
996Angle Orthodontist, Vol 76, No 6, 2006 DOI: 10.2319/082905-303

Original Article

Hypodontia Patterns and Variations in Craniofacial Morphology in
Japanese Orthodontic Patients

Toshiya Endoa; Rieko Ozoeb; Sugako Yoshinoc; Shohachi Shimookad

ABSTRACT
Objective: The purpose of this study was to explore the association of hypodontia patterns and
variations in craniofacial morphology in Japanese orthodontic patients.
Materials and Methods: A total of 50 girls with hypodontia (the total group) were selected and
categorized into anterior, posterior, and anterior-posterior groups according to the location of the
congenitally missing teeth. By using the lateral cephalograms of each subject, 28 angular and 37
linear measurements were made. The cephalometric data were statistically analyzed and com-
pared among the groups and with the Japanese cephalometric standards from 36 age-matched
female subjects without hypodontia or malocclusion (the control group).
Results: Every hypodontia group showed shorter anterior and overall cranial base lengths, shorter
maxillary length, greater retroclination and elongation of mandibular incisors, and a larger inter-
incisal angle than the control group. The total and anterior-posterior groups especially exhibited
a significantly more prognathic mandible, larger retroclination of maxillary incisors, and a more
counterclockwise-rotated occlusal plane. Furthermore, these skeletal and dental deviations were
more remarkable in the anterior-posterior group than in either the anterior or the posterior group.
Anterior hypodontia exerted as much influence on craniofacial morphology as posterior hypodon-
tia.
Conclusions: When orthodontic treatment is performed on patients with hypodontia, not only the
number but also the distribution of missing teeth should be taken into consideration, though there
was no significant difference in craniofacial morphology between anterior hypodontia and posterior
hypodontia.
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INTRODUCTION

Hypodontia is one of the most common dental
anomalies in the permanent dentition.1,2 Numerous
studies have been published on the prevalence of hy-
podontia (third molars excluded) in various popula-
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tions.3 The reported hypodontia rates range from 3.7%
in an American population2 to 10.1% in a Norwegian
population.4 Almost all studies have reported higher
occurrences in females than in males.3–11 The majority
of previous studies dealing with Caucasian popula-
tions have revealed that the most commonly congen-
itally missing tooth is the mandibular second premolar,
followed by either the maxillary lateral incisor1,2,12 or
the maxillary second premolar.4,6–8,10 Some studies
have shown that ethnicity strongly influences the prev-
alence of hypodontia.8,9 The hypodontia rate in Japa-
nese populations reportedly ranges from 7.4%11 to
8.5%,3 and the mandibular lateral incisor is more com-
monly missing in Japanese than in any other ethnic
groups.3,11

Several studies have associated hypodontia with
smaller cranial base length13,14 and angle,13,15 more ret-
rognathic15–18 and shorter maxilla,13,14,17,19 more prog-
nathic mandible,13,14,20 smaller mandibular plane14,15,20

and sagittal jaw relationship angles,15,16 straighter fa-

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-15 via free access



997HYPODONTIA PATTERNS AND CRANIOFACIAL MORPHOLOGY

Angle Orthodontist, Vol 76, No 6, 2006

TABLE 1. Sample Description of Patients per Group

Total Anterior Posterior Anterior–Posterior Control

n
Age

50
13 y � 1 y 8 mo

25
12 y 8 mo � 1 y 9 mo

15
13 y 6 mo � 1 y 6 mo

10
13 y 3 mo � 1 y 7 mo

36
13 y 2 mo � 1 y 2 mo

cial convexity,15,17,18 greater retroclination of maxil-
lary13,15,16,18 and mandibular incisors,13,15,16 larger inter-
incisal angle,13,15,18 and shorter lower anterior facial
height.14,15 Some other studies have concluded that
hypodontia has little or no effect on craniofacial mor-
phology.21,22

A few studies have been conducted on the effect of
the pattern of hypodontia or the distribution of congen-
itally missing teeth in the dentition on craniofacial mor-
phology.14,17,18,22 Wisth et al17 revealed more retro-
gnathic and shorter maxilla and more proclined max-
illary incisors in Norwegian children with up to six con-
genitally missing teeth and found that these deviations
were independent of whether the congenitally missing
teeth were located in the maxilla or in the mandible.
Yuksel and Ucem22 classified Turkish orthodontic pa-
tients with tooth agenesis into three groups according
to the location of missing teeth and found no statisti-
cally significant differences in craniofacial morphology
between the patients with anterior tooth agenesis and
those with posterior tooth agenesis. In an investigation
of the effects of the distribution of congenitally missing
teeth on craniofacial morphology in Israeli orthodontic
patients, Ben-Bassat and Brin18 demonstrated that an-
terior tooth agenesis predominantly influenced cranio-
facial morphology compared with posterior tooth agen-
esis. Woodworth et al14 investigated craniofacial mor-
phology in individuals with bilateral maxillary lateral in-
cisor agenesis and found shorter maxillary and
mandibular lengths and a tendency for forward man-
dibular rotation and shorter upper and lower anterior
facial heights.

No literature on the association of the distribution of
congenitally missing teeth with craniofacial morpholo-
gy in Japanese patients was found in a PubMed
search on the Internet. The purpose of the present
study was to explore the relationships between hypo-
dontia patterns and variations in craniofacial morphol-
ogy in Japanese orthodontic patients.

MATERIALS AND METHODS

Subjects

A total of 50 Japanese girls with hypodontia (the
total group), excluding third molars, were selected as
the subjects from the files of orthodontic patients who
had been treated at our clinics in The Nippon Dental
University Niigata Hospital (Niigata, Japan). Boys were
not included in this study so as to avoid skewing ceph-

alometric measurements with sexual differences in
craniofacial morphology. The subjects were selected
on the basis of the following criteria: a dentition show-
ing the eruption of second molars or within approxi-
mately 6 months after full eruption of all four second
molars, no premature loss of deciduous teeth, no pre-
vious orthodontic or prosthodontic treatment, and no
craniofacial anomalies. The mean age of the subjects
was 13 years (SD 1 year 8 months, Table 1).

Hypodontia was diagnosed by using orthodontic
records, which included orthopantomograms, cepha-
lograms, and anamnestic data. A tooth was identified
as a congenitally missing tooth when there was no
evidence that it had been extracted and when no min-
eralization of the tooth crown could be recognized on
orthopantomograms.3,7 The anamnestic data were
used as reference material to avoid wrong diagnoses.
Longitudinal orthopantomograms were examined to
exclude the registration of late mineralized teeth as
congenitally missing teeth. A final orthopantomogram
examination was performed on the subjects of 13
years of age and older. The criteria for the finals were
based on the finding by Aasheim and Ogaard,7 who
reported that apart from third molars no tooth had
been found mineralized after the age of 12 years.
Third molars were excluded from the present study.
The same investigator reexamined each orthopanto-
mogram, and a reproducibility of 100% was obtained
in the identification of hypodontia.

Our hypodontia subjects (the total group) were cat-
egorized into three groups according to the distribution
of congenitally missing teeth in the dental arches. The
anterior group consisted of 25 patients with hypodontia
in the anterior region only (incisors and canines). The
posterior group consisted of 15 patients with hypodon-
tia in the posterior region only (premolars and molars).
The anterior-posterior group consisted of 10 patients
with hypodontia in both anterior and posterior regions.
The numbers and mean ages of patients, the distri-
bution of patients by the number of missing teeth, and
the distribution of different missing teeth in each group
are shown in Tables 1–3.

Cephalometric Analysis

A single investigator prepared and assessed lateral
cephalograms, which were taken with the same ce-
phalostat and with the standardized settings. Seven-
teen reference points were marked, and 11 reference
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TABLE 2. Numbers and Percentages of Patients by the Number of
Missing Teeth in Each Hypodontia Group

No. of
Missing
Teeth

Total
(%)

Anterior
(%)

Posterior
(%)

Anterior–
Posterior

(%)

1
2
3
4
5

19 (38.0)
15 (30.0)
3 (6.0)
2 (4.0)
1 (2.0)

14 (56.0)
11 (44.0)
0 (0.0)
0 (0.0)
0 (0.0)

5 (33.3)
4 (26.7)
2 (13.3)
1 (6.7)
1 (6.7)

0 (0.0)
0 (0.0)
1 (10.0)
1 (10.0)
0 (0.0)

6
7
8
9

10
17

1 (2.0)
3 (6.0)
1 (2.0)
3 (6.0)
1 (2.0)
1 (2.0)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

1 (6.7)
1 (6.7)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
2 (20.0)
1 (10.0)
3 (30.0)
1 (10.0)
1 (10.0)

Total 50 (100.0) 25 (100.0) 15 (100.0) 10 (100.0)

Figure 1. Reference points and lines used. N indicates nasion; S,
sella turcica; Or, orbitale; Po, porion; Ptm, pterygomaxillary fissure;
Ar, articulare; ANS, anterior nasal spine; PNS, posterior nasal spine;
A, point A; U1e, maxillary incisor edge; L1e, mandibular incisor
edge; B, point B; Pog, pogonion; Gn, gnathion; Me, menton; Go,
gonion; Mo, molare; SN, sella turcica- nasion plane; FH, Frankfort
horizontal plane; PP, palatal plane; OP, occlusal plane; MP, man-
dibular plane; RP, ramus plane; Y-axis, sella turcica–gnathion line;
U1, long axis of maxillary central incisor; L1, long axis of mandibular
central incisor; x-axis, line parallel to Frankfort horizontal plane
through sella turcica; and y-axis, line perpendicular to Frankfort hor-
izontal plane through sella turcica.

TABLE 3. Numbers and Percentages of Different Missing Teeth in
Each Hypodontia Group

Fédération
Dentaire

Inter-
nationale
Tooth No.

Total
(%)

Anterior
(%)

Posterior
(%)

Anterior–
Posterior

(%)

Maxilla

17
16
15
14
13

1 (0.6)
5 (3.1)

11 (6.9)
7 (4.4)
7 (4.4)

—
—
—
—

2 (5.6)

0 (0.0)
0 (0.0)
6 (14.6)
3 (7.3)

—

1 (1.2)
5 (6.0)
5 (6.0)
4 (4.8)
5 (6.0)

12
11
21
22
23

8 (5.0)
0 (0.0)
0 (0.0)

11 (6.9)
6 (3.8)

4 (11.1)
0 (0.0)
0 (0.0)
6 (16.7)
2 (5.6)

—
—
—
—
—

4 (4.8)
0 (0.0)
0 (0.0)
5 (6.0)
4 (4.8)

24
25
26
27

6 (3.8)
14 (8.8)
5 (3.1)
2 (1.3)

—
—
—
—

2 (4.9)
7 (17.1)
0 (0.0)
0 (0.0)

4 (4.8)
7 (8.4)
5 (6.0)
2 (2.4)

Total 83 (51.9) 14 (38.9) 18 (43.9) 51 (61.4)

Mandible

47
46
45
44
43

3 (1.9)
0 (0.0)

14 (8.8)
1 (0.6)
1 (0.6)

—
—
—
—

0 (0.0)

1 (2.4)
0 (0.0)
9 (22.0)
0 (0.0)

—

2 (2.4)
0 (0.0)
5 (6.0)
1 (1.2)
1 (1.2)

42
41
31
32
33

13 (8.1)
5 (3.1)
7 (4.4)
9 (5.6)
2 (1.3)

11 (30.6)
1 (2.8)
3 (8.3)
6 (16.7)
1 (2.8)

—
—
—
—
—

2 (2.4)
4 (4.8)
4 (4.8)
3 (3.6)
1 (1.2)

34
35
36
37

1 (0.6)
18 (11.3)
0 (0.0)
3 (1.9)

—
—
—
—

0 (0.0)
12 (29.3)
0 (0.0)
1 (2.4)

1 (1.2)
6 (7.2)
0 (0.0)
2 (2.4)

Total 77 (48.1) 22 (61.1) 23 (56.1) 32 (38.6)

lines were manually drawn on each tracing paper (Fig-
ure 1). For each tracing, 26 linear and 17 angular mea-
surements were made with a vernier type of micro-
meter and a protractor (Table 4). Eleven linear mea-
surements (eg, U1e-x, U1e-y) were made by a coor-
dinate system with the x-axis parallel to the Frankfort
horizontal plane and the y-axis perpendicular to the
Frankfort horizontal plane through the sella turcica
(Figure 1, Table 4). The linear and angular measure-
ments were estimated to the nearest 0.1 mm and 0.5�,
respectively.

Statistical Analysis

Statistical analyses were performed by a StatMate
III Statistical Package (ATMS Co Ltd, Tokyo, Japan).
Differences in mean values between the values mea-
sured in each hypodontia group and the Japanese
cephalometric standards23 and among the hypodontia
groups were assessed for each measurement by us-
ing Student’s t-test or Welch’s test after testing the ho-
mogeneity of the variances. The control samples (the
control group) used as the Japanese cephalometric
standards were sex matched and almost age matched
to the patients in each hypodontia group for proper
statistical comparisons. The Japanese cephalometric
standards were developed from 36 Japanese girls
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TABLE 4. Definitions of Measurements Used

Measurement Definition

S-N (mm) Anterior cranial base length
N-Ar (mm) Overall cranial base length
S-Ar (mm) Posterior cranial base length
N-S-Ar (�)
SN-FH (�)

Cranial base angle
Facial inclination

ANS-PNS (mm)
A-y (mm)

Maxillary length
Distance from point A to the y-axis

ANS-y (mm) Distance from anterior nasal spine to the y-
axis

Ptm-y (mm) Distance from pterygomaxillary fissure to the
y-axis

S-N-A (�) Prognathism of maxillary alveolar bone
PP-FH (�) Frankfort palatal plane angle
Me-Go (mm)
Go-Ar (mm)
Ar-Me (mm)

Mandibular body length
Ramus height
Maximum mandibular length

B-y (mm) Distance from point B to the y-axis
Pog-y (mm) Distance from pogonion to the y-axis
S-N-B (�) Prognathism of mandibular alveolar bone
S-N-Pog (�) Prognathism of the mandible
FH-Npog (�)
MP-FH (�)

Facial angle
Mandibular plane angle

Y-axis-FH (�) Y-axis inclination relative to Frankfort hori-
zontal plane

RP-FH (�) Ramus inclination
MP-RP (�) Gonial angle
A-N-B (�) Sagittal jaw relationship angle
N-A-Pog (�) Facial convexity
U1e-x (mm) Distance from maxillary incisor edge to the x-

axis
U1e-y (mm) Distance from maxillary incisor edge to the y-

axis
U1-FH (�) Maxillary incisor inclination
L1e-x (mm) Distance from mandibular incisor edge to the

x-axis
L1e-y (mm) Distance from mandibular incisor edge to the

y-axis
L1-MP (�)
U1-L1 (�)

Mandibular incisor inclination
Interincisal angle

Mo-x (mm)
Mo-y (mm)

Distance from molare to the x-axis
Distance from molare to the y-axis

OP-FH (�)
N-Me (mm)

Occlusal plane inclination
Total anterior facial height

N-ANS (mm)
ANS-Me (mm)

Upper anterior facial height
Lower anterior facial height

U1e-ANS (mm) Distance from maxillary incisor edge to ante-
rior nasal spine

L1e-Me (mm) Distance from mandibular incisor edge to
menton

S-Go (mm) Total posterior facial height
S-Ar (mm) Upper posterior facial height
Ar-Go (mm) Lower posterior facial height

without hypodontia or malocclusion and with a mean
age of 13 years 2 months (SD 1 year 2 months, Table
1). The means and standard deviations of the S-N, N-
Ar, and S-Ar dimensions and the N-S-Ar angle were
calculated from the data of the control group.23 In par-
ticular, the concept of propagation error was used to
make the calculation of standard deviations.

Measurement Error

Twenty lateral cephalograms were used for mea-
surement once again after 3 weeks, and the means of
each measurement were used in the statistical calcu-
lations. Student’s t-test with a 95% confidence interval
did not reveal any systematic measurement errors.
Measurement errors, which were assessed with the
Dahlberg24 formula, were found to be �0.4 mm for lin-
ear measurements and �0.5� for angular measure-
ments.

RESULTS

The means and standard deviations for all the mea-
surements and the level of significant difference are
shown in Table 5.

Cranial Base

The S-N and N-Ar dimensions were significantly
smaller in the total, anterior, and posterior groups than
in the control group.

Maxilla and Mandible

The ANS-PNS dimension was significantly shorter
in every hypodontia group than in the control group.
The Ptm-y dimension was significantly larger in the to-
tal and posterior groups than in the control group. A
significantly larger Pog-y dimension and a significantly
smaller RP-FH angle were found in the total group
than in the control group. A significantly larger FH-
Npog angle and a significantly smaller Y-axis-FH an-
gle were found in the total and anterior-posterior
groups than in the control group. This significantly larg-
er FH-Npog angle might have been caused by the re-
trusion of nasion as well as the protrusion of pogonion,
which was shown by the significantly smaller S-N di-
mension. The N-A-Pog angle was significantly larger
in the anterior-posterior group than in the control
group. This was because point A was not in a retrusive
position and pogonion was in a protrusive position. A
significantly larger Ptm-y dimension and a significantly
smaller RP-FH angle observed in the total group and
a significantly larger FH-Npog angle and a significantly
smaller Y-axis-FH angle in the total and anterior-pos-
terior groups reflected a tendency for the mandible to
be in a forward position.

The MP-FH and the Y-axis-FH angles were signifi-
cantly smaller in the anterior-posterior group than in
the posterior group. The A-N-B angle was significantly
larger in the total, anterior, and posterior groups than
in the anterior-posterior group. The N-A-Pog angle
was significantly larger in the anterior-posterior group
than in the total, anterior, and posterior groups and
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TABLE 5. Craniofacial Morphology in Each Hypodontia Group and Control Group

Measurement Total (T) Anterior (A) Posterior (P)
Anterior–

Posterior (AP) Control Significance

Cranial base

S-N (mm)
N-Ar (mm)
S-Ar (mm)
N-S-Ar (�)
SN-FH (�)

67.9 � 2.5**
93.4 � 4.1*
36.3 � 3.2

124.2 � 6.2
9.1 � 3.2

67.4 � 2.4**
92.5 � 4.4**
36.1 � 3.4

123.4 � 6.4
9.1 � 2.9

68.0 � 2.4*
93.0 � 4.5*
36.4 � 3.4

123.6 � 5.5
8.7 � 3.2

68.4 � 2.7
94.7 � 3.5
36.5 � 2.9

125.7 � 6.7
9.6 � 3.5

69.6 � 2.6
95.5 � 3.8
35.3 � 2.6

128.3 � 14.1
8.3 � 2.7

Maxilla and mandible

AN-PNS (mm)
A-y (mm)
ANS-y (mm)
Ptm-y (mm)
S-N-A (�)

49.9 � 3.3***
67.7 � 4.4
71.5 � 3.9
20.5 � 2.9*
81.5 � 4.3

49.4 � 4.1***
67.3 � 3.9
71.4 � 3.6
20.5 � 2.7
81.3 � 3.8

50.1 � 2.9**
68.6 � 5.1
72.2 � 4.8
20.9 � 2.6*
82.5 � 4.5

50.2 � 2.8**
67.2 � 4.2
71.0 � 3.3
20.1 � 3.2
80.2 � 4.4

53.5 � 4.2
67.2 � 3.3
72.6 � 3.4
19.2 � 2.5
80.1 � 2.5

PP-FH (�)
Me-Go (mm)
Go-Ar (mm)
Ar-Me (mm)
B-y (mm)

2.4 � 2.3
71.5 � 4.7
44.8 � 3.7

105.5 � 5.3
63.9 � 7.2

2.2 � 1.9
70.8 � 5.0
45.7 � 3.5

105.2 � 5.3
62.7 � 5.9

2.5 � 2.3
70.7 � 5.1
43.7 � 4.0

104.8 � 6.2
62.6 � 7.6

2.4 � 2.8
72.9 � 3.9
45.1 � 3.7

106.6 � 4.4
66.3 � 8.1

1.8 � 2.4
72.2 � 6.1
45.8 � 4.6

106.7 � 5.9
61.7 � 3.1

Pog-y (mm)
S-N-B (�)
S-N-Pog (�)
FH-Npog (�)
MP-FH (�)

63.1 � 8.7*
79.0 � 4.6
78.9 � 5.0
88.1 � 4.8**
26.9 � 6.3

62.0 � 7.4
78.5 � 4.2
78.6 � 4.3
87.4 � 3.9
27.1 � 6.0

60.8 � 9.1
78.7 � 4.5
78.1 � 4.7
87.1 � 5.1
30.0 � 6.0

66.5 � 9.8
79.7 � 5.1
80.0 � 5.8
90.0 � 5.6*
23.5 � 7.0

60.0 � 4.0
77.6 � 2.2
77.4 � 2.7
85.7 � 1.9
27.7 � 4.5 AP � P****

Y-axis-FH (�)
RP-FH (�)
MP-RP (�)

61.1 � 4.4*
81.5 � 5.8*

125.0 � 6.8

61.6 � 3.4
83.0 � 5.1

123.9 � 7.5

63.1 � 4.4
81.9 � 6.2

127.9 � 8.5

58.7 � 5.4*
79.8 � 6.2

123.4 � 4.3

62.7 � 2.2
84.3 � 4.1

123.4 � 5.9

AP � P****

A-N-B (�) 2.6 � 2.9 2.9 � 2.9 3.8 � 2.9 0.5 � 3.1 2.6 � 1.7 AP � T·A,**** AP �
P*****

N-A-Pog (�) 175.0 � 6.9 173.8 � 7.3 170.5 � 6.3 180.7 � 7.3*** 173.6 � 4.0 T·A·P � AP,**** P �
T****

Incisors and molars

U1e-x (mm)
U1e-y (mm)
U1-FH (�)
L1e-x (mm)
L1e-y (mm)

73.8 � 5.6
70.9 � 6.9

108.3 � 11.4**
68.9 � 5.5**
69.1 � 5.8

73.9 � 4.5
71.8 � 5.5

111.8 � 8.3
69.4 � 5.1*
69.2 � 5.0

74.9 � 5.3
72.8 � 8.0

111.3 � 10.0
71.8 � 5.5
70.2 � 6.7

72.6 � 6.9
68.3 � 7.2

101.8 � 16.0*
65.6 � 5.8***
67.9 � 5.6

75.3 � 4.4
72.1 � 3.8

114.4 � 4.8
72.2 � 4.5
69.0 � 3.6

AP � P****

L1-MP (�) 87.0 � 7.7*** 89.3 � 6.8*** 89.5 � 8.0*** 82.1 � 8.2*** 96.4 � 5.1 AP � T·A·P,**** T �
P****

U1-L1 (�) 136.1 � 12.4*** 132.0 � 10.8*** 128.6 � 12.1* 147.6 � 14.4*** 121.5 � 6.9 A � AP,***** P �
AP****

Mo-x (mm)
Mo-y (mm)
OP-FH (�)

67.1 � 4.4
39.5 � 5.2
9.2 � 4.5**

67.1 � 3.9
39.0 � 4.5
9.7 � 4.2

67.6 � 5.0
40.0 � 6.4
11.0 � 5.1

66.2 � 5.4
40.1 � 5.5
7.0 � 4.0***

67.2 � 3.8
37.8 � 3.3
11.5 � 2.9 AP � P****

Vertical dimensions

N-Me (mm)
N-ANS (mm)
ANS-Me (mm)
U1e-ANS (mm)
L1e-Me (mm)

120.9 � 5.6
55.3 � 2.8
65.7 � 4.6
29.6 � 2.4
41.2 � 2.3

121.3 � 4.3
55.4 � 2.5
66.1 � 3.7
29.2 � 2.2
40.8 � 2.5

122.8 � 6.7
55.5 � 3.5
67.5 � 4.9
30.0 � 2.4
40.7 � 2.5

118.5 � 5.9
55.1 � 2.5
63.6 � 5.1
29.5 � 2.6
42.0 � 1.8

121.6 � 6.9
56.8 � 4.9
64.8 � 7.0
28.6 � 5.6
39.3 � 7.5

S-Go (mm)
S-Ar (mm)
Ar-Go (mm)

76.3 � 4.5
31.5 � 3.0
44.8 � 3.4

77.0 � 5.0
32.0 � 3.3
45.1 � 3.3

75.5 � 4.8
31.0 � 3.4
44.5 � 3.8

76.3 � 3.7
32.4 � 2.3
44.1 � 3.2

76.0 � 3.8
30.7 � 2.5
45.3 � 4.6

*, **, and *** indicate statistically significant differences (P � .05, P � .01, and P � .001, respectively between each hypodontia group and
the control group). **** and ***** indicate that each measurement value is significantly larger (P � .05 and P � .01, respectively) on the right-
side group than on the left-side group.
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was significantly larger in the total group than in the
posterior group.

Incisors and Molars

The U1-FH and OP-FH angles were significantly
smaller in the total and anterior-posterior groups than
in the control group. The L1e-x dimension was signif-
icantly smaller in the total, anterior, and anterior-pos-
terior groups than in the control group. A significantly
smaller L1-MP angle and a significantly larger U1-L1
angle were found in every hypodontia group than in
the control group.

The L1e-x dimension and the OP-FH angle were
significantly smaller in the anterior-posterior group
than in the posterior group. The L1-MP angle was sig-
nificantly smaller in the anterior-posterior group than
in the total, anterior, and posterior groups and was sig-
nificantly smaller in the total group than in the posterior
group. The U1-L1 angle was significantly larger in the
anterior-posterior group than in the anterior and pos-
terior groups.

Vertical Dimensions

None of vertical dimension measurements showed
any significant differences between each hypodontia
group and the control group or among the hypodontia
groups.

DISCUSSION

Some studies showed that the types of the most
commonly missing teeth differed from one ethnic
group to another.4,8,9 In our study, the most commonly
missing tooth was the mandibular second premolar,
followed by the maxillary second premolar in the total
and posterior groups. These findings were consistent
with the results published by the majority of other re-
searchers who used Caucasian populations.5–8,10 The
prevalence of mandibular lateral incisor agenesis was
higher than that of maxillary lateral incisor agenesis in
the total and anterior groups. This finding of ours was
in disagreement with those of several other studies
that found the prevalence of maxillary lateral incisor
agenesis to be higher than that of mandibular lateral
incisor agenesis in Caucasian populations1,4–7,10,12 and
was consistent with the previous studies that investi-
gated the prevalence of hypodontia in Japanese3,11

and Chinese9 populations.
The findings of significantly shorter anterior and

overall cranial base lengths in the total, anterior, and
posterior groups were in agreement with the previous
studies.13,14 The significantly shorter maxillary length
shown in every hypodontia group might have resulted
from the interaction of anterior and posterior growth

deficiency, when the ANS-y and Ptm-y dimensions
were measured. In particular, the shorter maxillary
length in the total and posterior groups was mainly at-
tributed to the posterior growth deficiency caused by
the significantly larger Ptm-y dimension and might
have resulted from inadequate apposition to the tu-
berosity area in posterior tooth agenesis.13 Some other
investigators demonstrated that the shorter maxillary
length was mainly caused by an anterior growth defi-
ciency in individuals with hypodontia.15–17,21

None of the mandibular measurements showed any
significant differences between the anterior and pos-
terior groups and the control group, whereas the sig-
nificant prognathism of the mandible was observed in
the total and anterior-posterior groups compared with
the control, anterior, and posterior groups. This prog-
nathic mandible in the total and anterior-posterior
groups might imply a predominant influence of the
widespread distribution of congenitally missing teeth
on the mandible. Yuksel and Ucem22 also observed a
more prognathic mandible in the bilateral anterior tooth
agenesis group than in the control group without tooth
agenesis or malocclusion. Similar findings to ours
were published by other researchers investigating in-
dividuals with severe hypodontia13,20 and with bilateral
lateral incisor agenesis.14 Therefore, not only the num-
ber but also the distribution of missing teeth should be
taken into consideration when performing orthodontic
treatment of patients with hypodontia.

The retroclination of the maxillary incisors in the total
and anterior-posterior groups and the retroclination
and elongation of the mandibular incisor in every hy-
podontia group were especially remarkable compared
with the control group. The interincisal angle increased
significantly in every hypodontia group, resulting from
the retroclination of the maxillary and mandibular in-
cisors. These dental deviations were consistent with
the observations of some previous investiga-
tors13,15,16,18 and contradictory to others.21,22 The retro-
clination of incisors found in our study might have re-
sulted from a disturbance in a tongue-lip pressure bal-
ance and a reduced lingual support caused by anterior
tooth agenesis. Differences in significance level be-
tween maxillary and mandibular incisor retroclination
in each hypodontia group indicated that disturbing in-
fluences of hypodontia on dental deviations were prob-
ably greater in the mandible than in the maxilla. This
could be due to a higher prevalence of lateral incisor
agenesis in the mandible than in the maxilla and the
compensation of mandibular incisors for the signifi-
cantly prognathic mandible. The upward-positioned
mandibular incisors in our present study might have
been caused by the interplay of the retroclination of
the mandibular incisors and the dental compensation
for the prognathic mandible, resulting in a counter-
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clockwise-rotated occlusal plane, which was a signifi-
cant difference between the total and anterior-poste-
rior groups and the control group.

The skeletal and dental deviations were more re-
markable in the total and anterior-posterior groups
than in the anterior and posterior groups. Moreover,
the anterior and posterior groups were much the same
in the degree of skeletal and dental deviations. These
findings were consistent with the results obtained by
Yuksel and Ucem22 and inconsistent with those re-
ported by Ben-Bassat and Brin.18 The sample in this
study, as in the study by Yuksel and Ucem,22 is based
mainly on patients with only a few missing teeth,
whereas the sample reported by Ben-Bassat and
Brin18 was based on multiple congenitally missing
teeth. The findings of Ben-Bassat and Brin,18 similar to
those of Nodal et al,20 indicated that the influence of
hypodontia on the skeletodental pattern became
greater as the number of missing tooth increased. The
inconsistency of our results with those of Ben-Bassat
and Brin18 might have been because of a basic differ-
ence in the composition of the samples.

Homeobox genes have a critical role in regulating
tooth and craniofacial morphogenesis. In mice, it is
said that the expression of MSX 1 and MSX 2 is re-
quired for direct epithelial-mesenchymal interactions
that initiate tooth formation.25 The MSX 1 homeodo-
main missense mutation (arg31pro) has been reported
to cause selective agenesis of the second premolars
and third molars in an American family.26,27 Another
mutation (ser105stop) in MSX 1 has been regarded as
responsible for orofacial clefting and tooth agenesis in
a Dutch family.28 From these different pieces of evi-
dence of the mutation, it can be said that there is some
genetic difference of the different populations in tooth
agenesis. It has been reported that MSX 1–deficient
mice exhibited a cleft secondary palate (a deficiency
of alveolar mandible and maxilla) and abnormalities of
the nasal, frontal, and parietal bones and of the mal-
leus in the middle ear in addition to tooth agenesis,29

which might suggest that tooth agenesis was geneti-
cally related to the development of cranium and max-
illary complex. These observations were in accord with
our findings that craniofacial morphological deviations
occurred in every hypodontia group. PAX 9 is also as-
sociated with tooth agenesis. A frameshift mutation in
PAX, resulting in an alternation in the paired domain
of PAX 9, is associated with autosomal dominant oli-
godontia, which involves the normal primary dentition
and the lack of most of the permanent molars.30 A pub-
lished study has shown that TGFA played a role in
tooth agenesis in a Brazilian population, and statisti-
cally significant evidence was afforded to indicate that
the MSX 1 and PAX 9 interact in tooth agenesis,
though the interaction between MSX 1 and TGFA was

not fully corroborated.31 The genetic heterogeneity for
hypodontia might be responsible for the variability of
the association between hypodontia patterns and cra-
niofacial morphology.

CONCLUSIONS

• Every hypodontia group showed shorter anterior and
overall cranial base lengths, shorter maxillary length,
greater retroclination and elongation of mandibular
incisors, and smaller interincisal angle than the con-
trol group.

• The total and anterior-posterior groups, especially,
showed more prognathic mandible, greater retrocli-
nation of maxillary incisors, and a more counter-
clockwise-rotated occlusal plane.

• These skeletal and dental deviations were more re-
markable in the anterior-posterior group than in ei-
ther the anterior or posterior group.

• Anterior hypodontia exerted as much influence on
craniofacial morphology as posterior hypodontia.
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