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— Abstract

the future treatment plan.

The purpose of this study was to investigate the cause of eruption disturbance in the maxillary central incisor and
establish the effective treatment plan by analyzing the vertical distance, angulation of long axis and root development of
the tooth with eruption disturbance using the cone-beam CT.

The average age of 134 patients diagnosed with unilaterally impacted maxillary central incisor was 7.9 years old and
the male was 2.1 times higher than the female. The most common cause of eruption disorder was physical obstruction,
especially mesiodens and odontoma. Of the teeth with unilateral eruption disorder, 78 cases erupted spontaneously and
56 cases erupted non-spontaneously after removal of physical obstruction.

The possibility of spontaneous or non-spontaneous eruption in the unilaterally impacted maxillary central incisor
depended on several factors, such as vertical distance, angulation of long axis and root development of unerupted tooth.
The spontaneous eruption of the impacted maxillary cental incisor was most frequent at the angulation of long axis of 50
to 90 degrees, which is similar to the angulation of long axis of the normally erupted maxillary central incisor. In addition,
the spontaneous eruption period of impacted maxillary central incisor was more influenced by the vertical distance than
the angulation of long axis and the root development. Most of the teeth that showed non-spontaneous eruption had
orthodontic traction, and these teeth were usually erupted within about 12 months. The period treated with orthodontic
traction was no statistical significance with the vertical distance, the angulation of long axis, and the root development.

This study will provide information on the cause of unilaterally impacted maxillary cental incisor and help to establish
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Fig. 1. Vertical distance in sagittal view. (A) Positive value
when impacted in alveolar bone, (B) negative value when

partially erupted.
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Fig. 2. Angulation of long axis in sagittal view. (A) Positive

value when the crown is directed into the oral, (B
value when the crown is directed into the nasal.
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Fig. 4. Gender and age distribution of patients with im-
(A) Crown completed (Nolla stage 6), (B) one-third of root

pacted permanent maxillary incisors.
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Table 1. The cause of impacted permanent maxillary incisors

Total
n %

Physical Obstruction

Mesiodens 68 50.8

Odontoma 42 313

Prolonged Retention of Primary Incisors 5 3.7

Dentigerous Cyst 2 15
Abnormal Tooth Development

Abnormal Eruption Pathway 15 11.2

Crown Malformation 2 15
Total 134 100.0
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Table 2. The distribution of permanent maxillary incisors accord-
ing to vertical distance

Vertical Distance Erupted Central Impacted Central
(mm) Incisor (%) Incisor (%)
-12 - (-8) 54 (40.3) 0
-8 - (-4) 71 (53.0) 0
4-0 9(6.7) 0
0-4 0 44 (32.8)
4-8 0 57 (42.5)
8-12 0 25 (18.7)
12 < 0 8 (6.0)
Total 134 (100.0) 134 (100.0)

Fig. 5. The cause of impacted permanent maxillary incisors. (A - D) Physical obstructions such as mesiodens, odontoma, pro-
longed retention of primary incisors and dentigerous cyst, (E) abnormal eruption pathway, and (F) crown malformation.
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Table 3. The distribution of permanent maxillary incisors accord-
ing to angulation of long axis

Table 5. The distribution of spontaneous eruption and non-spon-
taneous eruption of impacted maxillary incisors

Angulation of Erupted Impacted
Long Axis Central Incisor ~ Central Incisor ~ p value
(degree) (%) (%)
<0 0 10 (7.5)
0-30 0 15 (11.2)
30 - 50 3(22) 18 (13.5)
< 0.001***
50-70 93 (69.4) 55 (41.0)
70 - 90 38 (284) 33 (24.6)
90 < 0 32
Total 134 (100.0) 134 (100.0)

Chi-square test (*** : p < 0.001)

Table 4. Association between tooth eruption and apical develop-
ment of the permanent maxillary incisors

Erupted Central
Incisor (%)

Impacted Central

Nolla Stage Incisor (%)

p value

0(0)
42 (31.3)
56 (41.8)

30 (224)

6 (4.5) 1
134 (100.0)
Chi-square test (*** : p < 0.001)

6
7
8 < 0.001***
9
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) Impacted Central Incisor
Eruption Type

n %
Spontaneous 78 58.2
Non-spontaneous
Orthodontic Traction 48 358
Space Regaining 3.0
Surgical Exposure 15
Extraction 15
Total 134 100
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Table 6. Association between tooth eruption and vertical distance, angulation of long axis and apical root development of the permanent
maxillary incisors

Spontaneous Eruption Non-spontaneous Eruption
Total p value
n (%) n (%)
0-4 37 (474) 6 (12.5) 43
Vertical Distance 4-8 31 (39.8) 21 (43.7) 52 < 0.001%
(mm) 8-12 9 (11.5) 14 (29.2) 23
12 < 1(13) 7 (14.6) 8
<0 0 10 (20.9) 10
0-30 4 (5.1) 9 (18.7) 13
Angulation of Long 30 - 50 8 (10.3) 8 (16.7) 16 < 0001+
Axis (degree) 50 - 70 41 (52.6) 12 (25.0) 53
70 - 90 22 (28.2) 9 (18.7) 31
90 < 3(3.8) 0
6 7 (9.0) 11 8
7 50 (64.1) 14 (29.1) 64
Nolla Stage 8 18 (23.1) 21 (43.8) 39 < 0.001%**
9 3(3.8) 11 (22.9) 14
10 0 (0) 1(21) 1
Total 78 (100.0) 48 (100.0) 126

Chi-square test (*** : p < 0.001)

Table 7. Association between spontaneous eruption period and vertical distance, angulation and root development of the permanent max-
illary incisors

Spontaneous Eruption Period

p value
0 - 6 mon. 7-12mon. 13-18 mon. 19-24 mon. 25 -30 mon.
0-4 12 20 2 2 1
Vertical Distance 4-8 2 22 4 3 0 0022+
(mm) 8-12 2 4 1 1 1
12 < 0 0 0 0 1
<0 0 0 0 0 0
0-30 1 2 0 1 0
Angulation of 30 - 50 1 4 1 1 1 0464
Long Axis (degree) 50 - 70 6 26 5 2 2
70 - 90 7 13 1 1 0
90 < 1 1 0 1 0
6 1 3 1 1 1
7 8 32 5 3 2
Nolla Stage 8 6 11 1 0 0 0.057
9 1 0 0 2 0
10 0 0 0 0 0
Total 16 46 7 6 3

Chi-square test (* : p < 0.05)
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Table 8. Association between non-spontaneous eruption period and vertical distance, angulation and root development of the permanent
maxillary incisors

Non-spontaneous Eruption Period

0 - 6 mon. 7-12mon. 13-18 mon. 19-24 mon. 25 -30 mon. p value
0-4 1 4 0 1 0
Vertical Distance 4-8 7 12 1 0 L 0.559
(mm) 8-12 4 8 2 0 0
12 < 1 4 0 1 1
<0 2 6 0 1 1
0-30 4 5 0 0 0
Angulation of 30 - 50 3 4 1 0 0
Long Axis (degree) 50 - 70 2 8 2 0 0 0794
70 - 90 2 5 0 1 1
90 < 0 0 0 0 0
6 1 0 0 0 0
7 3 8 1 1 1
Nolla Stage 8 4 15 1 0 1 0.547
9 5 4 1 1 0
10 0 1 0 0 0
Total 13 28 3 2 2
Chi-square test (* : p < 0.05)
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