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Periodontal regeneration: is it still a 
goal in clinical periodontology?

Abstract: In the last decades, Periodontal Regeneration has been one 
of the most discussed topics in Periodontics, attracting the attention 
of researchers and clinicians. This can be justified by the evident and 
continuous progress observed in the field, characterized by a better 
understanding of the biological mechanisms involved, significant 
improvement of operative and technical principles, and the emergence 
of a wide range of biomaterials available for this purpose. Together, 
these aspects put the theme much in evidence in the search for 
functional and esthetic therapeutic solutions for periodontal tissue 
destruction. Despite the evident evolution, periodontal regeneration 
may be challenging and require the clinician to carefully evaluate each 
case before making a therapeutic decision. With a critical reassessment 
of the clinical and preclinical literature, the present study aimed to 
discuss the topic to answer whether Periodontal Regeneration is still 
a goal in clinical periodontology. The main aspects involved in the 
probability of success or failure of regenerative approaches were 
considered. A greater focus was given to intrabony and furcation 
defects, clinical conditions with greater therapeutic predictability. 
Aspects such as more appropriate materials/approaches, long-term 
benefits and their justification for a higher initial cost were discussed 
for each condition. In general, deep intrabony defects associated with 
residual pockets and buccal/lingual class II furcation lesions have 
predictable and clinically relevant results. Careful selection of the case 
(based on patient and defect characteristics) and excellent maintenance 
are essential conditions to ensure initial and long-term success.

Keywords: Periodontics; Periodontal Diseases; Bone and Bones; 
Regeneration; Furcation Defects.

Introduction

The present special issue of Brazilian Oral Research addresses important 
topics that Periodontology has been dealing with for a long time. The idea 
here is not only to compile studies and findings but rather to reassess 
preclinical and clinical data, interpreting results in a meaningful way for 
daily clinical practice. In this regard, the question of whether periodontal 
regeneration is still a goal in clinical periodontology emerges as an 
opportunity to rethinking our beliefs and practices based on a more 
comprehensive and mature appraisal of the evidence.
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Attempts to regenerate periodontal tissues go 
back to the nineteenth century.1 However, it was only 
from seminal works from professors Tony Melcher 
in the US and Stüre Nyman & Thorkild Karring 
in Scandinavia, in the late 70’s and early 80’s, that 
the modern periodontal regeneration concept was 
established. Thenceforth, a quest for the “Holy Grail”, 
the material and/or technique that would re-establish 
lost structures, was carried out, with remarkable 
learned lessons and several misunderstandings 
along the way.2

According to the classical definition, periodontal 
regeneration is a histological concept where all 
tooth-supporting tissues (i.e., cementum, periodontal 
ligament, and alveolar bone) are reconstructed similarly 
to the originally lost tissues. This definition has two 
relevant implications that should be highlighted to 
put facts into perspective. First, histological proof of 
periodontal regeneration in humans is relatively scarce 
due to obvious ethical reasons, so most of the gathered 
knowledge is based on preclinical studies. Although 
one may interpret this as a weakness of the evidence, 
it is actually the other way around: a careful analysis 
based on solid and reliable preclinical models allows 
us to separate biological facts from clinical illusions. 
Second, in some situations, the fulfillment of the 
classical definition is not achievable or even necessary, 
since satisfactory outcomes may be achieved with 
these “regenerative procedures” for both clinicians 
and patients alike. From the patient’s perspective, 
changes in perceivable outcomes, including tooth 
loss, tooth mobility, or oral health-related quality 
of life, may be more relevant than other surrogate 
outcomes, like periodontal probing depth or the 
histological constitution of the tissues.

Therefore, during this text, we will adopt a broader 
“clinical” definition of periodontal regeneration. This 
definition includes not only the classical histological 
concept but also considers the use of different grafts, 
biomaterials, biological agents, or combinations of 
them in the defects. For instance, although bone 
substitute grafts often result in a less vascularized 
structure resembling a scar tissue (biomaterial 
particles involved in a dense fibrovascular matrix), 
which clearly does not fulfill the classical definition, 
this may impact the abovementioned harder outcomes 

that are relevant to patients. The basic concepts that 
guide wound healing and ultimately define clinical 
choices will be presented and discussed. The following 
additional points will be addressed:
a.	 What is the clinical importance of treating 

periodontal defects (more specifically, 
intrabony and furcation defects) with 
regenerative procedures?

b.	 What can we achieve with the current 
regenerative materials/approaches?

c.	 Is it possible to maintain the benefit in the 
long term?

d.	 Does this benefit justify the greater initial costs?
Finally, there will be a debate on what is clinically 

relevant (mainly from the patient’s perspective) and what 
is predictably achievable to answer the title question.

Basic concepts of wound healing

The basic requirements for proper oral wound 
healing are the same that are necessary for wound 
healing in other body tissues: the wound needs to be 
clean and stable (allowing clot formation/adherence), 
and the wound edges have to be closed together 
without tension, which is also known as primary 
intention healing. Another aspect is crucial for the 
success of periodontal regenerative procedures: a 
space providing structure that allows new tissue 
formation to occupy the lost tissues is necessary.3 
Although these three aspects are well known and 
frequently targeted, they are often not achieved due 
to many factors (local and systemic) hampering the 
ideal regeneration scenario. Knowing these limiting 
factors that hinder healing/regeneration is the key 
to success.

Flap management
From a historical perspective, periodontal surgical 

procedures have aimed to clean the tooth surface 
by removing granulation tissue and exposing the 
underlying regenerative resources. They often 
comprised invasive approaches, including resective 
techniques and tissue excision. These techniques 
may damage blood supply, which results in fewer 
progenitor cells in the surgical site and delays and 
compromises healing. Analysis of blood flow changes 
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after surgical procedures by laser Doppler flowmetry 
revealed that baseline perfusion levels were only 
observed 15 days later.4 Comparison of standard 
methods and less invasive techniques, including 
Widman flap versus papilla preservation techniques5 
or microsurgery procedures versus macro surgery,6 
demonstrated that minimally invasive approaches 
result in reduced trauma, faster healing, and better 
clinical outcomes.

Space provision
Based on Tony Melcher’s findings about the 

regenerative potential of different periodontal cell 
types,7 the conviction that a barrier device was 
necessary to mechanically restrict the “wrong” 
cells (i.e., epithelial and gingival connective cells, 
which have a faster turnover rate) and favor PDL 
cells, cementoblasts, and osteoblasts was absorbed 
unequivocally. The concept of Guided Tissue 
Regeneration (GTR) arose based on this premise, and 
the development of membranes/barriers and scaffolds 
was embraced by the industry. However, preclinical 
studies comparing occlusive and macroporous 
membranes demonstrate clinically relevant results 
for both therapies.8,9 It seems that as crucial as 
physically delaying the migration of epithelial cells 
is guaranteeing space provision and wound stability, 
mainly in non-contained defects. Indeed, a linear 
relationship between the space provided by barriers 
and the amount of regenerated tissue has been 
observed.10,11 Also, limited regeneration was observed 
when these devices got exposed.12 Therefore, not only 
providing but maintaining this space undisturbed 
is essential for good clinical results.

Wound stability
As soon as the flap margins are closed together, 

a delicate fibrin clot matrix is formed, allowing 
initial cell migration. However, mechanical forces 
from chewing and speech muscles constantly defy 
the stability of this clot matrix, thus jeopardizing 
periodontal regeneration. Wikesjö and coworkers 
evaluated this principle’s impact by compromising 
clot adhesion using heparin solutions over the root 
surface. Indeed, they observed that root treated in 
this manner displayed formation of a long junctional 

epithelium, whereas control sites exhibited more 
connective tissue and cement formation.13,14

Primary intention healing
As seen above, maintaining the structural strength 

of the wound is mandatory to provide space for tissue 
regeneration and allow clot stability. To complete the 
basic requirements necessary to achieve successful 
periodontal regeneration, the primary intention healing 
is required. Therefore, delicate surgical handling 
aiming at passive flap adaptation should be planned 
and executed in a way that avoids compromising 
the vascular support of the wound. It is important 
to highlight that during the initial events of healing, 
the structural integrity of the wound depends mostly 
on sutures. The tensile strength of the gingival flap, a 
measure of resistance, remains low a week after the 
surgery, and only after 14 days does it reach values 
that are compatible with wound-rupturing resisting 
levels.15 Bacterial contamination and degradation 
of suture material and the size of the inflammatory 
infiltrate beneath the incision lines also play a role in 
the wound’s stability. As a practical implication, the 
choice of the suture material (favoring materials that 
produce less inflammation), the type and number 
of sutures (including suture techniques that cover 
more extensive amounts of tissue and provide flap 
stabilization), and suture removal time (avoiding less 
than ten days) should be considered.3

Taken together, these aspects make up the optimal 
conditions to achieve periodontal regeneration and 
reveal some of the factors that threaten the success of the 
therapy, including vascular damage, mechanical stress 
through the flap generating wound instability, infections, 
and systemic factors limiting immune response. A 
comprehensive analysis of the clinical scenario will help 
answer the title question, pointing to situations where 
periodontal regeneration is both clinically relevant and 
predictable. Following, we will address the two main 
clinical circumstances where regenerative therapy has 
been used: intrabony and furcation defects.

Intrabony defects

Infrabony defects show the base of the pocket 
positioned apically to the level of the alveolar crest and 
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could be typified as intrabony (i.e., located in primarily 
one tooth) and craters (i.e., involving two adjacent 
root surfaces with a similar amount of bone loss on 
the two adjacent teeth).16 The number of remaining 
bony walls is used to classify intrabony defects as 
three-, two-, or one-wall defects.16,17,18 However, it 
is common to observe three-wall defects apically 
while the bone has been destroyed in the superficial 
portion, leaving a two- or one-wall component 
(combination defects).16,17 Their reported frequency 
varies significantly (8% to 51%).16,18-25

What is the clinical importance 
of treating intrabony defects with 
regenerative procedures?

It is generally accepted that residual periodontal 
pockets around a tooth (≥ 5 mm and bleeding on 
probing) represent a risk factor for tooth loss.26,27 A 
high frequency of tooth loss among teeth associated 
with angular bony defects has been observed.22,26,27 
Sites with uneven bone architecture are thought to 
be more frequently associated with the persistence 
of periodontal pockets. Therefore, the importance of 
treating intrabony defects can be related to the need 
to decrease probing depths and eliminate bleeding 
on probing, increasing clinical attachment/bone and 
improving periodontal support and maintenance. 
The overall idea is to change tooth prognosis. In 
addition, this goal should be achieved with no or 
minimal gingival recession after therapy, especially in 
esthetic areas. The importance of periodontal defects 
as a factor that increases complexity in managing 
periodontal clinical cases has been incorporated into 
the proposed classification of periodontitis (matrix 
based on stage and grade) and deserves attention 
from all clinicians.28

What can be achieved with the current 
available materials/approaches in 
intrabony defects?

Improvements beyond those obtained with access 
flap alone when using regenerative approaches to treat 
intrabony defects can be expected.29-34 Histologically, 
in pre-clinical studies, the percentage of periodontal 
regeneration observed ranged from 12% to 75%, with 
the best results for autografts.31,35 Biomaterial-related 

adverse effects have not been reported.31 Therefore, 
flaps with the most tested biomaterials (alone or 
in combination) may promote greater periodontal 
regeneration than flaps without these biomaterials.31 In 
human histological studies, the percentage of defects 
showing periodontal regeneration ranged from 34% 
to 80% after different biomaterials (autografts = 80%, 
allograft = 70%, xenograft = 70%, alloplastic = 34%, 
barriers = 75%, biologics = 45%, and combinations 
=7 5%).35 Therefore, there is evidence that periodontal 
regeneration is achievable to a variable extent in 
humans after different approaches.35. Regarding 
additional clinical benefits, there are many systematic 
reviews focusing on regenerative approaches.30,33,35-59

GTR with non-resorbable and resorbable membranes 
presented similar clinical and radiographic outcomes.60 
However, due to the need of a second surgery and 
complications associated with non-resorbable barriers, 
they seem to be less used nowadays.33 GTR provides 
greater clinical attachment level (CAL) gain and more 
probing pocket depth (PPD) reduction than open flap 
debridement (OFD) for intrabony defects.33,47,48,55,60 
The combination with bone substitutes is based 
on the occasional need to support the membrane. 
Combination therapies provided slightly greater 
clinical attachment level gain than enamel matrix 
derivative (EMD) or membranes alone.61 Furthermore, 
GTR with bone graft (BG) provided the greatest defect 
fill.61 Bone grafts/substitutes may positively influence 
bone levels, increase the attachment level and reduce 
probing depths when compared to OFD.53.

The use of EMD for periodontal regeneration 
is based on the strategy of mimicking specific 
events occurring in the development of periodontal 
supporting tissues. An additional benefit (CAL gains 
and PPD reductions) was reported for an EMD-treated 
group when papilla preservation flaps with and 
without EMD were compared.62. However, another 
study concluded that EMD did not provide additional 
improvements.63 These different conclusions exemplify 
the variability observed when evaluating regenerative 
approaches that can be under the influence of many 
factors (e.g. patient, defect, and surgical factors). A 
previous review explored the comparison of EMD 
with OFD, GTR, and bone grafts.40 EMD provided 
statistically significant CAL improvements and PPD 
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reduction compared to placebo/control. However, a 
high degree of heterogeneity was seen. GTR showed 
more complications during the postoperative period 
than EMD, but no clinically relevant differences 
were observed.40 The use of a filler material may be 
associated with less recession than EMD.40 A recently 
published review33 included 79 randomized clinical 
trials and performed 13 meta-analyses. EMD was 
superior to OFD in improving CAL, PPD reduction, 
and bone gain, while recession was not different 
between the approaches. Substantial to considerable 
heterogeneity was observed. The conclusion was that 
flaps with papillary preservation combined with EMD 
or membranes should be considered the preferable 
treatment for residual pockets associated with deep 
(≥ 3 mm) intrabony defects.

The space-making characteristics of a material are 
deemed important when facing deep non-contained 
intrabony defects and, in such cases, EMD alone 
may not be sufficient. Therefore, the combination 
of EMD with BG has been considered. It has been 
shown that the combination may result in further 
clinical improvements when compared to EMD 
alone.45 The addition of Deproteinized Bovine Bone 
Mineral (DBBM) may improve the results of resorbable 
membranes and EMD.33

The guideline of the European Federation of 
Periodontology (EFP) for the treatment of stage I-III 
periodontitis includes the recommendation of treating 
residual deep pockets associated with intrabony 
defects (> 3 mm) with either GTR or EMD, with or 
without the addition of bone grafts. The decision of 
using the combination approach should be based on 
the defect morphology.64 An important observation 
is that access flaps, including papillary preservation 
procedures, may enhance clinical results.

Regarding factors that can interfere with treatment 
outcomes, smoking and poor oral hygiene are 
associated with reduced attachment level gains 
following regenerative therapy.29,32 In terms of 
anatomical factors, deep and shallow defects have 
shown a similar percentage of clinical attachment 
gain.65 Studies using membranes66 and enamel matrix 
derivative67 have shown that defects with smaller angle 
gained significantly more attachment in comparison 
with wider defects after one year. However, a 

multicenter study indicated reduced impact of the 
angle on CAL gain after one year with a combined 
treatment using membrane and BG.68 Defects with 
three walls achieved better outcomes.29 However, 
it seems that the negative impact of the number of 
residual walls is reduced when minimally invasive 
surgical techniques associated with amelogenins 
are used.69 Regarding endodontic status, vital or 
properly endodontically treated teeth do not seem 
to be detrimental to the outcome of regenerative 
therapy.29,32 Severe and uncontrolled tooth mobility 
may impair regenerative outcomes.29,32

Is it possible to maintain this benefit in the 
long term?

It has been reported that the greater PPD reduction 
and CAL gain achieved with regenerative surgeries 
after one year have lasting effects for 5 to 10 years.34 
The results after 20 years of regenerative treatment 
were compared to access flap surgery in a follow-up 
study.70 The re-intervention costs during this period 
were reported. The study included three groups 
(n = 15 per group), two of which received regenerative 
treatment. Subjects with a deep interproximal 
intrabony defect were randomized in the following 
groups: modified papilla preservation technique with 
titanium-reinforced expanded polytetrafluoroethylene 
(e-PTFE) membranes; access flap plus e-PTFE barriers, 
and flap alone (Modified Widman Flap). Supportive 
periodontal treatment was provided monthly during 
the first year and every 3 months during the remaining 
period. Additional therapy was provided for sites 
with recurrences. Forty-one subjects were analyzed 
after 20 years. The areas treated by flap alone showed 
more attachment loss compared to the sites treated 
by regenerative approaches. The group treated by 
flap alone lost two teeth, while no tooth loss was 
observed in the regenerative groups. In terms of 
recurrence, fifteen episodes of recurrence occurred 
in the flap alone group, five in the group treated by 
papilla preservation with reinforced e-PTFE barriers, 
and six in the flap plus e-PTFE barriers. The number 
of recurrences was correlated with the depth of the 
residual pockets at one year. More persistent pockets 
at the end of the active treatment were observed 
in the flap group. The initial procedure costs were 
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higher for regenerative therapy than flap alone, but 
charges with re-intervention were higher for flap 
alone. Therefore, regenerative approaches may provide 
better long-term outcomes compared to access flap 
alone and fewer expenses related to re-intervention, 
but the higher immediate cost of the regenerative 
treatment should be considered. Larger studies are 
necessary to extend these observations.

Does this benefit justify the greater 
initial costs?

When the case selection is made judiciously 
(patient/site factors), the surgical procedure is 
performed correctly, and the chosen material (s) has 
previous histological/clinical evidence of additional 
regenerative effect, the benefit may justify the greater 
initial cost. This view is based on the expectation 
of fewer recurrences and lower risk of disease 
progression, with the possibility of increased tooth 
support after regenerative procedures. It should 
be considered that tooth replacement costs with 
tooth-supported or implant-supported prostheses 
are generally high.70

Therefore, periodontal regenerative procedures 
(GTR, EMD, with or without BG) are part of the 
current clinical armamentarium used to treat residual 
pockets associated with deep intrabony defects (> 
3 mm), after careful case selection and in conjunction 
with papillary preservation flaps.64

An interesting point that merits attention is 
the possible impact of flap design on outcomes 
after periodontal regenerative treatment. When 
minimally invasive techniques were associated 
with biomaterials, no significant differences were 
observed in clinical outcomes compared to controls 
(without biomaterials).33,71 Therefore, the potential 
of minimally invasive surgical approaches in the 
treatment of periodontal intrabony defects should 
be further explored in well-designed clinical and 
histological studies.

Furcation defects

The furcation involvement is clinically characterized 
by bone destruction induced by periodontal disease 
in the separation zone of the roots, both vertically 

and horizontally, into the bi- or trifurcation area of 
multi-rooted teeth.72

Among the various existing classifications of 
furcation defects, those proposed by Hamp et al.73 
and Tarnow and Fletcher74 are currently the most 
used. These classifications are primarily based on 
the horizontal and vertical extension of the furcation 
involvement. In the Hamp et al.73 classification, 
furcation involvements are categorized as degree 
I to III, which vary according to the extension of 
horizontal bone destruction: degree I: horizontal 
bone loss up to 3 mm; degree II: bone loss exceeding 
3 mm; and degree III: horizontal bone destruction 
from the buccal side to the lingual/palatal (or 
proximal) side (“through-and-through” destruction).73 
Additionally, Tarnow and Fletcher7 subclassified 
furcation involvement based on the vertical bone loss 
between the base of the defect and the furcation roof 
in subclasses A (0–3 mm), B (4–6 mm) and C (> 7 mm).

What is the clinical importance 
of treating furcation defects with 
regenerative procedures?

Multi-rooted teeth with interradicular loss of 
periodontal tissue present impaired long-term 
prognosis in untreated patients and increased risk of 
additional attachment loss, which may ultimately lead 
to tooth loss.75,76 Classical epidemiological longitudinal 
studies have shown that the molars are the most 
extracted teeth during periodontal maintenance after 
active therapy, with loss average ranging from 23% to 
57% of molars affected with furcation involvement, 
in periods varying from 15 to 22 years.77-80

In a retrospective study evaluating long-term 
results after periodontal therapy, molars with furcation 
involvement presented 3 to 7 times more risk of 
periodontitis progression and tooth loss compared to 
molars without furcation involvement. Furthermore, 
smoking and lack of compliance with supportive 
periodontal therapy account for increased risk of 
progressive bone loss in the furcation region.81

All those epidemiological studies pointed to 
the crucial role that furcation involvement plays in 
periodontitis progression and tooth loss. In this context, 
the correct approach for the treatment of this type of 
defect will benefit the prognosis of the involved tooth.
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What can we achieve today with 
the current materials/approaches 
in furcations?

Treatment of furcation-involved teeth represents 
one of the greatest clinical challenges in periodontal 
therapy due to the variable morphology and complex 
anatomy of the defects.81,82,83 The treatment strategies 
for furcation defects range from a less invasive 
approach, i.e., non-surgical periodontal therapy, 
to more invasive therapies: OFD, regenerative 
procedures,84 resective techniques85 like tunneling, 
root resection, hemisection, and even extraction 
followed by implant placement.86 Class I furcation 
defects can be successfully treated with conventional 
periodontal treatment through scaling and root 
planing (SRP) and represent a minimum risk factor 
for tooth loss.78,79,80 On the other hand, class II and 
III furcations, in most instances, require a surgical 
approach to manage the consequential defects, as 
these conditions are associated with increased risk 
of further periodontal breakdown and tooth loss 
compared to non-involved teeth.77,78,79,80

Nevertheless, non-surgical treatment comprising 
supra and subgingival SRP with manual or ultrasound 
devices and patient instruction/motivation to control 
biofilm and associated risk factors (smoking cessation, 
hyperglycemia control, dietary counseling, etc.) 
should precede any surgical approach.64

The introduction of BG materials and the concept 
of GTR offered new treatment alternatives for more 
predictable management of furcation involvement 
aiming at furcation closure by the formation of 
new bone, cementum, and periodontal ligament.53,87 
More recently, the advent of biologic agents such 
as EMD, growth factors like rhBMP2 (recombinant 
human bone morphogenetic protein-2), rhPDGF 
(recombinant human platelet-derived growth 
factor), TGF-β (transforming growth factor beta), 
and APC (autologous platelet concentrates) has 
given new hope for enhanced outcomes.2 However, 
to date, no regenerative approach has provided 
clinically relevant benefits in the treatment of class III 
furcations,88,89 which makes resective techniques better 
therapeutic alternatives for them.84,85 Therefore, the 
most predictable indication for regenerative therapy is 
for the treatment of class II furcation involvement.84,85

Since the ‘80s, a vast literature has addressed the 
regenerative approaches for class II furcation defects. 
BS were the first biomaterials used for this purpose 
and, in general, most of the studies demonstrated 
superior clinical outcomes when BS was compared 
to non-regenerative approaches. However, the wide 
variety of materials and techniques precludes a 
conclusive interpretation of the benefits of BS alone 
as the treatment for class II furcation.53

On the other hand, GTR has been extensively 
evaluated as a regenerative therapy for class II 
furcation. According to a systematic review (SR) 
that included 34 randomized clinical trials,90 GTR 
using resorbable and non-resorbable membranes 
provided significant clinical impact on defect closure 
and periodontal attachment gain in class II furcation 
defects. Non-resorbable and resorbable membranes 
revealed substantial improvement in vertical probing 
reduction, attachment gain, horizontal bone fill, and 
vertical bone fill compared to OFD. These data suggest 
that GTR was more effective in the management 
of class II furcation defects compared to OFD,90 
corroborating a previous SR of randomized clinical 
trials.87 Also, two other SRs demonstrated superior 
clinical benefits when GTR is associated with BS, in 
comparison with membranes or BS alone.60,91

EMD has been the most evaluated biologic agent 
for treatment of class II furcation defects so far.44,92 
Constituted of proteins, mainly amelogenins, EMD 
plays an important role in the induction of cementum 
formation and angiogenesis, while modulating wound 
healing in periodontal tissues,93 features that are the 
rationale for using it in furcation defects. According to 
a recent SR, the use of EMD in conjunction with bone 
grafts, or OFD and/or GTR, improved attachment 
gain and the number of class II conversion to class 
I furcations.93,94

More recently, Jepsen et al.84 investigated the 
effectiveness of regenerative procedures (barrier 
membranes, bone replacement graft, EMD, and 
their combinations) in the treatment of furcation 
involvement and compared to OFD in a systematic 
review. This review included 20 randomized clinical 
trials (19 in class II defects) with a total of 787 defects. 
The authors concluded that regenerative procedures 
were more efficient than OFD for the treatment of 
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class II furcation involvement. With this treatment 
modality, it is possible to expect furcation closure or 
class I conversion improving the clinical outcomes in 
class II furcation involvements. In ten clinical trials, 
furcation closure ranged between 0% to 60%, and in 
six trials the conversion to class I furcation varied 
from 29% to 100%. Regenerative techniques were 
superior to OFD for furcation defect improvement, 
horizontal and vertical attachment level gain, and 
reduction in PPD. The combined approach, including 
non-resorbable membranes plus BG, was classified as 
the best treatment for vertical attachment level gain 
and PPD reduction, especially in class II mandibular 
molar furcation.84 Accordingly, the SR89 and the 
consensus of the last AAP Regeneration Workshop88 
demonstrated that regenerative therapy is a feasible 
alternative to achieve predictable clinical outcomes for 
the treatment of furcation defect involvement, with 
class II defects representing the highest predictable 
scenario. Moreover, the application of combined 
therapies (barriers, APC, EMD, BG) appears to offer 
an advantage over single therapeutic strategies.94

Regarding histological evidence of periodontal 
regeneration, few clinical studies in humans have 
investigated and demonstrated it in teeth with class II 
furcation involvement with partial defect closure.95,96,97,98 
Complete regeneration of class II furcation involvement 
was obtained following combination of BG (DFDBA 
– demineralized freeze-dried bone allograft),66,98 
biological agent (RhPDGF-BB – recombinant human 
platelet-derived growth factor-BB),95,98 and GTR.96,97

The predictability of the regenerative intervention, 
independently of the technique or biomaterial used, 
is affected by many clinical factors. These factors 
are related to general aspects associated with the 
patient and local characteristics correlated with the 
defect. Factors related to the surgical technique are 
also important. Among the patient-related aspects, 
the following are highlighted: systemic health status, 
patient compliance in self-performed biofilm control,99 
residual periodontal infections,100 and smoking 
status.101 Regarding the clinical characteristics of the 
defect, the most important are: interproximal bone 
levels, gingival thickness, furcation and residual 
osseous morphologies, radicular anatomy, radicular 
divergence, and root trunk length.102 Regenerative 

procedures in furcation defects also require the 
abovementioned concepts, including careful flap 
design, proper root preparation, wound closure, 
careful membrane placement (GTR), and critical 
postoperative care.103,104

Several studies using GTR have demonstrated 
that furcation defect dimensions (depth and width) 
influence the amount of clinical attachment gain 
and bone fill82,87,90,102,105,106,107 The predictability of the 
regenerative approach increases if the furcation defect 
presents a deep vertical extension while maintaining 
the interproximal bone level in the vicinity of the 
cementoenamel junction (CEJ). The interproximal 
bone level facilitates the retention of the membrane 
in a proper position, allowing the repositioning 
of the surgical flap to the coronal position.102 An 
involved tooth’s prognosis also improves with a thick 
gingival tissue, which provides more resistance to 
ischemia when the mucoperiosteal flap is placed 
over a nonvascularized membrane.108 Moreover, the 
long root trunk facilitates the placement of a barrier 
membrane under the CEJ to achieve full coverage of 
the furcation entrance.109

Taken together, to improve the predictability 
of regenerative approaches, the risk factors and 
adverse systemic factors should be controlled 
whenever possible, and meticulous postoperative 
care should be implemented to maintain sustainable 
long-term outcomes.88

Is it possible to maintain the benefit in the 
long term for furcations?

Several longitudinal clinical trials and SRs have 
investigated the long-term results after different 
treatment modalities of class II furcation involvements, 
varying from 2 to 10 years of follow-up.110-115 The 
majority of the studies explored the long-term efficacy 
of GTR in mandibular molars with class II defects. In 
this context, Machtei et al.,115 in a longitudinal study 
with 5 years of follow-up, examined the efficacy of 
GTR for the treatment of class II furcation defects 
using expanded polytetrafluoroethylene membranes. 
The clinical improvement was stable or even further 
improved after 5 years in 90.7% of the teeth treated 
with GTR. Good oral hygiene care and frequent 
maintenance appointments were also essential to 
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guarantee the results.115 Similarly, Eickholtz et al.112,113 
investigated clinically and radiographically the 
long-term outcomes (5 and 10 years, respectively) of 
GTR using non-resorbable and resorbable membranes 
in class II furcation defects. In the study with 5 years 
of follow-up,112 the authors demonstrated significant 
improvement in horizontal attachment and bone 
gain for both groups (non-absorbable and absorbable 
barriers), and the results were stable in approximately 
90% of the defects without differences between groups. 
In the 10-year follow-up results113 in the same group 
of patients, clinical improvements were maintained 
in 83% of the sample.113

A long-term comparison between GTR with 
absorbable barrier and OFD indicated that GTR 
gained significantly more horizontal attachment 
level and bone height after 2 years of follow-up. The 
authors concluded that GTR might lead to clinical 
improvements with the possibility of complete closure 
of some defects and stability over time. More recently, 
Majzoub et al.116 evaluated the clinical effects and 
survival rate of furcation class II treated with GTR. 
The 5- and 10-year survival rates of the treated teeth 
were 86.5% and 74.3%, respectively.

Does this benefit in furcations justify the 
greater initial costs?

In the last forty years, a significant number of 
studies have evaluated the treatment of class II 
furcation with regenerative approaches, and the 
vast majority has supported significant clinical 
improvement with long-term stability. Among 
the advantages of regenerative therapy for class II 
furcation, we can highlight the possibility of complete 
closure or conversion to class I defects, favoring 
patient biofilm control and professional intervention 
during supportive periodontal care. Therefore, the 
costs associated with the initial procedures seem 
to be justified by the increased possibility of tooth 
retention on a long-term basis.

Clinical significance: 
final considerations

Overall, the data assessed above provide evidence 
of the regenerative potential of the periodontium. 

According to the revised literature, the clinical 
benefits achievable with regenerative approaches, 
characterized by additional CAL gain, PPD reduction, 
and resolution/reduction of the intrabony component 
or furcation defect, may improve tooth prognosis by 
increasing tooth support, facilitating maintenance 
procedures and decreasing the site risk on the 
long-term basis. Furthermore, long-term follow-up 
evaluations published recently demonstrated the 
stability of the results among compliant patients 
receiving regular supportive periodontal care,34,117 
while no additional benefit was observed in irregular 
SPT.118 However, a wide variability has been found 
regardless of the technique or concept used. This 
variability has been associated with individuals’ and 
defects’ characteristics or technical aspects of the 
surgical procedures. Throughout the text, we have 
addressed these limiting factors and the requisites 
for periodontal regeneration. To start answering 
the question proposed in the title, we may say that 
periodontal regeneration is only a goal when it is 
possible and predictable. It is imperative for the 
clinician to identify patients and clinical scenarios 
that would be benefited by the therapy.

Another crucial aspect to answer the title question 
is distinguishing statistically significant results from 
clinically relevant ones. The treat-to-target concept 
could be applied for regenerative procedures, defining 
prespecified endpoints that would have meaningful 
effects on the therapy, including change in prognosis, 
improvement in masticatory function, enhancement 
of esthetic results in the anterior region (avoiding 
black spaces), or more uncomplicated maintenance 
procedures. These “true” outcomes justify the higher 
initial cost of regenerative procedures, with better 
cost effectiveness in the long term.

Finally, patient preferences should be routinely 
incorporated in the planning and evaluation 
of the therapy.119 Although this seems like an 
obvious observation, few studies have addressed 
patient-centered outcomes, not only in periodontal 
but also in other oral regenerative procedures.120 A 
multicenter RCT compared healing, postoperative 
morbidity, and patient perception following 
regenerat ive therapy in which the papi l la 
preservation flap technique was associated or not 
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with enamel matrix derivatives. Both approaches 
result in high satisfaction levels after one year, 
without significant differences between them. The 
ability to preserve teeth and maintain/improve 
chewing were the factors most often cited as 
relevant by patients.121

Conclusions

a.	 In light of the discussed literature and its 
interpretation, seeking periodontal regeneration 
with currently available regenerative techniques 
is still a goal as long as some essential conditions 
are fulfilled:

b.	 Periodontal regeneration in its classical 
histological definition is not measurable 
clinically and may be unpredictable.

c.	 Predictable and clinically relevant results may 
be expected in the treatment of deep intrabony 
defects (> 3 mm) associated with residual pockets 
and buccal/lingual class II furcation defects, as 
long as a careful case selection is made based on 
several patient and/or site features.

d.	 Results are technically sensitive. Minimally 
invasive principles and papillary preservation 
flaps should be considered whenever possible.

e.	 Periodontal maintenance is crucial for any therapy 
and plays a key role in the long-term prognosis.
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