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FI presents more favourable outcomes by regenerative 
therapy, and class III furcations require more extensive 
therapy such as tunneling, root amputation, hemisection 
or extraction. Therefore, it is important to detect the 
details of furcation lesions before therapy.

Conventional examination of FI includes probing 
and periapical radiographs. Besides the vertical attach-
ment loss, horizontal attachment loss is another feature 
of FI. Naber’s probe has been recommended for the 
horizontal attachment loss measurement2. However, 
the reliability of probing is influenced by many factors, 
such as the inflammatory status, probing force, shape 
of the probe, training of the operator, the length of root 
trunk and the anatomy of the root3. Periapical radio-
graphs could provide evidence of bone loss in the furca-
tion area. The radiographic appearance of mandibular 
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Objective: To evaluate the reproducibility of four parameters for quantitatively assessing 
maxillary molar furcation involvement (FI) by cone beam computed tomography (CBCT).
Methods: Thirty-nine sites with degree II FI, classified by probing of 21 maxillary molars, 
were investigated. Degrees of FI in these sites were assessed based on CBCT data. In these 
samples, four parameters for quantitatively assessing FI in CBCT images were measured. The 
parameters included horizontal bone loss at furcation entrance level (HBL), maximum HBL 
(HBL-max), maximum vertical bone loss (VBL-max) and root trunk length (RT). The reproduc-
ibility of the measurements was evaluated. 
Results: Amongst the 39 degree II FI classified by probing, only 17.9% were confirmed by 
CBCT. The other 46.2% were ‘through and through’ defects, 15.4% were fused roots and 
20.5% were degree I FI in the CBCT image. The intraobserver repeatability for all four par-
ameters was high, with intraclass correlation coefficients (ICC) of 0.960 for HBL, 0.992 for 
HBL-max, 0.987 for VBL-max and 0.983 for RT. The ICCs for two observers was also high 
(ICCs: 0.873 to 0.947). The parameters and related methods of measurements proposed in the 
study showed high reproducibility. CBCT images provided more details in assessing maxillary 
molar FI.
Conclusion: The parameters and related methods of measurements developed in this study 
showed high reproducibility. CBCT images provide more details in assessing maxillary molar 
FI.
Key words: cone-beam computed tomography, furcation involvement, linear measurement, 
maxillary molars 
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Furcation involvement (FI) is a lesion in periodon-
titis-affected furcations of multi-rooted teeth. The 

severity and extent of FI influence the tooth’s prognosis 
and the treatment plan1. Generally, class I FI can be well 
managed with routine periodontal procedures. Class II 
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molar FI includes a wider space for the periodontal 
ligament or a lower density (or lucency area) in the 
furcation area. For maxillary molars, the FI in radio-
graphs is not evident because of the image overlap of 
the palatal root and alveolar bone. It was reported that 
true furcation lesions had always been underestimated 
in periapical radiographs due to the inherent shortcom-
ings of two-dimensional imaging and the interference 
of image overlap4-6. Therefore, probing and periapical 
radiographs provide information about FI inadequately, 
especially in maxillary molars.

Cone beam computed tomography (CBCT) was 
introduced to dentistry in the late 1990s and soon 
became widely used. Compared with conventional 
spiral computed tomography, CBCT has markedly 
reduced radiation exposure and costs, and provides 
higher spatial resolution. The accuracy of CBCT for 
dental maxillofacial bone tissue has been confirmed by 
studies7-12. Several studies have reported the applica-
tion of CBCT in the assessment of FI. However, few 
studies have focused on the quantitative measurements 
that reflect the extent of FI using CBCT. The purpose 
of the present study was to introduce methods of linear 
quantitative measurement and classification concerning 
maxillary molar FI in CBCT imaging, and to evaluate 
the reproducibility of these measurements.

Materials and methods 

Subjects

The study population came from patients at the Depart-
ment of Periodontology, Peking University School 
and Hospital of Stomatology, Beijing, China. Eleven 
patients with maxillary molars classified as degree II 
FI were recruited. According to Glickman, degree II FI 
means the bone is destroyed on one or more aspect of 
the furcation, but a portion of the alveolar bone and peri-
odontal ligament remains intact, permitting only partial 
penetration of the probe into the furcation13. Teeth with 
crowns, bridges or amalgam fillings were excluded. A 
total of 21 maxillary molars (12 first molars and nine 
second molars) with 39 (nine buccal sites, 10 mesio-
palatal sites and 20 distopalatal sites) degree II FI were 
included. All subjects were thoroughly informed about 
the research and the methods applied. The written con-
sent was signed. The study was independently reviewed 
and approved by the institutional ethics board of Peking 
University School and Hospital of Stomatology. 

Fig 1  Determination of the mesiopalatal FE of tooth 16 (right maxillary first molar). Left panels: Sectional CBCT images in the 
furcation area of 16 (right maxillary first molar). A horizontal image of the mesial site of 16 in the Z plane (upper left corner) with a 
smooth outline. Right panels: Apical image in the Z plane of the same tooth. In this horizontal image, the tooth outline in the Z plane 
appeared as a concave point (white point); this point was considered as the landmark of the FE. The crossing point of the axis was 
moved to the concave point, then the Y plane and X plane showed the sectional image of the FE, named the Y plane of FE (lower 
left corner) and the X plane of FE (lower right corner graphic).
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Collection of CBCT data

CBCT was performed in the posterior maxillary area 
using a high-resolution imaging system (3D Accuito-
mo 60, XYZ Slice View Tomograph; J. Morita, Kyoto, 
Japan). Cylindrical volumes of 4 × 4 to 6 × 6 cm, with a 
setting in the range of 80 kV, 5.0 to 6.3 mA and a voxel 
size of 0.125 × 0.125 × 0.125 mm were used. The sagit-
tal plane (X plane) and coronal plane (Y plane) were 
adjusted to be parallel with the long axis of the tooth, 
and the horizontal plane (Z plane) to be parallel with 
the occlusal plane. Reconstruction was carried out with 
a slice thickness setting of 1 mm. The measurements 
achieved by the software I-Dixel-3DX (J. Morita) were 
made to the nearest 0.01 mm. All images were analysed 
twice by the same person, with a time interval of more 
than 1 week on the same monitor under standard condi-
tions.

Determination of furcation entrance in CBCT images

The sequential images of the furcation area in the hori-
zontal plane (Z plane) were observed continuously in 
an occlusal-to-apical direction. When a concave curve 
appeared in the outline of the tooth from a smooth con-
figuration in the horizontal images (left four panels in 
Fig 1), the concave point was considered as the reference 
point of the furcation entrance (FE). The crossing point 
of the axis was moved to the concave point, then the Y 
plane and X plane showed the sectional image of the FE 
(right panels in Fig 1), named the Y plane of the FE and 
the X plane of the FE. Most measurements of FI were 
performed in these two planes.

Classification of FI on CBCT

FI degrees were classified in the horizontal plane (Z 
plane) and were graded according to Glickman’s clas-
sification system: degree 0 for no bone loss in the furca-
tion area; degree I for a small amount of vertical bone 
loss, but no horizontal bone loss in the furcation area; 
degree II for the existence of horizontal bone loss but 
no ‘through and through’ destruction; and degree III for 
horizontal ‘through and through’ destruction in the fur-
cation area.

Parameters of FI measured on CBCT

Four different FI parameters were measured using 
CBCT images. Firstly, horizontal bone loss at the FE 
level (HBL) was measured as the distance between the 
interradicular bone and the FE. The measurement was 

performed in the Z plane in which the roots had become 
totally separated (Fig 2A). When the FI was shown as 
a ‘through and through’ defection (degree III) in the 
CBCT images, mesiopalatal and distopalatal sites were 
not measurable. For buccal sites, HBL was the horizon-
tal distance between FE and the palatal root (Fig 2B).

Secondly, the maximum distance of HBL in the fur-
cation area (HBL-max) was measured as the horizontal 
distance between the FE and the deepest defect. The 
measuring plane was the Z plane in which the deepest 
horizontal bone loss could be observed. Mesiopalatal 
and distopalatal sites were not measurable when the 
FI was a ‘through and through’ defect (degree III). For 
buccal sites, HBL-max was the horizontal distance 
between the FE and the palatal root in the measuring 
plane.

Thirdly, the maximum distance of vertical bone loss 
in the furcation area (VBL-max) was measured as the 
vertical distance between the most apical point of the 
bone defect and the roof of furcation, which was meas-
ured in the X plane (for mesiopalatal and distopalatal 
furcation) or the Y plane (for buccal furcation) of the 
FE (Fig 3). Determination of the X/Y plane of the FE is 
shown in Figure 1.

Fourthly, the root trunk length (RT) was measured as 
the vertical distance between the cementoenamel junc-

Fig 2  Measurements of HBL. A) HBL at the FE level meas-
ured in the Z plane; B) HBL at the FE level for degree III FI in 
the buccal sites. HBL was the distance between the FE and 
the palatal root; C) Corresponding images in the Z plane of the 
CBCT for Fig 2.1. The crossing point of axes was the FE; D) 
Corresponding images in the Z plane of CBCT for Fig 2.2. The 
crossing point of axes was the FE.
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The reproducibility of the four proposed parameters for 
the FI measured on CBCT

The double measurements of HBL, HBL-max, VBL-
max and RT are shown in Table 2. The ICCs were 0.960 
to 0.992. 

For degree III FI in buccal sites, HBL and HBL-max 
were 4.80 ± 0.34 mm and 6.81 ± 1.59 mm, respective-
ly.

The measurements of the 11 sites chosen to be 
measured by observer 2 was compared with observer 
1, which are shown in Table 3. The ICCs were 0.873 
to 0.947. 

The length of the RT in CBCT images

Table 4 shows the length of the RT of all 21 molars. 
Mesial and distal RTs were significantly longer than buc-
cal RTs; however, no significant differences were found 
between mesial and distal RTs. There was no statistic-
al difference in the first and second maxillary molars, 
either.

Discussion

CBCT is widely used in the dental maxillofacial area. 
However, FI-related parameters and their measuring 
methods are used less often. The present study proposed 
and evaluated four parameters representing the extent 
and severity of FI in maxillary molars, including HBL, 
HBL-max, VBL-max and RT. The measuring methods 
of these parameters are described in this paper. As a 
result, all of these four parameters had high reproducibil-
ity. In addition, the criteria of FI classification on CBCT 
have also been provided. These parameters and meth-
ods reveal details of maxillary molar furcation lesions, 
which could help clinicians to make accurate diagnoses 
and effective treatment plans for patients.

The reference point of the furcation entrance (FE) 
was the first to be identified when the parameters were 
measured. The present study described how to iden-
tify the landmark of the FE in the maxillary molar in 
CBCT images. Zhong et al14 described the FE deter-
mination in mandibular molars. The author compared 
CBCT measurements with direct probing in artificial 
degree II FI of mandibular molars in a dry skull. They 
defined the landmark of the FE as the turning point of 
the crown in the coronal plane of the furcation area. 
However, the turning point could not be observed in 
maxillary molars because the anatomical morphology 
of the crown was different from that of mandibular 
molars. Qiao et al15 compared FI measurements of 

tion (CEJ) and the FE. Measurements were done in the 
X plane (for buccal sites) and the Y plane (for mesial 
and distal sites) of the FE. 

All the measurements were repeated twice by observ-
er 1 with a time interval of more than 1 week. Eleven 
sites which were measurable for HBL were chosen to 
be measured by another trained observer. All four par-
ameters in the 11 sites were recorded.

Statistical analysis

The reproducibility of double measurements for observ-
er 1 and the measurements of the two observers for all 
the measurements in the CBCT images was evaluated 
by an intraclass correlation coefficient (ICC). ICC is an 
index that reflects the relative similarity of quantities 
that share the same observational units of measurements. 
The RT in different sites was analysed by one-way ANO-
VA and Tukey HSD analysis at a 95% confidence level, 
a P value of  0.05 was used for the statistical analysis.

Results

Classification of FI on CBCT versus probing assessment

In the 39 FI classified as degree II by clinical prob-
ing, 17.9% (seven sites) were confirmed as degree II by 
CBCT data (Table 1). Distopalatal sites showed the low-
est coordinate rate of 10% between clinical and CBCT 
assessments. In addition, 20.5% (eight sites) and 15.4% 
(six sites) exhibited no HBL or fusion roots, respective-
ly, in CBCT images. The remaining 46.2% (18 sites) had 
‘through and through’ defects. 

Fig 3  VBL-max of distal furcation: the distance between the 
two white points on the X plane (lower right). 
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Table 1  Comparison of clinical and CBCT assessments.

Location
CBCT assessments

1 2 3 Fused roots Total

Buccal 0 (0%) 3 (33.3%)* 5 (55.6%) 1 (11.1%) 9 (100%)

Distopalatal 7 (35.0%) 2 (10.0%)* 6 (30.0%) 5 (25.0%) 20 (100%)

Mesiopalatal 1 (10.0%) 2 (20.0%)* 7 (70.0%) 0 (0%) 10 (100%)

Total 8 (20.5%) 7 (17.9%)* 18 (46.2%) 6 (15.4%) 39 (100%)

* CBCT results revealed the same degree as clinical assessments (degree II)

Table 2  Reproducibility of the double CBCT measurements for observer 1.

Measurements 1
(mean ± SD) (mm)

Measurements 2
(mean ± SD) (mm)

ICC

HBL (n = 11)a 3.12 ± 1.68 2.98 ± 1.42 0.960

HBL-max (n = 11)a 4.06 ± 2.53 3.95 ± 2.52 0.992

VBL-max (n = 33)b 3.97 ± 2.84 4.17 ± 2.80 0.987

RT (n = 30)c 3.74 ± 1.25 3.64 ± 1.20 0.983

HBL: horizontal bone loss at FE level; HBL-max: the maximum distance of HBL in furcation area; VBL-max: the maximum distance of vertical bone 

loss in furcation area; RT: the length of the root trunk; a Twenty-eight sites were not measurable for HBL and HBL-max measurements due to:

1) ‘through-and-through’ FI in 13 proximal sites, including six mesiopalatal sites and seven distopalatal sites; 2) the two buccal roots were too 

close to observe the bone level in 1 buccal site in a second maxillary molar; 3) fused roots in 6 sites.
b Six sites of fused roots were not measurable for the VBL-max measurement; c Nine sites were not measurable for RT because:

1) the cementoenamel junction could not be identified in three sites; 2) there were fused roots in six sites. 

Table 3  The measurements and ICCs of the two observers.

Observer 1a

(mean ± SD) (mm)
Observer 2

(mean ± SD) (mm)
ICC

HBL (n = 11)b 3.01 ± 1.56 2.88 ± 2.34 0.873

HBL-max (n = 11) 4.00 ± 2.52 4.29 ± 2.59 0.947

VBL-max (n = 11) 3.67 ± 1.25 3.96 ± 1.31 0.884

RT (n = 11) 3.07 ± 1.05 2.15 ± 0.86 0.942

a The values in the column were recorded as the mean values of double measurements for observer 1.
b Eleven sites were measurable for HBL. All four parameters in the 11 sites were measured by observer 2.

Table 4  The length of the root trunk (RT) on the CBCT.

Buccal
(mean ± SD) (mm)

Distal
(mean ± SD) (mm)

Mesial
(mean ± SD) (mm)

Total
(mean ± SD) (mm)

First molars 2.78 ± 1.06
n = 11

4.53 ± 0.76*
n = 10

4.18 ± 1.14*
n = 9

3.79 ± 1.25
n = 30

Second molars 3.12 ± 1.42
n = 5

3.41 ± 1.32
n = 2

4.00 ± 0.00
n = 2

3.39 ± 1.21
n = 12

Total 2.89 ± 1.15
n = 16

4.16±1.08*
n = 11

4.15 ± 1.02*
n = 15

3.67 ± 1.23
n = 42a

* P < 0.05 (compared with buccal sites); a In 63 sites of 21 maxillary molars, 21 sites were not achieved because: 1) the CEJ was obscure in CT 

images in five sites; 2) there were fused roots in 16 sites.

The RT of second molars was not analysed statistically because of the small sample size.
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maxillary molars between CBCT and intra-surgery. 
However, in their study, the reference point of FE was 
not described. Instead, the outer root surface was con-
sidered as the landmark from where the horizontal bone 
loss (BL-H) at FE level was estimated. When using 
the outer root surface as the measuring landmark, an 
imaginary tangent of the root surface at the level of the 
FE was applied as the measuring point. Therefore, sub-
jective errors were inevitable. Furthermore, choosing 
which horizontal plane to do the measurement is very 
important. However, Qiao et al15 did not mention these 
details. In the present study, FE was determined in the 
Z plane, in which the concave point of the crown first 
appeared. This is a repeatable method.

Four parameters were proposed to reflect FI on 
CBCT, including HBL, HBL-max, VBL-max and RT. 
In past literature, CBCT-measurements for FI was 
seldom studied except Qiao et al15. They also reported 
four parameters reflecting the extent of FI in CBCT 
images by BL-V (vertical bone loss), BL-H (bone loss 
in the horizontal direction), FW (the width of the fur-
cation entrance) and RT. In comparison to their study, 
HBL and RT were equivalent to their BL-H and RT. 
We used VBL-max instead of their BL-V. VBL-max 
described the maximum vertical bone defects which 
may or may not be in the FE plane. BL-V in their study 
was the vertical bone loss in the FE plane. Furthermore, 
in this study it was proposed that HBL-max reflected 
the maximum HBL of FI. FW was not measured in 
this study because the plane of the mesiopalatal and 
distopalatal furcations were not parallel and could not 
be determined. Qiao et al15 did not describe the details 
of FW measurements.

In this study, high reproducibility of the four param-
eters for FI measured in CBCT images was obtained. 
The ICCs of the double measurements in the 39 furca-
tion lesions were 0.960 to 0.992. The ICCs of the two 
observers was also high ranging from 0.873 to 0.947. 
According to Fleiss’s research16, values above 0.75 rep-
resent excellent reliability; thus, the results indicate that 
the definition of FE and the measuring planes chosen 
in the study had high reproducibility, which provides a 
repeatable method for clinical use.

The parameters developed in the present study could 
be applied not only to reflect the extent of FI, but also 
to evaluate the outcome of FI treatment. Conventional 
assessment of FI treatment includes clinical and radio-
logical methods. Vertical and horizontal attachment 
level, probing depth and bleeding after probing are the 
main clinical parameters17,18. Re-entry has been consid-
ered a ‘gold standard’ for judging the outcome of furca-
tion therapy19. However, the procedure requires second-

ary flap surgery, which has been used in research but is 
not widely applied in routine clinical work. Periapical 
radiographs have been used as a radiographic method 
for evaluating FI treatment. The method was effective 
in the assessment of mandibular molars20,21. However, 
the application was limited in maxillary molars because 
in periapical radiograph images furcations are obscured 
by roots and alveolar bone. Owing to the limitation of 
two-dimensional images, periapical radiographs could 
not be used as a quantitative evaluation of HBL in the 
furcation area. The development of CBCT overcame 
these shortcomings. In 2001, a case report introduced 
CBCT when evaluating the outcomes of regenerative 
therapy for FI22. In this paper, the outcomes were 
assessed by morphological characteristics on the CT 
image. However, quantitative measurements were lack-
ing. Thus, the parameters and measuring methods for FI 
in CBCT images developed in the present study provide 
a non-invasive and effective way to assess treatment 
outcome.

Furthermore, a few findings in this study may be 
constructive for clinicians. Firstly, the mean HBL 
of degree III FI in buccal sites (four in total) was 
4.80 ± 0.34 mm, which suggests that if horizontal prob-
ing depth in buccal sites is more than 5 mm, the clin-
ician should consider the possibility of a ‘through and 
through’ furcation defect. Secondly, the length of the RT 
obtained from CT data was longer in proximal sites than 
in buccal sites. This result was similar with the in vitro 
study by Porciuncula et al23. This suggested that FIs in 
proximal sites were associated with more bone loss and 
a worse prognosis than those in buccal sites because of 
the longer root trunk. RT was a parameter which was 
helpful in understanding the location of root separation. 
It may influence the prognosis and treatment planning. 
For example, in resective therapeutic procedures, a 
short root trunk may be a positive factor in prognosis. 
By contrast, a long root trunk may facilitate the place-
ment of a barrier membrane to achieve full coverage of 
FI for guided tissue regeneration therapy, thus leading 
to a better outcome.

One limitation of the present study was that there 
were no intra-surgical assessments to confirm the results 
of the CT data. However, direct probing in surgery still 
has some problems. For example, the direction of prob-
ing is usually oblique in the surgery, especially in prox-
imal sites because of the obstruction from neighbouring 
teeth; the starting point of the FE is not identified objec-
tively during surgery, which influences the reliability 
and accuracy of the measurements. Meanwhile, more 
samples are needed in future research.
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Conclusion

In this study, four quantitative parameters were proposed 
that reflect the extent of maxillary molar FI in CBCT 
images. The results demonstrate high reproducibility of 
these parameters. Compared with probing, CBCT pro-
vides more details about FI. This repeatable measur-
ing method could help clinicians to apply CBCT when 
assessing the severity of furcation lesions and when 
evaluating the outcome of therapy for FI.
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