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One statement holds true for all meta-analyses of regenerative periodontal therapy: the results show
a marked heterogeneity, i.e. the results of regenerative therapy vary widely. What is the reason for
this? Is it left to chance whether flap surgery with regenerative procedures, such as guided tissue regeneration (GTR) or enamel matrix proteins (EMP), results in improved attachment gain or osseous
filling? Or are there factors that influence therapeutic success? One thing is clear: before planning
regenerative procedures, anti-infectious therapy should be completed. Patients should practice proper personal oral hygiene and, other than the defects that are to be regenerated, residual pockets
should be absent. Other factors influencing the success of regenerative therapy in bony pockets and
class II furcation defects are smoking, defect depth and breadth, availability of soft tissue for flap formation, position of the furcation fornix in relation to approximal bone, and tooth mobility.

 Introduction
Regenerative periodontal therapy yields better
clinical and radiological results in bony pockets and
class II furcation defects than access flap surgery.
When comparing the results of different clinical
studies in the course of meta-analyses, however,
there is a high degree of heterogeneity, i.e. there are
marked differences between the results of individual studies1-3.
With respect to regenerative therapy of bony
pockets, results range from 'no difference com-

pared with access flap'4 to 'regenerative therapy
strongly superior'3-6.
How can this heterogeneity be explained? Beyond the therapeutic procedure (access flap/regenerative therapy) there is a wide range of factors for
which we either know or suspect that they influence
periodontal wound healing in a general way (e.g.
age, smoking, concurrent medication, post-operative
care, supportive periodontal therapy, oral hygiene,
defect morphology). However, which are the factors
that influence the short-term and long-term success
of regenerative periodontal therapy?
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Smoking is the most important external risk factor for
periodontitis (see for example7,8), and it is a known
fact that smoking generally has a detrimental effect
on the results of periodontal therapy (see for
example9,10). Many studies provide evidence of the
detrimental effect of smoking on the results of
regenerative therapy11-18.

 Age
The assumption that the regenerative potential of
periodontal tissues decreases with increasing age
seems plausible. However, until recently age could
only be shown to be related to reduced osseous filling after guided tissue regeneration (GTR) of bony
pockets13. Clinical results of class II furcation defects
could not be correlated to the patients’ age19.

 Interleukin-1 polymorphism
Interleukin-1 (IL1) plays an important role in the inflammation reaction of periodontal tissues. One interleukin-1 polymorphism complex was associated
with increased risk of periodontitis20. De Sanctis and
Zucchelli21 could find no difference in attachment
gains between patients with and without IL-1 polymorphism one year after regenerative therapy of
bony pockets. Four years after therapy, however, the
attachment gains in IL-1 positive patients proved less
stable21. To date, other studies have not confirmed

Table 1 Patient characteristics that influence
the results of regenerative therapy
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 Persistent infection
It can be demonstrated that poor oral hygiene and
persistent infection with Aggregatibacter (Actinobacillus) actinomycetemcomitans has a detrimental effect
on healing of class II furcation defects. Patients who
continued to have generalised, persistent, pathologically deepened pockets showed inferior results after
GTR of infra-alveolar defects than those who after
anti-infectious therapy had no pockets ≥ 5 mm24. Persistent pockets are filled with periodontal pathogens,
which in turn can populate the regenerative site and
thereby destroy the prospects of regeneration. Therefore anti-infectious therapy should be completed before considering regenerative measures.

 Defect morphology
 Bony pockets (Table 2)
There are indications that two- and three-walled
bony pockets respond better to regenerative therapy than single-wall defects13. On the other hand,
several studies have demonstrated that the extent of
vertical attachment gain25,26 or osseous filling14,16,25
correlates with the total corono-apical extent of the
bony pockets, including the single-wall component.
In other words, the deeper the bony pocket, the
greater attachment gains and the better osseous filling may be expected (Figs 1 and 2a). Infra-alveolar

Positively

Negatively

Effective personal oral hygiene

Smoking
Persistent infection with Aggregatibacter (Actinobacillus)
actinomycetemcomitans
(Interleukin-1 polymorphism)

Table 2 Defect characteristics that influence
the results of regenerative therapy in bony
pockets

Positively

Negatively

Deep bony pockets (> 3 mm)

Shallow bony pockets (≤ 3 mm)

Narrow radiological defect angle

Wide radiological defect angle

High values of probing depth before surgery

Increased tooth mobility
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Figs 1a to 1c Bone
pocket distal of the
teeth 24.

Fig 1a Clinical measurement: probing
depth 8 mm; vertical attachment loss
10 mm; wide interdental papilla; no
furcation involvement.

Fig 1b Intraoral X-ray indicating the
presence of a primarily single-wall
defect with a lateral wall toward the
neighbouring second premolar; wide
defect angle.

Fig 1c Intra-operative view: infraalveolar component 5 mm; two- and
three-wall component 2 to 3 mm.

25,4°
5,39 mm ref.

9,10 mm ref.

9,10 mm ref.

Fig 2a Deep infra-alveolar component
(> 4 mm).

defects of less than 3 to 4 mm depth tend to lose
rather than gain bone substance when subjected to
regenerative measures14,16.
Another aspect of infra-alveolar defects is the defect angle. Narrow defects allow for better gains of
attachment25,27 and bone substance14,16,25 than wide
defects (Fig 2b). Varying threshold values were used
to define narrow defects in different studies: Klein et
al14, < 26°; Eickholz et al16, < 37°; Tsitoura et al27,
≤ 2°. The shallower and the wider a bony pocket is,
the more it resembles horizontal bone resorption,
which cannot be influenced by regenerative therapy.
It appears, however, that the defect angle is a function of defect depth, as defect width is limited by the
width of the interdental space and the action radius
of the bacterial plaque28.
When applying regenerative techniques, the aim
is always to cover perfectly the defect with the GTR

Fig 2b Narrow defect (< 27°).

barrier or the enamel matrix protein (EMP). In some
cases, barriers create space coronal of the osseous
walls5. In such cases, the flap must be shifted in a
coronal direction in order to achieve complete
wound closure. In those cases in which advanced attachment losses are combined with deep pockets,
there is sufficient soft tissue available for coronal
shifting at the respective site. Deeper pockets at sites
with infra-alveolar defects therefore correlate with
better attachment gains16,29-31.
The fact that a tooth has been subjected to root
canal treatment does not worsen conditions for applying regenerative procedures29. Increased preoperative mobility of a tooth does, however, have a
detrimental effect on the results of regenerative therapy12. In situations with increased tooth mobility,
neither the blood clot that forms in the defect nor the
barrier can be sufficiently stabilised. In these cases,

PERIO 2007;4(4):251–260

Figs 2a and 2b
Radiological defect
characteristics for
guided tissue regeneration therapy in bony
pockets: tooth 14.
Favourable conditions
for regenerative therapy.
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While GTR therapy in class II furcation defects32 of
maxillary and mandibular molars allows for better
horizontal defect filling (i.e. horizontal attachment
and/or bone substance gain) than access flap surgery2,3, this advantage of regenerative versus standard therapy cannot be observed in class II defects
with furcation involvement in premolars33. No differences can be observed between results achieved after GTR therapy of first and second mandibular molars15,19. The degree of furcation involvement is an
important factor influencing the main objectives of
regenerative furcation therapy, namely attachment
and/or bone substance gain. On the one hand, shallow furcation defects (class I) have an equally good
prognosis as molars without furcation involvement34
and hence do not profit from regenerative therapy.
On the other hand, reliable closure of open furcations (class III) has not yet been successfully
achieved2,13,35. It follows that only class II furcation
defects are a suitable indication for regenerative therapy.
Apart from the degree of furcation involvement,
furcation location is another factor influencing the
therapy result: class II furcation defects in mandibular molars and buccal furcations in maxillary molars
respond better to GTR therapy than approximal furcation defects2,35.
As with bony pockets, high pre-operative probing depth values in the area of the furcation defect
have a beneficial influence on the results of regenerative therapy19,36. Deep pockets signal a smaller de-

Table 3 Defect characteristics that influence
the results of regenerative therapy in class II
furcation defects

sstoe nz
tical attachment loss and thus sufficient soft tissue
achieve complete covering of the defect or the barrier or EMP. Other authors have, however, reported
a significant negative correlation between pre-operative probing depths and the number of complete
closures of furcation defects achieved15. These discrepancies may possibly be explained in terms of differences in defect morphology. Deep pockets with or
without osseous wall may be present in the apical region of the furcation defect. The larger the osseous
furcation aperture, the worse the clinical results expected15,36. Wide furcations respond less well to regenerative therapy than narrow furcations15,36. The
wider the furcation aperture, the more difficult it is
to close the defect (Fig 3a). Complete filling of the
defect is also less likely in deep class II furcation defects (≥ 5 mm)15. A long root trunk is another factor
that negatively influences therapy results when furcations are involved: with long root trunks, an advanced stage of bone resorption is necessary to cause
furcations to be affected at all. A molar tooth that
presents such conditions is generally badly damaged
in its periodontium and does not respond well to regenerative therapy (Fig 3b). If the furcation fornix is
situated apical of the approximal bone level ('keyhole
defect'), more horizontal attachment gain is to be expected than in cases where the furcation fornix is situated coronal of the approximal alveolar crest. On
condition that there is bone substance on both sides
of the tooth coronal of the furcation fornix, covering
and stabilising of the GTR membrane can be
achieved using a coronally positioned flap. Furthermore, the surface of the periodontal space from
which the cells that are to infiltrate the blood clot inside the defect emerge is larger under such conditions than in cases where the fornix is situated coronal of the alveolar crest (Fig 3c)15,36.

Positively

Negatively

Furcation fornix situated apical of approximal bone level

Long root trunk

Buccal and lingual position

Interproximal position

High values of probing depth before surgery

Deep class II furcation defect (≥ 5 mm)
Wide furcation aperture
High furcation aperture

PERIO 2007;4(4):251–260
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there is a high risk of the connection between the
blood clot and the root surface rupturing, which
leads to apical growth of the epithelium towards the
bottom of the defect cavity.
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Fig 3a to c
Radiological defect
characteristics for
guided tissue regeneration therapy in class II
furcation defects: tooth
46 (Horwitz et al36).

ECB-line

ECB
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Fx-ECB-line

Fx-AC-line

AC
ECB-line-AC

Fig 3a ECB, enamel–cementum border (restoration border); AC, alveolar
crest; Fx, furcation fornix; FW, furcation width.

Fig 3b ECB line, line connecting
mesial and distal enamel–cementum
border (ECB); distance to Fx-ECB line,
length of root trunk. ECB-line-AC, distance from ECB line to alveolar crest
(AC).

 Surgical procedure and
post-operative complications
(Table 4)
 The influence of the surgeon
In some, but not in all multi-centre studies, a distinct
centre effect could be observed even when taking
into account patient and defect characteristics27,29-31.
This may be interpreted in terms of the influence of
the surgeon on short-term results of regenerative
therapy.

 Membrane material
There are a large variety of materials for regenerative
therapy available on the market. With non-resorbent
membranes, the most experience and most extensive

Fig 3c AC-Line, line connecting
mesial and distal alveolar crest (AC);
distance to Fx-AC line, fornix situated
coronal of approximal AC (unfavourable condition for application of
GTR).

data compiled has been for expanded polytetrafluoroethylene (ePTFE). Apart from this, there are a large
variety of biological and synthetic biodegradable barrier materials that make it possible to do without the
second surgical intervention necessary to remove
non-resorbent membranes37. Finally, there are also
EMP that enable periodontal regeneration38. In most
studies, no difference was found with respect to the
clinical and radiological results after application of
non-resorbent and biodegradable membranes respectively39-43. Biodegradable barriers for bony pockets and class II furcation defects generally work just
as well as non-resorbent ePTFE membranes3. Regenerative therapy using EMP also yields better results
in bony pockets than standard flap surgery38. When
comparing clinical results after regenerative therapy
with membranes and EMP respectively, no significant
or clinically relevant differences can be found for

Positively

Negatively

Complete membrane coverage of the defect

Wound dehiscence, membrane/defect exposure

Regular supportive periodontal therapy (SPT) carried out
by a specialised dentist or periodontologist
Skilled surgeon

PERIO 2007;4(4):251–260

Table 4 Therapeutic
procedures and postoperative complications
that influence the
results of regenerative
therapy

 256

Eickholz Periodontal regeneration

Qu

nt

i

infra-alveolar defects38. Only one paper on class II
furcation defects has been presented to date, which
came to similar conclusions with respect to EMP and
membranes44. The frequency of post-operative complications (e.g. wound dehiscence) is lower after application of EMP, however38,45.
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 Post- and peri-operative medication
In most clinical studies on regenerative therapy, postor peri-operative antibiotic regimes are used, e.g.
250 mg tetracyclin four times daily for one week5,46,
1.5 g amoxicillin once daily for one week26, 200 mg
doxycyclin once daily for one week12,29-31, 1 g amoxicillin with clavulan acid once daily for 8 days21, a single dose of 3 g amoxicillin 30 to 60 minutes before
surgery47. However, few studies have investigated
the effect of antibiotics that were administered in addition to regenerative therapy: ornidazol for 10 days
starting two weeks after surgery48. Some studies did
not yield better clinical results after GTR with antibiotics than after GTR without antibiotics: propicillin49;
metronidazole and ciprofloxacin50; vibramycin,
amoxicillin or metronidazole51; amoxicillin and
metronidazole52. It appears that additional administration of antibiotics does not improve regenerative
therapy results.
Use of antiphlogistic agents (e.g. cyclo-oxygenase-2 inhibitors) does not improve regenerative
therapy results either53.

 Wound dehiscence and membrane
exposure
Post-operative wound dehiscence and membrane
exposure is often reported after GTR therapy, especially of approximal bony pockets (Fig 4)47. Interproximal tissue maintenance (ITM)54, a flap
technique designed to conserve approximal tissue,
as well as the modified (Fig 5)46,55 and the simplified papilla preservation flap56 were developed in
order to achieve complete wound closure57. Primary wound closure could be achieved in 14 out
of 15 cases (93%) after application of the modified papilla preservation flap technique for GTR
therapy using titanium-reinforced ePTFE membranes. Two membrane exposures occurred 3
weeks after surgery and one more 4 weeks after

PERIO 2007;4(4):251–260
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Fig 4 Flap dehiscence and exposure of an ePTFE membrane 4 weeks after treatment of an infra-alveolar defect
distal of the tooth with GTR therapy23.

surgery. When the membranes were removed (6
weeks after surgery), 11 defects were still completely covered (73%). However, a sufficiently
wide interdental papilla is required for successfully applying this technique46. It reaches its limits in
narrow interdental spaces and with molars. This is
why another modification of the papilla preservation technique was developed: the simplified
papilla preservation flap technique. After using
the simplified papilla preservation flap for GTR
therapy with biodegradable membranes, primary
wound closure was achieved in all 18 defects
(100%). Three membrane exposures occurred 1
week after surgery and three more 2 weeks after
surgery. Six weeks after surgery, 12 defects were
still completely covered (66.6%)56.
Some authors have noted poorer attachment
gains with membrane exposure one year after
GTR therapy using ePTFE barriers21, while others
could not report such findings after application of
non-resorbent and biodegradable membranes respectively16. The fact that deep pockets before
surgery, i.e. sufficient availability of soft tissue for
defect coverage, enhances the chance of achieving better results after regenerative therapy of
bony pockets as well as of class II furcation defects, indicates that, at least initially, complete
wound closure is a prerequisite for optimal results.
A meta-analysis concerning the effect of membrane exposure on wound healing included five
studies on class II furcation defects (101 defects)
and five studies on bony pockets (309 defects).
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Figs 5a to 5h
Modified papilla preservation flap mesial of
tooth 13.
Fig 5a Situation prior
to surgical intervention:
probing depth 8 mm;
attachment loss 7 mm;
interdental papilla ≥ 2
mm.
a

Fig 5b Pre-operative
X-ray: mesial bony
pocket.

b

Fig 5c Circular intracrevicular incision in
the vicinity of teeth 13
and 12; semilunar interdental vestibular incision.

c

Fig 5d After mobilising mucoperiostal flap:
mainly three-walled
bony pocket with infraalveolar component
> 4 mm.

d

Fig 5e Vertical mattress sutures and single
button sutures
(monofile propylene
threads 4/0 and 6/0
respectively).
Fig 5f One week after
surgery.
Fig 5g Two weeks
after surgery.

e

f

g

h

Fig 5h Six months
after surgery.
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It has often been demonstrated and is widely accepted that the results of periodontal therapy can only be
kept stable if the patients take part in supportive periodontal therapy (SPT) on a regular basis59,60. SPT is
also of great significance for the stability of regenerated periodontal tissues11. There are indications that
this maintenance therapy after periodontal regeneration should be carried out by a specialist or specialised dentist rather than under the conditions of a
general dental practice. Failure to carry out SPT is, together with smoking, a strong risk factor for loss of
attachment and tooth loss after regenerative therapy17. It is therefore justified to say that SPT is not
everything, but without SPT everything that has
been achieved is reduced to nothing.

 Conclusions
After 20 years of clinical research in the subject area
of regenerative periodontal therapy, a number of
prognostic factors have been identified and confirmed. Although we probably do not (as yet) know
all factors that influence periodontal therapy in general and regenerative therapy in particular, the
knowledge available at present does enable the dental clinician to select the therapeutic procedure with
the best chance of improving the periodontal situation of badly damaged teeth. In other words, the
dentist has a variety of valid criteria at his disposal in
order to select patients and defects for successful regeneration. When all criteria, including the surgeon’s skill in performing regenerative measures,
are optimal, the best results after regenerative therapy can be expected. If most of the determining factors for regenerative therapy are favourable (e.g.
deep bony pockets, no increased tooth mobility, no
persistent infection), a single less favourable factor
(e.g. occasional smoking) can be tolerated, and
good results can still be achieved with regenerative
therapy. Whether or not to carry out regenerative

PERIO 2007;4(4):251–260
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Poorer horizontal and vertical attachment gains
respectively were confirmed for both types of defect upon membrane exposure58.
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multi-factorial decision that should take into consideration the cost of the intervention in relation to the
expected benefit. When, on the basis of many
prognostic factors, less favourable results after
regenerative therapy are to be expected, other
therapy options (e.g. resective therapy) should be
considered.
Regenerative periodontal therapy has broadened the range of periodontal treatment options.
It is, nevertheless, certainly no magic wand to
miraculously solve all periodontal problems without effort.
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