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[Abstract] Objective To classify the furcation involvement (FI) of endodontically treated mandibular first perma-
nent molars based on cone beam computed tomography (CBCT), provide reference for individualized treatment of FI.
Methods CBCT images of the FI of 164 endodontically treated mandibular first permanent molars from 163 patients
in Nanjing Stomatological Hospital, Medical School of Nanjing University were collected retrospectively. On the CBCT
images, the shape and extent of periapical and periodontitis bone resorption, the thickness of residual dentin in the pulp
floor and root canal wall, and the periodontal bone resorption of the complete dentition were evaluated. The FI was clas-
sified into periodontal, periapical, perforated and mixed types. Results Among the 164 Fls of endodontically treated
mandibular first permanent molars, the periapical type was the most common (41.5% ), followed by the mixed type
(26.2%), perforated type (18.3%), and periodontal type (14.0%). Among the 68 periapical-type Fls of endodontically
treated mandibular first permanent molars, 48.5% were proper root canal filling, 44.1% were insufficient filling and

7.4% were overfilling. Among the 43 mixed -type Fls, the periodontal mixed periapical type was the most common
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(72.1%). Conclusion Detailed evaluation and classification of furcation involvement could be performed using CBCT
images; therefore, the study has guiding significance for clinical treatment.

[Key words] cone beam CT; mandibular first permanent molars; furcation involvement; root canal therapys;
periodontal disease; apical periodontitis; perforation; danger zone
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a: peridontal type, horizontal periodontal bone ab-
sorption involves furcation involvement; b: peri-
apical type, periapical bone resorption extends
upward to the furcation involvement; c: perforat-
ed type, the arrow shows the perforation of the
pulp floor; d: mixed type, both periodontal and
apical bone resorption involved the furcation in-

volvement

Figure 1  Four types of furcation involvement in endodontically treated mandibular first permanent molars
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a-d: peridontal type, a: the sagittal view, b-d: the axis view from the crown to the root, penetrating bone absorption in the furcation involvement of

alveolar crest, bone resorption area gradually decreased and disappeared towards the apical direction; e-h: periapical type, e: the sagittal view, f-h:

the axis view from the root to the crown, bone resorption from the apical area extends upward to the furcation involvement, apical bone resorption

was tortuous retrograde upward and penetrated the cortical bone at the top of the buccal alveolar crest

Figure 2 Comparison of periodontal and periapical type of furcation involvement in endodontically treated mandibular first

permanent molars
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Table 1 Classification of periodontal type, periapical type and perforated type of furcation involvement in endodontically treated

mandibular first permanent molars

Periodontal conditions of teeth
mouth

Periodontal condition of the whole Thin or perforated pulp chamber

Periapical periodontitis
floor or root canal wall

Peridontal type '"Penetrating”" absorption of buccal Extensive resorption of alveolar

lingual alveolar bone in furcation in- bone in the whole mouth

volvement

Periapical type None or the distance from the top of None or the distance from the top of None

alveolar ridge to the cementoenamel alveolar ridge to the cementoenamel

junction < 2 mm junction < 2 mm

None None or slight periapical periodontitis

Periapical periodontitis retrogradely fur-
cation involvement area and penetrates

buccal or lingual bone plate

Perforated type None or the distance from the top of None or the distance from the top of Thin or perforated pulp floor or  None or slight periapical periodontitis

alveolar ridge to the cementoenamel alveolar ridge to the cementoenamel root canal wall

junction <2 mm junction < 2 mm
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Table 2 The number and proportion of four types of furcation
involvement in 164 endodontically treated mandibular first

permanent molars

Number of teeth Percentage (%)

Periodontal type (A) 23 14.0
Perforated type (B) 30 18.3
Periapical type (C) 68 41.5

Mixed type 43 26.2

Mixed type: A+B / A+C / B+C / A+B+C

TEOL UL 3, 48.5% 1 FE A MR 78 AT, 44.1% 11 (8 2F
WFEA A, 7.4% 1 2 oF M4

43 R A R R A AR 43 SO AR ER I ) LA R
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Table 3 The analysis of extent of root canal filling of
68 endodontically treated mandibular first permanent

molars with periapical type furcation involvement

Number of teeth Percentage (%)

Insufficient filling 30 441
Proper filling 33 48.5
Overfilling 5 7.4

T4 A3PREIRITIS T AU R SO
ARG SO (495 X 73 M
Table 4  The etiological analysis of 43 endodontically treated

mandibular first molars with mixed type furcation involvement

Number of teeth Percentage (%)

A+ B 3 7.0
A+ C 31 72.1
B+ C 6 139
A+B+C 3 7.0

A: periodontal type; B: perforated type; C: periapical type
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