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Abstract
Background: Treatment with enamel matrix proteins (EMD) or guided tissue
regeneration (GTR) has been shown to enhance periodontal regeneration. However,
until now there are limited data on the long-term results following these treatment
modalities.

Aim: The aim of the present clinical study was to present the 5-year results following
treatment of intrabony defects with EMD, GTR, combination of EMD and GTR, and
open flap debridement (OFD).

Material and Methods: Forty-two patients, each of whom displayed one intrabony
defect of a probing depth of at least 6mm, were randomly treated with one of the four
treatment modalities. The following parameters were evaluated prior to surgery, at 1
year and at 5 years after: plaque index, gingival index, bleeding on probing, probing
pocket depth (PPD), gingival recession, and clinical attachment level (CAL). No
statistically significant differences in any of the parameters were observed at baseline
between the four groups.

Results: The sites treated with EMD demonstrated a mean CAL gain of
3.4 � 1.1mm (po0.001) and of 2.9 � 1.6mm (po0.001) at 1 and 5 years,
respectively. The sites treated with GTR showed a mean CAL gain of 3.2 � 0.8
(po0.001) at 1 year and of 2.7 � 0.9mm (po0.001) at 5 years. The mean CAL gain
at sites treated with EMD1GTR was 3.0 � 1.0mm (po0.001) and 2.6 � 0.7mm
(po0.001) at 1 and 5 years, respectively. The sites treated with OFD demonstrated a
mean CAL gain of 1.6 � 1.0mm (po0.001) at 1 year and 1.3 � 1.2mm (po0.001) at
5 years. At 1 year, the only statistically significant difference between the four
different treatments was found in terms of PPD reduction and CAL gain between
EMD and OFD (po0.05). However, at 5 years there were no statistically significant
differences in any of the investigated parameters between the four different treatments.

Conclusion: Within the limits of the present study, it may be concluded that the
short-term clinical results following treatment with EMD, GTR, EMD1GTR, and
OFD can be maintained over a period of 5 years.
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Regenerative periodontal treatment with
an enamel matrix protein (EMD) deri-
vative or guided tissue regeneration
(GTR) have been shown to promote
periodontal regeneration in animal and
human intrabony defects (Nyman et al.

1982, Gottlow et al. 1986, Sculean et al.
1999a, b, 2000a, b, Yukna & Mellonig
2000). Clinical studies have demon-
strated that both therapies may lead to
additional gain of clinical attachment
level (CAL) when compared with base-

line or flap surgery alone (Cortellini et
al. 1996a, Heijl et al. 1997, Tonetti et al.
1998, 2002, Heden et al. 1999, Pontor-
iero et al. 1999, Sculean et al. 1999a, c,
2001a, Okuda et al. 2000, Silvestri et al.
2000, Froum et al. 2001, Trombelli et

Anton Sculean1, Nicolaos Donos2,
Frank Schwarz3, Jürgen Becker3,
Michel Brecx1 and Nicole B. Arweiler4

1Department of Conservative Dentistry and

Periodontology, Section of Periodontology,

Johannes Gutenberg-University, Mainz,

Germany; 2Department of Periodontology,

Eastman Dental Institute, London, UK;
3Department of Oral Surgery, Heinrich Heine

University, Düsseldorf, Germany and
4Department of Operative Dentistry and

Periodontology, Albert-Ludwigs-University,

Freiburg, Germany

J Clin Periodontol 2004; 31: 545–549 doi: 10.1111/j.1600-051X.2004.00518.x Copyright r Blackwell Munksgaard 2004
Printed in Denmark. All rights reserved



al. 2002, Zuchelli et al. 2002). When
comparing the clinical results obtained
in intrabony defects, no significant
differences were found between EMD
or GTR therapy (Pontoriero et al. 1999,
Sculean et al. 1999b, d, 2001a, Silvestri
et al. 2000, Zuchelli et al. 2002). How-
ever, the histological and clinical results
were not additionally improved when
EMD was combined with GTR (Sculean
et al. 2000a, 2001a). Although on a
short-term basis, these therapies have
been shown to improve significantly
probing depths and CALs; there are still
very limited data on the long-term
results following these regenerative tech-
niques. Moreover, there are virtually no
data from controlled clinical studies
evaluating the treatment of intrabony
defects with EMD or a combination
of EMD1GTR over a period of up to
5 years.

Therefore, the aim of this paper was to
present the 5-year results following treat-
ment of human intrabony defects with
EMD, GTR, combination of EMD1GTR,
and open flap debridement (OFD).

Material and Methods

Study population

The study population has been de-
scribed in detail previously (Sculean et
al. 2001a). Briefly, a total of 56 patients
were included in the study based on sig-
ned informed consent. The study was in
accordance with the Helsinki Declara-
tion of 1975, as revised in 1983. How-
ever, only 42 patients with a mean age
of (47 � 14.5 years) completed the 5-
year evaluation. Reasons for dropouts
were death (one patient in the EMD
group), moving to another area (two pa-
tients in the GTR group and two in the
EMD1GTR group), and non-compli-
ance (the rest of nine patients). There-
fore, in the following only the data of
the 42 available patients are presented.

Each patient received verbal and
written explanations about the possible
risks of the study and the possibility to
withdraw at any time. All patients
signed an informed consent form.

The criteria for patient selection were
(1) presence of one intrabony defect of a
probing depth of at least 6 mm, (2) no
systemic diseases that could interfere
with periodontal healing, (3) no use of
antibiotics the least 6 months prior to
treatment, and (4) good level of oral hy-
giene (i.e. a plaque index score, PlIo1).
Three months prior to surgery, all pa-

tients received oral hygiene instructions
and full-mouth supra- and subgingival
scaling and root planing under local
anesthesia.

The following clinical measurements
were made one week prior to, at 1 year,
and at 5 years after surgery by one bli-
nded and previously calibrated exam-
iner: PlI (Sillness & Löe 1964), gingival
index (GI) (Löe 1967), bleeding on pro-
bing (BOP), probing pocket depth (PPD),
gingival recession (GR), and CAL. The
measurements were made at six sites
per tooth: mesiovestibular (mv), mid-
vestibular (v), distovestibular (dv), me-
siolingual (ml), midlingual (ml), and
distolingual (dl) with the same type of
manual periodontal probe (PCP 12, Hu-
Friedy, Chicago, IL, USA). The cemen-
to-enamel junction (CEJ) was used as a
fixed reference for the CAL measure-
ments. In cases where the CEJ was not
clearly visible, a restoration margin was
used for these measurements.

Surgical procedure and postoperative

care

All operative procedures were perfor-
med by the same surgeon (A.S.). The
surgical technique and the postoperative
protocol have been described in great
detail previously (Sculean et al. 2001a).
The defects were randomly assigned to
one of the following treatments:

1. EMD: (Emdogains, BIORA, AB,
Malmö, Sweden) (11 patients).

2. GTR: (Resoluts, Gore-Tex, Flag-
staff, AZ, USA) (11 patients).

3. Combination: EMD1GTR (10 pa-
tients).

4. OFD: 10 patients.

Supportive periodontal therapy

Recall appointments were scheduled
every second week during the first 2
months following surgery and then once
per month for the first year postopera-
tively. After the first year and during the
rest of the observation period of 5 years,
patients were recalled every 3 months.
The recall appointments consisted main-
ly of reinforcement of oral hygiene
measures and professional supragingival
tooth cleaning.

Statistical analysis

The statistical analysis was performed
using a software program (SPSSs for

Windows 95, SPSS Inc., Chicago, IL,
USA). The primary outcome variable
was CAL. In the calculations only the
deepest measure per tooth was included.
The same site was measured at 1 and at
5 years. First ANOVA was conducted to
determine whether differences existed
among the groups. Then post hoc range
test and pairwise multiple comparisons
of all possible combinations were per-
formed using Scheffé’s F-test. The
alpha error was set at 0.05. The paired
t-test was used to compare the data from
baseline to those at 1 and at 5 years for
each treatment group. The power of the
study, given 1mm as a significant
difference between groups, was calcu-
lated to be 0.70.

Results

The observations on the early post-
operative healing were described in
detail elsewhere (Sculean et al. 2001a).
Briefly, there were no postoperative
complications such as allergic reactions
against EMD or the membrane material,
nor suppuration or abscesses.

Frequency distributions for PlI, GI,
and BOP for all four treatment groups at
baseline and after 1 and 5 years are
summarized in Tables 1–3. The mean
PlI did not reveal a statistically signi-
ficant difference between the groups at
baseline and after 1 and 5 years. Al-
though at 5 years the PlI increased
slightly in both treatment groups, this
difference was not found to be statisti-
cally significant compared with the
baseline or with the 1-year results. A
statistically significant difference was
observed in both treatment groups, when
comparing the 1- and 5-year GI and
BOP to the baseline values (po0.001).
However, no statistically significant diff-
erences were observed between the
1- and the 5-year results (Tables 1–3).

The distribution of the defects
according to their configuration is
presented in Table 4.

The baseline defect characteristics
are presented in Table 5. No statistically
significant difference in the initial depth
of the intrabony component was found
between the four groups.

At 1 year, the PPD decreased statis-
tically significantly in all four groups
(po0.001). Comparing the four groups,
the only statistically significant differ-
ence was found between EMD and OFD
(p5 0.042). At 5 years, the PPD was
still statistically significantly improved

546 A Sculean et al.



compared with baseline (po0.001)
(Table 6). However, between the groups
no statistically significant differences
were found.

At 1 year, the GR increased statis-
tically significantly (po0.001) in all
four groups compared with the baseline,
but the difference between the groups

was not significant (Table 6). No
statistically significant differences be-
tween the four groups were found at
5 years.

At 1 year, the CAL improved statis-
tically significantly in all four groups
compared with the baseline (po0.001)
(Table 6). When comparing the groups
the only statistically significant differ-
ence was found between EMD and OFD
(p5 0.031). At 5 years, the CAL was
statistically significantly improved in all
four groups compared with baseline
(po0.001). However, between the
groups no statistically significant differ-
ences were found (Table 6). Due to the
fact that the number of smokers was li-
mited (one in the EMD group, one in the
GTR group, two in the EMD1GTR
group and one in the OFD group), no
analysis was performed in order to eval-
uate the effect of smoking on the
clinical outcome.

Table 1. Frequency distribution of PlI at the treated sites, at baseline at 1 and at 5 years

PlI EMD GTR EMD1GTR OFD

baseline 1 year 5 years baseline 1 year 5 years baseline 1 year 5 years baseline 1 year 5 years

no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%)

0 8 (73) 9 (82) 6 (55) 7 (64) 8 (73) 6 (55) 5 (50) 8 (80) 4 (40) 5 (50) 8 (80) 4 (40)
1 3 (27) 2 (18) 5 (45) 4 (36) 3 (27) 5 (45) 5 (50) 2 (20) 6 (60) 5 (50) 2 (20) 6 (60)
2
3
Total no. 11 11 10 10

Table 2. Frequency distribution of GI at the treated sites, at baseline at 1 and at 5 years

GI EMD GTR EMD1GTR OFD

baseline 1 year 5 years baseline 1 year 5 years baseline 1 year 5 years baseline 1 year 5 years

no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%)

0 4 (36) 8 (73) 5 (45) 5 (45) 8 (73) 7 (71) 3 (30) 7 (70) 6 (60) 4 (40) 7 (70) 6 (60)
1 4 (36) 3 (28) 5 (45) 3 (28) 3 (28) 4 (29) 4 (40) 3 (30) 4 (40) 6 (60) 3 (30) 4 (40)
2 3 (28) 1 (10) 3 (28) 3 (30)
3
Total no. 11 11 10 10

Table 3. Frequency distribution of BOP at the treated sites, at baseline at 1 and at 5 years

BOP EMD GTR EMD1GTR OFD

baseline 1 year baseline baseline 1 year 5 years 1 year 5 years 5 years baseline 1 year 5 years

no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%)

1 8 (64) 3 (36) 5 (45) 9 (82) 3 (36) 5 (45) 7 (70) 3 (30) 4 (40) 6 (60) 3 (30) 4 (40)
� 3 (36) 8 (64) 6 (55) 2 (18) 8 (64) 6 (55) 3 (30) 7 (70) 6 (60) 4 (40) 7 (70) 6 (60)
Total no. 11 11 10 10

Table 4. Distribution and configuration of treated defects

EMD GTR EMD1GTR OFD

1–2 wall 3 3 2 3
2 wall 7 6 7 5
3 wall 1 2 1 2

Table 5. baseline defect characteristics expressed in mm (mean � SD)

Treatment PPD GR CAL CEJ-BBD CEJ-crest Intrabony depth

EMD 8.2 � 1.1 1.7 � 1.3 9.9 � 1.4 11.0 � 1.9 7.1 � 1.2 3.9 � 1.5
GTR 8.3 � 1.3 1.6 � 1.4 9.9 � 1.7 10.8 � 1.8 7.0 � 1.3 3.8 � 1.7
EMD1GTR 8.4 � 1.0 1.4 � 0.8 9.8 � 1.2 10.9 � 1.8 7.2 � 1.3 3.7 � 1.5
OFD 8.2 � 1.1 1.5 � 0.7 9.7 � 0.8 10.7 � 1.9 6.9 � 1.8 3.8 � 1.2
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Discussion

The results of the present study have
shown that treatment of intrabony defe-
cts with EMD, GTR, EMD1GTR, and
OFD may result in statistically signifi-
cant reductions in PPD and gains of
CAL that can be maintained over a
period of 5 years. At 1 year, the only
statistically significant difference be-
tween the four different treatments was
found in terms of PPD reduction and
CAL gain between EMD and OFD (po
0.05). At 5 years, however, there were
no statistically significant differences in
any of the investigated parameters
between the four treatments.

The finding that treatment with EMD
may result in statistically significant
short-term improvements in terms of
PPD reduction and CAL gain is con-
sistent with previously published data
(Heijl et al. 1997, Heden et al. 1999,
Pontoriero et al. 1999, Sculean et al.
1999c, d, 2001a, Okuda et al. 2000,
Silvestri et al. 2000, Froum et al. 2001,
Tonetti et al. 2002, Trombelli et al.
2002, Zuchelli et al. 2002). It is im-
portant to realize that until now there
are no published 5-year data on the
clinical outcome following treatment
with EMD or EMD1GTR and there-
fore, a comparison with other long-term
studies is difficult. On the other hand,
the present 5-year data on EMD treat-
ment are in agreement with recent
results from a case report study and a
controlled split-mouth study evaluating
this treatment modality over a period of
4 years (Sculean et al. 2001b, 2003). In
a case report study evaluating a total of
46 consecutively treated intrabony de-
fects in 33 patients, mean CAL gains of
3.0 and 3.2mm were obtained at 1 and 4
years, respectively (Sculean et al. 2003).
Comparable results were obtained in a
4-year follow-up split-mouth study
comparing treatment with EMD to
GTR. The results revealed that in the
EMD group, the mean CAL gain was
3.4mm at 1 year and 3.0mm at 4 years
(Sculean et al. 2001b).

The finding that the short-term out-
come (after 1 year) following treatment
with both GTR and access flap surgery
did not show significant difference
compared with the 5-year results corro-
borates previously reported data that
have shown that the clinical improve-
ments obtained with these treatments
can be maintained on a long-term basis
if an optimal patient and defect selec-
tion are accomplished and the patients
are enrolled in an adequate maintenance
program (Ramfjord et al. 1987, Cortel-
lini et al. 1996b, Kahldahl et al. 1996,
Tonetti et al. 1996, Sculean et al. 2001b,
Eicholz & Hausmann 2002). This is in
line with the fact that in none of the four
groups differences in terms of PlI, GI,
and BOP between the 1- and 5-year
results were found. However, it has to
be pointed out that in all four groups a
slight, statistically not significant, loss
of mean CAL was measured between
the 1- and 5-year evaluation period that
in turn was probably due to the increase
(statistically not significant) of mean
PPD. Although at 5 years, the increase
in PlI, GI, and BOP did not reach
statistical significance compared with
the baseline, and with the 1-year values,
it cannot be excluded that the plaque
accumulation might have led to inflam-
mation and loss of CAL.

When interpreting the present results,
it also has to be noted that in the present
follow-up study only 42 out of origin-
ally 56 patients were included. There-
fore, it cannot be excluded that if avai-
lable, the rest of the 14 patients might
have yielded different clinical results at
5 years. The lack of these data might
also serve as an explanation for the fact
that in the present study, the only
statistically significant difference be-
tween the four treatments was found at
1 year between EMD and OFD in terms
of PPD reduction and CAL gain.

Although findings from histological
studies have failed to show predictable
regeneration of the attachment appara-
tus following OFD (Caton et al. 1980,
Bowers et al. 1989, Sculean et al.

2000a), our results indicate that this
treatment option may also lead to
significant and stable clinical results
on a long-term basis. Thus, treatment of
intrabony defects with OFD may still be
considered a valuable option for treating
intrabony defects.

Another important factor that was
demonstrated to influence strongly the
outcome of regenerative periodontal
treatment is smoking. However, due to
the fact that only five out of the 42 pati-
ents were smokers, no conclusion can
be drawn with respect to this issue.

In the present study, treatment with
EMD1GTR has led to significant clini-
cal improvements on both short- and
long-term basis, but the improvements
were not significantly higher than those
obtained following treatment with EMD
alone or GTR alone. Comparable results
were obtained in recent experimental
study in monkeys evaluating treatment
of experimentally created intrabony de-
fects with EMD, GTR, EMD1GTR, or
OFD (Sculean et al. 2000a). The histo-
logical evaluation has indicated that
treatment with EMD1GTR may en-
hance the formation of new attachment
and new bone, but the amount of the
newly formed tissues was not superior
to treatment with EMD or GTR. All
these data taken together may suggest
that a combination of EMD1GTR does
not seem to improve the results addi-
tionally.

Within the limits of the present study,
it may be concluded that the short-term
clinical results following treatment with
EMD, GTR, EMD1GTR, and OFD can
be maintained over a period of 5 years.
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