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Abstract Background/purpose: The etiology of the ectopic eruption (EE) of the maxillary
first permanent molars (FPM) remains unclear and controversial. This study was designed to
explore the dental and skeletal factors for EE of the FPM in children.
Materials and methods: Children aged 6e10 years were recruited to this study. Subjects were
assigned to the ectopic eruption group (EEG) and the normal eruption group (NEG). Lateral ceph-
alometric radiographs and panoramic radiographs were measured by angular and linear indices.
Results: The prevalence of EE of maxillary FPM was higher in males and at younger ages. Sub-
jects with skeletal class III malocclusion were more likely to be diagnosed with EE of maxillary
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FPM. The SNA, ANB, FMIA, Wits, Ptm-A, ANS-PNS, overbite, and overjet were significantly
different between the EEG and the NEG. The length of the posterior region of the maxillary alve-
olar bone, U6-OP, and eruptive angulation of the maxillary FPM were statistically different be-
tween the two groups.
Conclusion: Male sex, skeletal class III malocclusion, mesial inclination of the maxillary FPM, hy-
poplasia of the maxilla, and insufficient length of the posterior region of the maxillary alveolar
bone were related to EE of the maxillary FPM.
ª 2024 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

Ectopic eruption (EE) of the first permanent molars (FPM)
occurs due to the molar’s abnormal mesioangular eruption
path, resulting in an impaction at the distal prominence of
the primary second molar’s crown.1 EE of the FPM is more
common in the maxilla and the prevalence of EE of the
maxillary FPM ranges between 0.75 % and 8.7 % in different
locations according to previous studies.1e8

EE of the maxillary FPM may lead to pathological ab-
sorption at the distal roots of maxillary second primary
molars, the early exfoliation of maxillary second primary
molars, and even space loss of lateral dentition.9,10 In
addition, EE of the maxillary FPM usually occurs at an early
age, increasing the possibility of other dental and maxil-
lofacial problems, such as maxillary hypoplasia and severe
sagittal and transverse crowding.3 These problems might
increase the difficulty of subsequent orthodontic treat-
ments, leading to poor occlusal relationships and reduced
masticatory efficiency.11 Additionally, due to the mesial
inclination of the maxillary FPM, food residue can easily fill
the triangular spaces created by the distal surfaces of the
maxillary second primary molars and the proximal surfaces
of the maxillary FPM, enhancing the risk of caries.12

Therefore, EE of maxillary FPM warrants attention by
dentists, and early detection, diagnosis, and intervention
are needed to prevent severe consequences.

The etiology of EE of the maxillary FPM is not yet clear.
According to previous studies, it may be associated with ge-
netic and local factors, including heredity, sex, oversized
maxillary secondprimarymolars, a smallermaxilla, posterior
position of the maxilla, an abnormal eruptive angulation of
the maxillary FPM, and delayed calcification of
teeth.6,7,13e18 Bjerklin found that the prevalence increased
in siblings.17 Some studies have reported no significant sex
difference,4,15,18 while some other studies showed a higher
prevalence in males.3,8,19 Mucedero et al. found that the
mesiodistal crown widths of the maxillary second primary
molars andmaxillary FPMswere greater in patientswith EE of
themaxillary FPM.3 Becktor et al. suggested that irreversible
EE of themaxillary FPMwith severemaxillary second primary
molar resorption was related to abnormal canine eruption
and subsequent lateral or central incisor root resorption.11 A
deficiency of bony growth or change in the timeline of bone
growth at the tuberosity regionwas found linking to EE of the
maxillary FPM5,20 In Salbach’s study, a significant relation
was found between the EE of the maxillary FPM and class III
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malocclusion.4 However, the number of patients included in
most of the previous studies was usually small, making the
findings less representative. Therefore, recruiting larger
numbers of patients is necessary to determine the risk fac-
tors for the EE of the maxillary FPM.

The maxillary tuberosity is the posterior inferior exten-
sion of the maxilla, bounded mesially by the last erupted
molars and maxillary sinus and distally by the pter-
ygopalatine fissure and pyramidal process of the palatine
bone.21 In previous studies, the posterior contour of the
maxillary tuberosity in subjects with forward growth of the
maxillary complex was reported to have greater periosteal
apposition.22,23 It was inferred from Hwang’s study that
proper eruption of the maxillary second permanent molars
was facilitated by forward growth of the maxilla and suf-
ficient bone apposition at the maxillary tuberosity region.24

However, the correlation between the maxillary tuberosity
region and EE of the maxillary FPM has not been system-
atically assessed.

Our study was conducted to identify the risk factors for
EE of the maxillary FPM through epidemiological and
radiographic analyses.

Materials and methods

The subjects were recruited from patients who visited the
West China Hospital of Stomatology from 2014 to 2018 and
the flow chart is showed as followed (Fig. 1). The West
China Hospital of Stomatology, University’s Institutional
Review Board gave its approval for this study. All subjects
gave their informed consent in writing, and the Declaration
of Helsinki was rigorously followed in this study.

The inclusion criteria were as follows: 1) 6e10 years old,
with the maxillary FPM erupting or erupted; 2) panoramic
radiographs and lateral cephalometric radiographs avail-
able; and 3) at least one maxillary second primary molar in
the maxillary dentition.

The exclusion criteria were as follows: 1) loss of bilateral
maxillary second primary molars; 2) presence of systemic
diseases that can cause EE of the maxillary FPMs, such as
cranioclavicular dysplasia syndrome and mutation of para-
thyroid hormone receptor 1; 3) EE of mandibular FPM; 4)
maxillary second primary molars with cavities on their
distal proximal surfaces; 5) supernumerary teeth or
congenital absence of the maxillary second primary molars
or the maxillary FPM; 6) alveolar bone injury or tooth loss
caused by trauma; 7) impacted maxillary FPM caused by
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Fig. 1 Flow chart of inclusion and exclusion of subjects.
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other reasons, such as odontoma or cyst; 8) without avail-
able panoramic radiographs or lateral cephalometric ra-
diographs; or 9) panoramic radiographs and/or lateral
cephalometric radiographs excessively distorted or other-
wise insufficiently clear for the measurements.

The subjects with EE of the maxillary FPM were assigned
as the ectopic eruption group (EEG). The subjects with
normal eruption of bilateral maxillary FPM were randomly
recruited by systematic sampling as the normal eruption
group (NEG).

The same x-ray machine (Veraviewepocs, Morita, Tokyo,
Japan) was used to take all of the panoramic and lateral
cephalometric radiographs. Children were guided by radi-
ologists maintaining the standard head position. Lateral
cephalometric radiographs were evaluated with 6 angular
and 10 linear indices (Fig. 2) with Dolphin Imaging Software
(version 11.8; California, USA).

Based on the reported accuracy of panoramic radio-
graphs25 and a previous similar study,16 panoramic radio-
graphs were used to measure the length of the posterior
region of maxillary alveolar bone, the crown width of the
maxillary second primary molars, the perpendicular dis-
tance from the lowest point of the distal cusp of the
maxillary FPM to the occlusal plane (U6-OP) and the erup-
tive angulation (EA) of the maxillary FPM in a picture-
archiving and communication system (Marosis Enterprise
PACS; INFINITT Healthcare System, Seoul, Korea) (Fig. 3).
We defined the length of the posterior region of maxillary
alveolar bone as a representation of the length of the
maxillary tuberosity. The occlusal plane (OP) was defined as
the average plane of the occlusal contacts of posterior
teeth, modified from the OP described in the study by Chen
et al.16 The crown width of the maxillary second primary
molars was measured as the distance between the
perpendicular lines from the protruding points on the
mesial surface and the distal surface to the OP. Since the
ectopically erupted maxillary FPM were mesially bounded
by the maxillary second primary molars, we drew vertical
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lines from the distal point of a maxillary second primary
molar and from the distal point of the pterygopalatine
fissure to the OP, the distance between the two lines rep-
resented the length of the posterior region of maxillary
alveolar bone. The U6-OP and the EA formed by the long
axis of the maxillary FPM and the OP were used to represent
the eruption position of the maxillary FPM. In subjects with
unilateral EE of the maxillary FPM, the values of the length
of the posterior region of maxillary alveolar bone, U6-OP,
and EA were all taken from the side of EE. For subjects with
bilateral EE of the maxillary FPM and with normally erupted
maxillary FPM, we averaged the measurements from each
side.

All evaluations and measurements were performed by
Kun Zhang and Yun Zhang, supervised by Yiran Peng and
Jian Pan. The interrater reliability between the examiners
was assessed, and the Kappa value was 0.82, indicating that
these measurements were reliable. All statistical analyses
were performed in SPSS (IBM SPSS 23, IBM Corp). The
Kolmogorov-Smirnov test and Q-Q plots were used to exam
continuous variables’ normality. Differences between the
NEG and EEG were determined by independent-sample t-
tests, chi-square tests, and Wilcoxon rank sum tests. Vari-
ables associated with EE of the maxillary FPM according to
the univariate analyses were included in the binary logistic
regression analysis.
Results

Characteristics of the subjects

A total of 2806 patients met the inclusion criteria, including
101 patients with EE of the maxillary FPM. The prevalence
of EE of the maxillary FPM in this study was 3.6 %. Three
patients whose radiographs were excessively distorted
were excluded, and the remaining 66 males and 32 females
with EE of the maxillary FPM were assigned to the EEG.



Fig. 2 Methods of measuring in a lateral cephalometric radiograph: 1. SeAr, the vertical distance between the point sella (S) and
the point articulare (Ar); 2. Ptm-S, the distance between the perpendicular projections from the point pterygomaxillary fissure
(Ptm) and point S onto the Frankfort horizontal (FH) plane; 3. U6-PTV, the distance between the perpendicular projections from
point Ptm and the distal point of the maxillary first molar onto the FH plane; 4. Ptm-A, the distance between the perpendicular
projections from the point Ptm and the point subspinable (A) onto the FH plane; 5. ANS-PNS, the distance between the point
anterior nasal spine (ANS) and the point posterior nasal spine (PNS); 6. Wits, the distance between the perpendicular projections
from the point A and point supramental (B) onto the occlusal plane; a, FMA, the angle formed by the intersection of the FH plane
and the mandibular plane; b, FMIA, the angle formed by the intersection of the extension line of the long axis of the lower central
incisor and the FH plane; c, IMPA, the angle formed by the intersection of the extension line of the long axis of the lower central
incisor and the mandibular plane; d, SNA, the angle formed by the point S, the point nasion (N) and the point A; e, SNB, the angle
formed by the point S, the point N and the point B; f, ANB, the angle formed by the point A, the point N and the point B.

Fig. 3 Methods of measuring in a panoramic radiograph. OP: occlusal plane, the average plane of the occlusal contacts of
posterior teeth (yellow line) 1. U6-OP: the perpendicular distance from the lowest point of the distal cusp of the maxillary first
permanent molar to OP (black line); 2. the length of the posterior region of the maxillary alveolar bone: the perpendicular distance
from the distal point of the maxillary secondary primary molar to the distal point of the pterygopalatine fissure (blue line); 3. the
crown width of the second primary molar: the perpendicular distance from the mesial point to the distal point of the maxillary
secondary primary molar’s crown (green line); a, EA: eruptive angulation, the distal angle formed by the long axis of the maxillary
first permanent molar and OP.
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Table 2 Factors associated with ectopic eruption (EE) of
the maxillary first permanent molars (FPM) in cephalometric
radiograph analysis.

Measurement NEG EEG P value

SeAr (mm) 30.03 � 3.20
(30.05)

29.65 � 3.00
(29.70)

0.415

Go-Me (mm) 56.19 � 4.06
(56.10)

55.12 � 4.01
(55.55)

0.098

FMA (�) 27.81 � 5.43
(27.35)

26.61 � 5.96
(27.25)

0.291

FMIA (�) 59.20 � 7.88
(59.05)

62.19 � 7.58
(62.25)

0.008**

IMPA (�) 92.98 � 7.89
(93.35)

91.19 � 6.60
(91.70)

0.140

SNA (�) 80.68 � 3.56
(80.25)

78.83 � 3.75
(78.45)

0.001**

SNB (�) 76.38 � 3.75
(75.85)

76.81 � 4.26
(76.80)

0.417

ANB (�) 4.30 � 3.35
(4.60)

2.02 � 3.30
(1.75)

<0.001***

Wits (mm) �1.02 � 4.68
(�1.35)

�4.16 � 4.77
(�4.40)

<0.001***

Ptm-S (mm) 16.96 � 2.16
(16.95)

17.66 � 2.50
(17.60)

0.068

U6-PTV (mm) 8.23 � 2.42
(8.15)

8.45 � 2.78
(8.30)

0.474

UV-PTV (mm) 17.87 � 2.84 17.22 � 3.15 0.105
Ptm-A (mm) 42.78 � 3.06

(42.35)
41.00 � 3.18
(40.65)

<0.001***

ANS-PNS
(mm)

49.28 � 3.71
(49.05)

47.18 � 3.43
(47.00)

<0.001***

Overjet (mm) 3.62 � 3.39
(4.55)

0.54 � 3.74
(�0.30)

<0.001***

Overbite
(mm)

2.41 � 2.00
(2.00)

1.51 � 2.00
(1.60)

0.002**

SeAr, the vertical distance between the point sella (S) and the
point articulare (Ar); Go-Me, the distance between the point
gonion (Go) and the point menton (Me); SNA, the angle formed
by the point S, the point nasion (N) and the point subspinable
(A); SNB, the angle formed by the point S, the point N and the
point supramental (B); ANB, the angle formed by the point A,
the point N and the point B; Wits, the distance between the
perpendicular projections from the point A and point B onto the
occlusal plane (OP); Ptm-S, the distance between the perpen-
dicular projections from the point pterygomaxillary fissure
(Ptm) and point S onto the Frankfort horizontal (FH) plane; U6-
PTV, the distance between the perpendicular projections from
the point Ptm and the distal point of the maxillary first molar
onto the FH plane; UV-PTV, the distance between the perpen-
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Ninety-eight subjects with normal eruption of the maxillary
FPM were randomly recruited by systematic sampling for
the NEG, which was comprised of 39 males and 59 females.
The chi-square test revealed a statistically significant dif-
ference in sex composition between the NEG and EEG
(Table 1, P < 0.001). The average age analysis showed that
subjects in the EEG were younger than those in the NEG
(Table 1, P Z 0.015).

Subjects in the EEG had insufficient maxillary develop-
ment according to lateral cephalometric radiograph
analysis.

Based on the lateral cephalometric radiograph analysis
(Table 2), there were significant group differences in the
SNA angle (P Z 0.001), the ANB angle (P < 0.001) and the
FMIA angle (P Z 0.08). There were no significant group
differences in the FMA angle, the IMPA angle, or the SNB
angle. Statistical difference was found between the two
groups in the linear values of Wits (P < 0.001), Ptm-A
(P < 0.001), ANS-PNS (P < 0.001), overjet (P < 0.001) and
overbite (P Z 0.002). Linear values of SeAr, Go-Me, Ptm-S,
U6-PTV, and UV-PTV did not significantly differ between the
two groups.

Subjects in the EEG were more likely to be
diagnosed with skeletal class III malocclusion

Subjects were divided into skeletal class I, II, and III mal-
occlusions according to the value of the ANB angle. Ac-
cording to the chi-square test, there was a significant
difference in the proportion of skeletal malocclusions be-
tween the EEG and NEG (Table 3, P < 0.001). Skeletal class
III malocclusion accounted for the largest proportion of
subjects in the EEG, while in the NEG, skeletal class I
malocclusion accounted for the largest proportion.

Subjects in the EEG had insufficient development of the
posterior region of the maxillary alveolar bone according to
panoramic radiograph analysis.

From the panoramic radiograph analysis (Table 4), there
was a statistically significant difference in the length of the
posterior region of the maxillary alveolar bone between the
EEG and NEG (P < 0.001). No significant difference was
observed in the crown width of maxillary second primary
molars between the two groups. Considering the possible
distortion of panoramic radiographs, the ratio of the length
of the posterior region of the maxillary alveolar bone to the
crown width of maxillary second primary molars was used
to analyze more precisely. The results also showed a sta-
tistically significant difference between the two groups
(P Z 0.005). Besides, the values of U6-OP (P < 0.001) and
Table 1 Epidemiological characteristics of subjects.

Variable NEG EEG P value

Sex
Male 39 66 < 0.001***
Female 59 32
Age 7.93 � 0.96 7.56 � 1.14 0.015*

EEG, ectopic eruption group; NEG, normal eruption group.
*P < 0.05, ***P < 0.001.

dicular projections from the point Ptm and the distal point of
the maxillary second primary molar onto the FH plane; Ptm-A,
the distance between the perpendicular projections from the
point Ptm and the point A onto the FH plane; ANS-PNS, the
distance between the point anterior nasal spine (ANS) and the
point posterior nasal spine (PNS); Overjet, the anteroposterior
distance between the most labial surface of the upper incisor
and the most labial surface of the lower incisor when the teeth
are in maximum intercuspal position; Overbite, the vertical
overlap of the upper and lower incisors when the teeth are in
maximum intercuspal position.
**P < 0.01; ***P < 0.001.
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Table 3 Subjects’ classifications of skeletal malocclusions
in the NEG and the EEG.

Classification NEG EEG P value

Skeletal class I (2� � ANB � 6�) 46 36 <0.001***
Skeletal class II (ANB > 6�) 29 10
Skeletal class III (ANB < 2�) 23 52
Total 98 98

***P < 0.001.

Table 4 Factors associated with EE of the maxillary FPM
in panoramic radiograph analysis.

Measurement NEG EEG P value

The length of the
posterior region
of maxillary
alveolar bone
(mm)

25.56 � 4.95 21.26 � 4.60 <0.001***

The crown width of
the maxillary
second primary
molars (mm)

10.98 � 1.84 10.52 � 2.02 0.097

Ratio 2.34 � 0.40 2.09 � 0.81 0.005**
U6-OP (mm) 0.38 � 1.40 1.74 � 1.66 <0.001***
EA (�) 93.93 � 7.40 89.77 � 11.08 0.002**

Ratio, the ratio of the length of the posterior region of maxillary
alveolar bone to the crown width of the maxillary second pri-
mary molars; U6-OP, the perpendicular distance from the
lowest point of the distal cusp of the maxillary first permanent
molar to the OP; EA, eruptive angulation, the angle formed by
the long axis of the maxillary first permanent molar and OP.
**P < 0.01; ***P < 0.001.

Table 5 Binary analysis of factors associated with EE of
the maxillary FPM.

Variable Binary analysis

Odds ratio (95 %
confidence
interval)

P value

Sex 4.798 (1.922
e11.979)

0.001**

The length of the posterior
maxillary alveolar bone
(mm)

0.796 (0.703
e0.900)

<0.001***

U6-OP (mm) 1.769 (1.300
e2.407)

<0.001***

Overbite (mm) 0.791 (0.633
e0.987)

0.038*

Overjet (mm) 0.788 (0.676
e0.918)

0.002**

EA (�) 0.927 (0.886
e0.970)

0.001**

*P < 0.05; **P < 0.01; ***P < 0.001.
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EA (P Z 0.002) revealed differences between the two
groups that were statistically significant.

Binary logistic regression analysis

The binary logistic regression analysis showed that sex, the
length of the posterior region of the maxillary alveolar
bone, U6-OP, overbite, overjet, and the EA were signifi-
cantly related to the EE of the maxillary FPM (Table 5).

Discussion

With parents’ awareness of oral health care increasing, EE
of the maxillary FPM has received more attention in chil-
dren during the early stage of mixed dentition. EE of
maxillary FPM often causes damage to the roots of the
maxillary second primary molars, which increases the dif-
ficulty of maintaining oral health.5 However, the specific
etiology of this anomaly remains unclear. Our study aimed
to determine the correlations between EE of the maxillary
FPM and alveolar and maxillary characteristics, providing
more evidence for clinical practice.

The prevalence of EE of the maxillary FPM in this study
was 3.6 % (101/2806). Ninety-eight children with EE of the
1643
maxillary FPM and 98 children with the normal eruption of
maxillary FPM were included. The proportion of males in
the EEG (66/98) was much higher than that in the NEG (39/
98), while some researchers’ studies showed that there was
no significant difference between sex.3,8,15 The discrepancy
might be due to the larger sample size and inclusion of
different races in this study. The subjects in the EEG were
significantly younger on average than those in the NEG,
which revealed a possible effect of age on EE of the
maxillary FPM, suggesting that dentists should pay more
attention to the eruption of the maxillary FPM in younger
children.

Our results in lateral cephalometric radiograph analysis
indicated that the children diagnosed with skeletal class III
malocclusion might have a higher risk of EE of the maxillary
FPM. This result could be supported by Dabbagh et al.26

although some others reported no significant differences
in lateral cephalometric radiograph analysis between the
NEG and EEG.2,15 In our results, the SNA and ANB angles of
the subjects in the EEG were statistically smaller than those
in the NEG, indicating sagittal skeletal discrepancies be-
tween the maxilla and the mandible and hypoplasia in the
maxilla compared to the mandible. Results of some previ-
ous studies indicated a posterior position of the maxilla
relative to the cranial base,7,13 however, our study showed
that the SNB angle and the Ptm-S value were not signifi-
cantly different between the two groups. Besides, smaller
Ptm-A and SNA in the EEG were observed in this study and
this result suggested that the discrepancies between the
maxilla and the mandible were mainly attributable to the
posterior position of point A instead of the posterior posi-
tion of the maxilla, which was consistent with the study by
Yujin Rah.27 The results in our study also showed statisti-
cally smaller Ptm-A and ANS-PNS lengths in the EEG, indi-
cating an insufficient length of the maxilla, which was
similar to the results reported by Mucedero, Pulver and
Yuen.3,7,28 In addition, the statistically smaller Wits,
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smaller IMPA angle, decreased overjet, and decreased
overbite further indicated the trend of skeletal class III
malocclusion in the EEG. The labial inclination of the
maxillary incisors and lingual inclination of the mandibular
incisors were extrapolated from the smaller IMPA angle,
decreased overjet, and decreased overbite, which was the
consequence of dental compensation arising from skeletal
class III malocclusion. Therefore, it could be reasonably
inferred that children with skeletal class III malocclusion
are more susceptible to EE of the maxillary FPM and that
this anomaly might mainly result from the insufficient
length of the maxilla instead of the posterior position of it,
probably on account of the insufficient capacity of the
maxilla to accommodate the maxillary FPM in the early
mixed dentition period.

Panoramic radiography is one of the routine examina-
tions in orthodontic clinics and plays an important role in
clinical and basic oral research. This method clearly shows
the upper and lower dentition and tooth germs, and it can
evaluate the structure of the maxilla. When compared to
other teeth, the molars’ angular distortion on panoramic
radiographs was least impacted by the head’s position,
according to a study by Samawi et al.29 Another study by
Stramotas et al. revealed that panoramic radiography was
accurate for linear and angular measurements provided
that the occlusal plane was kept at a similar angulation25

Therefore, it is reliable to make measurements in the
molar segmentation on panoramic radiographs. Meanwhile,
panoramic radiography had a relatively lower radiation
dosage (11.3 mSv) compared to the cone-beam computed
tomography (CBCT) (17.8e60 mSv),29 thus dentists prefer to
choose panoramic radiography examination for children’s
early examination in the primary and mixed dentition
period. Given the accuracy and the lower radiation dose of
panoramic radiography compared to CBCT, we chose
panoramic radiographs instead of CBCT in our study.

From the panoramic radiograph analysis, we observed no
statistical difference in the crown width of the maxillary
second primary molars between the EEG and the NEG.
Similar findings were observed in previous studies.2,17 There
was a statistical difference in the EA of the maxillary FPM
between the two groups, it also showed that EA in the EEG
was smaller than that in the NEG. The results indicated that
children with maxillary FPM erupting in a mesial direction
might be more likely to suffer from EE of the maxillary FPM,
which was consistent with previous studies.2,7,14,16,28 The
U6-OP value was greater in the EEG, which revealed the
eruption deficiency of the maxillary FPM in the vertical
direction.

To determine whether there was a difference in the area
of the maxillary tuberosity region between the EEG and
NEG, the length of the posterior region of maxillary alveolar
bone was measured on panoramic radiographs to represent
the length of the maxillary tuberosity. The results showed
that the length of the posterior region of maxillary alveolar
bone in the EEG was significantly smaller than that in the
NEG, suggesting the hypoplasia of the maxillary tuberosity,
which might partially explain the insufficient length of the
whole maxilla in children with EE of the maxillary FPM. In
order to remove any potential impact of panoramic radio-
graph distortion, the length of the posterior region of
maxillary alveolar bone to the crown width of the maxillary
1644
second primary molars ratio was calculated, and this ratio
was also significantly smaller in the EEG than in the NEG,
which further confirmed the insufficient development of
the maxillary tuberosity region in children in the EEG.

Binary logistic regression analysis identified male sex,
decreased overbite, decreased overjet, a decrease in the
length of the posterior region of maxillary alveolar bone,
decreased EA of the maxillary FPM, and an increase in the
U6-OP as key factors related to EE of maxillary FPM (Table
5). Therefore, male children with a relatively smaller
overbite, smaller overjet, smaller EA of the maxillary FPM,
and a relatively smaller length of the posterior region of
maxillary alveolar bone are more susceptible to EE of the
maxillary FPM and warrant greater attention by dentists. Of
course, there are limitations in our study, such as the lack
of longitudinal observation on the subjects. Further pro-
spective and long-term studies are needed to provide more
accurate and comprehensive identification of the risk fac-
tors of EE.

In conclusion, EE of the maxillary FPM was more likely to
occur in males, and EE of the maxillary FPM was signifi-
cantly related to skeletal class III malocclusion, mesial
eruption of the maxillary FPM, maxillary hypoplasia and
hypoplasia of the posterior region of the maxillary alveolar
bone. Dentists are advised to direct more attention to
children with the above characteristics to ensure follow-up
observations or provide early treatment.
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