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Background: Factors influencing treatment outcomes in furcation de-
fects remain to be studied. Therefore, the aim of the study was to evaluate
the association between factors and clinical parameters that may influence
treatment outcomes in mandibular Class II furcation defects.

Methods: Twenty-sevensystemicallyhealthysubjectswithaClass II buccal
or lingual furcation defect in lower molars were treated. Clinical measurements
(probing depth [PD], clinical attachment level [CAL], recession, mobility,
plaque index [PI], and bleeding on probing [BOP]) and defect (vertical and
horizontal defect depths) were obtained at initial and 6-month reentry surger-
ies. Treatment modalities (e.g., nine each in the following three groups: open
flap debridement [OFD] alone, bone graft [BG], and bone graft plus a bioab-
sorbable collagen membrane [BG + C]), anatomic factors (presence of cervi-
cal enamel projection, presence of cervical restorations/fixed prosthesis, and
location of furcations [buccal or lingual sides; first or second molars]), clinical
parameters (initial mobility, initial PD at furcation, initial CAL at furcation,
mean initial PD of the tooth, mean initial CAL of the tooth, initial horizontal
PD at furcation, initial horizontal/vertical defect depth, PI, and BOP), and back-
ground factors (endodontic status, smoking status, and surgeon’s experience)
were analyzed for associations with probability of clinical improvement.

Results: The anatomic factors, clinical parameters, and background infor-
mationwere found tohave noeffect in influencing treatmentoutcome with the
exceptionof initial vertical defect depth.An initial vertical defect depth ‡4 mm
had a borderline significance (P = 0.06) of achieving a high probability of hav-
ing a 1-mm vertical bonefill. In addition, treatment modality was found to bea
major influence factor. Sites treated with BG were 16· more likely to have
>50% vertical bone fill than open flap surgery. Furthermore, sites treated
with BG were 64· more likely to have a 1-mm vertical defect fill compared
to sites treated with OFD and 16· more likely to have a 2-mm vertical defect
fill compared to sites treated with OFD or BG + C. However, the additional
membrane does not enhance the regenerative outcomes achieved by BG
alone.

Conclusions: Initial vertical defect depth (‡4 mm) and treatment modality
(e.g., BG) were found to be the clinical parameter and factor that were asso-
ciated with high probability of clinical improvement. Sites treated with BG,
such as mineralized human cancellous allograft, were more likely to have
greater vertical furcation defect fill than the conventional OFD surgery. Addi-
tional membrane placement does not enhance the treatment outcome
achieved by BG alone. J Periodontol 2006;77:641-646.
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M
olar teeth with fur-
cation involvement
are the most com-

mon teeth to be lost.1-4

Successful treatment to re-
tain furcation-involved teeth
remains one of the most
difficult treatments in over-
all periodontal therapy.
Methods for the treatment
of furcation-involved molars
have shown varying degrees
of success.5-8 Factors con-
tributing to thisunpredictable
and inconsistent outcome
remain largely unclear.9

The etiologies of furca-
tioninvolvementmayinclude
anatomic factors, extension
of inflammatory periodon-
tal disease, trauma from oc-
clusion, pulpo-periodontal
disease, and root fracture
involving furcations.10 Fac-
tors that can affect the out-
come of furcation therapy
are complicated and diffi-
cult to control.9,11-14 Fac-
tors such as shallow initial
probing depth (PD), poor
oralhygiene,gingivitis,Acti-
nobacillus actinomycetem-
comitans infection, and
absenceofconnective tissue
cells on retrieved mem-
branes have been shown to
have less favorable results
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for regenerative therapy.9-14 Cigarette smoking also
exhibited a significant negative correlation to clinical
outcome after guided tissue regeneration (GTR) treat-
ment incontrolledhumanclinical trials.13 Nonetheless,
limited information is currently available with regard to
how a variety of clinical factors may influence the pre-
dictability of clinical outcomes in furcation defect man-
agement. Therefore, the purpose of this study was to
evaluate the association between factors and clinical
parameters that may influence treatment outcomes in
mandibular Class II furcation defects.

MATERIALS AND METHODS

Study Design
Twenty-seven systemically healthy subjects (12 fe-
males and 15 males; age range: 30 to 77 years), each
with one mandibular Class II furcation defect5 (hori-
zontal loss of periodontal support ‡3 but £7 mm) were
enrolled in the study from the patient population of
the University of Michigan School of Dentistry from
January 13, 2003 through July 20, 2004. Presurgical
treatments included oral hygiene instructions, scaling
and root planing, and/or occlusal adjustment as indi-
cated. Subjects were required to complete baseline
examinations and were randomly assigned into three
groups during the surgery after defect debridement
and defect measurement. The random assignment
was decided by drawing a piece of paper with either
‘‘A,’’ ‘‘B,’’ or ‘‘C,’’ 10 each, from a brown bag. The three
treatment methods were bone graft (BG; solvent-
preserved, mineralized human cancellous bone al-
lograft‡), BG plus collagen membrane§ (BG + C),
and open flap debridement (OFD) alone. All of the
surgical procedures were either performed by or under
the supervision of one clinician (YPT). The surgical
procedure included the elevation of a full-thickness
mucoperiosteal flap with intracrevicular incisions with
two vertical releasing lines, preserving as much kera-
tinized tissue as possible without reflecting the inter-
dental papillae. The furcation defects were debrided,
and all root surfaces were completely scaled and root
planed by hand, ultrasonic, and rotating instruments.i

Cemento-enamel projection was removed by an enamel
plastic bur¶ if present. After debridement, patients
were randomly assigned into one of the three groups:
BG alone (BG was mixed with normal saline and
placed in the furcation area); BG + C (after BG place-
ment, collagen membrane was trimmed to cover the
defect 2 mm beyond the edge of furcation defect);
and OFD alone (all surgical procedures were identical
except that no BG or C were placed). The membrane
was sutured with 5-0 chromic gut sutures# using the
sling-suture technique. The flap was sutured securely
to its original position with 5-0 polyglactin 910,** with
care to ensure that no BG or C was left exposed. In
OFD-treated sites, the furcations were covered by re-

position of the flaps. None of the furcations were ex-
posed after treatment. All patients received routine
written and oral postoperative instructions and were
instructed to rinse with 0.12% chlorhexidine gluconate
for a period of 3 to 4 weeks. Sutures were removed 7 to
10 days after the surgery. Patients returned in 3 weeks
after surgery for observation of any adverse tissue
reactions. All patients received periodontal mainte-
nance at 3 and 6 months.

A calibrated examiner (RN) recorded all clinical pa-
rameters (PD,clinical attachment level [CAL],bleeding
on probing [BOP] , plaque index [PI], and gingival index
[GI]) at baseline and at 6-month postoperative visits.
Direct defect measurement was performed using a pre-
fabricated acrylic stent and a University of North Car-
olina (UNC) probe; the stent was grooved at the time of
surgery to record the orientation of the probe. When the
stent was placed on the occlusal surfaces of the treated
tooth and adjacent dentition, an occlusal ledge served
as an occlusal landmark. The open defect measure-
ments included stent to the free gingival margin, stent
to base of defect, crest of bone to base of defect, and
bucco-lingual/mesio-distal morphology of the furca-
tion defects. The bucco-lingual depth of the defect
was measured from furcation entrance to the inner-
most part of the defect. The mesio-distal depth of the
defect was measured at the crestal bone level. Vertical
defect fill was calculated from the change of distances
measured from the reference point on the stent to base
of defect. Crestal bone resorption was also calculated
from subtracting vertical bone fill from the change of
defect depth. The examiner (RN) remained masked
to the treatment types of all patients for the entire du-
ration of the study.

The use of human subjects in this study was ap-
proved by the Health Science institutional review board
of the University of Michigan. All subjects reviewed
and signed the consent forms prior toentry in the study.

Investigator Calibration
Two sets of measurements were recorded at two sep-
arate occasions for each tooth. A 15-mm UNC probe
and custom-made acrylic stent were used for mea-
surements at both visits. The intraexaminer correla-
tion or consistency was higher than 80% for this
study. The examiner was instructed on the techniques
for data collection and collected all measurements.
The examiner (RN) was masked to the measurements
recorded. All measurements were performed within
the same day to avoid possible changes in the sub-
jects (i.e., different levels of plaque control on different

‡ Puros, Zimmer Dental, Carlsbad, CA.
§ BioMend Regular, Zimmer Dental.
i Nemeyer’s bur, Brasseler USA, Small Parts, Miami Lakes, FL.
¶ Brasseler USA, Small Parts.
# Vicryl, Ethicon, Johnson & Johnson, Somerville, NJ.
** Vicryl, Ethicon.
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days). Measurements were compared, and a minimal
correlation of 80% was achieved. Calculations of in-
traexaminer consistency were performed before, dur-
ing, and after research. A k value for the examiner
(RN) was 88% before the project started, 89% during
the project, and 91% after the project was completed.

Statistical Analysis
The data collected on continuous variables were pre-
sented as mean – SD for different groups and analyzed
using a statistical software program.††

The x2 test and logistic regression analysis were
used to assess the association of each of the following
factors, including treatment modalities, anatomic
factors (presence of cervical enamel projection [CEP],
presence of cervical restorations/fixed prosthesis,
location of furcations [buccal or lingual sides; first or
second molars]), clinical parameters (initial mobility,
initial PD at furcation, initial CAL at furcation, mean
initial PD of the tooth, mean initial CAL of the tooth,
initial horizontal PD at furcation, initial horizontal defect
depth [HDD] and vertical defect depth [VDD], PI, and
BOP), and background factors (endodontic status,
smoking status, and surgeon’s experience; and, e.g., a
1-, 2-, or 3-mm improvement in HDD; a 1-, 2-, or 3-mm
improvement in VDD; improvement to a Class I fur-
cation;anda50%improvement inVDD),andtoestimate
whether there is a significant increase in the odds of im-
provement associated with certain factors or clinical pa-
rameters.First, the x2 testwasperformed individually for
evaluation between each factor and binary indicator of
clinical improvement. After estimates of effects on the
clinical improvement of each potential predictor were
derived, the logistic regression analysis was performed.
Adjustments for multiple variances were performed in
the model. For each defect on each patient, the clinical
measurements were entered into the analyses. For each
analysis, one main outcome variable was chosen (e.g.,
50% vertical bone fill). To identify prognostic factors
for therapeutic benefits, potential predictors were added
tothefinalmodelaccordingtoaP value<0.05.Smoking
habits were defined by indicator variables. Statistical
analysis was performed using statistic programs for
general analysis and for multilevel analyses.

The Kruskal-Wallis test and analysis of variance
(ANOVA) were used to compare the means of clinical
parameter improvement over time (e.g., percentage of
improvement in VDD and millimeters of improvement
in VDD) between different treatment modalities. The
paired t test and repeated measures ANOVA were used
to compare the mean difference of clinical measure-
ments (e.g., HDD, VDD, CAL, and PD) among different
treatment modalities over time (baseline and 6 months).

All tests of hypotheses were two sided, and differ-
ences were considered statistically significant when
P <0.05 and with a 95% level of confidence.

RESULTS

When stratifying the data by the anatomic factors
(presence of CEP, presence of cervical restorations/
fixed prosthesis, and location of furcations), treat-
ment modalities, clinical parameters (initial mobility,
initial PD at furcation, initial CAL at furcation, mean
initial PD of the tooth, mean initial CAL of the tooth,
initial horizontal PD at furcation, initial horizontal
and vertical defect depths, PI, and BOP), and back-
ground factors (endodontic status, smoking status,
and surgeon’s experience: divided into three groups
in the order of the surgery that was performed), corre-
lations between these factors and higher probability of
achieving clinical improvement (e.g., 50% vertical
bone fill or a 1-, 2-, or 3-mm vertical/horizontal bone
fill) were analyzed. There were no significant relation-
ships indicating a higher probability of achieving
clinical improvement among the presence of CEP,
presence of cervical restorations/fixed prosthesis, ini-
tial mobility, location of furcations (buccal or lingual
sides; first or second molars), initial mobility, initial PD
at furcation, initial CAL at furcation, mean initial
PD of the tooth, mean initial CAL of the tooth, initial
horizontal PD at furcation, initial horizontal defect
depth, initial PI at furcation, initial BOP at furcation,
endodontic status, smoking status, and surgeon’s
experience. However, significant associations were
revealed with the effect of treatment modality and
initial vertical defect depth. The results from x2 tests
indicated a borderline significant (P = 0.06) associa-
tion of initial vertical defect depth ‡4 mm and a higher
probability of having 1-mm vertical bone fill com-
pared to an initial vertical defect depth £3 mm. Signif-
icant evidence (b = 2.77; P = 0.03; odds ratio = 16) of
an association was shown between treatment modal-
ity and vertical defect fill, with the BG group being 16·
more likely to have a 50% vertical defect fill compared
to the OFD group and 64· (b = 4.159; P = 0.006; odds
ratio = 64) more likely to have a 1-mm vertical defect
fill compared to the OFD group (Table 1). An associ-
ation (b = 2.773; P = 0.003; odds ratio = 16) between
BG + C and vertical bone fill was also identified; it in-
dicated that the BG + C group was 16· more likely to
have a 1-mm vertical defect fill compared to the OFD
group. Furthermore, evidence (b= 2.773; P = 0.03;
odds ratio = 16) of an association between BG and
vertical bone fill, with the BG group being 16· more
likely to have a 2-mm vertical defect fill compared
to the OFD and BG + C groups.

When comparing the results among different treat-
ment modalities, sites treated with BG showed the
highest vertical bone fill followed by BG + C, whereas
vertical bone loss was noted in sites treated with OFD
(Table 2). Vertical bone fill in sites treated with BG and

†† SPSS, Chicago, IL.
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BG + C was significantly higher than that in sites
treated with OFD (P <0.05). Horizontal bone fill was
0.2 – 1.7 mm, 1.1 – 0.9 mm, and 1.1 – 0.9 mm for
the OFD, BG, and BG + C groups, respectively. The re-
ductions of horizontal defect depth and vertical bone fill
were statistically significant in BG and BG + C groups
(P <0.05). However, horizontal bone fill, recession,
CAL gain, and PD reduction at furcations showed no
differences among different treatment modalities.

The mean differences of measurements over time
among three groups were compared using the paired
t test and repeated measure ANOVA. When compar-
ing the three treatment modalities in terms of the
mean difference of vertical defect depth over time,
there was evidence of a time effect (P <0.05) and treat-
ment effect (P <0.05) for all groups. For the mean dif-
ference of horizontal defect depth, vertical probing

depth at furcation, and horizontal probing depth, only
time effect, and not treatment effect, was found.

DISCUSSION

Results obtained from this study indicated the positive
effects of BG and BG + GTR barriers for the treatment
of furcation defects, especially vertical defect fill. In
addition, our data indicated that BG (e.g., human
cancellous bone)-treated sites are 16· more likely to
have ‡50% of vertical furcation defect fill than OFD.

Cigarette smoking is considered a behavioral and
environmental factor related to the treatment out-
come of subjects with furcation defects, and some
negative correlations with regenerative outcomes
have been reported.13,15-17 However, although 14
participants in the present study smoked ‡1 pack/
day, and four subjects smoked <1 pack/day, smoking
was found to have no effect on treatment outcome.
A similar regenerative outcome was also reported in
smokers compared to non-smokers in a recent study.9

There has been some controversy regarding the re-
lationship between the pulpal status of teeth and their
regenerative potential. Some have suggested that
endodontically treated teeth may be less-than-ideal
candidates for regenerative therapy.18 However, in
agreement with Diem et al.19 and Chen et al.,20 pulpal
condition did not affect the treatment outcome in this
study.

The exact nature of the tissue reorganization in the
BG areas could not be ascertained in this clinical
study. In a few cases, residual BG-like material was
observed and was well incorporated with newly
formed bone with hard surface texture. Histologic
biopsy with a pretreatment landmark to show true
regeneration would be important to verify the results
obtained from this study. Future study in this area is
recommended.

Table 1.

Factors Associated With Higher Probability of Improvement

Outcome Variable Variable b Odds Ratio 95% Confidence Interval P Value

50% vertical defect fill Tx (1) 2.773 16.0 (13.5, 18.5) 0.030*

1-mm vertical defect fill Tx (1) 4.159 64.0 (61.1, 66.9) 0.006*

1-mm vertical defect fill Tx (2) 2.773 16.0 (13.5, 18.5) 0.030*

2-mm vertical defect fill Tx (1) 2.773 16.0 (13.5, 18.5) 0.030*

2-mm vertical defect fill Tx (3) 2.773 16.0 (13.5, 18.5) 0.030*

1-mm horizontal defect fill Tx (1) 1.946 7.0 (3.9, 10.2) 0.070

1-mm horizontal defect fill Tx (2) 1.946 7.0 (3.9, 10.2) 0.070

Tx (1) = BG compared to OFD; Tx (2) = BG + C compared to OFD; Tx (3) = BG compared to BG + C.
* Statistically significant (P <0.05); P values were based on logistic regression analysis.

Table 2.

Results Obtained From Three
Treatment Modalities

Treatment Mean – SD (mm)

Vertical bone fill*

OFD -1.6 – 2.1

BG 1.9 – 1.4†

BG + C 0.7 – 0.9†

Horizontal bone fill

OFD 0.2 – 1.7

BG 1.1 – 0.9†

BG + C 1.1 – 0.9†

* Results of Kruskal-Wallis test. There is evidence of a significant difference
of the mean of vertical bone fill between BG and OFD (P = 0.002) and
between BG + C and OFD (P = 0.016).

† Statistically significant (P <0.05).
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Differences in root morphology and furcation ac-
cess exist in mandibular first and second molars and
in buccal and lingual furcations, which may affect sur-
gical management.21,22 However, similar clinical im-
provement for first and second molars with Class II
furcations after GTR therapy was reported.9,12 In the
present study, there was no significant correlation
between the location of furcation defects (buccal or
lingual; first or second molars) and the probability
of improvement. Because of the limited sample size
for comparison, the impact of the location of furca-
tions on treatment outcomes cannot be concluded.

The presence of CEPs was identified in six (13.3%)
of 30 furcations. No correlation was found between
the presence of CEPs and the probability of improve-
ment of the clinical parameters. Cervical restorations
and fixed prostheses were present on 14 (46.7%) of
the 30 teeth. No correlation was found between the
presence of a cervical restoration or fixed prosthesis
and the probability of improvement. Both CEPs and
a prosthesis may contribute to the initiation of furca-
tion involvement.23

The limitations of the regeneration in some subjects
in the present study might relate to the proximity of the
crown margins, proximal bone height, and location of
the furcations. However, statistical results obtained
from this study failed to show any correlation with a
higher or lower probability of improvement in cases
where furcations were located on lingual sides or in
second molars. Likewise, the restorative or endodon-
tic conditions of a tooth did not have any correlation
with the changes of probability for clinical improve-
ment. Physiological limitations are still present. The
proximity of crown margins to furcations may inhibit
the epithelial and/or connective tissue attachment to
form coronally. Second molars and lingual furcations
may cause access difficulties and, therefore, reduce
the efficiency in debridement of the root surfaces
and influence treatment outcome.

Initial vertical defect depth (‡4 mm) and treatment
modality (e.g., BG) were found to be the clinical pa-
rameter and factor associated with a high probability
of clinical improvement. Sites treated with BG, such
as mineralized human cancellous allograft, were more
likely to have a greater vertical furcation defect fill
than sites treated by conventional OFD surgery. Ad-
ditional membrane placement does not enhance the
treatment outcome achieved by BG alone.
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