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Fig. 1 Labiolingual section of a mandibular central inci-
sor for two-dimensional finite element analysis.

Blue : Enamel, Green: Dentin, Red : Periodontal mem-
brane, Pink : Alveolar bone, Light blue : Pulp
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Fig. 2 Measurement points.

L1i-MP : Perpendicular distance between incisal edge
of the mandibular central incisors and mandibular plane.
L1 cr-MP : Perpendicular distance between center of re-
sistance and mandibular plane where the center of resis-
tance of the tooth is standardized as a point 11 mm from
the incisal edge of the mandibular incisor.

IMPA (degrees) : Angle formed by the long axis of the
mandibular central incisors and mandibular plane.
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Fig. 3 Horizontal force applied to the lingual surface of
the tooth.

Fig. 4 Horizontal force applied to the labial surface of
the tooth.
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Fig. 5 Oblique 30° force applied to the lingual surface
of the tooth.

Fig. 6 Oblique 30° force applied to the labial surface of
the tooth.
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Fig. 7 Oblique 60° force applied to the lingual surface
of the tooth.

Fig. 8 Oblique 60° force applied to the labial surface of
the tooth.
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Fig. 9 Vertical force applied to the lingual surface of
the tooth.

Fig. 10 Vertical force applied to the labial surface of
the tooth.

Table 1 Changes in IMPA during treatment, grouped by
appriance

‘Lingual appliance| Labial appliance
Pre-treatment 96.21+3.65 90.9 £3.50
Post-treatment 97.0%+2.39 96.2515.31
Change with treatment +0.80 +5.35%
MeanS. D., #p<0.05 (degrees)
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Fig. 11 Moment with horizontal force applied to the lin-
gual surface of the tooth.
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Fig. 12 Moment with horizontal force applied to the la-
bial surface of the tooth.
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Fig. 13 Moment with oblique 30° force applied to the
lingual surface of the tooth.

Fig. 14 Moment with oblique 30° force applied to the
labial surface of the tooth.

Fig. 15 Moment with oblique 60° force applied to the
lingual surface of the tooth.
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Fig. 16 Moment with oblique 60° force applied to the
labiat surface of the tooth.

Fig. 177 Moment with vertical force applied to the lin-
gual surface of the tooth.

Fig. 18 Moment with vertical force applied to the labial
surface of the tooth.
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tion of centers of rotation produced by orthodontic forces.

Movement of the mandibular central incisors with a lingual fixed appliance

Takeshi Nakajima and Tatsuo Kawamoto

Department of Orthodontics, Osaka Dental University, 8-1 Kuzuhahanazono-cho, Hirakata-shi, Osaka 573-1121, Japan

Abstract We used two-dimensional finite element analysis to compare the mechanical reaction
in tissues surrounding the mandibular central incisors for cases where force was applied to the
lingual and labial sides of the teeth. Using preoperative and postoperative cephalograms, move-
ments of the mandibular central incisors during orthodontic treatment with lingual fixed appli-
ances were compared to movements with labial fixed appliances during leveling of the mandible
in non-extraction cases. Both studies indicated that reactive flare-out movements of mandibular
central incisors were less with lingual fixed appliances than with labial fixed appliances. Shika
Igaku (J Osaka Odontol Soc) 2003 Mar ; 66(1): 1-8.

Key words : Tooth movement ; Finite element analysis ; (Lingual fixed appliance)
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