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treatment of intra-bony defects
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Abstract

Background: Surgery utilizing an enamel matrix protein derivative (EMD) or guided
tissue regeneration (GTR) has been shown to promote periodontal regeneration.
Aim: To evaluate the 10-year results following treatment with EMD, GTR,
EMD+GTR, and open flap debridement (OFD).

Material and Methods: Thirty-eight patients out of an initial group of 56 participants
were treated with one of the four modalities. Results were evaluated before surgery, at
1 year, and at 10 years. Primary outcome variable was CAL change.

Results: Treatment with EMD yielded a mean CAL gain of 3.4 4+ 1.0 mm (p <0.001)
and 2.9 + 1.4mm (p<0.001) at 1 and 10 years, respectively. GTR resulted in a mean
CAL gain of 3.2 &+ 1.4 (p<0.001) at 1 year and 2.8 &+ 1.2 mm (p <0.001) at 10 years.
Mean CAL gain in the EMD+GTR group was of 3.3 + 1.1 mm (p <0.001) and
29+ 1.2mm (p<0.001) at 1 and 10 years, respectively. Treatment with OFD
demonstrated a mean CAL gain of 2.0 + 1.2mm (p<0.01) at 1 year and 1.8 &+ 1.1 mm
(p<0.01) at 10 years. Compared with OFD, the three regenerative treatments resulted
in statistically significant (p <0.05) higher CAL gain, at both 1 and 10 years. The CAL
change between 1 and 10 years did not present statistically significant differences in
any of the four groups.

Conclusion: The present results indicate that the clinical outcomes obtained with all
four approaches can be maintained over a period of 10 years.
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The goal of regenerative periodontal
therapy is to completely restore the
tooth’s supporting apparatus, which has
been lost due to inflammatory perio-
dontal disease or injury and is character-
ized by the formation of new cementum
with inserting collagen fibers, new
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periodontal ligament (PDL), and new
alveolar bone (Karring et al. 2003).
Several treatment modalities such as
the use of different types of bone grafts,
root surface demineralization, guided
tissue regeneration (GTR), growth fac-
tors, or the application of an enamel
matrix protein derivative (EMD) have
been used with varying degrees of suc-
cess in order to accomplish this goal
(Bowers et al. 1989, Lynch et al. 1991,
Brunsvold & Mellonig 1993, Lowenguth
& Blieden 1993, Hammarstrom 1997,
Karring et al. 2003). Treatment with
GTR involves the placement of a bior-
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esorbable or non-bioresorbable barrier
membrane over the periodontal defects
and the denuded root surfaces, thus
allowing PDL and bone cells to selec-
tively repopulate the isolated spaces
(Karring et al. 2003). The rationale for
the clinical use of EMD is the observa-
tion that enamel matrix proteins (EMPs)
are deposited along the surface of devel-
oping tooth roots before cementum
formation (Hammarstrom 1997). Find-
ings from in vitro studies indicate that
EMD may modulate the behaviour of
a variety of dental and non-dental cell
types by upregulating cAMP levels,
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inducing the synthesis and secretion of
TGF-f and IL-6 in PDL cells and gin-
gival fibroblasts, and stimulating the
proliferation of pre-osteoblasts and the
differentiation of immature osteoblasts
(Schwartz et al. 2000, Van der Pauw
et al. 2000, Lyngstadaas et al. 2001,
Okubo et al. 2003). It has also been
suggested that EMD may act as a cyto-
static agent on cultured epithelial cells
and may even inhibit dental plaque
vitality (Kawase et al. 2000, Sculean
et al. 2001a, Arweiler et al. 2002).
Thus, the available data seem to indicate
that EMD may influence periodontal
wound healing by an indirect stimula-
tory effect on the release of growth
factors during periodontal wound heal-
ing and by inhibiting or at least retarding
epithelial downgrowth (Kawase et al.
2000, Schwartz et al. 2000, Van der
Pauw et al. 2000, Lyngstadaas et al.
2001, Okubo et al. 2003).

Observations from human histologi-
cal case reports have provided evidence
that periodontal regeneration may be
accomplished following treatment with
GTR or EMD (Nyman et al. 1982,
Gottlow et al. 1986, Heijl 1997, Mellonig
1999, Sculean et al. 1999a,b, 2000a,
Yukna & Mellonig 2000, Bosshardt
et al. 2005, Majzoub et al. 2005). Data
from controlled clinical studies have
shown that both therapies may lead
to an additional gain of clinical attach-
ment level (CAL) when compared with
open flap debridement alone (OFD)
(Cortellini et al. 1996a, Tonetti et al.
2002, Esposito et al. 2005, Needleman
et al. 2006). On the other hand, in intra-
bony defects, no significant differences
were found between treatment with
EMD or GTR (Pontoriero et al. 1999,
Sculean et al. 1999b, 2001b, Silvestri
et al. 2000, Zucchelli et al. 2002).

Clinical studies on GTR have indi-
cated that the short-term results can be
maintained on a long-term basis in the
great majority of cases (Gottlow et al.
1992, Cortellini et al. 1996b, De Sanctis
& Zucchelli 2000, Sculean et al. 2001c,
2004, 2006, Eickholz & Hausmann
2002, Cortellini & Tonetti 2004, Eic-
kholz et al. 2004, Stavropoulos & Kar-
ring 2004). On the other hand, the data
presenting the long-term outcome fol-
lowing treatment of intra-bony defects
with EMD are still more limited (Heijl et
al. 1997, Sculean et al. 2001c, 2003,
2006, 2007a,b, Francetti et al. 2004,
Rasperini et al. 2005, Heden & Wenn-
strom 2006). Moreover, up to now, there
are virtually no data from prospective

controlled clinical studies evaluating the
clinical results obtained in intra-bony
defects following treatment with EMD
or a combination of EMD+GTR over a
period of up to 10 years.

Therefore, the aim of this follow-up
study was to present the 10-year clinical
results following treatment of intra-bony
defects with EMD, GTR, a combination
of EMD+GTR, and OFD.

Material and Methods
Study population

The study population consisted, at base-
line, of a total of 56 patients, which were
included in the study based on signed
informed consent (Sculean et al. 2001b).
The study was in accordance with the
Helsinki Declaration of 1975, as revised
in 1983. The 5-year results of the study
have been reported previously (Sculean
et al. 2004). Each patient received ver-
bal and written explanations about the
possible risks of the study and the
possibility to withdraw at any time. All
patients had signed the informed con-
sent form.

Criteria for patient selection were (1)
presence of one intra-bony defect with a
probing depth of at least 6 mm and an
intra-bony component of at least 3 mm
as detected on the radiographs, (2) no
systemic diseases that could interfere
with periodontal healing, (3) no use of
antibiotics in the 6 months before treat-
ment, and (4) good level of oral hygiene
(i.e. a plaque index score PII< 1). Three
months before surgery, all the patients
received oral hygiene instructions
and full mouth supra- and subgingival
scaling and root planing under local
anaesthesia.

The following clinical measurements
were made 1 week before, at 1 year, and
at 10 years after surgery by the same
blinded and previously calibrated exam-
iner (F. S.): plaque index (PII) (Silness
& Loe 1964), gingival index (GI) (Loe
1967), bleeding on probing (BOP),
probing pocket depth (PPD), gingival
recession (GR), and clinical attachment
level (CAL). The measurements were
made at six sites per tooth, mesiovestib-
ular (mv), midvestibular (v), distovestib-
ular (dv), mesiolingual (ml), midlingual
(ml), and distolingual (dl), with the same
type of manual periodontal probe (PCP
12, Hu-Friedy, Chicago, IL, USA). The
cemento—enamel junction (CEJ) was
used as a fixed reference for the CAL
measurements. In cases where the CEJ

was not clearly visible, a restoration
margin was used for these measure-
ments. Intra-oral photographs with the
probe in place were made at all time
points, in order to document and ensure
the exact position of the probe.

Examiner calibration was performed
at baseline, at 1, 5, and 10 years as
follows: five patients, not enrolled in
the study, and showing at least four
teeth with probing depths of >6mm
on at least one aspect of each tooth,
were evaluated by the examiner on two
separate occasions, 48 h apart. Calibra-
tion was accepted if measurements at
baseline and at 48 h were similar to the
millimeter at >90%.

Surgical procedure

All surgical procedures were performed
by the same surgeon (A. S.) at the
Department of Periodontology and
Conservative Dentistry, University of
Saarland, Homburg, Germany. The sur-
geries were performed in the period
between October 1996 and September
1997. After intra-crevicular incisions,
full-thickness mucoperiosteal flaps were
raised vestibularly and lingually. Vertical
releasing incisions mesially or distally to
the treated defects were performed only
in cases where it was necessary for better
access, or to achieve a better closure of
the surgical site. All granulation tissue
was removed from the defects, and the
roots were thoroughly scaled and planed
using hand and ultrasonic instruments.
During surgery, the following measure-
ments were made by the same examiner
who performed all clinical measure-
ments (F. S.): distance from the CEJ to
the bottom of the defect (CEJ-BD),
distance from the CEJ to the most
coronal extension of the alveolar bone
crest (CEJ-BC). The intra-bony compo-
nent (INTRA) of the defects was defined
as (CEJ-BD) - (CEJ-BC).

Randomization, for the generation of
a true random sequence, was achieved
using a random number table. After
preparation of the surgical site, the
randomization envelope was opened
and the defects were assigned to one
of the following treatments:

1. EMD: (Emdogain®, BIORA, AB,
Malmo Sweden, now Straumann,
Basel, Switzerland) (10 patients).

2. GTR: (Resolut®, first generation of
the barrier, Gore-Tex, Flagstaff, AZ,
USA) (10 patients).

© 2008 The Authors
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3. Combination: EMD+GTR (nine
patients).

4. OFD: nine patients).

When EMD or the combination of
EMD+GTR were used, the root sur-
faces adjacent to the defects were con-
ditioned for 2 min. with 24% EDTA gel
(pH 6.7) (PrefGel™, BIORA AB, Mal-
mo, Sweden, now Straumann, Basel,
Switzerland) in order to remove the
smear layer and thus allow EMD to
precipitate onto a root surface free of
organic remnants (Blomldf et al. 1996).
Subsequently, the defects and the adja-
cent mucoperiosteal flaps were thor-
oughly rinsed with sterile saline to
remove residual EDTA remnants. After
root conditioning, EMD was applied on
the root surfaces according to the
instructions given by the manufacturer.

After application of EMD, the flaps
were repositioned coronally and closed
with vertical or horizontal mattress
sutures.

At the sites receiving GTR treatment,
a bioresorbable membrane of an ap-
propriate configuration was selected,
trimmed, and adapted over the defect
in such a manner that the entire defect
and 2-3 mm of the surrounding alveolar
bone were completely covered. The
membrane was fixed to the same or to
the neighbouring teeth with bioresorb-
able sutures (Dexon“/"}’ II, Davis & Geck
Inc., Manati, Puerto Rico).

At the sites receiving combined
EMD+GTR treatment, the bioabsorb-
able membranes were first loosely
adapted over the defects and, only after
the application of EMD, tightly sutured
to the same or to the neighbouring teeth.

The same surgical protocol was used
for the control sites, however, without
any additional procedure.

In all cases, the flaps were reposi-
tioned coronally and sutured with ver-
tical or horizontal mattress sutures
(5-0, Gore-Tex®, Flagstaff, AZ, USA)
(Laurell et al. 1994).

Postoperative management and
supportive periodontal therapy

All patients received antibiotics for
10 days (3 x 500mg amoxicillin) to
prevent postoperative complications.
The postoperative care consisted of
0.2% chlorhexidine digluconate solution
rinses twice a day for 6 weeks. Only
after this period was tooth brushing
resumed in the operated areas. The
sutures were removed 14 days after the

© 2008 The Authors
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surgery. Recall appointments were
scheduled every second week during
the first 2 months following surgery,
and then once per month for the first
year, postoperatively. After the first year
and during the remaining observation
period of 10 years, patients were
recalled every 3 months. During the
10-year observation period, the recall
appointments, consisting mainly of rein-
forcement of oral hygiene measures and
professional supragingival tooth clean-
ing, were performed by one of the two
dentists (A. K. or A. M.), who were
involved in neither the surgical part of
the study nor the data recording.

Statistical analysis

The statistical analysis was performed
using a software programme (SPSS®™
for Windows version 12.0, SPSS Inc.,
Chicago, IL, USA).

The primary outcome variable was
CAL change. In the calculations, only
the deepest measure per tooth was
included. The same site was measured
at 1 and 10 years. First, ANovA was
conducted to determine whether differ-
ences existed among the groups. Then, a
post hoc range test and pairwise multiple
comparisons of all possible combinations
were performed using the Scheffé’s
F-test. The a error was set at 0.05. The
paired f-test was used to compare the
data from baseline to those at one, and
at 10 years, for each treatment group.
The power of the study, given 1 mm as a
significant difference between groups,
was calculated to be 0.60.

Owing to the fact that the number of
smokers was very limited (i.e. one in the
EMD group, none in the GTR group,
one in the EMD+GTR group, and none
in the OFD group), no analysis was
performed in order to evaluate the effect
of smoking on the clinical outcome.

Results

Thirty-eight patients with a mean age of
(52 £ 12.6 years) completed the 10-year
evaluation. Reasons for drop out were
death (one patient in the EMD group),
moving in another area (one patient in
the EMD group, two in the GTR group,
two in the EMD+GTR group, and one
in the control group), non-compliance
(the remaining 11 patients). Non-
compliant patients were those who
refused to attend the offered regular
maintenance programme (four visits per

Journal compilation © 2008 Blackwell Munksgaard
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year, including oral hygiene reinforce-
ment and professional tooth cleaning).
These patients were no longer interested
in visiting the department for evaluation
of their periodontal status. Thus, in the
present analysis, only the data of the 38
available patients have been included.

The postoperative healing was gener-
ally uneventful and consisted mainly of
postoperative swelling and/or diarrhoea
due to the antibiotic regimen. The diar-
rhoea disappeared following completion
of the antibiotic regimen. Neither allergic
reactions nor suppuration or abscesses
were observed after any of the treat-
ments. Membrane exposure occurred at
three out of the 10 sites treated with
GTR and at two out of the nine sites
treated with EMD+GTR. The exposed
parts of the membranes disintegrated
within a few days after exposure, with-
out any side effects.

The means for PlI, GI, and BOP of
the full mouth for all four treatment
groups at baseline and after 1 and
10 years are summarized in Table 1.
Frequency distributions for PII, GI, and
BOP at the treated sites for all four
treatment groups at baseline and after
1 and 10 years are summarized in Tables
2-4. The mean PII did not reveal a
statistically significant difference between
the groups at baseline and after 1 and
10 years. Although at 10 years the PII
increased slightly in all four treatment
groups, this difference was not found to
be statistically significant when com-
pared with the baseline or 1-year results.
A statistically significant difference was
observed in all four treatment groups
when comparing the 1- and 10-year
GI and BOP values to the baseline
values (p<0.001). However, no sta-
tistically significant differences were
observed between 1- and 10-year results
(Tables 1-4).

The distribution of the defects
according to their configuration is pre-
sented in Table 5.

The baseline defect characteristics
are presented in Table 6. No statistically
significant difference in the initial depth
of the intra-bony component was found
between the four groups.

The sites treated with EMD demon-
strated a mean CAL change from
104 £ 1.6 to 7.0 £ 1.3mm (p<0.001)
and 7.5 £ 1.4mm (p<0.001) at 1 and
10 years, respectively (Table 7). Mean
CAL gain at 10 years was 2.9 mm (CI
95% 1.7-4.0). Treatment with GTR
resulted in a mean CAL change from
103+ 1.6 to 7.1 £ 1.2mm (p<0.001)
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at 1 year and 7.5 &+ 1.2mm (p<0.001)
at 10 years (Table 7). Mean CAL gain at
10 years was 2.8 mm (CI 95% 1.9-3.8).
At the sites treated with EMD+GTR,
mean CAL changed from 10.2 £+ 1.4 to

6.9+ 1.1 (p<0.001) and 7.3 £ 1.2 mm
(»p<0.001) at 1 and 10 years, respec-
tively (Table 7). At 10 years, mean CAL
gain was 2.9mm (CI 95% 1.8-3.7).
Treatment with OFD yielded a mean

Table 1. Plaque index (PII), gingival index (GI), and bleeding on probing (BOP) of the full
mouth at baseline, and at 1 and 10 years following treatment

CAL change from 104 +13 to
8.4+ 1.2mm (p<0.001) at 1 year and
to 8.6 = 1.0mm (p<0.001) at 10 years
(Table 7). At 10 years, mean CAL gain
was 1.8 mm (CI 95% 0.8-2.4).

At both 1 and 10 years, all four
treatments led to statistically significant
CAL gain compared with baseline
(»<0.001). Compared with OFD, the

Parameter Treatment Baseline 1 year p value 10 years p value . .
(baseline—1 (1 year-10 thrge regenerative treatments resultgd in
year) years) statistically significant (p <0.05) higher
CAL gain, at both 1 and 10 years. The
PII CAL change between 1 and 10 years did
EMD mean (+ SD) 0.8 04 09 +04 NS 1.2 +0.8 NS not present statistically significant dif-
GTR mean (£ SD) 0.7 +0.5 0.7 +0.5 NS 1.3+ 0.7 NS ferences in anv of the four eroups
EMD+GTR mean 09 +03 07+04 NS 11+£08 NS y orthe Tour groups.
(£ SD) The frequency distribution of CAL
OFD mean (+ SD) 0.6+ 05 0.7 + 04 NS 1.0+ 04 NS gain compared with baseline is shown in
Gl Table 8. At 10 years, a CAL gain of
EMD mean (= SD) 1.74+05 06+04 <0.001 1.0+ 1.0 NS >3 mm was found in six defects of the
GTR mean (= SD) 1.8 +£08 08+£06  <0.001 1.1 £09 NS EMD and GTR groups, respectively, and
EMD+GTR mean 1.6 £0.5 06+05 <0001 10+08 NS in five defects of the EMD+GTR group.
(& SD) A CAL gain of >3 mm was measured
OFD mean (= SD) 1.7 £0.8 0.7 £0.7 <0.001 1.0 £ 0.7 NS . def f the OFD
BOP (%) in one defect of the group.
EMD mean (= SD) 50 +5.7 30+£32 <0.001 40 £ 44 NS . .
GTR mean (£ SD) 50+6.1 30+39 <0.001 40 £ 3.7 NS Discussion
ZIEVI;)S;GTR mean 56 £4.0 33+4.1 <000l 4£39 NS The results of the present study indicate
OFD mean (+ SD) 56 +59 33435 <0001 44+43 NS that treatment of intra-bony defects with

EMD, GTR, EMD+GTR, and OFD

Table 2. Frequency distribution of PII at the treated sites, at baseline and at 1 and 10 years

PII EMD, no. (%) GTR, no. (%) EMD+GTR, no. (%) OFD, no. (%)
baseline 1 year 10 years baseline 1 year 10 years baseline 1 year 10 years baseline 1 year 10 years

0 8 (73%) 9 (80%) 6(60%) 7 (70%) 8 (710%) 6 (60%) 7 (718%) 7 (18%) 6 (67%) 7 (718%) 8 (89%) 6 (67%)

1 2(27%) 1(20%) 4@40%) 3 30%) 220%) 440%) 2Q22%) 2(22%) 3(33%) 222%) 1(11%) 3 (33%)

2

3

Total no. 10 10 9 9

PII, plaque index; EMD, enamel matrix protein derivative; GTR, guided tissue regeneration; OFD, open flap debridement.

Table 3. Frequency distribution of GI at the treated sites, at baseline and at 1 and 10 years

GI EMD, no. (%) GTR, no. (%) EMD+GTR, no. (%) OFD, no. (%)
baseline 1 year 10 years baseline 1 year 10 years baseline 1 year 10 years baseline 1year 10 years

0 4 (40%) 8 (80%) 5(50%) 5 (50%) 8 (80%) T (70%) 4 (45%) T (718%) 6 (67%) 5 (56%) 6 (67%) 6 (67%)

1 4 (40%) 2 (20%) 4 (40%) 4(40%) 2(20%) 3 (3B0%) 4 @45%) 2(22%) 3(33%) 4(44%) 3 (33%) 3 (33%)

2 1 (20%) 1 (10%) 1 (10%) 1 (12%)

3

Total no. 10 10 9 9

GI, gingival index; EMD, enamel matrix protein derivative; GTR, guided tissue regeneration; OFD, open flap debridement.

Table 4. Frequency distribution of BOP at the treated sites, at baseline and at 1 and 10 years

BOP EMD, no. (%) GTR, no. (%) EMD+GTR, no. (%) OFD, no. (%)
baseline 1 year 10 years  baseline 1 year 10 years 1 year 10 years 5 years  baseline 1 year 10 years

+ 8(80%) 1(10%) 4 (40%) 7 (70%) 2 (20%) 4 (40%) 6(67%) 3 (33%) 5(56%) 7 (718%) 2 (22%) 4 (44%)

— 2 (20%) 9 (90%) 6 (60%) 3 (30%) 8 (80%) 6 (60%) 3 (33%) 6(67%) 4 44%) 222%) T(78%) 5 (56%)

Total no. 10 10 9 9

BOP, bleeding on probing; EMD, enamel matrix protein derivative; GTR, guided tissue regeneration; OFD, open flap debridement.

© 2008 The Authors
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may result in statistically significant
reductions in PPD and gains of CAL,
which can be maintained over a period
of 10 years. No statistically significant
differences between the three regenera-
tive procedures were found in any of
the investigated clinical parameters at
both 1 and 10 years after therapy. How-
ever, all three regenerative treatments
revealed statistically significantly higher
gains of clinical attachment when com-
pared with OFD alone.

Table 5. Distribution and configuration of
treated defects

EMD GTR EMD+GTR OFD

1-2 wall 3 3 1 2
2wall 6 6 7 5
3 wall 1 1 1 2

EMD, enamel matrix protein derivative; GTR,
guided tissue regeneration; OFD, open flap
debridement.

Long-term results following regenerative periodontal therapy

The finding that treatment of intra-
bony defects with EMD may result on
a short-term basis (up to 1 year) in
statistically significantly improvements
in PPD and CAL compared with base-
line is generally in accordance with
previous results (Heijl et al. 1997, Pon-
toriero et al. 1999, Okuda et al. 2000,
Silvestri et al. 2000, Froum et al.
2001, Sculean et al. 2001b, Tonetti
et al. 2002, Zucchelli et al. 2002,
Cortellini & Tonetti 2007a, b, Cortellini
et al. 2008, Jepsen et al. 2008, Ozcelic
et al. 2008). Recent data, however,
indicate that the clinical outcomes of
CAL gain and defect resolution follow-
ing regenerative treatment with EMD
may be further improved by using a
minimal invasive surgical technique
under an operation microscope (Cortellini
& Tonetti 2007a,b, Cortellini et al.
2008). In these studies, mean CAL gain
measured 4.8 £ 1.9 and 4.9 & 1.7mm,
respectively, thus pointing to the signif-

Table 6. Baseline defect characteristics expressed in mm (mean £ SD)

Treatment PPD GR CAL CEJ-BBD  CEJ-crest Intra-bony
depth
EMD 84+19 20+£13 104+16 113+15 71+£13 42412
GTR 8417 19+£15 103£16 11.1+£13 70+£12 41+£13
EMD+GTR 86415 16+£10 102+14 110+14 70+13 40+14
OFD 86+15 18+£1.1 104+13 114+13 70£14 39+13

EMD, enamel matrix protein derivative; GTR, guided tissue regeneration; OFD, open flap
debridement; PPD, probing pocket depth; GR, gingival recession; CAL, clinical attachment level;

CEJ, cemento—enamel junction.

Table 7. Clinical parameters (in mm) at baseline and at 1 and 10 years

Parameter Treatment Baseline 1 year p value 10 years  p value
(baseline — (1 year—
1 year) 10 years)
PPD
EMD mean (+ SD) 84 +19 43+1.2 <0.001 48+ 1.1 NS
GTR mean (£ SD) 84+17 42+£13 <0.001 5.0=£1.0 NS
EMD+GTR mean 86x+15 43+13 <0.001 S51+12 NS
(£ SD)
OFD mean (+ SD) 86+15 49+18 <0.001 51413 NS
GR
EMD mean (£ SD) 20+ 13 27412 <0.001 27+1.1 NS
GTR mean (£ SD) 19+15 29+13 <0.001 25+12 NS
EMD+GTR mean l6+10 26+10 <0001 22+1.1 NS
(£ SD)
OFD mean (+ SD) 1.8+ 1.1 35+13 <0.001 35412 NS
CAL
EMD mean (£ SD) 104+ 16 7.0+ 1.3 <0.001 75414 NS
GTR mean (£ SD) 103 +16 71+£12 <0001 75412 NS
EMD+GTR mean 102+ 14 69 £ 1.1 <0.001 73412 NS
(£ SD)
OFD mean (+ SD) 104 £13 84 +1.2 <0.001 8.6 £ 1.0 NS

At both 1 and 10 years, treatment with EMD, GTR, and EMD+GTR resulted in statistically
significant (p <0.05) higher CAL gain compared with OFD.

EMD, enamel matrix protein derivative; GTR, guided tissue regeneration, OFD, open flap
debridement; PPD, probing pocket depth; GR, gingival recession; CAL, clinical attachment level.
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Table 8. Frequency distribution of CAL gain
at 10 years

CAL gain CAL gain

0-2mm >3 mm
EMD 4 [§
GTR 4 6
EMD+GTR 4 5
OFD 8 1

EMD, enamel matrix protein derivative; GTR,
guided tissue regeneration; OFD, open flap
debridement.

icant influence of the surgical technique
upon the obtained results (Cortellini &
Tonetti 2007a, b, Cortellini et al. 2008).

The present results are also in line
with the conclusions of a recent systema-
tic review, which has analyzed the poten-
tial benefit of EMD when used in
addition to OFD (Esposito et al. 2005).
The results have shown that EMD-trea-
ted sites displayed statistically significant
CAL improvements (i.e. mean difference
1.2mm, 95% CI 0.7-1.7) when com-
pared with OFD (Esposito et al. 2005).
However, it is important to realize that
until now there are no published 10-year
data on the clinical outcome following
treatment with EMD or EMD+GTR up
to a period of 10 years, and therefore, a
comparison with other long-term studies
is difficult. On the other hand, the pre-
sent 10-year results obtained with EMD
are in agreement with previous results
that have evaluated this treatment mod-
ality up to a period of 9 years (Heijl et
al. 1997, Sculean et al. 2001c, 2003,
2006, 2007a,b, Francetti et al. 2004,
Rasperini et al. 2005, Heden & Wenn-
strom 2006). In a controlled clinical trial
comparing treatment of intra-bony
defects with EMD with that with flap
surgery, Heijl et al. (1997) reported, at 8
months, a mean CAL gain of 2.1 mm
after treatment with EMD and 1.5mm
after flap surgery alone (control). In a 4-
year follow-up study, a total of 46 intra-
bony defects in 33 patients were con-
secutively treated with EMD (Sculean
et al. 2003), and the results have indi-
cated stable results at 1 year, postopera-
tively. Moreover, a re-entry surgery
performed after 4 years in one case has
demonstrated an almost complete fill of
the intra-bony component. Recent data
from a case series report have shown
that the results can be maintained up to a
period of 9 years (Sculean et al. 2007b).
Similar findings were made in three cases
that were re-entered after 7 years fol-
lowing treatment with EMD (Rasperini
et al. 2005).
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The results obtained with GTR are
also in agreement with those from pre-
vious clinical studies, which indicate
that the clinical improvements obtained
following this regenerative approach
can be maintained over a longer period
of time, provided that an optimal patient
and defect selection are accomplished
and that the patients are enrolled in an
strict maintenance programme (Gottlow
et al. 1992, Cortellini et al. 1996b,
De Sanctis & Zucchelli 2000, Sculean
et al. 2001c, 2006, Eicholz & Hausmann
2002, Cortellini & Tonetti 2004,
Eickholz et al. 2004, Stavropoulos &
Karring 2004, Nygaard-@stby et al.
2008). The present results are in line
with those of a retrospective study that
has evaluated a total of 175 patients
treated with GTR (Cortellini & Tonetti
2004). These findings have suggested
that the clinical improvements obtained
with GTR can be maintained over a
period of up to 16 years, and thus, this
treatment approach represents an impor-
tant modality for the long-term main-
tenance of severely compromised teeth.

It is interesting to note that in the
present study, treatment with EMD+
GTR has led to significant clinical
improvements on both a short- and a
long-term basis, although the improve-
ments were not significantly higher
when compared with those obtained
with EMD or GTR alone. Comparable
results were reported in an experimental
study in monkeys, evaluating treatment
of experimentally created intra-bony
defects with EMD, GTR, EMD+GTR,
or OFD (Sculean et al. 2000b). The
histological evaluation has indicated that
treatment with EMD+GTR may enhance
formation of new attachment and new
bone, but the amount of the newly
formed tissues was not superior to treat-
ment with EMD alone or GTR alone. All
these data taken together seem to suggest
that a combination of EMD+GTR may
not additionally improve the results.

An important aspect of the present
study is the finding that the improve-
ments obtained with OFD were also
maintained over 10 years. Although
observations from histological studies
have failed to show predictable regen-
eration of the attachment apparatus fol-
lowing OFD (Caton et al. 1980, Bowers
et al. 1989, Sculean et al. 2000b), our
results indicate that this treatment
option may also lead to significant and
stable clinical results on a long-term
basis. These findings are in agreement
with previous data, suggesting that OFD

may still be considered a valuable
option for treating certain intra-bony
defects, if an optimal plaque control
level is ensured (Rosling et al. 1976,
Polson & Heijl 1978, Tonetti et al. 2002,
Eickholz et al. 2008).

In all four groups, a slight, statisti-
cally non-significant loss of mean CAL
was measured between the 1- and 10-
year evaluation period, which, in turn,
was probably because of the slight
increase (statistically non-significant)
of mean PPD. Although at 10 years the
increase in PII, GI, and BOP did not
reach statistical significance compared
with the baseline and 1-year values, it
cannot be excluded that plaque accumu-
lation might have led to inflammation
and loss of CAL. The fact that no
differences were found in the four
groups in terms of PII, GI, and BOP
between the 1- and 10-year results seems
to indicate that these patients displayed
a good level of oral hygiene. On the
other hand, it should be noted that in
the present analysis only 38 out of the
56 patients were included, and obviously,
these 38 patients were those who regu-
larly attended the maintenance care pro-
gramme. These findings are in line with
previous results, which have demon-
strated that the clinical outcomes obtained
with GTR can only be maintained if the
patients are enrolled in a regular main-
tenance programme (Cortellini et al.
1996b). Therefore, it cannot be excluded
that, if data were available, the rest of
18 patients might have led to different
clinical results at 10 years.

Another important factor that has
been shown to strongly influence the
outcome of regenerative periodontal
treatment is smoking (Tonetti et al.
1995). In the present patient population,
only two out of the 38 patients were
smokers, and therefore, no further ana-
lysis was possible. Furthermore, it
should be kept in mind that because of
the low number of patients, the study
has a low statistical power, and thus the
findings need to be interpreted with
caution. Despite that, we figured on an
“‘intention to treat analysis’’, and a full
application of the intention to treat
approach is possible only when com-
plete outcome data are available for all
randomized subjects. However, in the
present study, it was not possible to
follow-up those who withdrew from
treatment, and this is particularly impor-
tant for the implementation of an inten-
tion to treat analysis (Lachin 2000). On
the other hand, it needs to be pointed out

that currently, no consensus exists about
how missing responses should be
handled in an intention-to-treat analysis
(Hollis & Campbell 1999).

In conclusion, within its limits, the
present study has shown that in non-
smoking patients on a strict plaque con-
trol programme, the clinical outcomes
obtained with all four approaches can be
maintained over a period of 10 years.

References

Arweiler, N. B., Auschill, T. M., Donos, N. &
Sculean, A. (2002) Antibacterial effect of an
enamel matrix protein derivative on in vivo
dental plaque vitality. Clinical Oral Investi-
gations 6, 205-209.

Blomlof, J. P. S., Blomlof, L. B. & Lindskog, S. F.
(1996) Smear removal and collagen exposure
after non-surgical root planing followed by
etching with EDTA gel preparation. Journal
of Periodontology 67, 841-845.

Bosshardt, D. D., Sculean, A., Windisch, P.,
Pietursson, B. E. & Lang, N. P. (2005) Effects
of enamel matrix proteins on tissue formation
along the roots of human teeth. Journal of
Periodontal Research 40, 158-167.

Bowers, G. M., Chadroff, B., Carnevale, R.,
Mellonig, J., Corio, R., Emerson, J., Stevens,
M. & Romberg, E. (1989) Histologic evalua-
tion of new attachment apparatus in humans.
Part 1. Journal of Periodontology 60,
675-682.

Brunsvold, M. A. & Mellonig, J. T. (1993) Bone
grafts and periodontal regeneration. Perio-
dontology 2000 1, 80-91.

Caton, J., Nyman, S. & Zander, H. (1980)
Histometric evaluation of periodontal sur-
gery. II. Connective tissue attachment after
four regenerative procedures. Journal of
Clinical Periodontology 7, 224-231.

Cortellini, P., Nieri, M., Pini Prato, G. &
Tonetti, M. S. (2008) Single minimally inva-
sive surgical technique with enamel matrix
derivative to treat multiple adjacent intrabony
defects: clinical outcomes and patient mor-
bidity. Journal of Clinical Periodontology
35, 605-613.

Cortellini, P., Pini Prato, G. P. & Tonetti, M. S.
(1996a) Periodontal regeneration of human
intrabony defects with bioresorbable mem-
branes. A controlled clinical trial. Journal of
Periodontology 67, 217-223.

Cortellini, P., Pini Prato, G. P. & Tonetti, M. S.
(1996b) Long-term stability of clinical
attachment following guided tissue regenera-
tion and conventional therapy. Journal of
Clinical Periodontology 23, 106-111.

Cortellini, P. & Tonetti, M. S. (2004) Long-term
tooth survival following regenerative treat-
ment of intrabony defects. Journal of Perio-
dontology 75, 672-678.

Cortellini, P. & Tonetti, M. S. (2007a) A
minimally invasive surgical technique with
an enamel matrix derivative in the regenera-
tive treatment of intra-bony defects: a novel

© 2008 The Authors

Journal compilation © 2008 Blackwell Munksgaard



approach to limit morbidity. Journal of Clin-
ical Periodontology 34, 87-93.

Cortellini, P. & Tonetti, M. S. (2007b) A
minimally invasive surgical technique and
enamel matrix derivative in intra-bony defects.
I: clinical outcomes and morbidity. Journal of
Clinical Periodontology 34, 1082-1088.

De Sanctis, M. & Zucchelli, G. (2000) Inter-
leukin-1 gene polymorphism and long-term
stability following guided tissue regenera-
tion therapy. Journal of Periodontology T1,
606-613.

Eickholz, P. & Hausmann, E. (2002) Evidence
for healing of periodontal defects 5 years
after conventional and regenerative therapy:
digital substraction and bone level measure-
ments. Journal of Clinical Periodontology
29, 922-928.

Eickholz, P., Kaltschmitt, J., Berbig, J., Reit-
meier, P. & Pretzl, B. (2008) Tooth loss after
active periodontal therapy. 1: patient related
factors for risk, prognosis, and quality of
outcome. Journal of Clinical Periodontology
35, 165-174.

Eickholz, P., Krigar, D. M., Pretzl, B., Stein-
brenner, H., Dorfer, C. & Kim, T. S. (2004)
Guided tissue regeneration with bioabsorb-
able barriers. II. Long-term results in infrab-
ony defects. Journal of Periodontology 75,
957-965.

Esposito, M., Grusovin, M. G., Coulthard, P. &
Worthington, H. V. (2005) Enamel matrix
derivative (Emdogain) for periodontal tissue
regeneration in intrabony defects. Cochrane
Database Systematic Reviews 4, CD003875.

Francetti, L., Del Fabro, M., Basso, M., Testori,
T. & Weinstein, R. (2004) Enamel matrix
proteins in the treatment of intra-bony defects.
A prospective 24-month clinical trial. Journal
of Clinical Periodontology 31, 52-59.

Froum, S. J., Weinberg, M. A., Rosenberg, E. &
Tarnow, D. (2001) A comparative study
utilizing open flap debridement with and
without enamel matrix derivative in the treat-
ment of periodontal intrabony defects: a
12-month re-entry study. Journal of Perio-
dontology 72, 25-34.

Gottlow, J., Nyman, S & Karring, T (1992)
Maintenance of new attachment gained
through guided tissue regeneration. Journal
of Clinical Periodontology 19, 315-317.

Gottlow, J., Nyman, S., Lindhe, J., Karring, T.
& Wennstrom, J. (1986) New attachment
formation in the human periodontium by
guided tissue regeneration. Case reports. Jour-
nal of Clinical Periodontology 13, 604-616.

Hammarstrom, L. (1997) Enamel matrix,
cementum development and regeneration.
Journal of Clinical Periodontology 24,
658-668.

Heden, G. & Wennstrom, J. L. (2006) Five-year
follow-up of regenerative periodontal therapy
with enamel matrix derivative at sites with
angular bone defects. Journal of Perio-
dontology 77, 295-301.

Heijl, L. (1997) Periodontal regeneration with
enamel matrix derivative in one human
experimental defect. A case report. Journal
of Clinical Periodontology 24, 693-696.

© 2008 The Authors

Long-term results following regenerative periodontal therapy

Heijl, L., Heden, G., Svardstrom, G. & Ostgren,
A. (1997) Enamel matrix derivative
(Emdogain®™) in the treatment of intrabony
periodontal defects. Journal of Clinical
Periodontology 24, 705-714.

Hollis, S. & Campbell, F. (1999) What is meant
by intention to treat analysis? Survey of
published randomised controlled trials. Brit-
ish Medical Journal 319, 670-674.

Jepsen, S., Topoll, H., Rengers, H., Heinz, B.,
Teich, M., Hoffmann, T., Al-Machot, E.,
Meyle, J. & Jervge-Storm, P. M. (2008)
Clinical outcomes after treatment of intra-
bony defects with an EMD/synthetic bone
graft or EMD alone: a multicentre rando-
mized controlled clinical trial. Journal of
Clinical Periodontology 35, 420-428.

Karring, T., Lindhe, J. & Cortellini, P. (2003)
Regenerative periodontal therapy. In: Lindhe,
J., Karring, T. & Lang, N. P. (eds) Clinical
Periodontology and Implant Dentistry, 4th
edition, pp. 650-704. Copenhagen: Black-
well-Munksgaard.

Kawase, T., Okuda, K., Yoshie, H. & Burns, D.
M. (2000) Cytostatic action of enamel matrix
derivative (EMDOGAIN®) on human oral
squamous cell carcinoma-derived SCC25
epithelial cells. Journal of Periodontal
Research 35, 291-300.

Lachin, J. M. (2000) Statistical considerations
in the intent-to-treat principle. Controlled
Clinical Trials 21, 167-189.

Laurell, L., Falk, H., Fornell, J., Johard, G. &
Gottlow, J. (1994) Clinical use of a biore-
sorbable matrix barrier in guided tissue
regeneration therapy. Case series. Journal of
Periodontology 65, 967-975.

Lowenguth, R. A. & Blieden, T. M. (1993)
Periodontal regeneration: root surface demi-
neralization. Periodontology 2000 1, 54—-68.

Lynch, S. E., de Castilla, G. R., Williams, R. C.,
Kiritsy, C. P., Howell, T. H., Reddy, M. S. &
Antoniades, H. N. (1991) The effects of
short-term application of a combination of
platelet-derived and insulin-like growth fac-
tors on periodontal wound healing. Journal of
Periodontology 62, 458-467.

Lyngstadaas, S. P., Lundberg, E., Ekdahl, H.,
Andersson, C. & Gestrelius, S. (2001) Auto-
crine growth factors in human periodontal
ligament cells cultured on enamel matrix
derivative. Journal of Clinical Perio-
dontology 28, 181-188.

Loe, H. (1967) The gingival index, the plaque
index and the retention index systems. Jour-
nal of Periodontology 38, 610-616.

Majzoub, Z., Bobbo, M., Atiyeh, F. & Cordioli,
G. (2005) Two patterns of histologic healing
in an intrabony defect following treatment
with an enamel matrix derivative: a human
case report. The International Journal of
Periodontics & Restorative Dentistry 285,
283-294.

Mellonig, J. T. (1999) Enamel matrix derivative
for periodontal reconstructive surgery: tech-
nique and clinical and histologic case report.
The International Journal of Periodontics &
Restorative Dentistry 19, 9-19.

Needleman, I. G., Worthington, H. V., Giedrys-
Leeper, E. & Tucker, R. J. (2006) Guided

Journal compilation © 2008 Blackwell Munksgaard

823

tissue regeneration for periodontal infra-bony
defects. Cochrane Database of Systematic
Reviews 19, CD001724.

Nygaard-@stby, P., Bakke, V., Nesdal, O.,
Nilssen, H. K., Susin, C. & Wikesjo, U. M.
(2008) Periodontal healing following recon-
structive surgery: effect of guided tissue
regeneration using bioresorbable barrier
device when combined with autogenous
bone. A randomized controlled clinical trial.
Journal of Clinical Periodontology 35,
37-43.

Nyman, S., Lindhe, J., Karring, T. & Rylander,
H. (1982) New attachment following surgical
treatment of human periodontal disease.
Journal of Clinical Periodontology 9,
290-296.

Okubo, K., Kobayashi, M., Takiguchi, T.,
Takada, T., Ohazama, A., Okamatsu, Y. &
Hasegawa, K. (2003) Participation of endo-
genous IGF-I and TGF-beta 1 with enamel
matrix derivative-stimulated cell growth in
human periodontal ligament cells. Journal of
Periodontal Research 38, 1-9.

Okuda, K., Momose, M., Miyazaki, A., Murata,
M., Yokoyama, S., Yonezawa, Y., Wolff, L.
& Yoshie, H. (2000) Enamel matrix deriva-
tive in the treatment of human intrabony
osseous defects. Journal of Periodontology
71, 1821-1828.

Ozcelic, O., Cenk Haytac, M. & Seydaoglu, G.
(2008) Enamel matrix derivative and low-
laser therapy in the treatment of intra-bony
defects: a randomized placebo-controlled
clinical trial. Journal of Clinical Perio-
dontology 35, 147-156.

Polson, A. M. & Heijl, L. C. (1978) Osseous
repair in infrabony periodontal defects. Jour-
nal of Clinical Periodontology S, 13-23.

Pontoriero, R., Wennstrom, J. & Lindhe, J.
(1999) The use of barrier membranes and
enamel matrix proteins in the treatment of
angular bone defects. A prospective con-
trolled clinical study. Journal of Clinical
Periodontology 26, 833-840.

Rasperini, G., Silvestri, M. & Ricci, G. (2005)
Long-term clinical observation of treatment
of infrabony defects with enamel matrix
derivative (Emdogain): surgical reentry. The
International Journal of Periodontics &
Restorative Dentistry 25, 121-127.

Rosling, B., Nyman, S. & Lindhe, J. (1976) The
effect of systemic plaque control on bone
regeneration in infrabony pockets. Journal of
Clinical Periodontology 3, 38-53.

Schwartz, Z., Carnes, D. L., Pulliam, R., Loh-
mann, C. H., Sylvia, V. L., Liu, Y., Dean, D.
D., Cochran, D. L. & Boyan, B. D. (2000)
Porcine fetal enamel matrix derivative stimu-
lates proliferation but not differentiation of
pre-osteoblastic 2T9 cells, inhibits prolifera-
tion and stimulates differentiation of osteo-
blast-like MG63 cells, and increases
proliferation and differentiation of normal
human osteoblast NHOst cells. Journal of
Periodontology 71, 1287-1296.

Sculean, A., Auschill, T. M., Donos, N., Brecx,
M. & Arweiler, N. (2001a) Effect of an

. . . (R
enamel matrix derivative (Emdogain™) on



824 Sculean et al.

ex vivo dental plaque vitality. Journal of
Clinical Periodontology 28, 1074—-1078.

Sculean, A., Chiantella, G. C., Miliauskaite, A.,
Brecx, M. & Arweiler, N. B. (2003) Four-
year results following treatment of intrabony
periodontal defects with an enamel matrix
protein derivative. A report of 46 cases. The
International Journal of Periodontics &
Restorative Dentistry 23, 345-351.

Sculean, A., Chiantella, G. C., Schwarz, F.,
Kiss, A., Arweiler, N. B. & Becker, J.
(2007b) Nine year results following treatment
of intrabony periodontal defects with an
enamel matrix protein derivative. The Inter-
national Journal of Periodontics & Restora-
tive Dentistry 27, 221-229.

Sculean, A., Chiantella, G. C., Windisch, P. &
Donos, N (2000a) Clinical and histologic
evaluation of treatment of intrabony defects
with an enamel matrix protein derivative
(Emdogain®™). The International Journal of
Periodontics & Restorative Dentistry 20,
375-381.

Sculean, A., Donos, N., Brecx, M., Reich, E. &
Karring, T. (2000b) Treatment of intrabony
defects with enamel matrix proteins and
guided tissue regeneration. An experimental
study in monkeys. Journal of Clinical Perio-
dontology 27, 466—472.

Sculean, A., Donos, N., Chiantella, G. C.,
Windisch, P., Reich, E. & Brecx, M.
(1999a) Treatment of intrabony defects with
bioabsorbable membranes. A clinical and
histologic study. The International Journal
of Periodontics & Restorative Dentistry 19,
501-509.

Sculean, A., Donos, N., Miliauskaite, A.,
Arweiler, N. & Brecx, M. (2001¢) Treatment
of intrabony defects with enamel matrix
proteins or bioabsorbable membranes. A 4-
year follow-up split-mouth study. Journal of
Periodontology 72, 1695-1701.

Sculean, A., Donos, N., Schwarz, F., Becker, J.,
Brecx, M. & Arweiler, N. B. (2004) Five year
results following treatment of intrabony
defects with enamel matrix proteins and

guided tissue regeneration. Journal of Clin-
ical Periodontology 31, 545-549.

Sculean, A., Donos, N., Windisch, P., Gera, I.,
Brecx, M., Reich, E. & Karring, T. (1999b)
Healing of human intrabony defects follow-
ing treatment with enamel matrix proteins or
guided tissue regeneration. Journal of Perio-
dontal Research 34, 310-322.

Sculean, A., Pietruska, M., Arweiler, N. B.,
Auschill, T. M. & Nemcovsky, C. (2007a)
Four year results of a prospective controlled
clinical study evaluating healing of intrabony
defects following treatment with an enamel
matrix protein derivative alone or combined
with a bioactive glass. Journal of Clinical
Periodontology 34, 507-513.

Sculean, A., Schwarz, F., Miliauskaite, A., Kiss,
A., Arweiler, N., Becker, J. & Brecx, M.
(2006) Treatment of intrabony defects with
an enamel matrix protein derivative or bior-
esorbable membrane: an 8-year follow-up
split-mouth study. Journal of Periodontology
77, 1879-1886.

Sculean, A., Windisch, P., Chiantella, G. C.,
Donos, N., Brecx, M. & Reich, E. (2001b)
Treatment of intrabony defects with enamel
matrix proteins and guided tissue regenera-
tion. A prospective controlled clinical study.
Journal of Clinical Periodontology 28,
397-403.

Silness, J. & Loe, H. (1964) Periodontal disease
in pregnancy (II). Correlation between oral
hygiene and periodontal condition. Acta
Odontologica Scandinavica 22, 121-135.

Silvestri, M., Ricci, G., Rasperini, G., Sartori, S.
& Cattaneo, V. (2000) Comparison of treat-
ments of intrabony defects with enamel
matrix derivative, guided tissue regeneration
with a nonresorbable membrane and Widman

modified flap. A pilot study. Journal of

Clinical Periodontology 27, 603-610.
Stavropoulos, A. & Karring, T. (2004) Long-
term stability of periodontal conditions
achieved following guided tissue regenera-
tion with bioresorbable membranes: case

series results after 6-7 years. Journal of

Clinical Periodontology 31, 939-944.

Tonetti, M. S., Lang, N. P., Cortellini, P.,
Suvan, J. E., Adriaens, P., Dubravec, D.,
Fonzar, A., Fourmousis, I., Mayfield, L.,
Rossi, R., Silvestri, M., Tiedemann, C.,
Topoll, H., Vangsted, T. & Wallkamm, B.
(2002) Enamel matrix proteins in the regen-
erative therapy of deep intrabony defects. A
multicentre randomized controlled clinical
trial. Journal of Clinical Periodontology 29,
317-325.

Tonetti, M. S., Pini-Prato, G. & Cortellini, P.
(1995) Effect of cigarette smoking on perio-
dontal healing following GTR in infrabony
defects. A preliminary retrospective study.
Journal of Clinical Periodontology 22,
229-234.

Van der Pauw, M. T., Van den Bos, T., Everts,
V. & Beertsen, W. (2000) Enamel matrix-
derived protein stimulates attachment of
periodontal ligament fibrablast and enhances
alkaline phosphatase activity and transform-
ing growth factor Bl release of periodontal
ligament and gingival fibroblasts. Journal of
Periodontology 71, 31-43.

Yukna, R. A. & Mellonig, J. (2000) Histologic
evaluation of periodontal healing in humans
following regenerative therapy with enamel
matrix derivative. A 10-case series. Journal
of Periodontology 71, 752-759.

Zucchelli, G., Bernardi, F., Montebugnoli, L. &
De Sanctis, M. (2002) Enamel matrix pro-
teins and guided tissue regeneration with
titanium-reinforced expanded polytetrafluor-
oethylene membranes in the treatment of
intrabony defects: a comparative controlled
clinical trial. Journal of Periodontology 73,
3-12.

Address:

Anton Sculean

Department of Periodontology

Radboud University Medical Center

P.O. Box 9101, Internal Postal Code 117
6500 Nijmegen, Philips van Leydenlaan 25
The Netherlands

E-mail: anton.sculean@gmx.de

Clinical Relevance

Scientific rationale for the study: The
data on the long-term outcomes fol-
lowing treatment with EMD, GTR,
EMD+EMD, or OFD are limited.

Principal findings: At 1 and 10 years
after surgery, all four treatments

resulted in statistically significantly
higher CAL compared with baseline.
The three regenerative modalities
resulted in higher CAL gains than
OFD. The combination of EMD+
GTR has failed to yield any addi-

tional improvement compared with
EMD or GTR alone.

Practical implications: The clinical
results obtained with all four treat-
ments can be maintained over a
period of 10 years.
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