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Aim: The objective of this study was to investigate the use of cone beam computed tomography (CBCT) in assessing furcation
involvement (FI).
Methods: The study group comprised of 17 patients diagnosed as generalized chronic periodontitis.A total of 20 first and 12 second
maxillary molars with 96 furcation entrances were included.The degree of FI obtained by periodontal probing was compared with
the degree estimated from CBCT imaging.
Results: FI was observed in all 96 furcation entrances clinically, while a FI degree I–III was found in 75 sites according to the CBCT.
Overall, only 28% of the clinical findings were confirmed in the CBCT, while 30.2% were overestimated and 41.7% revealed an
underestimation
Conclusion: Employing CBCT for treatment in furcation involved maxillary molars will help to verify the clinical diagnosis and
prevent redundant surgical intervention.
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Periodontal disease is characterized by periods of disease activity 
followed by periods of latency.  Periodontal disease progression 
causes attachment loss, bone crest resorption, alveolar bone loss, 
and consequently tooth mobility. These characteristics grant 
importance to the use of imaging methods in the detection of such 
alterations. Further, it is important to use side by- side clinical and 
radiographic examinations to obtain a more accurate diagnosis1 
Periodontists commonly face the difficulty of accurately assessing, 
diagnosing, providing prognosis and treating furcation’s that are 
affected by periodontal disease, molars being highly damaged 
by this disease.2 Treating a furcation involvement (FI) requires 
a thorough diagnosis comprising of the estimation of the degree 
of horizontal and vertical FI, the assessment of the residual inter- 
and periradicular bone, and the evaluation of the root morphology 
with the length of the root trunk and the degree of root separation. 
Diagnosis is generally based on probing pocket depth (PPD), 
probing attachment level (PAL), probing of the furcation entrance 

and periapical radiographs.3  However, analysing FI accurately is 
not feasible in many instances due to limited access, morphological 
variations and measurement errors. An ultimate diagnostic tool in 
verifying clinical and radiographic assessments is an explorative 
open flap procedure4.
Among two-dimensional (2D) radiographic diagnosis methods, 
bitewing and periapical radiographs are the most suitable because 
they are easily acquired, cheap and provide high-resolution 
images.5,6 However, these methods are limited by overlapping 
anatomical structures, 7,8 difficulty in standardization5,8 , by 
underestimating the  size and occurrence of bone defects9 and an 
unfavourable orientation of the x ray beam.
	 To overcome these limitations, dental cone beam 
computed tomography (CBCT) has been introduced to 
Periodontology, and its diagnostic accuracy in the detection and 
the quantification of periodontal defects in invitro settings has 
been confirmed 7,8, 10, 11,. This radiographic tool provides good 
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imaging quality with less radiation exposure than conventional CT 
devices 12, 13. CBCT systems differ in features such as field of view 
(FOV), voxel size and image detection system. The FOV is ideally 
adjustable in height and width to limit radiation exposure to the 
region of interest only. CBCT units can produce sub-millimeter 
voxel resolutions ranging from 0.4 mm to as small as 0.08 mm 14, 

15. The clarity of CBCT images is affected by artefacts, noise and 
poor soft-tissue contrast. Disadvantages such as beam-hardening 
artefacts, streak artefacts and scattered radiation, though occur to 
a lesser extent in CBCT compared to conventional CT are still its 
limitations affecting diagnostic accuracy. 16; 17,18 
Recent in vitro studies have shown better precision in the eval-
uation of bone changes associated with periodontal disease us-
ing CBCT when compared to conventional and digital radiogra-
phy, mainly in the visualization of the furcation involvement of 
the maxillary molar.7,11 However, in vivo studies are still scarce. 
Therefore, the objective of this study was to investigate the use of 
cone beam computed tomography (CBCT) in assessing furcation 
involvement (FI).
Materials and methods:
The study group comprised of 17 patients (3 women and 14 men) 
with an age range of 41–80 yrs and diagnosed as generalized 
chronic periodontitis. Patients were recruited from the Department 
of Periodontology, Faculty of Dental Sciences, MSRUAS. A total 
of 20 first and 12 second maxillary molars with 96 furcation en-
trances were included. Complete clinical and radiographic exam-
inations were performed and instructions for supragingival plaque 
control were given. Patients with at least one maxillary molar with 
persisting increased PPD (≥ 6 mm) and/or advanced FI, defined 
as horizontal inter-radicular loss of periodontal tissues of degree 
II or III, were considered for possible inclusion in the study and 
informed consent were being taken. Periodontal surgery was con-
sidered for sites with PPD ≥ 6 mm. The patients with furcation car-
ies, metal crowns in the CBCT irradiation area or silver amalgam 
fillings near the alveolar crest and women who were pregnant or 
lactating were not included in the study.
Probing Pocket Depth (PPD) and Probing Attachment Level (PAL) 
were measured to the nearest millimeter at six sites (mesiobuccal, 
buccal, distobuccal, distopalatal, palatal and mesiopalatal) of the 
selected maxillary molars using a periodontal probe (UNC- 15; 
HU-Friedy). The cemento-enamel junction or a stable reference 
point, such as the restoration margin, were used as the reference 
for the PAL measurements. FI were measured at three sites (buccal, 
mesiopalatal and distopalatal) of the suspected maxillary molars 

using a curved scaled Nabers probe marked at 3mm intervals 
(HU-Friedy) without elevation of a soft tissue flap. The defect was 
characterized according to Hamp et al. (1975) using a modification 
of the furcation classification degree II, which was divided into 
degrees II and II–III.19  Degree 0       : furcation not accessible 
with a periodontal probe ,Degree I - horizontal loss of periodontal 
tissue support up to 3mm,Degree II : horizontal loss of support 
exceeding 3 mm, but no more than 6mm,Degree II–III: horizontal 
loss of support exceeding 6 mm, but no detectable ‘‘through and 
through’’ destruction and Degree III   : horizontal ‘‘through and 
through’’ destruction of the periodontal tissue in the furcation.
Tooth mobility was measured moving the tooth between two rigid 
instruments and classified according to the Miller‘s index (Miller 
1938). Pulp sensibility was tested using Endo ice. Periapical 
radiographs were made from maxillary molars using intra-oral 
dental films, a film-holder with 90 degree angulation for the 
parallel technique, and standardized exposure time and X-ray tube 
voltage. 
The CBCTs were performed in the distal maxillary area using the 
high resolution imaging system CS 9300C (Carestream, Rochester, 
USA) with a cylindrical volume of 5 cm x 5 cm to 13.5 cm x 17 
cm, and settings in the range of 60– 90 kV and 5–8 mA. Voxel size 
of ranging from 300-500µm. Exposure of 1982 mGy/cm2.
The CBCT images of each tooth included were analysed in the 
horizontal, sagittal and transversal sections. The software Trophy 
Dicom 6.4.0.4 (Carestream) with a linear measurement tool 
and a digital magnification lens was applied, which facilitates a 
continuous motion with the cursor in the 3D area visualized in the 
three planes on the computer screen. 
FI was calculated in the horizontal plane measuring the distance 
between the outer root surface and the interradicular bone to 
the nearest millimeter. The degree of FI was graded as follows: 
Degree 0: no horizontal loss of periodontal tissue support, that is, 
no radiolucency in the furcation area, Degree I: horizontal loss 
of periodontal tissue support up to 3mm ,Degree II: horizontal 
loss of support exceeding 3 mm, but no ‘‘through and through’’ 
destruction and Degree III: horizontal ‘‘through and through’’ – 
destruction of the periodontal tissue in the furcation.
The degree II–III used for clinical estimations was not applied in 
the CBCT analysis due to the difference in the horizontal measures. 
The surrounding bony support of each maxillary molar root was 
assessed in the appropriate sagittal or transversal plane in the long 
axis of the root. Additional radiographic findings obtained from 
CBCT imaging were categorized as A, B, C, D & E. (Table: 1)
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The degree of FI obtained by periodontal probing was compared 
with the degree estimated from CBCT imaging. The clinical diag-
nosis was either confirmed, or a clinical over- or underestimation 
was revealed according to the CBCT data.
Results:
FI was observed in all 96 furcation entrances clinically, while 
a FI degree I–III was found in 75 sites according to the CBCT. 
Overall, only 28% of the clinical findings were confirmed in the 
CBCT, while 30.2% were overestimated (CBCT ˂ clinical value) 
and 41.7% revealed an underestimation (CBCT ˃ clinical value). 
Among the degree I FI, only 31.4% were underestimated, whereas 

among the degrees II and II–III, the underestimation was 54.7%. 
Thus 38% of the clinical degree II furcations and the majority of 
the sites with clinical degree II–III (84%) were indeed degree III 
furcations. All clinically assessed degree III furcations were con-
firmed by the CBCT. An overestimation was observed in 40% of 
the clinical degree I furcations, which showed no radiolucency 
in the furcation area (degree 0 in CBCT)(Graph:1).  The CBCT 
analyses revealed several additional findings such as root fusion 
or root proximity, which were not clearly discernible from the 
periapical radiographs. Combined periodontal-endodontic lesions 
were found affecting four teeth.

Table1: Categories of radiographic findings obtained from CBCT
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Graph I: Degree of furcation involvement obtained by periodontal probing compared with the degree obtained by CBCT imaging

Discussion:
The diagnosis and classification of furcation defects play an 
important aspect of a periodontal examination for treatment 
planning and prognosis of teeth. Owing to the limitations arising 
from the two-dimensional imaging obtained using conventional 
radiography, as well as the fact that considerable bone loss must 
occur prior to furcations being visible on radiographs, there are 
significant problems in determining the degree of furcation 
involvement.20

In the current study, the established Hamp classification (1975) 
was modified by a sub-classification of FI degree II. This 
sub classification allowed to differentiate horizontal loss of 
periodontal tissue exceeding 6 mm without detectable ‘‘through 
and through’’ destruction.19 Also, three sections of the CBCT 
were used to analyse the furcation area and several morphological 
variations like root proximity or root fusion were detected. Owing 
to various morphological factors such as long root trunks, root 
concavities, bifurcation ridges and small furcation entrances, these 
contribute considerably to the difficulties in accurately assessing 
the FI clinically21. In addition, the CBCT enables the estimation of 
periapical lesions, or combined periodontal- endodontic lesions, 
the assessment of the existing root canal treatment, and the 
appraisal of the second mesiobuccal root canal.
In a population with generalized chronic periodontitis, a high 
incidence of 90% furcation involved maxillary molars have been 
reported22. FI was detected more frequently by conventional 
periapical radiographs than by clinical examination. 65% of FI 
teeth showed an agreement in the clinical and radiographic findings 
about FI, 22% were found by radiographic examination only and in 
3% FI was detected by clinical examination alone22. The present 

study reported that CBCTs facilitated an exact estimation of the FI, 
root proximities and root fusions. 
When CBCT was compared to traditional two-dimensional intra-
oral radiographs employing a digital CCD sensor, CBCT imaging 
was found to be superior for the imaging of defect shape, lingual 
or buccal furcation defects and furcation involvement, although 
more bone detail like bone quality, contrast and lamina dura was 
present on the CCD images1,11. When CBCT was used, it detect-
ed and correctly classified 100% of furcation defects while digital 
radiographs detected only 56% of furcations1. 
In the present study, only 28% of the clinical findings were con-
firmed in the CBCT, while 30.2% were overestimated and 41.7% 
revealed an underestimation compared to CBCT. These results are 
similar to those seen in a study conducted by Walter C, et al 2009 
where clinical measurements and conventional radiographs were 
used, it accurately predicted 27% of sites with furcation involve-
ment, with 29% overestimating the furcation and 44% underesti-
mating the defect compared to CBCT19. A study performed by 
Zappa U et al 1993 using intra-surgical horizontal probing and sil-
icone impressions, found that 27% of true degree III furcations had 
been clinically underestimated, while overestimation was found in 
18–21% of the degree I and 21% of the degree II furcations. The 
differences between the clinical and surgical assessments mea-
sured up to 9 mm, demonstrating a limited value of the clinical 
measures, which probably assigned inadequate treatment modali-
ties24. However, Eickholz P 1995 did not find significant differenc-
es between the pre-surgical and intra-surgical furcation classes and 
14% of the clinical degree II involved furcations exposed a degree 
III intra-surgically25.
A study by Zhong, J. S. et al 2010 evaluated the accuracy of 
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measurement of degree II furcation involvements in molars of dry 
mandibles by CBCT. They measured the vertical defect dimension, 
horizontal defect dimension and furcation entrance dimension of 
each FI by probing and CBCT and found that CBCT could provide 
precise and detailed 3D images of degree II furcation involvements 
in vitro26. The detection of multiple periodontal defects (FIs and 
intra-bony defects) in two human skulls were compared between 
periapical radiographs and CBCT with the intra-oral situation 
following flap surgery. Periapical radiographs failed to detect 
FI in 44% of the cases, and only 20% of the FIs were correctly 
classified. In contrast, CBCT detected 100% FI and were correctly 
classified1.  Similar results were shown by Misch KA, et al 2006 
where CBCT detected 100% of the artificially created intra-bony 
defects and only 67% were detected on periapicals8. Fuhrmann, 
R. A. et al 1997 reported only 21% of the artificial FIs were 
identified on periapicals and 100% through high-resolution CT27. 
It has also been reported that CBCT imaging can be as high as 
84% accurate in determining maxillary molar furcation defects 
compared to the surgical re-entry evaluation. However, CBCT 
may underestimate the extent of the furcation in around 15% of 
defects and overestimate the defect in only around 1% of defects. 
Furthermore, CBCT was found to be most accurate for assessing 
disto-palatal furcations, followed by buccal and mesio-palatal 
defects28. 
The drawback of all radiological techniques is the exposure to 
radiation of high-risk organs in the skull, such as the eye lens 
and thyroid gland. One of the advantages of the CBCT is that it 
requires less radiation exposure with a smaller volume that can 
be restricted to examine only the area of interest. However, the 
fundamental principle for diagnostic radiology abbreviated 
ALARA (as low as reasonably achievable) has to be followed, 
and additional CBCT procedures should be reserved for special 
cases29. According to Walter C, et al 2009, CBCT facilitates a more 
detailed surgical treatment planning with a clear decision about 
respective interventions in the maxillary molar region, whereas 
clinical data and periapical radiographs led to two or even more 
different treatment options.19 
Conclusion:
There is no data from a cost– benefit analysis available for this 
new application. Thus, the indication for additional CBCT 
imaging should be based not just on the clinical situation, but 
also on selection criteria derived from the overall periodontal 
and reconstructive treatment plan. Such criteria could be the need 
for retention of posterior abutment tooth with good prognosis, 
and patient’s dental and/or medical history and compliance. The 
technical and financial effort involved and the additional radiation 
risk of the CBCT examination can be justified in patients for 
whom clinical measures and conventional radiographs cannot 
provide sufficient information. Employing CBCT for treatment in 
furcation involved maxillary molars will help to verify the clinical 
diagnosis and prevent redundant surgical intervention.
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