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[ Abstract] Root position plays an important role in healthy, stable, and aesthetic orthodontic treatment. In the past,

two-dimensional radiographic images were used to assess the accuracy and precision of tooth root positions. In recent
years, the use of cone beam CT (CBCT) and its reconstructed images to measure the three-dimensional spatial position
and angle of root position has become mainstream. The root position is mainly described by measuring the relationship
between the root and adjacent structures in the buccolingual, vertical, and mesiodistal directions as well as the root an-
gle. The thickness of the alveolar bone on the buccolingual side of the root represents the buccolingual position, the ver-
tical height in the alveolar bone and the relationship between apex and maxillary sinus represents the vertical position,
the interroot alveolar bone thickness represents the mesiodistal position of the root, and the root angle is mostly based
on incisal mandibular plane angle, angulation, torque, and other angles in the traditional two-dimensional measurement.
Fitting CBCT and digital model data can be used to monitor the relationship between root and alveolar bone during orth-

odontic treatment, but a more comprehensive, standardized three-dimensional tooth root position measurement method is
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required to make full use of the root data provided by CBCT to study the relative optimal position of the tooth root at dif-
ferent anatomical levels, which combines with computer technology to optimize the digital design of orthodontic diagno-
sis and treatment.

[Key words] root position; cone beam CT; digital model; digital design; orthodontic; three-dimensional measure-
ment; long axis of teeth; alveolar bone thickness; alveolar bone height; angulation; inclination; maxillary sinus
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a-d: horizontal cross section; e-h: buccolingual cross section.
Green line: sagittal plane; blue line: horizontal plane; yellow
line: coronal plane. a & e: incisor; b & f: canine; ¢ & g: premo-
lar; d & h: molar

Figure 1  The establishment of teeth local coordinate
system based on the crown center point and the root cen-
ter point in mid-root
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a: measuring the alveolar bone thickness at different height to the
cemento-enamel junction (CEJ) plane perpendicular to the long ax-
is of teeth; b: measuring the alveolar bone thickness at different
height to the apical plane perpendicular to the long axis of teeth;
c: the method of measuring buccolingual position in buccolingual
cross section of root by Yamada'”'; CR: center of rotation.

Figure 2 Measurement of buccolingual position of root
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a: the distance between the alveolar bone crest (ABC) plane and the apical
plane both perpendicular to the long axis of tooth is the alveolar bone
height; b&c: the measurement of the relationship of upper posterior teeth
and maxillary sinus wall in buccolingual and mesiodistal section, and the
distance is measured according to the contact relationship between the
apex and the maxillary sinus, b: the buccolingual cross section of posterior

teeth, c: the mesiodistal cross section of posterior teeth; M: maxillary sinus

@ @ G Figure 3 Measurement of vertical position of root
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a-c: the method of measuring the root distance between pos-
terior tooth by Lee'''; a: sagittal view; b: horizontal view; c:
coronal view; d-f: the method of measuring the root distance

@ between lower anterior tooth by Wangmi, d: coronal view;

e: horizontal view; f: sagittal view. Green line, blue line and
A avaY

yellow line represent X, Y, Z axis respectively; V1: vertical

DY .
/““\ level 1; V5: vertical level 5; ABC: alveolar bone crest; CEJ:

CEJ
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Figure 4 The measurement of mesiodistal position

of root
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a: measuring the IMPA angle formed between the long axis of teeth
and the line connecting the most anterior and posterior points of the
mandibular body in the buccolingual sagittal plane; b: measuring the
angle between the long axis of posterior teeth and palatal plane in
coronal plane; IMPA: incisor mandibular plane angle

Figure 5 The angular measurement of root to the reference

plane of the jaw
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a: Andrews’s definition of torque ""*'; b: Tong’ s definition of
torque *'; OP: occlusal plane; FA: facial-axis point; long axis:
long axis of teeth

Figure 6  different definition of torque
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