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"... PPD ≥ 6 mm represents an

             incomplete periodontal treatment 

             and requires further therapy ... "

Behandlungsziel  in der Parodont i t istherapie . . .?  



≤5
[Matuliene et al,  Journal of Clinical Periodontology 2008 ]
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Biologische Grundlagen der regenerativen 
Parodontal-Therapie



Defekt -  Charakteristik

[Wikesjö et al. Journal of Clinical Periodontology 1998 ]
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Fig. 2. Infrabony defects. A. One-wall
intrabony defect. B. Two-wall intra-
bony defect. C. Three-wall intrabony
defect. D. Interproximal crater.

the furcation area. The classification of Hamp et al.
has been simplified by giving critical numerical
values to the horizontal component of the attach-
ment loss (Fig. 3): less than 3 mm in a class I fur-
cation; 3 mm or more but not through and through
in a class II furcation, while the class III definition
was left unchanged (8).

More recently a vertical component to the diag-
nosis of furcation involvement was also introduced:
for each class of horizontal classification (I–III), a
subclass based on the vertical bone resorption from
the furcation fornix was added (Fig. 4). Subclass A
denotes furcation involvements with vertical bone

10

loss of 3 mm or less, subclass B 4 to 6 mm, while
subclass C presents with bone loss from the fornix
of 7 mm or more (48). The morphology of interrad-
icular osseous defects is further complicated by the
fact that suprabony defects and/or infrabony defects
of various morphology may also be associated with
furcation involvements.

Furcation invasion is assessed by clinical means;
by ‘‘horizontal’’ probing of the furcation site with
specifically designed furcation probes. Radiographic
assessments are valuable aids, but cannot replace
the clinical examination, if a correct diagnosis is to
be obtained.
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Guided T i ssue Regenerat ion

[Karring et al, Periodontol 2000, 2003 ]

Bereitstellung und Erhaltung eines Raumes, 

um die Regeneration von bestimmten Gewebe- 

typen zu ermöglichen 
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porous GTR membrane, when adjusted for the effect

of wound area. Thus, even if space provision appears

to be a critical factor for regeneration, membrane

occlusivity appears to provide adjunctive effects.

While it may not be legitimate to consider cell oc-

clusion as an absolute prerequisite for periodontal

regeneration (52), it appears that the use of cell-

occlusive membranes may optimize the magnitude

of regeneration.

The influence of the resident alveolar bone on bone

regeneration in conjunction with GTR, in the pres-

ence or absence of cell occlusivity, was evaluated in a

subsequent analysis (31). Space-providing, occlusive

or porous ePTFE membranes were implanted into

contralateral supraalveolar periodontal defects to

assist GTR under conditions for primary intention

healing (Fig. 14). The healing interval was 8 weeks,

after which block sections were collected for histo-

metric analysis, including analysis of regeneration of

alveolar bone relative to space provision by the GTR

membrane and width of the alveolar crest at the base

of the defect. There were no significant differences in

mean alveolar regeneration between sites receiving

the porous GTR membrane with a narrow vs. a wide

alveolar base after adjusting for wound area (2.2 vs.

2.5 mm, respectively; P ¼ 0.36). In contrast, analysis

using sites receiving the occlusive GTR membrane

revealed significantly greater bone regeneration at

sites with a wide compared with a narrow alveolar

base (3.3 vs. 2.5 mm, respectively; P ¼ 0.02). Regres-

sion analysis showed a significant relationship

(P ¼ 0.05) between space provision and bone regen-

eration for all groups, except for sites with a wide

alveolar base receiving the occlusive GTR membrane

Fig. 14. Critical-size, 5-mm, supraalveolar periodontal
defect implanted with an occlusive, space-providing
expanded polytetrafluoroethylene (ePTFE) membrane (A)
and with a porous ePTFE membrane (B). Green arrow-
heads delineate the apical aspect of the supraalveolar
periodontal defects. Green lines approximate the coronal
aspect of the regenerated bone. Notably, bone regener-
ation is influenced by space provision under the mem-
branes. This study showed that space provision and
membrane occlusivity significantly enhanced bone
regeneration. Sites receiving the occlusive guided tissue
regeneration (GTR) membrane and sites with enhanced
space provision showed significantly greater bone regen-

eration compared with sites receiving the porous GTR
membrane (P ¼ 0.03) or exhibiting more limited space
provision (P ¼ 0.0002). Nevertheless, the relationship be-
tween space provision and regeneration was significant
for both occlusive and porous GTR membranes. Regen-
eration followed similar patterns for both groups. It may
be speculated that the healing process supported by these
different membranes may be similar to, or at least be
similarly influenced by, space provision. Healing interval
8 weeks. For detail see: Polimeni et al. 2004 (29). These
figures are copyrighted by and modified with permission
from Blackwell Munksgaard.
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klinisches Handling

Zellokklusiv

Gewebeintegration

Raumerhalten

biokompatibel

Schlüsselfaktoren der GTR 

[Wikesjö et al. Journal of Clinical Periodontology 1993 ]



Materialien für GTR 

Membranen Füllermaterial biologische Aktivatoren

Kollagenmembranen Knochenersatzmaterial



F CUS
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Kol lagen-Membranen

Resorbierbar

Barrierefunktion

Formstabilität



F CUS

Knochenersatzmater ia l

autogen

allogen

xenogen

alloplastisch

Materialien für GTR 

. . . e h e r  S t ü t z -  u n d  P l a t z h a l t e r f u n k t i o n  a l s  

o s t e o k o n d u k t i v e  o d e r  o s t e o i n d u k t i v e  E i g e n s c h a f t e n . . .



biologische Akt ivatoren

Schmelz-Matrix-Proteine

Materialien für GTR 

parodontale Regeneration

verbesserte Wundheilung
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Fig. 1. Representative photomicrograph of Fig. 3. Representative photomicrograph of Fig. 5. Photomicrograph of healing after
healing after GTR treatment. New ce- healing after treatment with enamel-matrix- treatment with enamel-matrix-proteins and
mentum (NC), new periodontal ligament proteins. New cementum (NC), new peri- GTR. New cementum (NC), new peri-
(NPL) and new alveolar bone (NB) have odontal ligament (NPL) and new alveolar odontal ligament (NPL) and new alveolar
formed coronal to the notch (N). A: artifact, bone (NB) have formed coronal to the notch bone (NB) have formed coronal to the notch
D: dentin. Oxone-aldehyde-fuchsin-Halmi (N). A: artifact. Oxone-aldehyde-fuchsin- (N). The arrow indicates apical extention of
stain. Original magnification ¿50. Halmi stain. Original magnification ¿50. junctional epithelium (LJE). A: artifact.

Oxone-aldehyde-fuchsin-Halmi stain. Orig-
inal magnification ¿50.

Fig. 2. Higher magnification of the regener- Fig. 4. Higher magnification of the regener- Fig. 6. Photomicrograph of the healing in a
ated area shown in Fig. 1 (between the arrow- ated area shown in Fig. 3 (between the arrow- control defect. A long junctional epithelium
heads). Functionally oriented collagen fibers heads). Functionally oriented collagen fibers (LJE) has formed along the debrided dentin
(arrows) are inserting into cellular cementum (arrows) are inserting into predominantly (D). Formation of new cementum (NC), new
(NC). NPL: new periodontal ligament, Ox: acellular cementum (NC). NPL: new peri- periodontal ligament (NPL) and of new bone
oxytalan fibre. Oxone-aldehyde-fuchsin-Hal- odontal ligament, D: dentin, A: artifact. (NB) can be observed only in the apical part
mi stain. Original magnification ¿350. Oxone-aldehyde-fuchsin-Halmi stain. Orig- of the defect. N: notch, A: artifact. Oxone-

inal magnification ¿350. aldehyde-fuchsin-Halmi stain. Original mag-
nification ¿100.

EMD and  GTR resul t  in  Periodontal Regeneration

[Sculean et al. Journal of Clinical Periodontology 2000 ]



[Tu et al. Journal of Clinical Periodontology 2012 ]

broader evidence base with more
studies included in the models. The
only exception is the comparisons
amongst flap operation, EMD, and
EMD with bone grafts. Coherence
tests showed statistically significant
differences between direct and indi-
rect evidence for the comparisons of
these three treatments, and this gave
rise to larger differences in the
results between the network meta-
analysis and standard meta-analysis
for flap operation versus EMD with
bone grafts in Figs 2 and 4. Whilst
16 studies directly compared EMD
to flap operation and seven directly
compared EMD to EMD with bone
grafts for PPD reduction and CAL
gain, only two studies directly com-
pared EMD with bone grafts to flap
operation (Bokan et al. 2006, Cortel-
lini & Tonetti 2011). In those two
studies, very small differences
between EMD in conjunction with
bone grafts and flap operation were
found, because flap operation

achieved much better results than it
did in other studies. Bayesian net-
work meta-analysis incorporated
both direct and indirect evidence
within the whole network and there-
fore may provide a more robust
comparison, i.e. a more likely out-
come in an average study.

Actually, distinguishing direct
and indirect evidence is not straight-
forward, because direct evidence for
one comparison is indirect evidence
for another comparison. For
instance, for three treatments A, B
and C, direct evidence for A–B com-
parison or for B–C comparison is
indirect evidence for A–C compari-
son. If all the direct evidence is reli-
able, there is no reason that indirect
evidence would be less reliable (Ades
et al. 2006, Sutton et al. 2008,
Madan et al. 2011). The real issue is
that all evidence is subject to bias,
and this is why the consistency in
evidence needs to be investigated in
the network meta-analysis.

In addition to the estimation of
differences in treatment effects,
Bayesian network meta-analysis also
provides other useful information
for decision-making (Salanti et al.
2011), as it is a simulation-based
method: random samples are taken
from the joint posterior distribution
of parameters and then pooled
together to calculate the distribution
of each parameter, such as mean,
median and credible intervals
(Ntzoufras 2009). Consequently, for
each treatment outcome, the rank of
every treatment included in the com-
parisons can be obtained in each
simulation, and then the percentages
of being ranked the best (i.e. having
the largest treatment effect), the sec-
ond best etc. can be calculated for
every treatment. Even if the differ-
ences amongst treatments may be
small and/or the related credible
intervals are large, clinical decisions
can still be made regarding the
choice of treatments. For example,
Fig. 5 showed that GTR with bone
grafts had the largest percentage of
being ranked the best for CAL gain
and GTR being the second, whilst
flap operation was most likely to be
ranked the seventh or the last. This
information will become even more
relevant, when a cost-effectiveness
economic analysis is conducted (Listl
et al. 2010).

In meta-analysis, exploring and
explaining heterogeneity are useful
for interpretation of results. In tradi-
tional pair-wise meta-analysis, sev-
eral tools, such as the funnel plot
and meta-regression, may be used to
explore the potential bias and to
explain the heterogeneity. For com-
parisons of multiple treatments, the
funnel plot becomes less useful, as
most direct comparisons have only
few studies, and some direct compar-
isons have never been undertaken. It
is possible to conduct meta-regres-
sion within the network meta-analy-
sis, but the inclusion of covariates
increases the model complexity con-
siderably. For instance, eight treat-
ments were compared within this
study, and flap operation was treated
as the reference group. Suppose we
would like to test the impact of
study design (split-mouth versus par-
allel group) on the treatment out-
comes, we need to create seven new
dummy variables to test the fixed
effect of study design on the difference

Fig. 3. Forest plot of the Bayesian network meta-analysis (black lines) and the stan-
dard pair-wise meta-analysis (red lines) for CAL gain.

© 2012 John Wiley & Sons A/S
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…the existing evidence does not support the choice of a single approach 

among the different regenerative possibilities…



Operationsstelle

(surgical  s i te preparat ion)

Lappenpräparat ion

[Wikesjö et al. Journal of Clinical Periodontology 1998 ]



opt imierte  Lappen-Präparation 

[Susin et al. Periodontology 2000, 2015 ]

minimieren:

optimieren:

Gewebetrauma

Gewebeverlust

Revaskularisierung



Modified minimally invasive surgical technique  

Microsurgical access flap                           

Modified papilla preservation flap             

Simplified papilla preservation flap            

Minimally invasive surgical technique       

Entire Papilla Preservation Technique        

Single-flap approach                        

Double split flap                                         

Cortel l in i  et  a l .  1994

Cortel l in i  et  a l .  1994

Wachtel  et  a l .  2003

Cortel l in i  & Tonett i  2007

Cortel l in i  & Tonett i  2007

Trombel l i  et  a l .  2009

Thalmair  et  a l .  2009

Aslan et a l .  2017

Lappenpräparation
„papi l la preservat ion f laps“



[Cortellini & Tonetti, Journal of Clinical Periodontology  2007]

Lappenpräparation
„papi l la preservat ion f laps“

intrasulkuläre Schnittführung

Präparation voller Lappen

Papillenbereich



[Cortellini & Tonetti, Journal of Clinical Periodontology  2007]

Lappenpräparation
„papi l la preservat ion f laps“

gewebeschonend

gewebeerhaltend



Stabil i tät  der Wunde

(wound stabi l i ty)

[Wikesjö et al. Journal of Clinical Periodontology 1998 ]



Wund -  Stabi l i tät

Stabi l i tät  des Mukoper iost -Lappen

Stabi l i tät  des B lut -Koagulum

Vermeiden von  mechanischen Reizen

Vermeiden von  Zug -/Reißkraft  auf  Wunde



primärer Wundverschluß 

[Burkhardt et al. Periodontology 2000 2015 ]

Einfluß der Naht-Technik auf die Wundheilung

Schutz des operierten Bereich

Stabilität der Wundränder



Biologische Grundlagen der regenerativen 
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Fig. 2. Infrabony defects. A. One-wall
intrabony defect. B. Two-wall intra-
bony defect. C. Three-wall intrabony
defect. D. Interproximal crater.

the furcation area. The classification of Hamp et al.
has been simplified by giving critical numerical
values to the horizontal component of the attach-
ment loss (Fig. 3): less than 3 mm in a class I fur-
cation; 3 mm or more but not through and through
in a class II furcation, while the class III definition
was left unchanged (8).

More recently a vertical component to the diag-
nosis of furcation involvement was also introduced:
for each class of horizontal classification (I–III), a
subclass based on the vertical bone resorption from
the furcation fornix was added (Fig. 4). Subclass A
denotes furcation involvements with vertical bone

10

loss of 3 mm or less, subclass B 4 to 6 mm, while
subclass C presents with bone loss from the fornix
of 7 mm or more (48). The morphology of interrad-
icular osseous defects is further complicated by the
fact that suprabony defects and/or infrabony defects
of various morphology may also be associated with
furcation involvements.

Furcation invasion is assessed by clinical means;
by ‘‘horizontal’’ probing of the furcation site with
specifically designed furcation probes. Radiographic
assessments are valuable aids, but cannot replace
the clinical examination, if a correct diagnosis is to
be obtained.
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Clinical periodontal regeneration

The data discussed above indicate that clinical
improvements beyond those of flap surgery can be
obtained by treating intrabony defects with regenera-
tive therapies, but they also suggest a great variability
in clinical outcomes among the different studies. In
fact, regeneration is an advanced healing event that
occurs when the systemic and local conditions are
favorable and when therapy is properly applied. A sig-
nificant ‘center effect’ was consistently observed in
five randomized multicenter studies (28, 110, 134–
136). The center variability, defined as the difference
in clinical attachment level between the best and the
worst centers, had a highly significant impact upon
the outcomes, which was greater than the impact of
the tested regenerative materials (Table 1).

The observed variability among centers may be a
result of differences in the enrolled patients in terms
of socio-economic background, form of periodontal
disease, response to therapy, persistence of specific
pathogens, differences in clinical experience, surgical
skills and clinical organization of the clinicians. In
addition, a series of prognostic factors associated with
the clinical outcomes have been identified using
multivariate approaches. The main sources of clinical
variability are the patient, the defect and surgery-
associated factors (26).

Patient and defect prognostic
factors

Evidence suggests that the level of control of peri-
odontitis is associated with clinical outcomes – the
persistence of poor plaque control, high levels of
bleeding on probing in the dentition (18, 19, 77, 82,
123, 131–133), as well as the persistence of high total
bacterial loads or of specific microbial pathogens (or

complexes of pathogens) – have all been associated,
in a dose-dependent manner, with poor clinical out-
comes (42, 62). The level of self-performed plaque
control has a large ‘dose-dependent’ effect on the
outcome of periodontal regeneration. Better clinical
attachment level gains were observed in patients with
optimal levels of plaque control than in patients with
less ideal oral hygiene (18, 19, 131, 132).

A retrospective study showed that cigarette smok-
ers displayed significantly impaired regenerative out-
comes compared with nonsmokers (132). Cigarette
smoking was associated with reduced gains in attach-
ment level. The attachment gain in subjects smoking
more than 10 cigarettes per day was 2.1 ! 1.2 mm
compared with 5.2 ! 1.9 mm in nonsmokers. There-
after, a series of investigations have confirmed that
cigarette smoking displays a dose-dependent detri-
mental effect on clinical attachment level gains (19,
28, 42, 45, 127, 134, 140).

Defect morphology plays a major role in healing
following periodontal-regenerative treatment of in-
trabony defects. This was demonstrated in studies
showing that the depth of the intrabony component
of the defect influenced the amount of clinical attach-
ment and bone gained at 1 year: the deeper the
defect, the greater was the amount of clinical
improvement (42, 46, 123, 131, 133). However, in a
multicenter controlled study, it was demonstrated that
deep and shallow defects have the ‘same potential’ for
regeneration (23). In other words, following the treat-
ment of deep defects we would expect to achieve
linear amounts of attachment gain that are larger
than those obtained following the treatment of shal-
low defects, but both deep and shallow defects can
express a regenerative potential up to the complete
resolution of the intrabony component of the defect.

Another important morphological characteristic of
the defect is the width of the intrabony component,
measured as the angle that the bony wall of the defect

Table 1. Outcomes of regression analyses in studies performed to explain variability in terms of clinical attachment
gain at 1 year

References No. of
patients

Treatment Treatment
effect

Center
effect

Tonetti et al. (134) 143 Bioresorbable barriers vs. flap 0.6 mm 2.4 mm

Cortellini et al. (28) 113 Bioresorbable barriers vs. flap 1.0 mm 2.1 mm

Tonetti et al. (135) 166 Amelogenins vs. flap 0.5 mm 2.6 mm

Sanz et al. (110) 67 Amelogenins vs. bioresorbable barriers 0.8 2.6

Tonetti et al. (136) 120 Bioresorbable barriers + filler vs. flap 0.8 2.8

Treatment effect = added clinical benefit on top of control treatment; Center effect = clinical outcomes of the best center vs. the worst center.

Clinical concepts for regenerative therapy in intrabony defects
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[Cortellini et al. Periodontology 2000, 2015 ]
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