect characteristics and distribution

Variable Group 1 (10
patients)

Group 2 (13
patients)

Total defect number 20 20
1-walled defect number 4 5
2-walled defect number 9 6
1- to 2-walled defect
number

7 9

Patient number with 1
defect

1 6

Patient number with 2
defects

8 7

Patient number with 3
defects

1 –

Intrabony component
(mm)

5.68±0.59 5.48±0.62

Probing depth (mm) 9.47±0.81 9.77±1.01
RBL (mm) 6.38±0.62 6.24±0.78
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titis and affect measured healing response to therapy [19].
Periodontitis is usually associated with gingivitis, and if
one is to test a treatment modality for periodontitis, it
becomes necessary to attempt to separate the effects of that
therapy on periodontitis from the effects on gingivitis. In
this study, plaque accumulation was controlled by home
care instructions and chlorhexidine application at 6 weeks
postoperatively and gingivitis was minimized by initial
periodontal treatment including supra- and sub-gingival
scaling and root planing before the start of the experimental
period. Frequent recalls (every second week during the first
2 months postoperatively and once a month for the
remaining observation period) prevented accumulation of
plaque, and all patients maintained a good level of oral
hygiene and gingival status throughout the study consistent
with that achieved before the initiation of surgical therapy.

Our results showed that both treatment approaches
provide significant improvements in soft and hard tissue
measurements compared to baseline values as confirmed
by previous studies which demonstrated that clinical
improvement of presurgical clinical parameters in intra-
bony defects can be achieved with both EMD alone [8, 13–
15, 20, 24, 30, 31, 41, 42] and in combination with graft
materials [1, 4, 18, 26–34, 32, 36–38, 43, 50]. EMD has
been investigated in recent years as a tool to enhance
periodontal tissue regeneration, according to the principles
of biomimicry. It has been reported to be safe and efficient
for periodontal regeneration [2, 4–6, 11, 12, 14, 20, 31, 48].
Most of the above studies also report histological evidence
to the actual regenerative potential of EMD in periodontal
tissues. However, it has been suggested recently that, due
to its limited space-making potential, the gel form could be
mixed with bone replacement grafting materials both to
take the advantage of their synergistic effects in healing and
to prevent flap collapse by solid graft particles placed in the
defect [20]. It has also stated that, when adding EMD to
graft materials, the handling properties of both materials
were improved and the viscosity of EMD helped in the
delivery of graft particles by maintaining them together and
application into the defect was easier [43]. When
comparing two treatment modalities in this study, signif-
icant differences were found for pocket reduction, reces-
sion, attachment gain, and radiographic bone gain, yielding
a more favorable outcome towards the combined approach
of EMD + BG. The result of our study corroborate the
findings from two clinical studies in which the effective-
ness of EMD used alone was compared to the combination
with BDX in the treatment of intrabony lesions, most of
which are two, two- to three-, and three-wall defects [18,
43]. In the study by Lekovic et al. [18], postoperative
measurements taken at 6 months revealed a significantly
greater reduction in PD in the combined group (3.43±
1.32 mm on buccal sites and 3.36±1.35 mm on lingual
sites) when compared to the EMD group (1.91±1.42 mm
on buccal sites and 1.85±1.38 mm on lingual sites). The
combined group also presented with significantly more
attachment gain (3.13±1.41 mm on buccal sites and 3.11±
1.39 mm on lingual sites) than the EMD group (1.72±
1.33 mm on buccal sites and 1.75±1.37 mm on lingual

sites). A surgical re-entry of the treated defects revealed a
significantly greater amount of defect fill in favor of the
combined group (3.82±1.43 mm on buccal sites and 3.74±
1.38 mm on lingual sites) as compared to the EMD group
(1.33±1.17 mm on buccal sites and 1.41±1.19 mm on
lingual sites). The results of this study indicated that
combined treatment was superior in reducing PD to the
maintainable levels, improving attachment levels, and
promoting defect fill when compared to presurgical levels.
In the study by Velasquez-Plata et al. [43], the most
significant results were that recession was greater for the
group treated with EMD alone (0.8±0.8 mm) compared to
the EMD + BDX (0.3±0.6 mm) and bone fill was greater
for EMD + BDX (4.0±0.8 mm) compared to EMD alone
(3.1±1.0 mm). Intergroup comparison revealed a signifi-
cant difference for recession and bone fill, yielding a more
favorable outcome towards the combined approach. In a
very recent study, Sculean et al. [37] treated deep intrabony
defects with EMD alone or in combination with a BG. At
1 year after therapy, the combined group showed a PD
reduction of 4.2±1.4 mm and a clinical attachment gain of
3.2±1.7 mm. In the EMD group, the mean PD reduction
was 4.5±2.0 whereas the clinical attachment gain was 3.9±
1.8. There were no significant differences between the
groups. For a direct comparison, this study is the only study
evaluating EMD + BG and EMD alone in the treatment of
intrabony defects. In our study, the combined group
showed a mean reduction of 5.73±0.80 mm in PD and
the mean change for RAL as the attachment gain was 5.17±
0.85 mm. In the EMD group, the mean PD reduction was
5.03±0.89 mm while the mean RAL change was 4.06±
1.06 mm. Based on the aforementioned data, we found the
intergroup differences significant (Table 3). However, the
data of PD and RAL change for the EMD gel group in our
study compare well with this and other similar studies in
the literature [24, 28, 33, 41].

Both treatment modalities used in this study also
improved RBL values. The combined group showed
2.76 mm of RBL difference between pre- and postoperative
values as the radiographic bone gain, while this was
2.15 mm for the EMD gel group. Sculean et al. [37] gave
no information about the hard tissue measurements;
therefore, it is not possible to compare our results of the
EMD + BG group directly with any published data.
However, the results of our combined grafting group
confirm previous findings of Lekovic et al. [18] and
Velasquez-Plata et al. [43] who demonstrated superior
improvements achieved with EMD + BDXwhen compared
to EMD alone. In our study, the combination of EMD with
a graft material showed superior clinical improvements and
bone gain over EMD alone (p<0.05). A possible explana-
tion for the superiority may be related to the enhancement
of blood clot stabilization [44]. Another possibility which
should be kept in mind is that the regenerated tissues in
areas treated with grafting materials are denser and resistant
to the penetration of the probe. Wound stability and defect
space maintenance are desirable qualities for periodontal
regeneration. In addition, the properties of the graft
material should also be taken into consideration. The
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treatment of intrabony defects with various grafting
materials has provided a baseline for what can be achieved
in reference to regenerative efforts to create bone fill. BG
has the property to promote adsorbtion and concentration
of proteins utilized by osteoblasts to form a mineralized
extracellular matrix and, thus, promote osteogenesis by
allowing rapid formation of bone. There are references in
the literature stating the positive properties and effects of
BG as allowing the formation of bone–tissue bond [45, 46]
and retarding the down-growth of epithelial tissue [7].
Recent histological findings from a study on monkeys have
shown that treatment of intrabony defects with BG may
lead to greater amounts of new connective tissue attach-
ment and alveolar bone than conventional flap surgery
alone [16]. However, two recent human histologic studies
have shown conflicting results about the regenerative
potential of BG in periodontal treatment [22, 38].
According to these two studies, although the clinical
results are encouraging and radiographs evidenced radio-
opacities within the defects, in histological analysis, BG as
a periodontal grafting material has only limited regenera-
tive properties [22, 38]. Further studies are needed with the
similar methodology and with the use of various graft
materials whose properties other than their space-making
effects are clinically and histologically proven. With a
greater knowledge and understanding of the interaction and
biologic effects that EMD and bone grafts can produce,
future outcomes in periodontal regeneration may reach
high levels of success and predictability. The reasons for
the discrepancies between similar trials in the literature
remain speculative but may be attributed to various factors
including disease/patient/population characteristics, the
number/type/depth of the defects, the baseline clinical
conditions, the use of relative values, or the evaluation
methods as well as the graft material itself.

In our study, recession was seen in both groups but was
greater for EMD alone (0.97±0.24) than that of the
combined grafting therapy (0.56±0.18) (Table 3). Accord-
ing to the literature, recession was seen between 0.4 and
1.3 mm after surgical application of EMD [8, 24, 27, 31,
33, 41–43, 47]. The recession data from these studies also
compare well with our results. Scheyer et al. [27] and
Velasquez-Plata et al. [43], on the other hand, reported
minimal amounts of gingival recession when combining
EMD + BDX. Sculean et al. [32, 37], in their studies,
mentioned about the prevention of flap collapse and, thus,
minimization of soft tissue recession in their combined
groups. The collapse of the flap might have been prevented
in the combined approach by the space-maintaining effect
attributed to solid graft particles present in the defect as
well as its bony walls.

This study evaluated the performance of EMD and BG,
used one by itself (EMD) and in combination. Both
treatment modalities achieved improvements clinically and
radiographically compared to baseline values. A much
larger sample size than ours is necessary to definitely show
a statistically significant difference between the two
therapies [10]; however, when comparing the results of

both modalities in this study within its limits, a difference
was found for pocket reduction, recession, attachment gain,
and radiographic bone gain, yielding a more favorable
outcome towards the combined approach.
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