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Abstract
Purpose: The purpose of this retrospective study was to determine whether teeth with furcation involve-
ment lose significantly more bone in furcation sites over time than interproximal sites of the same tooth.
Methods: Existing radiographs were analyzed to compare the rate of bone loss between furcation and 
interproximal sites of the same tooth. Selection criteria included mandibular molars with furcation in-
volvement and a minimum follow-up of 5 years. Using ImageJ software, anatomical landmarks were 
located and measured corono-apically. 
Results: Bone level change over time averaged 4.22 % ± 2.49 for interproximal sites and 4.55% ± 2.84 
for furcation sites. Significant difference in bone loss was noted in furcation sites between compliant (a 
minimum of one periodontal maintenance appointments per year) and non-compliant (fewer than one 
periodontal maintenance appointments per year) sub-groups. No other sub-group variables were associ-
ated with significant bone loss. 
Conclusion: There were no significant differences in bone loss between furcation sites and interproximal 
sites of the same tooth. Compliant patients lost significantly less bone in furcation sites than non-compli-
ant patients. Periodontal maintenance therapy may provide more effective debridement for mandibular 
molars that exhibit radiographic furcation bone loss than previously thought. Clinicians are encouraged 
to expand and explore a non-surgical approach for maintaining multi-rooted teeth with furcation involve-
ment.
Keywords: furcation involvement, bone loss, molar tooth loss, dental radiographs, periodontal mainte-
nance 
This manuscript supports the NDHRA priority area, Client level: Basic Science (diagnostic testing  
and assessments).

Introduction
Periodontal attachment loss around multi-rooted 

teeth has been shown to lead to progressive exposure 
of the furcation area. In general, furcation-involved 
teeth are not amenable to definitive and predictable 
management with conventional periodontal pro-
cedures.1,2,3 Even with attention from the most 
dedicated patients and practitioners, furcation-involved 
teeth frequently perpetuate marginal inflammatory 
changes and continuous periodontal breakdown. Thus, 
the furcation area raises considerable challenges for 
clinical management, in both treatment and follow-
up care.4,5,6,7 Research studies have inferred that there 
is greater potential for periodontal destruction in 
furcation sites than in the interproximal sites of the 
same molar tooth.1,4,8

Clinical assumptions that periodontally involved 
furcation sites negatively affect the overall health 
and longevity of molar teeth, may unduly influence 
treatment decisions. Recommendations for multiple 
and complex procedures for the treatment of furcation 

involved teeth, and the anticipation of the strict 
maintenance care needed afterward, may lead patients 
to feel discouraged about retaining and maintaining 
their teeth. Patients may opt for extraction over keeping 
their natural teeth in an era of dental implant therapy 
options and reports of high success rates. When 
discussing treatment options for periodontally involved 
molars, a poor or compromised long-term prognosis is 
routinely given.9,10 The degree of furcation involvement 
often serves as a prognostic factor and influences 
the selection of definitive and sometimes irreversible 
treatments.11 However, in studies summarized by 
Nabors and O’Leary, molars with furcation involvement 
have been shown to  survive and function for many 
years and demonstrate that furcation involvement 
classification alone should not condemn a tooth to 
an unfavorable prognosis.12 Miller, et al. also reported 
that furcation involvement did not affect the tooth 
survivability as much as other factors.8 

Few studies in the current literature focus on 
the differences between the clinical attachment 
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in furcation sites versus the non-furcation, i.e. 
interproximal sites, of the same tooth. Kalkwarf 
et al. claimed that even with regular periodontal 
maintenance, periodontitis in furcation sites 
progressed at a different rate from other tooth 
surfaces and that the involved sites tended to lose 
clinical attachment level regardless of the therapy 
provided.1 However, it must be noted that these 
authors evaluated data for probing depth changes in 
furcation sites only, without reporting changes for the 
other tooth surfaces. Nordland et al. investigated the 
probing attachment loss on “non-molar sites, molar 
flat surface sites, and molar furcation sites” and 
found that furcation sites had the highest percentage 
of attachment loss.4 Waerhaug et al. reported in his 
stereomicroscope study of 34 extracted molars, 
that attachment loss and marginal gingivitis on 
surfaces facing the furcation was greater than that 
on the outer surfaces.13 These authors recorded an 
average attachment loss of 62.8% on the furcation 
surfaces and 47% in the interproximal surfaces 
of the same tooth and concluded that attachment 
loss was more likely in the furcation sites than on 
the outer interproximal sites of the same tooth. In 
their study, Waerhaug et al. estimated the clinical 
attachment loss based on staining methods used on 
the extracted teeth and did not assess the amount of 
bone destruction. Subsequently, Rams et al. reported 
no significant differences in the risk of periodontitis 
recurrence between molar furcation sites and molar 
flat sites, or when compared to other molar sites.  
They concluded that molar teeth, as a whole, show 
elevated risks of periodontitis, not molar sites with 
furcation involvement or flat surfaces individually.     

At the time of this review, no published information 
was found comparing the rate of bone loss in 
furcation sites to the interproximal sites of the same 
tooth. The aim of this retrospective study was to 
determine whether teeth with furcation involvement 
loose significantly more bone in the furcations over 
time than the interproximal sites of the same tooth.  
A secondary aim of this study was to determine 
whether gender, age, interproximal restorations, 
systemic disease, the periodontal health of the 
adjacent teeth and compliance with periodontal 
maintenance care, have an effect on bone loss in the 
furcations as compared to the  interproximal areas of 
the same tooth.

Materials and Methods
This study was approved by the Institutional 

Review Board of the University of Southern 
California (approval # UP-08-00149). Patient record 
selection for inclusion in the study population was 
completed by reviewing all available archived 
paper charts and radiographs at the University 
of Southern California, Herman Ostrow School of 
Dentistry. An estimated 7000 patient paper charts 
were reviewed and searched, up to and including, 
January 2009 for samples that could contribute 

a 5-year history and meet the inclusion criteria. 
Study inclusion criteria were as follows: periapical 
radiographs of mandibular first and second molars 
with radiographic furcation involvement (molars with 
restorations covering the CEJ were only included if 
the same restorations were present in subsequent 
x-rays); clear anatomical landmarks allowing for 
linear measurements to be taken between the fixed 
reference point (CEJ or restoration margin, fornix) 
and the radiographic apex; a minimum 5-year 
history of radiographs; comprehensive information 
on age, gender, presence of a medical conditions, 
tobacco use status, compliance with and frequency of 
periodontal treatment recommendations.  Presence 
or absence of adjacent teeth and the presence 
of interproximal restorations was noted. Clinical 
variables including probing depths, clinical furcation 
involvement, mobility, and clinical attachment loss 
were not included as part of the data set due to 
incomplete and inconsistent data collection recorded 
in the patient charts.

Exclusion criteria were as follows: minimal or 
immeasurable bone loss from the fornix to the 
alveolar crest in the furcation area; diagnostically 
unacceptable or unclear anatomical landmarks;  
excessive image distortion (obvious elongations 
or foreshortening of the teeth and surrounding 
structures); presence of infrabony defects; and 
presence of root resorption or periapical lesions in 
either baseline or subsequent radiographs. Patient 
charts with documentation of local antibiotic therapy 
and/or periodontal surgical treatment, including 
osseous surgery, root resection, or tunneling 
procedures performed on the selected tooth during 
the time frame of the study, were also excluded.  
Charts selected for the study were included only if 
the patients had been on a periodontal maintenance 
schedule including oral hygiene instruction and 
professional dental cleaning at either the Ostrow 
USC School of Dentistry pre-doctoral clinic or dental 
hygiene clinic. The periodontal maintenance regime 
over the study period was recorded. Patients, who 
had presented for at least one nonsurgical periodontal 
maintenance visit per year, were classified in the 
compliant group.  

All radiographs used in this study were taken and 
processed using conventional, film-based standard 
equipment. All radiographs selected for the study 
were then scanned using a flatbed scanner (Epson 
Expression 10000XL-Graphic Arts Scanner, Epson 
America Inc., Long Beach, CA, USA) to a 500 x 400 dpi 
resolution, 10-bit grey values and then transferred 
to a computer (IBM-PC, Lenovo, New York, USA) PC: 
1.83 GHz. Digital manipulations were performed and 
measured using image analysis software for Windows 
(ImageJ 1.32j, National Institutes of Health). ImageJ 
is a public domain Java image processing program, 
based on NIH Image, which calculates area and 
pixel value statistics for user-defined selections.15 
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Contrast of the images was enhanced by using 
background subtraction tool. All radiographs were 
evaluated under 10-fold magnification. Anatomical 
landmarks, CEJ, restorative margins, alveolar crest, 
furcation fornix, and root apicies, were identified on 
the radiographs. The alveolar crest level was apical 
to furcation fornix in order to be included in the 
study. A single observer was used in this study to 
detect the radiographic landmarks. The observer’s 
measurements were repeated and averaged to help 
avoid study errors, promote consistent uniformity and 
maximize the sensitivity for detecting radiographic 
changes.16 Periapical radiographs were used to 
measure bone loss between the fixed reference 
points17,18 in percentage of the entire root length 
rather than millimeter measurements (Figures 1 and 
2).19-22 After fixed points were identified, both images 
were adjusted so that the angulation difference was 
minimized. Although this method does not provide 
the bone loss in absolute numbers, the technique 
allows for comparison of bone levels in the same 
tooth in sequential radiographs. The influence of 
methodical and elongation errors was introduced 
into all sample results, and errors in this technique 
were reported to be as small as 2%.23

Cemento-enamel junction (CEJ), alveolar crest 
(AC), furcation fornix (Fx), and root apex (Ax) were 
identified on the baseline and subsequent radiographs. 
Linear measurements between the fixed reference 
point (CEJ or restoration margin) and radiographic 
apex were made along the root surfaces on both 
mesial and distal roots using ImageJ.23 The program 
set the linear distance from CEJ or restoration to the 
radiographic apex at 100%, denoting the total root 
length. The linear distance between the apex and AC, 
as well as fornix and AC were assessed and recorded 
for each root. Each time a different root or radiograph 
was chosen the root length was re-measured and set 
at 100%. The same measurement was repeated on 
each subsequent radiographic image and recorded. 
The mesial and distal root surface measurements 
were not averaged together and were used in the 
calculation separately from each other. Radiographs 
were further reviewed to record presence or absence 
of an adjacent tooth.  The condition of having a tooth 
adjacent to the test tooth surface was referred to as 
“adjacency” in this study.

The means of the radiographic measurement 
were compared using statistical tests. All p-values 
were calculated using non-parametric tests. The 
Wilcoxon signed-rank test was used for differences 
between interproximal and furcation bone loss. The 
Wilcoxon rank-sum test was used for differences 
between subgroups. A p-value ≤.05 was considered 
statistically significant. 

Results
Twenty-six sets of periapical radiographs were 

obtained of mandibular first and second molars (20 
first molars, 6 second molars) with radiographic 
furcation involvement in all 18 patients (Table 
I). Mesial and distal root surfaces were measured 
separately and were analyzed individually as sites 
(total = 56 sites). Demographic characteristics of the 
study population are shown in Table I. The average 
age of the patients at the baseline radiograph was 61 
± 9.8 years (range: 41 to 81 years). Patient records 
were arbitrarily divided into two groups, age 60 and 
younger and older than 60 (n = 10, age ≤ 60; n = 
8, age > 60). Eleven patients had reported medical 
conditions (hypertension, diabetes, thyroid disease, 
hypercholestremia, or arthritis). One patient had 
reported an active history of tobacco use. All patients 
had received nonsurgical periodontal maintenance 
therapy; however, the periodontal recall schedule 
varied from patient to patient (intervals of 4 to 24 

Figure 1: Baseline  
Periapical Radiograph 

Figure 2: Follow up 
Periapical Radiograph

Table I – Demographic characteristics  
of the study sample. 

Patients 
(N = 18)

Teeth 
(N = 26)

Patient characteristics: 
    Age: 

61 yrs ± 9.8 (41-81)
≤ 60 y.o. 10 12
> 60 y.o. 8 14

    Gender:
male 11 18
female 7 8

    Systemic disease:
present 11 13
absent 7 13

    Periodontal recall:  
compliant 14 14
non-compliant 4 12

    Analysis time-frame (years):

Mean ± SD 6.31 ± 
2.4

Range 5  - 12
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months). Following the 5-year 
study period, the sample teeth in 
14 patients were still intact, and 4 
patients had subsequently had the 
sample teeth extracted. The study 
follow-up time ranged from 5 to 
12 years (mean = 6.3 years).  

Presence or absence of an  
adjacent tooth and of any inter-
proximal restoration was noted on 
individual interproximal sites on 
the radiographs. There were 17 
teeth that had either full coverage 
restorations or interproximal restor-
ations on one surface (mesial or 
distal), leading to total of 30 sites. 
There were 37 interproximal sites 
that were positioned by an adjacent 
tooth and 15 sites that were adjacent 
to an edentulous area.   

Bone loss was compared 
between interproximal and fur-
cation sites within the same 
tooth. No significant differences 
were found between mesial and 
distal sites of the same tooth; 
therefore no attempt was made 
to differentiate them further. In 
comparing baseline and subsequent 
periapical radiographs of furcation-
involved teeth, the overall average 
bone loss was 4.22 % ± 2.49 for 
the interproximal sites and 4.55% 
± 2.84 for the furcation sites 
(Table III). The annual average 
bone loss was 0.88% ± .61 for 
interproximal sites and 0.96 % ± 
.74 for furcation sites (Table II). 
No significant differences in overall 
or annual bone loss rates were 
found between the interproximal 
sites and the furcation sites.   

Various parameters were 
reviewed to detect possible 
associations between bone loss 
including age, gender, presence 
of systemic disease, interproximal 
restorations, adjacency, and com-
pliance to periodontal recall within 
12 months (Table II). Other than 
compliance with periodontal recall 
schedule, no parameters were 
significantly associated with bone 
loss between the interproximal 
and furcation sites. A more 
regular recall schedule resulted 
in statistically less bone loss over 

the furcation site (p = 0.04) than in records indicating patient non-
compliance with the recall schedule. The interproximal sites showed no 
statistical differences in relation to compliance. There was a trend for 
greater bone loss in interproximal sites adjacent to an edentulous area 
than in those adjacent to another tooth; however, the difference was 
not statistically significant.

Table II: Overall and annual bone loss in total root  
length by subgroups **

  Overall Annual

  Interproximal 
sites

Furcation  
sites

Interproximal 
sites

Furcation 
sites

mean %  
(SD)

mean % 
(SD)

mean %  
(SD)

mean % 
(SD)

Total 4.22  
(2.49)

4.55 
(2.84)

0.88  
(0.61)

0.96 
(0.74)

Age

   ≤60 4.82  
(2.10)

5.08 
(3.48)

0.99  
(0.67)

1.01 
(0.89)

   >60 3.47  
(2.87)

3.89 
(1.75)

0.75  
(0.53)

0.89 
(0.55)

Gender

   male 3.96  
(2.41)

4.20 
(2.76)

0.89 
(0.57)

0.97 
(0.85)

   female 4.63  
(2.76)

5.10 
(3.09)

0.87  
(0.70)

0.93 
(0.60)

Presence of interproximal restorations

   Yes 4.45  
(4.00)

4.45 
(3.22)

0.88  
(0.95)

0.82 
(0.60)

   No 4.64  
(2.06)

4.25 
(2.59)

1.09  
(0.65)

1.07 
(0.98)

Adjacent to another tooth

   Yes 3.52  
(2.42)

4.19 
(3.39)

0.74  
(0.66)

0.86 
(0.84)

   No 6.98  
(3.24)

3.40 
(0.62)

1.55  
(0.01)

0.86 
(0.84)

Presence of systemic diseases

   Yes 3.90  
(2.44)

3.56 
(2.22)

0.89  
(0.56)

0.89 
(0.87)

   No 4.62  
(2.67)

5.79 
(3.17)

0.88  
(0.70)

1.05 
(0.59)

Compliance (periodontal recall at least every 12 mos.)

   Yes 3.47  
(2.41)

3.76 
(2.82)

0.67  
(0.40)

0.73 
(0.55)

   No 5.40  
(2.29)

5.79 
(2.57)*

1.22  
(0.74)

1.32 
(0.90)

  *Statistically significant, as per Wilcoxon rank-sum test, at p-value ≤.05 
** Mean percentages of bone loss in total root length, standard deviation  
shown in parentheses.
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Discussion 
Mandibular molar teeth studied in this radiographic 

analysis using ImageJ software exhibited a natural 
progression of inflammatory periodontal disease 
in both furcation and interproximal sites. However, 
bone loss change between sites was not statistically 
different. The 4.22% bone loss found in the 
interproximal sites can be roughly translated as a 
range of 0.56 - 0.63 mm loss over the study period 
(5.0 to 6.3 years). This assessment translates to 
an estimated annual interproximal bone loss of 
approximately 0.09 – 0.1mm based on the average 
root length reported.24 Although this is an estimated 
rate, it is similar to the reported average annual bone 
loss in chronic inflammatory periodontitis patients.11, 

25-32 No other retrospective radiographic studies 
analyzing the rate of bone loss in mandibular molar 
furcation sites versus interproximal sites of the same 
tooth were found as  a comparison to the findings 
of this study. Additionally, this study did not find 
significant differences in bone loss between mesial 
and distal root surfaces or between the first and 
second molars of the teeth studied. Therefore, no 
attempt was made to further differentiate between 
root surfaces or first versus second molars.   

 Several clinical studies have reported more 
attachment loss over time in furcation sites versus 
non-furcation sites.1,4,13,33 Differences inherent 
between clinical and radiographic studies can provide 
some explanation for divergent findings between this  
study and other investigations and their significance. 
While clinically evident inflammatory changes of the 
gingiva may be considered precursors of periodontal 
destruction, clinical markers of inflammation may 
not be indicative of bone loss or necessarily lead 
to bone loss in the future.34,35 Clinical probing 
attachment levels may show gains or losses within 
relatively short periods of time.4  Due to the nature 
of a retrospective study, clinical information at and 
following the baseline was inconsistent or absent, 
and therefore not included in the current study. A 
limitation of radiographic studies may be that they 
indicate less attachment loss than clinical studies 
because of difficulties and inaccuracies related to 
identifying the alveolar bone crest projected and 
overlapped in the tooth furcation area.  Radiographs 
in this study were taken as part of patient assessment 
records, without any calibrated methods. By 
necessity, investigators had to include radiographs 
taken at different angulations in this retrospective 
sample. This study described bony changes in 
relation to root length, using sequential periapical 
radiographs with anatomical landmarks as reference 
points to measure distances. Two reference points, 
the anatomical landmarks of the cemento-enamel 
junction and the tooth apex, were used in attempt to 
minimize error due to angulation differences.36 Due 
to the retrospective nature of this study, the analysis 
provided, not absolute, but relative proportional 

measurements.19,37 Lengths between the furcation 
to the apex and the interproximal to the apex were 
calculated and measured separately.  Measurements 
undertaken with use of ImageJ computer software 
served to minimize the amount of human error in 
this study.   

Another reason for differences in these results 
versus those found in previous clinical studies, may be 
the inclusion criteria. While most of the clinical studies 
cited included teeth with Glickman grade I and II 
furcation involvement, this study sample was limited 
to mandibular teeth with radiographically detectable 
furcation involvement apical to the furcation fornix. 
This allowed analysis of interproximal and furcation 
sites without the potential dilution of overlapping 
radiographic tooth images and alveolar bone based 
on the established root length. Clinical evaluation 
and furcation classification were not included in 
this study due to availability and inconsistent data 
collection. Additionally, this study did not include 
any teeth with previous surgical treatment, hence 
observing natural progression of periodontal disease 
retrospectively. Despite these limitations statistically 
significant differences were detected after Bonferroni 
correction. Some clinically relevant conclusions can 
be drawn and the results may serve as a basis for 
further research. Future studies using subtraction 
radiography could detect density differences 

over furcation areas and decrease the chances of 
underestimation of bone loss.35,37 Utilization of cone 
beam computed tomography could serve as another 
instrument to compare the bone volume over 
furcation areas. 

The results from this study indicate that destruction 
of alveolar bone in furcation sites was significantly 
greater among the non-compliant group than the 
compliant group (p = 0.04). This finding is similar 
to previous studies that have addressed progression 
of periodontal destruction in non-compliant groups 
and emphasizes the importance of a continuous 
periodontal maintenance program in controlling 
the disease process.7,38 With introduction of power-
driven ultrasonic scalers and mini-bladed hand 
instruments, studies have demonstrated that access 
in the furcation area is now easier with professional 
instrumentation.39 Regular periodontal maintenance 
care and patient compliance in this study was 
defined as at least one documented recall visit per 
year, which is considered to be “low threshold”.38  
One visit per year is not an ideal interval for a 
moderate to severe chronic periodontitis population 
for whom many authors advocate a periodontal 
maintenance interval of three to six months.40   
Maintaining frequent periodontal recall is even more 
imperative for patients with radiographically evident 
furcation involvement since definitive treatment is 
not predictable.1-3 Results in this study demonstrate 
that even with minimum compliance, periodontal 
maintenance can influence bone levels in the furcation 
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area. Compared to regular complier patients, erratic 
complier patients show high recurrence and more 
tooth loss.41 However, Wilson et al.42 reported that 
even erratic compliers retain tenfold more teeth than 
complete non-compliers. Teeth with radiographic 
furcation involvement may not always be indicated 
for definitive periodontal surgery. For patients who 
want to maintain their teeth longer, nonsurgical 
therapy, even with low threshold frequency, can be 
an alternative option to minimize the recurrence and 
progression of the disease.   

 No significant influences of age, gender, presence 
of the interproximal restorations, adjacent teeth or 
edentulous areas or chronic systemic diseases on 
interproximal or furcation bone loss were identified. 
A limitation of this study was its small sample size; 
a larger sample size could help detect differences 
related to presence of restorations and the other 
selected variables for possible influences on bone 
loss. Identifying radiographs in patient records 
meeting the strictly defined inclusion criteria, did not 
allow for a larger sample size. The majority of the 
records were excluded because the teeth had been 
extracted prior to the five year span required for 
inclusion in the study. The most common reasons 
for mandibular molar extractions were presence of 
periodontal abscesses, mobility or caries. Results 
from this study question the generally accepted idea 
that disease progression in furcation sites is more 
rapid than in interproximal sites. As measured by 
this study, patient records  revealed no more bone 
loss in furcation areas than in the interproximal areas 
over time and those who were in the category of 
minimal compliance (n=14) exhibited less bone loss 
in furcation areas that those who were categorized 
as non-compliant (n=4). However, this retrospective 
study protocol cannot answer the question of clinical 
significance and whether compliance can help extend 
longevity for radiographic furcation-involved molars 
beyond five to six years.Future research, utilizing 
calibrated clinical and standardized radiographic 
data, to determine periodontal disease progression 
in furcation sites is needed. 

Conclusion
The findings of this study of mandibular molars 

suggest a need for further exploration of non-surgical 
treatment options for molars exhibiting furcation bone 
loss. Results from this study imply that professionals, 
who necessarily have better visual and mechanical 
access to furcation areas than patients themselves, 
may be able to provide more effective debridement 
in furcation areas than previously thought. In this 
study of the five-year records of eighteen subjects, 
our findings showed no significant differences in the 
amount of bone loss between the interproximal and 
furcation sites of non-surgically treated mandibular 
molars. This conclusion, coupled with a finding that 
a minimal threshold of a once-per-year compliance 

with professional care was associated with less 
bone loss over time, suggests a professional impact 
on periodontal health beyond what patients alone 
can achieve through daily home care and personal 
oral hygiene.  Future long-term studies with larger 
samples, and study designs that standardize 
radiographic imaging for furcation-involved molars, 
are warranted.  
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