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Abstract The aim of this randomized double-blind, clinical
trial was to compare the use of enamel matrix derivative
(EMD) and demineralised freeze-dried bone allografts
(DFDBA) with DFDBA alone for the treatment of human
periodontal intrabony defects at 12 months post-surgery.
Fifty-six intrabony osseous defects in 56 periodontis patients
were randomly assigned to the test group (DFDBA + EMD)
or the control group (DFDBA) for periodontal treatment.
Clinical and radiographic measurements were made at the
baseline and after 12 months. Compared to baseline, the
12-month results indicated that both treatment modalities
resulted in significant changes in all clinical parameters
(gingival index, bleeding on probing, probing depth (PD),
clinical attachment level (CAL), gingival recession; P<0.05)
and radiographic parameters (hard tissue fill (HTF) and bone
depth reduction; P<0.05). Furthermore, statistically signifi-
cant differences were found in the test group compared to the
control group in PD reduction (5.0 mm vs. 4.0 mm; P<
0.05), CAL gain (4.0 mm vs. 3.25 mm), and HTF (4.0 mm

vs. 3.5 mm; P<0.05). In the test group, 25% of sites
gained >4 mm of CAL, while in the control group, 7.1% of
sites gained >4 mm of CAL. Both treatments showed a good
soft and hard periodontal tissue response. At 12 months post-
surgery, the combined use of DFDBA and EMD seemed to
produce a statistically significant improvement of PD
reduction, CAL gain, and HTF.
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The ultimate goal of periodontal therapy is not only to
prevent periodontal disease progression, but also to regener-
ate the lost dentition’s supporting structures such as cemen-
tum, periodontal ligament, and bone to a diseased root surface
where appropriate[1, 2]. Various bone materials such as
autogenous grafts [3–6], demineralised freeze-dried bone
allografts [7], bovine bone xenografts [8–11], or synthetic
bone substitutes [12, 13] have demonstrated regenerative
potential and have been successfully used in the treatment of
intrabony defects. The use of demineralised freeze-dried
bone allografts (DFDBA), whether alone or in combination
with other treatment modalities for periodontal therapy, has
repeatedly demonstrated significant improvements in both
soft and hard clinical tissue parameters [14–16].

Recently, the attention of periodontal researchers and
clinicians has focused on the use of enamel matrix protein
(EMD) [17–21] for periodontal regeneration alone or in
combination with graft material. The assumption of
combining graft material with EMD is based on the fact
that two distinct wound healing processes, osteoinductive
and/or osteoconductive, and promoting periodontal regen-
eration, respectively, may take place together, and this
probably results in their synergistic effect. The grafting
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material helps to overcome the risk of a flap collapse
following application of EMD, especially in deep intrabony
defects, enhancing wound stability and providing space for
the regeneration process and, at the same time, allows EMD
to enhance periodontal regeneration [18]. Observations from
human histological case reports support this concept [22].
Boyan et al. [23] found that the addition of 4 mg EMD to
active DFDBA increased the amount of bone induction and
new bone formation in all examined samples implanted in
calf muscle of mice compared to active DFDBA alone. Rosen
[24] demonstrated the clinical benefits of using a combined
therapeutic approach in which EMD was combined with
either DFDBA or FDBA. Gurinsky et al. [25] reported
enhancement of hard tissue; parameters when EMD was
added to DFDBA compared to EMD alone in the treatment
of human intrabony periodontal defects. Harris et al. [26]
successfully applied new techniques for treating periodontal
defects not involving furcation using EMD, DFDBA com-
bined with EMD, and guided tissue regeneration. Sugai et al.
[27] obtained favorable clinical results with re-implantation of
a tooth with severe periodontal involvement using EMD in
combination with guided tissue regeneration and bone
grafting. Harrel et al. succesfully used DFDBA mixed with
EMD together with minimally invasive surgery for the
treatment of 130 periodontal defects [28]. Recently, Hoidal
et al. [29] found that the addition of EMD to DFDBA
(reconstituted with EMD) provided no statistically significant
improvement in the soft and hard tissue parameters measured,
compared to allograft alone 6 months post-surgery. Further-
more, up to now, the data on the various approaches are
controversial and, therefore, more studies are needed.

In any case, the purpose of this study was to investigate
the possible additional effects of EMD in the treatment of
periodontal intrabony defects by comparing clinical and
radiographic outcomes obtained by the use of DFDBA plus
EMD to DFDBA alone.

Material and methods

Study patients

Fifty-six patients (34 females and 22 males) diagnosed with
generalized chronic periodontitis [30] participated in the
study. Their ages ranged from 48 to 62 years, and they had
more than eight diseased areas with clinical attachment
level (CAL) ≥5 mm and together with radiographic
evidence of bone loss. Candidates were selected from the
patient pool at the Polytechnic University of the Marche in
Ancona Torrette. All patients were informed of the purpose
of the study and signed an informative consent form
approved by the committee for the Protection of Human
Subjects at the abovementioned University.

Study design

The study was designed as a randomized, double-blind
clinical trial comparing the periodontal outcomes of the use
of DFDBA1 alone (controlled) or combined with EMD2

(test) in the treatment of intrabony defects. Twenty-eight
patients were assigned to either test or control group. The
criteria for inclusion of patients and areas in this study were
individuals who were non-smokers, free from systemic
complications, and with no history of allergies; they had not
used antibiotics in the 6 months prior to treatment nor had
they been treated for periodontitis during the previous
2 years; they had radiographic and clinical evidence of one
defect with a probing depth (PD) ≥6 mm, CAL loss ≥6 mm,
osseous defect depth estimated from radiographic evalua-
tion as ≥3 mm, and two or three osseous walls without
extending into a furcation area.

All patients received initial therapy including oral
hygiene instruction, full-mouth scaling, and root planing
utilizing 40 mg/ml of articainhydroclorid with 1:100,000
epinephrine and occlusal adjustment when indicated. Re-
evaluation examinations were accomplished 2 months after
initial therapy to determine patient response to the therapy
and to confirm the need for periodontal surgery. Surgical
therapy was initiated on patients when adequate plaque
control judged by <10 using the O’Leary plaque index [31]
was demonstrated.

Clinical measurements

On the day of the surgical procedure, baseline clinical
measurements were recorded by the same examiner (SDA)
blind to the treatment and were repeated after 12 months
using the same type of probe3 with manual pressure of
approximately 0.3 N. Measurements were collected at the
deepest point of the selected defect and were recorded and
rounded up to the nearest millimeter. The reference point
was the cemento-enamel junction (CEJ) or, if the CEJ was
not visible, a restoration margin. The outcome variables
included: PD, CAL, gingival recession (REC) considered as
the position of the CEJ.

Defects were randomly assigned to one of the following
treatments at the time of surgery: DFDBA (control) or
EMD in combination with DFDBA (reconstituted with
saline solution). Randomisation was performed by the toss
of a coin immediately following periodontal intrabony
defect debridement.

1 MTF, Musculoskeletal Transplant Foundation, Edison, NJ.
2 Emdogain, Straumann Biologics Division, Waltham, MA; previous-
ly, Biora, Inc., Malmo, Sweden
3 UNC-15 periodontal probe, Hu-Friedy, Chicago, IL.
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Radiographic examinations

Radiographs were taken at the initial examination and
12 months post-surgery by the same investigator (SDA)
who performed all measurements without knowing the
procedure category. Radiographs were performed using the
long-cone paralleling technique. All X-rays were obtained
using the same radiographic equipment4, film5, exposure,
and development conditions. A template (stent) was
fabricated for each patient to allow reproducible positioning
during subsequent radiographs. A caliper was used for
these measurements, which were expressed in millimeters
and corrected to account for the magnification factor of the
equipment used. The following linear distances were
measured in mm: (1) the distance from the CEJ to the base
of the defect (BD), (2) the distance from the alveolar crest
(AC) to the BD, (3) the distance from the CEJ to the AC.
When an interproximal restoration was present, its most
apical extension was used instead of the CEJ. The most
coronal area where the periodontal ligament maintained an
even width was identified to measure the most apical
extension of the intrabony defect. The crossing of the
silhouette of the alveolar crest with the root surface was
defined as alveolar crest. The differences between 12 month
and baseline values of the CEJ-BD indicated the amount of
the hard tissue fill (HTF) within the osseous defect. The
differences between the AC-BD and CEJ-AC recorded at
baseline and at an examination 1 year later were identified
as the bone defect resolution (BDR) and the amount of
crestal bone resorption, respectively.

Surgical procedures

One surgeon performed all the operations (MP). The patient
was instructed to rinse with 0.2% chlorhexidine gluconate
for 2 min prior to the surgical procedure. The surgical
procedures were performed using routine local anesthetics
(2% arthycaine with epinephrine 1:100,000). Sulcular
incisions were made for all teeth. Mucoperiosteal flaps were
then raised on the buccal and lingual/palatal parts of the
teeth. The flaps included all affected teeth in the quadrant,
taking care to preserve as much of the gingival connective
tissue as possible. A vertical releasing incision extending into
the alveolar mucosa was placed only when necessary for
proper access to the defect. Epithelium and granulation
tissues from the inner surface of the flaps were carefully
removed. Thorough soft tissue debridement and root planing
were accomplished with hand instruments, ultrasonic instru-
ments, rotating diamond stones, and finishing burs.

The surgical area was rinsed with copious amounts of
0.9% NaCl irrigation; then, once hemostasis had been
achieved, 24% ethylenediaminetetraacetic acid pH 6.76 was
applied to the root surface with a cotton pellet for 2 min to
remove the smear layer, detoxify the root surface, and
expose collagen fibrils [32–34]. The surgical area was then
thoroughly irrigated with sterile saline solution.

Patients were randomly treated by either DFDBA alone
(control) or EMD in combination with the DFDBA (test).
In the control group, defects were grafted with DFDBA
which had been previously reconstituted with sterile saline
solution in a sterile dappen dish. The graft material was
gently packed in the defects to the most coronal level of the
surrounding bony walls using amalgam condenser. In the
test group, EMD gel in 0.3 ml sterile syringe was applied
onto the root surfaces and into the defects in the apico-
coronal direction and left in place for 3 min during which
time the bleeding from the adjacent areas was controlled
with the use of gauzes. The graft (DFDBA previously
reconstituted with sterile saline solution in a sterile dappen
dish) was gently packed into the defects to fill the most
coronal levels of the defect walls using an amalgam
condenser.

After grafting, great care was taken to obtain complete
closure of the interdental soft tissues above the treated
defects in both patient groups: flaps were repositioned
slightly coronal to obtain as complete a primary interprox-
imal closure as possible. The flaps were stitched with a 6-0
polyammide7 material using modified vertical mattress and
single detached suturing as necessary and damp gauze
pressure was applied for 3 min. Patients were placed on
Ceftibuten 400 mg/daily for 6 days and Piroxicam8

20 mg/daily for 10 days. Patients rinsed with 0.20%
chlorhexidine gluconate mouthrinse9 twice daily for the
first 2 weeks following the surgery and were instructed not
to brush or floss in the areas where surgery had been
performed for 10 days. Sutures were removed when the flap
and root soft tissue interface was stable, usually after
10 days. Thereafter, gentle brushing on buccal and lingual
surfaces with a soft toothbrush was recommended. Supra-
gingival professional tooth cleaning was performed weekly
for the first 6 weeks post-surgery. Thereafter, each patient
was reinstructed in proper oral hygiene measures including
sulcular and interproximal brushing and was recalled once a
month up to 12 months post-surgery for oral hygiene
reinforcement and prophylaxis.

4 Trophy Radiologie, 708 G, 70 kV, Vincennes, France.
5 Kodak Ultraspeed DF58, Eastman Kodak, Rochester NY.

6 Prefgel, Straumann Biologic Division
7 MONOMYD MM-2620 Butterfly Italia, Cavenago B.za (MI), Italy,
www.butterflyitalia.com
8 CICLADOL Rottapharm SpA, Monza, Italy, www.rottapharm.it
9 Corsodyl, GlaxoSmithKline
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Statistical analysis

Results were summarized using median and interquartile
ranges (IQR) for the clinical and radiographic parameters.
This data was statistically evaluated by a non-parametric
test using the statistical program R (2.7.1 version). Taking
into account the paired nature of the changes from baseline
to 12 months in each group, the Wilcoxon signed-rank
matched pair test was performed for the pairwise statistical
analysis of these data. The Mann-Whitney U test was
applied to compare clinical and radiographic outcomes
between test and control groups at baseline and 12 months
post-surgery. A prospective power analysis was conducted
before data were collected. A sample size of at least 56
patients (28 DFDBA and 28 DFDBA + EMD) was
established to detect a clinically significant mean difference
of at least one standard deviation at the 0.05 level with
power of 98%. This was determined using a population
standard deviation of HTF ≤1.0 mm, allowing for the
detection of a clinically significant mean HTF difference
between treatment groups ≥1.0 mm.

The null hypothesis was rejected when the risk percent-
age was below 5% (P<0.05).

Results

All enrolled subjects completed the study. All sites healed
uneventfully. Table 1 show the distribution of all subjects
regarding age and gender, number of osseous walls in the

treated defects, and treated teeth. The medians of clinical
and radiographical outcomes at baseline and after 12 months
are shown in Table 2. Box and Whisker plots of clinical and
radiograpocal Δ (baseline to 12 months) values are shown
in Fig. 1.

For between-group comparisons at baseline, PD, CAL,
REC, CEJ-BD, AC-BD, and CEJ-AC demonstrated no
statistically significant differences between the study
groups. After 12 months, the DFDBA + EMD sites
compared to the DFDBA alone ones did not have lower
median PD, CAL, and REC and there were no significant
differences between the study groups for median radio-
graphic CEJ–BD, AC–BD, and CEJ–AC. However, within-
group comparisons showed that both treatments of the
intrabony defects (DFDBA + EMD or DFDBA alone) led
to an overall clinical improvement in PD, CAL and REC at
12 months compared to baseline.

At 12 months post-surgery, PD and CAL decreased in both
DFDBA + EMD and DFDBA + saline groups (Table 2).

Table 1 Patient age, gender, number of osseous walls, and tooth
location

Characteristics DFDBA + EMD
(n=28)

DFDBA + Saline
(n=28)

Age (mean ± SD) 55.4±4.6 56.6±6.4

Females 16 18

Males 12 10

Osseous walls

2-wall defect 14 13

3-wall defect 14 15

Teeth treated

Maxillary incisors 4 5

Mandibular incisors 4 5

Mandibular canines 2 1

Maxillary canines 2 1

Maxillary premolars 7 6

Mandibular premolars 4 5

Maxillary molars 3 2

Mandibular molars 2 3

Table 2 Medians (IQ) of clinical and radiographic measurements at
the baseline and after 12 months (n=28 each treatment group)

Index/treatment Baseline 12 months P value

PD (mm)

DFDBA + EMD 9.0 (2.125) 4.0 (1.5) <0.001

DFDBA + saline 8.5 (1.625) 4.75 (1.375) <0.001

P value NS NS

CAL (mm)

DFDBA + EMD 8.5 (1.75) 4.5 (2.125) <0.001

DFDBA + saline 8.0 (2.5) 4.5 (3.25) <0.001

P value NS NS

REC (mm)

DFDBA + EMD 0.5 (0.5) −0.5 (1.0) <0.01

DFDBA + saline 0.5 (1.5) −0.25 (1.125) <0.01

P value NS NS

CEJ-BD (mm)

DFDBA + EMD 9.0 (2.5) 6.0 (2.0) <0.001

DFDBA + saline 9.0 (2.625) 5.5 (3.0) <0.001

P value NS NS

AC-BD (mm)

DFDBA + EMD 5.5 (1.375) 1.5 (1.875) <0.001

DFDBA + saline 5.0 (2.25) 1.5 (1.25) <0.001

P value NS NS

CEJ-AC

DFDBA + EMD 3.5 (0.5) 3.75 (1.5) NS

DFDBA + saline 4.0 (0.0) 4.0 (0.625) NS

P value NS NS

Statistically significant difference(P<0.05)

NS not significant
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There was a significant decrease in PD at 12 months
compared to baseline in both study groups. The reduction
in PD was 5.0 mm with an IQR equal to 0.75 for DFDBA +
EMD-treated sites and 4.0 mm with an IQR equal to 0.5 for
areas treated with DFDBA alone (Fig. 1). There was a
significantly greater reduction in PD in the DFDBA + EMD
treated sites compared to the DFDBA alone treated areas
P=0.002).

However, the CAL gain in DFDBA + EMD-treated areas
compared to the DFDBA alone-treated ones was signifi-
cantly greater (4.0 mm with IQR of 0.125 vs. 3.25 mm with
IQR of 1.0, respectively; P<0.001; Fig. 1).

In both study groups, the median REC increased
significantly at 12 months compared to baseline, but there
were no significant differences in the ΔREC of the two
groups (1.0 mm with IQR of 1.125 vs. 1.0 mm with IQR of
1.5; P>0.05; Fig. 1).

At 12 months post-surgery, the radiographic CEJ-BD
and AC-BD decreased in both DFDBA + EMD and
DFDBA + saline groups (Table 2). Table 3 illustrates the
frequency distribution of CAL gain for the two treatment
groups. In the DFDBA + EMD test group, 25% of site
gained >4 mm of CAL.

Furthermore, there was a significant difference in HTF
achieved at 12 months in the DFDBA + EMD compared to
the DFDBA alone study groups (4.0 mm with IQR of 1.0
vs. 3.5 mm with IQR of 0.5, respectively; P=0.0092),
whereas no significant differences were found in BDR
(4.0 mm with IQR of 1.0 vs. 3.5 mm with IQR of 0.625,
respectively; P=0.583; Fig. 1). The crestal bone resorption
was similar in both groups (−0.25 mm with IQR of 2.0 vs.
0.0 mm with IQR of 1.0; P=0.425; Fig. 1).

Fig. 1 Box and Whisker plots of clinical and radiographic Δ (baseline to 12 months) values

Table 3 Frequency distribution of CAL gain in control and test
groups (n=28 for each group)

Frequency

CAL gain (mm) Test Control

n Percentage n Percentage

≤2 0 0 2 7.1

3 0 0 12 42.9

4 21 75 12 42.9

>4 7 25 2 7.1
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Discussion

The use of DFDBA in combination with a biological
mediator for treatment of periodontal intrabony defects
could produce a synergistic interaction [15]. However, it is
unclear whether the addition of EMD to a human bone
allografts imparts any additional benefits beyond those of
graft alone. Subject age, gender, and teeth with treated
osseous defects were similar in both groups at baseline.
Each subject demonstrated excellent oral hygiene and a
generally healthy condition throughout this study.

This investigation showed that both treatment modalities
significantly improved clinical and radiographic parameters
between baseline and 12 months. However, the DFDBA +
EMD group compared to the DFDBA alone group showed
statistically significant differences in PD reduction (5.0 vs.
4.0 mm), CAL gain (4.0 vs. 3.25 mm) and HTF (4.0 vs.
3.5 mm). The clinical superiority of the test compared to the
control treatment can also be confirmed by the frequency
distribution data of CALgain supporting an additional
significant benefit in terms of periodontal regeneration.

The observed CAL gain and HTF in our control group
compares well with other studies treating human intrabony
defects with DFDBA alone [35–38]. The results of our test
group also compare similarly to other studies evaluating the
use of DFDBA in combination with EMD for the treatment
of periodontal intrabony defects [25, 28].

The statistically significant differences in PD reduction,
CAL gain, and HTF observed in the DFDBA + EMD-
treatment group respect to DFDBA treatment group in the
present study could be explained by the additional biologic
effects of EMD on periodontal tissues supporting/enhancing
wound healing and new periodontal tissue formation [39].

Combining osseous grafting (DFDBA) with EMD has a
potentially synergistic effect since the former may act
osteoinductively and/or osteoconductively in conjunction
with a defect space maintenance for the newly forming
tissue promoted specifically by the EMD in terms of new
cementum and new attachment apparatus formation.

Recently, Hoidal et al. [29] comparing EMD with
DFDBA versus DFDBA alone in the treatment of periodon-
tal osseous defects 6 months post surgery, found no
statistically significant differences in PD reduction (2.56 vs.
2.45 mm), CAL gain (1.47 vs. 1.63 mm), and HTF (1.91 vs.
2.33 mm).

The differences observed in the present study compared
to the one by Hoidal et al. [29] could be explained by the
different power of statistics analysis, methods, and follow-
up.

Another combination of periodontal therapy using EMD
with bone-derived xenograft (BDX) for treating intrabony
defects resulted in significantly better clinical and radio-
graphic periodontal parameters than the ones achived with

EMD alone[40–42] and this improvement was attributed, at
least in part, to the space-maintenance properties of bone
graft.

Conversely, Scheyer et al. [43] evaluating the adjunctive
use of EMD to BDX, found no statistically significant
differences for any of the measured soft and hard tissue
parameters. EMD possesses an osteo-promotive effect on
bone and medullary regeneration during wound healing of
injured long rat bones [44, 45], and its application to a rat
skull defect accelerated new bone formation [46]. However,
other in vivo studies found that EMD failed to exhibit
extraskeletal, bone-inductive properties in the muscle of
rats [47] and it was ineffective in regeneration of rat
calvaria critical-size bone defects [48].

Hence, futher studies are needed to clarify if the
combination of bone grafts and EMD for treatment of
periodontal intrabony defects is useful compared to the use
of bone grafts alone.

Conclusion

In this study, both treatment groups showed a good soft and
hard periodontal tissue response. However, at 12 months
after surgery, the combined use of EMD and DFDBA for
treating periodontal intrabony defects seemed to result in a
statistically significant PD reduction, CAL gain, and HTF
compared to DFDBA alone. Further studies are required to
confirm these results in longitudinal investigations.

Conflict of interest The authors declare that they have no conflict of
interest.
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