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The long-term maintenance of
maxillary molars with furcation
involverment remains one of the
greatest challenges in perio-
dontics. Long-term retrospec-
tive studies have shown that
maxillary molars are the teeth
most often lost.'*4 Factors such
as the inability fo adeguately
clean furcation defects,® ana-
tomic anomalies,®’ and posi-
tion in the arch have made
these feeth difficult to freat and
to maintain in health and com-
fortable function.

Opftions for treating maxil-
lary molars with furcation
involvement include: tunneliza-
tion,2? root resection, !9 and soft
fissue surgery.!! Tunneling pro-
cedures carry the risk of expos-
ing the furcation to caries,® sig-
nificant sensitivity, and recurrent
disease as a result of the diffi-
culty of cleaning this exposed
area. Root resection has met
with mixed results. While some
studies have demonsfrated
excellent success, 218 others!4.12
have shown less favorable
results related fo endodontic
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failures, root fractures, and con-
tinued bone loss. The cost of
rool resection and subsequent
prosthetics is also a concern.
Ross and Thempson'! reperted
on 387 furcation defects in
maxillary molars treated by soff
tissue surgery. They followed
these sites 5 to 24 years and
reported a functional survival
rate of 88%. Neither the degree
of furcation invasion nor the
level of health maintained was
discussed in this arficle.

Recent efforts have aimed
at treating makxillary furcation
defects by regenerative ther-
apy such as guided fissue re-
generation with expanded
polytetrafluocroethylene (e-PTFE)
membranes'®22 or combination
therapy.”1? While success has
been demonstrated for man-
dibular furcations,!7:19:23-3% the
same has not been true in the
maxilla. 82021 Most controlled
studies'®2021 in which e-PTFE has
been used alone to treat maxil-
lary furcation defects demon-
strate more failures than suc-
cesses. This has left clinicians
believing that regenerative
treatment of maxillary molars is
unpredictable,

Contrary fo this cpinion is
the landmark paper of McClain
and Schallhorn.'? Their study illus-
trated that maxillary molar Class
Il furcations could be closed by
a combination of compaosite
grafting, root conditioning, and
guided tissue regeneration, and
that furcation closure was stable
over a 5-year period.

The purpose of fhis article is
to report the results of a series
of maxillary Class Il furcation
involvements that were freated
by various regenerdtive fech-
nigues.

Method and materials

Twelve patients (fhree women
and nine men), ranging from 31
to 63 years of age, are included
in this report. All patients were
diagnosed with adult periodon-
titls and were referred for com-
prehensive treatment. As a part
of their inifial therapy, patients
were required to perform
plagque control until visible
plague was absent or light. This
consisted of a minimum of two
visits outside the dental opera-
tory environment where plagque
disclosure, fechnique demon-
stration, and perfoermance were
reinforced. Pafients also re-
ceived supragingival and sub-
gingival scaling and root plan-
ing. Occlusal therapy, where
indicated, consisted of bite
adjustment or splinting of teeth
to reduce/eliminate excessive
mobility or fremitus patterns.
Examinations included assess-
ment of probing depth (PD).
clinical attachment level (CAL)
and degree of furcation in-
volvement as determined by a
Nabers probe (Hu-Friedy). Zero
horizontal depth was deter-
mined as having furcation clo-
sure (FC) while 1- to 2-mm hori-
zontal depth was classified as o
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Class | furcation invasion, and a
depth of 3 mm or greater was
classified as a Class |l defect,
Patients rinsed for 30 seconds
immediately prior to the sur-
gery with Peridex (Proctor &
Gamble). 4 Full-thickness flaps
using sulcular incisions were
used to gain access. Defects
were thoroughly debrided and
the roots were scaled and
planed with hand, ultrasonic,
and rotary high-speed finishing
burs (Brasseler). Citric acid (pH
1) root conditioning was per-
formed for 3 minutes. Intra-
marrow penetration was per-
formed fo enhance rapid
revascularization. Bony ledges or
exostoses were removed or
reduced to enhance primary
closure and to permit coronal
positioning of the buccal flap.
Nine furcations were freated
with demineralized freeze-dried
bone allograft (DFDBA, LifeNet)
mixed with tetracycline in a
ratio of 4:1 and covered by an
e-PTFE membrane (WL Gore),
two were treated with DFDBA/
tetracycline veneered by a
demineralized freeze-dried lami-
nar bone strip (100 fo 300 pm
thick), two were treated with
DFDBA alone, one was treated
with DFDBA combined as a
composite graff with calcium
sulfate and tetracycline cov-
ered by an e-PTFE membrane,
and one was treated with
DFDBA mixed with tetracycline.
Demineralized freeze-dried
bone allograft was placed to
overfill the defects with light

incremental pressure. The e-PTFE
membranes were secured by a
sling suture with attention to
covering the defect and sur-
rounding 2 fo 3 mm of bone
margin with the membrane.
Flaps were positioned to obtain
primary closure and were
sutured with interrupted e-PTFE
sutures. Coepak (GC America)
was placed over the surgical
site as a periodontal dressing for
approximately 7 to 10 days.
Patients were prescribed peni-
cillin, erythromycin, or doxycy-
cline for the first 10 to 14 days,
followed by doxycycline, 100
mg per day, for an additional 21
days.

Patients were seen every 7
to 10 days for postoperative
freatment until the time of
membrane removal. At the first
to third visits, loose sutures were
removed. After membrane re-
moval, patients were seen
bimonthly for the second
month and every 3 months
thereafter. Postoperative visits
included plague debridement,
both mechanically and with
topical chlorhexidine, selective
stain removal, and reinforce-
ment of oral hygiene.

The e-PTFE membranes
were retained for 4 to 7 weeks:
however, at two sites the mem-
branes were removed atf 3
weeks because of excessive
exposure and accompanying
recession. Membranes re-
mained in a tight collar position
until their removal, which was
carefully done under local
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Table 1 Summary of furcation information

Months Tetra-  Barrier

Patient Smoker Pretreatment post-  Barrier cycline removal Posttreatment
no Sex Age (Y/N) Site CAL PD  surgery used Ingraft? (wks) CAL PD  FC?
1 M 59 N 14(26)D Q 9 18 L by NA 5 4 il
2 M 42 N 20 7HMP Q Q@ 14 = Rl 6.0 4 4 Y

42 N 1527MP 9 9 18 L Y NA 3 3 v
3 F 35 i 14(26)MP 8 8 15 E o 3.0 4 3 e
4 M 5 N 14(26)MP i 7 6 E Y 4.5 3 3 4
5 M 63 Y 3(16)MP 7 7 18 E W 50 5 4 N

63 Y 14(26)MP & 5 15 E Y 4.0 5 5 N
6 F 46 N  15@7HMP 10 10 45 N N NA 5 4 i
7 M 45 N 3(16)D 7 7 2 E i 750 3 7 s
8 M 48 N 3(16MP 10 11 12 = N 5.5 4 & Y
9 M 50 N 3(16)MP 7 7 7 E Y 5.0 b 6 N
10 F 52 N  3(06MP 7 7 a1 E b 4.0 3 3 i
1l M 31 YO E@HD 7 7 37 N N NA 5 <) N
12 M 58 N 118D 6 b 21 N it NA 3 3 Y

58 N 15(27)D 6 5 20 = Y 3.0 4 3 Y

Treatment sites are given in the Universal tooth numbering system; FDI notation is given in parentheses. CAL = Clinical attachment level: PD = prob-
ing depth: N = no; Y = yes; D = distal: MP = mesiopalatal; E = e-PTFE; L = demineralized freeze-dried laminar bane stiip; N = no barrier: NA = not

applicable; FC = furcation closure

Table 2 Summary of results by treatment modality

Furcation
No. of closure  Percent

Treatment sites (n) successful
DFDBA + TTC + e-PTFE 6 &7
DFDBA + TTC + DLBS 2 100
DFDBA 1 50
DFDBA + TTC 1 100
DFDBA + CaSO, + TTC + e-PTFE 1 100
Combination therapy (e-PTFE only) 7 70
Combination therapy

(Total sites = e-PTFE + DLBS) 9 745)
Graft alone total 2 67

All sites F 768

DFDBA = Demineralized freeze-dried bone allograft; TIC = tefracycline: e-PTFE = polytetrafiucro-
ethylens barrier; DLBS = demineralized freeze-dried laminar bone strip; CasO, = calcium sulfate.

anesthesia and flap reflection.
The flap was repositioned to
cover the regenerated tissue
and sutured for 1 week.

Results

Fifteen maxillary molars were
consecutively treated in 12
patients. A majority of the Class
Il furcations would not be
described as “keyhole lesions”
when wusing Tarnow and
Fletcher's*! classification, since
10 of the teeth had Class IIB
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Fig la  Mirror view shows Class Il furca-
tion invasion at the distal of the maxil-
lary right first molar of patient 7.

Fig 1d Expanded polytetrafiuoro-
ethylene membrane is secured by a
sling suture.

furcation involvement, while
five had Class IlA involvement.
There was an infrabony com-
ponent associated with six of
the 15 furcations, and the crest-
al height of the intrabony de-
fect was always below that of
the furcation fornix.

Results of freatment are
summarized in Table 1. Of the
15 molars treated, 11 were clini-
cally closed for an overall suc-
cess rafe of 73%. Seven of the
11 closed furcations were
located on the mesiopalatal
aspect, while four were located

Fig 1b  Broad three-walled intrabony
defect associated with the distal of the
first molar.

Fig le Reentry at 1 year shows com-
plete resolution of the infrabony
defect.

on fthe distal. None of the furca-
tions treated were on the buc-
cal aspect. The four furcafions
that did not respond remained
as Class |l defects.

Four of the furcation defects
treated were in three patients
who were smokers, all of whom
smoked one half of a pack of
cigarettes per day or less. Only
one of their furcations freated
was closed compared to 10 of
the 11 furcations in nonsmokers,
representing a 25% success rate
for smokers versus a 1% succeass
rafte for nonsmokers,

Fig lc Demineralized freeze-dried
bone allograft mixed with tetracycline
is placed after citric acid conditioning
of the roofs.

Fig 1f The distal furcation is completely
closed wifhi bone. There has been a 4-
mim gain in chnical attachment levef,
while probing depth has been reduced
by 5 mm

Table 2 summarizes the suc-
cess rate of the different modal-
itles of treatment. Combination
therapy with either e-PTFE or a
laminar bene strip covering the
DFDBA had a success rate of
75%. Deminerdlized freeze-dried
bone allograft alone or mixed
with tetracycline was successful
in closing 6/% of the furcations
freated.

Surgical reentry was per-
formed at 12 to 37 months on
eight closed furcations, and
representative photographs
are shown in Figs 1 fo 3.
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Fig 2a Pretreatment radicgraphs of

the maxiliary right first molar in patient
8. An advanced intrabony lesion with
Class Il furcation invasion is suggested
at the mesial of the first molar.

Fig 2b Surgical view of the mesio-
palatal furcation prior to the completion
of scaling, root planing, and citric acid
treairment, The angular lesion is a combi-
nation of one, two, and three walls asso-
ciated with a Class Il furcation

Fig 2c Demineralized freeze-dried
bone allograft mixed with calcium sul-
fate and tetracycline is placed fo fill
the furcation and osseous defect.

Fig 2d Expanded polytetrafiuoroethyl-
ene membrane (GTA2) is timmed and
secured to cover the DFDBA.

Discussion

These case reports demonstrate
that maxillary molars with Class Il
furcation defects can be closed
by various types of regenerative
therapy. The technique most
commonly used was DFDBA
and e-PTFE plus citric acid root
conditioning. These results are
consistent with those of McClain
and Schallhorn,'? who treated
11 maxillary furcations with

Fig 2e Radiograph taken at | yvear
posttreatment suggests complete fill of
the intrabony lesion and the furcaiion.

composite grafting, e-PTFE, and
root conditioning., and had
complete furcation fill in eight
cases for a success rate of 73%.
The case reports presented in
this study compare favorably to
studies where flap debridement
with e-PTFE membranes was
used to treat maxillary molar
Class |l furcations. Metzler et al’®
and Mellonig et al?® reported
that none of their maxillary
molars reentered at 6 months
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Fig 2f Reentry at 12 months confirms
the complefe furcation fill. There has
been a gain of 6 mm in the clinical
attachment level and a reduction of 8
mm in the probing depth.

had complete furcation fill.
Pontoriero and Lindhe?' had
three test sites, flap debride-
ment with e-PTFE membranes,
and one confrol site, flap de-
bridement alone, of the 56
molars treated fill completely
with bene. Fleres-de-Jacoby et
al?? reported furcation closure in
50.7% of their 73 maxillary
molars treated and maintained
over a 4- to-6-year period.
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Fig 3a Prefreatment radiograph of the
maxillary right first molar in patient 10.
Bone loss is suggested in the furcation.

Fig 3d Expanded polytefrafiuoroethyl-
ene membrane (GIAZ2) is placed and
secured with an e-PIFE sling suture.

There are many elements
that affect the outcome of
regenerative freatment, partic-
ularly in furcation defects.
Machtei and Schallhorn®? sum-
marize factors that affect clini-
cal outcomes of molar furca-
fions in their recent article. While
no particular factor can be con-
sidered most important, some
factors appear to be more cru-
cial to the closure of maxillary
molar Class Il furcations. These

Fig 3b Surgical view of the mesio-

palatal furcation after root planing with

finishing burs on a high-speed hand-

piece and cifric acid freatment. There

is @ combination one-wall/two-wall
defect at the mesial of the molar.

Fig 3e Reentry at 14 months shows
complete furcation fill with bone. The
ciinical aftachment level and probing
depth have improved by 4 mm.

include furcation access, com-
bination therapy (the use of an
inductive graft material plus a
barrier), plague control and sup-
porfive periodontal treatment,
and the smoking stafus of the
patient.

Successful wound debride-
ment and root preparation are
dependent on access to the
area. Both Metfzler et al'® and
Pontoriero and Lindhe?! deron-
strated better results in buccal

Fig 3c Demineralized freeze-dried
bone allograft mixed with tefracycline
is placed in the furcation using light
pressure.

Fig 3f Radiograph at 37 months sug-
gesfs continued stability of the furca-
fion. Probing depth and affachment
level measurements have remained
unchanged.

furcation defects than in de-
fects at the mesiopalatal or dis-
tal aspects of maxillary melars.
In attempting regeneration in a
furcation, access is impor-
tant.1821.43-45 The use of namow,
flame-shaped finishing burs on a
high-speed handpiece will give
the operator better access for
odontoplasty and cleaning of
the furcation than traditional
hand instfrumentation.
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The inductive potential of
DFDBA%47 and its ability to
enhance periodontal regener-
ation is well established in the
literature.?®49 The DFDBA not
only induces bone formation,
but one of its morphogenetic
proteins, BMP-2, has also been
shown by Sigurdsson et al*®® to
induce new cementum forma-
tion. MeClain and Schallhorn'?
reported excellent results in
maxillary Class Il furcations after
combining DFDBA with an
e-PTFE membrane.

The combined use of DFDBA
and fetracycline in a ratfio of 4:1
was influenced by the impres-
sive results of Yukna and Sepe?!
and Mabry et al.®2 Retrospec-
tive evaluation of tetracycline
incorporated with DFDBA has
indicated trends foward im-
proved aftachment levels versus
DFDBA alone in infrabony sites
followed for 2 to 5 years.®® The
incorporation of feftracycline
with DFDBA may be beneficial
for both its bacteriostatic prop-
erties and stabilization of colla-
gen.* The clinician must not be
overzealous when using fetracy-
cline, because high concentra-
tions may denature some of the
essential marphogenetic pro-
teins or interfere with fibroblastic
proliferation

Successful regenerative
freatment relies on excellent
postoperative plague control,
Cortellini et al®® found that the
full-mouth bleeding scores of
their patients directly correlated
to the gains seen in clinical
aftachment levels. The concern
with the use of e-PTFE mem-
branes is contamination by
putative periodontal patho-
gens. Machtei et al??43 re-
ported that mandibular Class |l
furcation sites infected by
Actinobacillus actinomycetem-
comitans had significantly less
bone fill. Selvig et al®’ and
Nowzari and Slots®® reported
that bacterial colonization of
the e-PTFE membranes can be
detrimental fo the regenerative
site, Studies®?¢? in which antibi-
ofics were used in conjunction
with e-PTFE membranes have
shown befter gains in probing
attachment levels.

Effective plagque control was
obtained in this study in several
ways. Patients rinsed with
Peridex immediately prior to the
surgical procedure o reduce
salivary bacteria.4? Systemic
antibictics were used through-
out the critical healing period
untll membrane removal. Pa-
tients were deplaqued on a
weekly basis until membrane
removal.

It is essential to have such
stringent plaque control while
the membranes are in place,
because exposure of the mem-
brane collar may be unavoid-
able as a result of the anatomic
concavity of the maxillary maolar
roof trunk.?! This could lead fo
the membrane acting as a-
nidus for bacterial colonization
and subsequent infection of the
site.

Recent evidence has
demonstrated the negative
effects of soking on regenera-
tive therapy in humans,%2-94
Rosenberg and Cutler®® found
that smokers freated with
guided tissue regeneration for
Class Il molar furcation involve-
ment confributed to 80% of fail-
ures. The effect that smoking
exhibits may be related to the
vasoconstrictive properties of its
by-products that penetrate the
saliva and crevicular fluid,® its
alteration of fibroblast adher-
ence,® and its diminution of
phagocytosis by polymorpho-
nuclear leukocytes.t’” The ex-
pectation for success has to be
tempered for pafients who use
tobacco products. The authors
tried to limit therapy to patients
who smoked less than 10 ciga-
reftes per day. This was based
on a study by Ah et al,®® who
showed that patients that
smoked greater than 10 ciga-
reftes per day responded less
favorably to both surgical and
nonsurgical pericdontal therapy
than nonsmokers,
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Conclusion

The case reports presented sup-
port the use of regenerative
treatment for closure of maxil-
lary furcation defects. The tech-
nique most frequently used was
flap debridement in combina-
tion with DFDBA, e-PTFE mem-
branes, and citric acid root con-
ditioning. Radiographs and
reentry documentation of bone
fill strongly suggest that maxillary
furcations can be successfully
treated with predictability.
Access to the furcation, plaque
control, supportive periodontal
treatment, and smoking appear
to be critical factors in the suc-
cessful closure of maxillary fur-
cations.
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