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Focused Clinical Question: How should periodontal furcation defects be managed via periodontal regenerative
therapy, and what parameters should be used for treatment selection?

Summary: The treatment of furcation defects can vary based on the type and location of the furcation involvement.
Attaining predictable regenerative outcomes is dependent on the control of local and systemic factors. A combined treatment
approach (barrier and bone replacement graft with or without biologic) generally offers the better therapeutic outcome over
monotherapy. Class I furcation defects can be managed via conventional periodontal non-surgical and/or surgical therapy,
whereas Class II furcation defects generally attain better outcomes with regenerative therapy. There is weak evidence, limited
to case reports, that Class III furcation defects can be treated successfully with regenerative therapy.

Conclusions: In Class I furcation defects, regenerative therapy might be beneficial in certain clinical scenarios, al-
though most Class I furcation defects can be treated successfully with non-regenerative therapy. For successful treatment
of maxillary and mandibular molars with Class II furcation defects, systemic and local factors should be controlled, and sur-
gical debridement and postoperative maintenance should be performed adequately. Although there is limited evidence for
regeneration of Class III furcation defects, there may be a modest improvement allowing for tooth retention. Ultimately, the
benefit of tooth retention and cost should be considered in the indication of therapy for teeth with severe furcation involve-
ment. Clin Adv Periodontics 2015;5:30-39.

Key Words: Evidence-based dentistry; furcation defects; guided tissue regeneration; periodontal diseases; reconstructive
surgical procedures; regeneration.

See related systematic review and consensus report in the Journal of Periodontology (February 2015, Vol. 86, No. 2s) at
www.joponline.org.

Background
Treatment of teeth that present with furcation involvement
represents a clinical challenge. The decision to retain and

treat teeth with furcations has been recognized as feasible
and predictable when appropriate parameters are addressed.1-3

Moreover, the long-term prognosis of these teeth can
be comparable with the survival rates of dental implants
within the periodontally compromised dentition when
surgically managed. Notably, survival rates of teeth affected
with furcation defects after regenerative therapy ranged from
83% to 100% after an observation period of at least 5 years,
according to the results of a recent systematic review.4 The
treatment of furcation defects is dependent on the type and
location of the defects. Essential to the successful manage-
ment of furcation-involved teeth is the proper assessment of
the diagnosis and prognosis relative to the identification of
factors that affect or limit successful treatment. These factors
may be systemic, common to all periodontal therapy, or local
and specific to the anatomy of the furcation region and its
proximity. Therefore, it is imperative to balance the effect of
factors, be they controllable or not, with the overall patient
outcome when selecting therapy. The clinician must
also recognize patient-related factors. Cost, morbidity,
and patient satisfaction play a role and may ultimately
determine the treatment selection for furcation-involved
teeth. The perceived benefit of tooth retention by some
patients in severe furcation defects could be low when
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expense and long-term survival are considered. This
practical application describes how to manage periodontal
furcation defects via periodontal regenerative therapy and
the parameters used for treatment selection and modifica-
tion as it relates to the level of the evidence for a predicable
outcome.

The evidence supporting the treatment decisions discussed
below is summarized in the recent American Academy of
Periodontology Regeneration Workshop systematic review5

and consensus report.6 Several new technologies have been
applied in the management of furcation defects, but limited
evidence is available. These therapies are discussed in the
American Academy of Periodontology Regeneration

Workshop systematic review7 and practical application8

of emerging technologies for periodontal regeneration.

Decision Process
Patient Factors
Systemic factors that limit the success of periodontal surgery
must be considered when selecting any regenerative pro-
cedure. These factors may include uncontrolled diabetes
and immunocompromised status or behaviors associated
with compromised immune function, such as alcoholism
and drug abuse, along with the associated effects of malnu-
trition and stress. Smoking has been identified with poor

FIGURE 1 A clinician checklist for evaluation
of furcation-involved teeth that includes
patient, local, and anatomic factors that
should be assessed before the selection of
appropriate regenerative therapy.
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regenerative outcomes for furcation defects and must be
considered detrimental to treatment success (Fig. 1).9

Local and Anatomic Factors
There are amyriadof local andanatomic factors that limit the
regenerative potential ofmultirooted teeth (Fig. 1). Furcation
caries and root fractures are considered non-modifiable, af-
fecting not only the treatment of the furcation-involved tooth
but tooth retention as well. Other factors, once modified,
may only be limitations to treatment. Furcation entrance,
root trunk length, and developmental abnormalities (e.g.,
enamel pearls, cemento-enamel projections, accessory end-
odontic canals, root concavities, grooves, and bifurcation
ridges) may lead to disease progression within the furcation
but also have the potential to influence the success of therapy,
because these factors affect access necessary for adequate
debridement and possibly the adaptation of barrier mem-
branes.10 Guided tissue regeneration (GTR) outcomes are
also influenced by topographic features, such as the patient’s
gingival tissue biotype and the presence of gingival recession.
The greater the keratinized soft tissue dimension, the more
likely the barrier membrane will remain covered and the
greater the potential to attain clinical attachment level
(CAL) gain. A thicker periodontal biotype over Class II fur-
cation defects, defined as a bucco-lingual gingival thickness
>1mm,hasbeen associated positivelywithminimized reces-
sion after GTR therapy compared with sites with a thinner
biotype.11

Recognitionof thenecessity and feasibility ofmodification
of these anatomic factors must be incorporated into the de-
cision matrix for a multirooted tooth.12 If non-modifiable
factors are present and/or access for debridement and future
maintenance is not adequate, then periodontal regeneration
should not be considered. For example, convergent roots are
more difficult to regenerate; once furcations are affected, dis-
ease progression is favored in such situations because of the
limited access for debridement. Interdental root proximity
also leads to poor outcomes when proper debridement is re-
stricted. This is particularly the case between adjacent max-
illary molars and within interproximal furcation defects of
maxillarymolars.13Additionally, root trunk concavities have
been reported to negatively affect the outcomes of regenera-
tive therapy, specifically for mandibular Class II furcation
defects.14

Furcation characteristics. Other parameters that affect
regenerative outcomes are related to the dimension and lo-
cation of the furcation entrance and furcation defect con-
figuration respective to the height of the surrounding bone.
The configuration of the furcation entrance directly affects
the predictability of regenerative therapy. It is worth noting
that the radiographic dimensions of mandibular Class II
furcation defects can be used to predict successful regener-
ation. Counterintuitive were the results reported by Hor-
witz et al.15 for mandibular Class II defects: a longer
root trunk length, a furcation entrance coronal to the ad-
jacent remaining alveolar bone crest, and a greater crestal
width of the furcation appeared to negatively influence the
success of outcomes when reported as horizontal CAL

gains. Thus, ideally, the inter-radicular space should be suf-
ficient to allow appropriate debridement and root prepara-
tion. However, it must be recognized that increased root
divergence is associated with a larger furcation defect,
which may result in reduced horizontal bone gain, furca-
tion closure, and favorable regenerative outcome. Also,
the extent of the vertical and horizontal furcal bone loss
greatly affects the outcomes of GTR therapy. In general,
the deeper the baseline furcation probing depth (PD), the
greater the potential for horizontal furcation and vertical
CAL gains, implying that deeper PDs can be used as a pre-
dictor of positive outcomes but cannot be used to predict
complete furcation closure. However, it should be consid-
ered that furcation defects with ‡5 mm of vertical or hor-
izontal bone loss usually exhibit a reduced frequency of
complete clinical furcation closure.16 As the distance from
the furcation roof to its base increases, the probability of
furcation closure decreases.15,16 More favorable outcomes
are expected in sites in which the remaining interproximal
bone height is coronal to the entrance of the furcation de-
fect when comparedwith those inwhich the bone is level or
apical to the furcation entrance.17 It is important to recog-
nize that early Class II defects have the greatest frequency
of clinical furcation closure after GTR therapy when ob-
served over a 2-year period.16 Another predictable albeit
non-regenerative approach for the treatment of early Class
II defects is resective osseous surgerywith the goal of reduc-
ing PD and the creation of more favorable anatomic con-
tours to facilitate oral hygiene and long-termmaintenance.

Furcation grade and location. Furcation classification
and location are important determinants for treatment se-
lection and regenerative success. In this discussion, the def-
initions of furcation degree/class are as described by Hamp
et al.18 as follows: 1) Degree/Class I defect is defined as
horizontal loss of periodontal tissue support <3 mm; 2)
Degree/Class II is horizontal loss of periodontal tissue sup-
port >3 mm but not a through-and-through defect; and 3)
Degree/Class III is a probing through-and-through defect.
Proximal furcation defects may have reduced success
based on the limitation for access and adaptation of barrier
membranes when compared with facial and lingual molar
defects.15 There is no evidence for regeneration of maxil-
lary proximal premolar furcation defects.5 In fact, when
the involved furcation entrance is ‡7.9 mm apical to the
cemento-enamel junction (CEJ),19 the maxillary premolar
with furcation involvement has a poor prognosis related to
a compromised crown-to-root ratio. It has been established
that Class I furcations, regardless of location, can be main-
tained successfully by non-surgicalmeans,4whereas deeper
defects require surgery. Class II furcation defects have the
strongest level of evidence for predictable outcomes after
regenerative therapy, that being combination therapy with
barrier and bone replacement graft or bone in combination
with a biologic.5 Superior outcomes can be attained for
Class II furcations receiving GTR treatment when compared
with flap debridement alone.1-3 However, Class III defects
have shown a variable response, with only one clinical
trial reporting furcation closure of mandibular Class III
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furcation defects.20 Most clinical trials of Class III defects
reported no significant differences of treatment outcomes
when comparing regenerative therapy with conventional
flap surgery.21

Treatment Algorithm
Based on the evidence identified in the systematic review by
Avila-Ortiz et al.,5 regenerative therapy in Class II furca-
tion defects generally leads to superior and significant ver-
tical probing reduction and vertical and horizontal CAL
gain compared with conventional flap surgery. Hence, it
should be offered as the treatment of choice over extraction
or conventional flap surgery, provided that there is ade-
quate case selection and control of related etiologic factors.
Mandibular furcation defects have more favorable regen-
erative outcomes than maxillary Class II furcation defects,
and facial and lingual regenerative outcomes are greater
than proximal Class II defects.15,22 Histologic evidence
of periodontal regeneration has been demonstrated for
maxillary and mandibular Class II furcation defects. Com-
bination therapy, bone replacement graft, barrier or bone
replacement graft and biologic, or a combination of all
three, as opposed to monotherapy, produces superior re-
sults, especially when considering proximal Class II fur-
cation defects.5 Improvement of mandibular Class III
furcation defects might be possible with regenerative ther-
apy, but evidence is limited to one clinical trial.20Histologic
evidence for partial periodontal regeneration in Class III
defects is limited.

Consideration for treatment selection must be based on
the type and location of the furcation defect (Fig. 2). Eval-
uation of the furcation bony configuration and anatomic
factors must be included to determine feasibility and
predictability of regenerative treatment. Recognition
and modification of patient, anatomic, and local factors
should be performed in conjunction with periodontal re-
generative therapy for furcation defects. In preparation
for regenerative therapy, measures should be made to im-
prove plaque control and uncontrolled diabetes and to
eliminate deleterious tobacco habits. Additionally, the
pulpal status should be verified before the surgical visit
to rule out endodontic involvement.

Surgical Case Management
The overriding principle for the management of a furcation
defect (Video 1) is to attain sufficient access for thorough
debridement. The flap must be wide enough to gain access
for debridement and barrier membrane stabilization but
as conservative as possible, as illustrated in the maxillary
facial Class II case (Fig. 3). If the defect is isolated, vertical
releases may be used to allow for sufficient apical move-
ment of the flap (Video 2); otherwise, expanding the flap
laterally will allow additional access. Care must be taken
to preserve the keratinized tissue with sulcular incisions
and full-thickness flap elevation. If insufficient soft tissue
volume is present, soft tissue grafting may be required
before regenerative furcation treatment or another treat-
ment modality should be considered. Curets, files, rotary

FIGURE 2 Evidence-based clinical recommen-
dations: a treatment algorithm for an evidence-
based approach to the management of furcation
defects with periodontal regeneration.
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FIGURE 3 Maxillary facial Class II furcation
defect. 3a This facial Class II furcation defect of
the maxillary first molar displayed 6-mm furcal
PD. 3b After full-thickness flap elevation, the
defect was debrided with curets, rotary instru-
ments, and ultrasonic scalers. A freeze-dried
bone allograft was adapted and condensed to
the site overlaying the furcation defect and root
dehiscence. A collagen barrier membrane was
then contoured to extend 3 mm beyond the
defect and adapted to the tooth and the flap and
barrier were sutured together to stabilize. 3c and
3d The 2- and 4-year follow-up radiographs
depict bone fill, and the vertical PD was reduced
to 2 mm from the original 6-mm pocket.
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FIGURE 4 Maxillary proximal Class II furcation
defect. 4a The furcation was associated with an
intrabony defect with severe vertical and horizon-
tal defect depth. 4b The furcation was debrided
(smoothed) with curets, ultrasonic scalers, and
rotary instruments. Note the flat, smooth to-
pography at the furcation entrance to facilitate
membrane adaptation. A demineralized freeze-
dried bone allograft was condensed, and the
expanded polytetrafluoroethylene barrier was
secured to the level of the CEJ. 4c At the 6-week
barrier removal, the open probing CAL was
reduced. 4d The 10-year radiograph (right) re-
flects the treatment success and resolution of
a severe Class II defect, which had 7 mm of
horizontal attachment loss and 14 mm of vertical
attachment loss at the initial presentation (left).
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instruments, and powered scalers may be necessary to de-
bride the internal aspect of the furcation (Video 3 and
Video 4). Odontoplasty should be performed by means
of finishing burs to remove root anomalies, such as ce-
mento-enamel projections, and to smooth root concavities
associated with the furcation entrance. No studies to date
have examined the effect of additional root conditioning on
outcomes of regenerative therapy in furcation defects
(Video 5). Hence, the benefit of this adjunctive root treat-
ment during furcation regenerative treatment cannot be
evaluated. The entrance of the furcation may need to be
widened to gain access for the debridement. Each clinical
case (Figs. 3 through 6) depicts the optimal width for in-
strumentation of the furcation entrance. In Fig. 4, notice
the smooth, flat topography of the root trunk above theme-
sial entrance that was created during the root and furcation
preparation. A biologic agent may be applied to the root
surface or combined with graft material (Video 6). Combi-
nation therapies are recommended for successful furca-
tion resolution. These may include but are not limited
to a bone allograft or deproteinized bonematrixwith a bar-
rier of choice. Clinician selection of biomaterials, graft, and
barriers does not affect the outcome, because there is a great
heterogeneity of options with respect to reported horizon-
tal bone gain and furcation closure.5 Absorbable and non-
resorbable barriers alike have been used successfully. The

graftmust entirely fill the defect and,when possible, extend
above the furcal entrance to support the barrier membrane
approximating the CEJ (Figs. 3 through 6; Video 7 and
Video 8).

Additionally, the barrier may be secured with sling su-
tures (Figs. 4 and 6; Video 9) to the tooth to promote
stabilization of the wound and clot. Tension-free flap clo-
sure covering the barrier membrane is the goal (Fig. 5). The
suturing technique for barrier and flap placement can be
viewed in Video 10, Video 11, and Video 12. Care must
be taken to limit postoperative movement of the flap.
The brushing technique should be modified to not disturb
the flapmargin, and the patient’s diet should be soft for the
first 2 weeks. Observation and plaque removal should oc-
cur at 1 and 2 weeks and then monthly up to the first main-
tenance visit to ensure adequate plaque control. Care
should be taken to not disturb the graft site during these
visits. The patient will need to adhere to a 3-month main-
tenance schedule.

All patients in the clinical scenarios provided written or
oral informed consent prior to treatment.

Conclusions
Clinical cases illustrating the necessary steps for regenera-
tive success attained in Class II and III furcations were
described. Case selection for regenerative therapy must

FIGURE 5 Mandibular facial Class II defect. 5a
The mandibular Class II buccal furcation of the
second molar had an initial 8-mm vertical PD. 5b
The cervical enamel projection was removed,
and the defect was subsequently debrided and
then treated with citric acid before grafting with
a demineralized freeze-dried bone allograft. Sub-
sequently, an expanded polytetrafluoroethylene
barrier was placed, and the flap was coronally
advanced to cover the barrier. 5c Primary closure
with complete coverage of the barrier was pivotal
to the successful outcome demonstrated at
12 years (left). The site probed 3 mm, and
there was radiographic evidence of furcation
bone fill at 20 years (right). Portions of figures
5a (radiograph) and 5b (second image) were
reproduced with permission from Quintes-
sence (Machtei et al.23).
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reflect the predictability and long-term prognosis of the
affected tooth. Without predictability, the cost will out-
weigh the benefit, because multiple regenerative materials
are combined to produce successful regenerative outcomes.
It is recognized that Class II furcation defects are the most
predictable to obtain furcation closure, whereas Class III
defects will respond with gain, but furcation closure is not
typically achieved.6 The gains made when associated with
deeper horizontal and vertical probing could still promote

partial bone fill and long-term tooth retention. InClass I fur-
cation defects, regenerative therapy may be beneficial in
certain clinical scenarios, although most Class I furcation
defects may be successfully treated with non-regenerative
therapy; hence, this particular scenario was not discussed
in this review. None of the identified original articles
reported on the application of regenerative approaches
in maxillary or mandibular Class I furcation defects in
molars. n

FIGURE 6 Maxillary Class III mesial to facial
furcation. This case demonstrates that, if all local
and anatomic factors can be managed, even
a maxillary Class III furcation can be improved
and the tooth retained. It is important to note that
the interproximal and palatal bone levels are at
the same level as the facial and mesial furcation
fundus in this case, which was a key determinant
in using regenerative therapy. The patient con-
tributed to the success by following the recom-
mended periodontal maintenance schedule. 6a
The mesial and facial entrances of the defect
were thoroughly debrided. The buccal root
prominence was flattened. 6b A demineralized
freeze-dried bone allograft and expanded poly-
tetrafluoroethylene barrier were placed to cover
the furcation entrance and the root dehiscences.
The barrier was secured with interproximal sling
sutures, adapting it at the level of the CEJ. Note
that the Class V restoration on the facial aspect
is appropriately contoured. 6c At the 6-week
barrier membrane removal, furcation closure
with immature tissue was noted. 6d The post-
operative radiograph (right) illustrates the 5-year
outcome with complete radiographic bone fill.
Endodontic therapy was required subsequent to
a pulp exposure from a restorative perforation.
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