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Mesiodistal inclination of the unerupted second premolar in the mandible of

Japanese orthodontic patients with incisor agenesis

Kenichi Kurea; Kazuhito Araib

ABSTRACT
Objective: To elucidate the mesiodistal inclination of the unerupted mandibular second premolar
(MnP2) in cases of mandibular incisor (MnIc) agenesis and unilateral MnP2 agenesis.
Materials and Methods: Twenty-two cases of unilateral MnP2 agenesis (MnP2 agenesis group)
and a control group (control group A) of 22 cases without permanent tooth agenesis excluding third
molars were selected. Thirty-six cases of MnIc agenesis (MnIc agenesis group) and another
control group (control group B) of 36 subjects were also selected. Mesiodistal inclination of the
unerupted MnP2 on the panoramic X-rays was measured according to the distal angle and
premolar-molar angle using the methods of Shalish et al. and Baccetti et al., respectively.
Differences in mean values of the angular measurements between agenesis groups and
corresponding controls were investigated (unpaired t-test).
Results: In the MnP2 agenesis group, the mean distal angle decreased 12.3u and the mean
premolar-molar angle increased 13.3u for the MnP2 compared with control group A (both P ,

.001). In the MnIc agenesis group, no significant differences in the means of those angles for the
MnP2 were found when compared with control group B.
Conclusion: In Japanese orthodontic patients, there is a relationship between unilateral MnP2
agenesis and the mesiodistal angulation of the unerupted MnP2. However, no significant
relationship was observed between MnIc agenesis (which relationship is often seen in Asian
populations) and the position of the unerupted MnP2. These results suggest that different genetic
factors are involved in MnP2 agenesis and MnIc agenesis. (Angle Orthod. 2015;85:949–954.)

KEY WORDS: Mesiodistal angulation of unerupted mandibular second premolar; Mandibular
incisor agenesis; Dental anomaly patterns

INTRODUCTION

Recently, the biological relationship between per-
manent teeth agenesis and other dental anomalies,
including delayed tooth development, anomalies in
tooth eruption, and morphological abnormalities of
teeth, has received extensive scientific scrutiny.1

In a study of children of European ethnicities having
unilateral agenesis of the mandibular second premolar
(MnP2), Shalish et al.2 measured the mesiodistal

inclination of the unerupted contralateral MnP2 using
panoramic radiographs of orthodontic patients. They
observed a significantly larger distal inclination of the
unerupted MnP2 compared with a control group having
no agenesis. Similar inclination tendencies have also
been reported in other studies of unilateral MnP2
agenesis cases by Garib et al.3 in Brazil and by
Navarro et al.4 in Spain. However, few studies have
investigated this matter in Asian populations, which
have different genetic backgrounds.

Polder et al.5 conducted a meta-analysis of studies
from general populations of European ethnicities and
statistically analyzed the frequency and site of perma-
nent tooth agenesis. They reported that agenesis of
the MnP2 appears with the highest frequency in
general populations of European ethnicities. However,
in studies of agenesis in Asian populations, a greater
prevalence of missing mandibular incisors (MnIcs) was
observed.6–10

Wasserstein et al.11 and Navarro et al.4 reported that
unerupted, distally angulated MnP2s show significantly
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delayed formation, which can affect the timing of
orthodontic treatment. However, few studies have
investigated the association between MnIc agenesis,
which is often observed in Asian populations, and
unerupted MnP2 positioning.

The aim of this study was to investigate the
relationship between agenesis of the MnIcs and
MnP2s, which are frequently seen in the Japanese
population, and the positioning of the unerupted
MnP2s.

MATERIALS AND METHODS

This study was approved by the Ethics Committee of
the School of Life Dentistry at Tokyo, The Nippon
Dental University (Approval 07-28).

Unilateral MnP2 Agenesis

According to the selection criteria of Shalish et al.,2

subjects were chosen from the records of approxi-
mately 5000 patients who attended the Department of
Orthodontics of Nippon Dental University Hospital.

Twenty-two children (7 boys and 15 girls; mean age
5 10.5 6 1.7 years; age range 5 8.1 to 13.6 years)
with unilateral MnP2 agenesis (MnP2 agenesis group)
and an age- and gender-matched control group
(control group A) comprising 22 children (7 boys and
15 girls; mean age 5 10.5 6 1.6 years; age range 5

8.0 to 13.0 years) were selected. Subjects in control
group A were age- and gender-matched to individual
cases in the MnP2 agenesis group to create fully
corresponding subject pairs. Selection criteria for the
MnP2 agenesis group were as follows:

1. unilateral MnP2 agenesis. MnP2 agenesis was
confirmed by examination of follow-up panoramic
radiographs made at age 13 years or older,12

2. no previous orthodontic treatment,
3. no history of hereditary diseases often associated

with agenesis of permanent teeth (eg, anhidrotic
ectodermal dysplasia, Down syndrome, cleft lip
and palate),

4. existence of radiographic images suitable for
analysis,

5. tooth germs of the permanent teeth to be studied
were between stage D and stage G of tooth
formation according to Koch’s classification.13 If
multiple panoramic radiographs were present
for the same case, we selected the latest
radiograph.

Control group A (no agenesis) selection criteria:

1. no agenesis of permanent teeth (excluding third
molars),

2–5. same as for the MnP2 agenesis group,

6. sex composition of the group matched the MnP2
agenesis group,

7. age of any given control group subject was close
to that of a subject in the MnP2 agenesis group
(difference in age from the paired subject was
within 0.5 years).

The mesiodistal inclination of the unerupted MnP2s
in each MnP2 agenesis subject and the corresponding
side of control group A was measured on the
panoramic radiographs according to two angular
measurements (distal angle h and premolar-molar
angle c) using the method of Shalish et al.2 and
Baccetti et al.14 (Figure 1). Measurements were made
by an independent evaluator using tracing paper (TR-
150, SOMAR, Tokyo, Japan) and a 0.3-mm diameter
mechanical pencil. These angles were measured
again more than week later and the mean value was
used in the analysis.

The mean and standard deviation (SD) of the
mesiodistal inclination of the unerupted MnP2 in both
groups were calculated. The difference between the
means of the two groups was statistically analyzed
using an F-test followed by an unpaired t-test at a 5%
significance level.

Furthermore, the mean and SD of the mesiodistal
inclination of the left and right unerupted MnP2 teeth in
control group A were calculated and the difference
between the bilateral measurements were statistically
analyzed using a paired t-test at a 5% significance level.

Figure 1. Measurement of mesiodistal inclination of unerupted MnP2

in panoramic radiograph.
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MnIc Agenesis

Thirty-six children (10 boys and 26 girls; mean age 5

8.8 6 1.6 years; age range 5 7.0 to 12.1 years) with
mandibular incisor agenesis (MnIc agenesis group) and
36 children (10 boys and 26 girls; mean age 5 9.0 6

1.2 years; age range 5 7.1 to 12.0 years) without tooth
agenesis excluding the third molars (control group B)
were also selected to create age- and gender-matched
fully corresponding subject pairs. The selection criteria
for the MnIc agenesis group were as follows:

1. agenesis of one or two MnIcs,
2–5. same as for the MnP2 agenesis group.

Control group B (no agenesis) selection criteria:

1–5. same as for control group A,
6. sex composition of the group matched the MnIc

agenesis group,

7. age of any given control group subject was close to
that of a subject with MnIc agenesis (difference in
age from the paired subject was within 0.5 years).

The mesiodistal inclination of the unerupted MnP2 in
the subjects of both groups were measured on the
panoramic radiographs using the method of Shalish et
al.2 and Baccetti et al.,14 as mentioned above.

The mean and SD of the mesiodistal inclination of
the left and right unerupted MnP2s were calculated for
the 36 subjects in both groups, and the differences
were statistically analyzed using an F-test followed by
unpaired t-tests at the 5% significance level.

Furthermore, the mean values of the mesiodistal
inclination between left and right unerupted MnP2 were
compared for both groups and statistically analyzed
using a paired t-test at the 5% significance level.

A power analysis performed using the statistical
package R (version 3.1.0; http://www.r-project.org)
revealed that a total sample size of 12 subjects was
required to detect the effect with 80% power at the 5%
significance level.

Evaluation of the Sample

The homogeneity of the sample groups was
statistically evaluated by the chi-square test and
unpaired t-test.

Test for Measurement Error

To evaluate errors in measuring the mesiodistal
inclination of unerupted MnP2s, intraevaluator errors
were calculated according to the method of Shalish et al.2

Double measurements of 10 randomly selected pano-
ramic radiographs were carried out at an interval of at
least 1 month by one of the authors; intraevaluator error
was defined as the SD of the difference between the pair
of measurements of the same film. For interevaluator
error, measurements of 10 randomly selected panoramic
radiographs were made by two evaluators. The SD of the
difference between the measurements of the same film
by the two evaluators was defined as the interevaluator
error. Intraevaluator error was 1.0u for both the h and c
angles in measuring the mesiodistal inclination of the
unerupted MnP2s. Interevaluator error was 1.2u for both
the h and c angles. The intra- and interevaluator errors
were similar to values reported by Shalish et al.,2 so we
determined that the measurement error had little effect
on the experimental results.

RESULTS

Evaluation of the Sample

No significant differences between the MnP2 agen-
esis and MnIc agenesis groups were found in the
gender prevalence and affected side for the unerupted
MnP2s (Table 1).

Mean chronological age for the MnP2 agenesis group
was higher than that of the MnIc agenesis group.

Unilateral MnP2 Agenesis

A significantly smaller h angle and a larger c angle
were observed in the MnP2 agenesis group compared
with control group A (P , .001; Table 2).

No significant difference in the mean of the h angle
and c angle were observed between the right and left
sides in control group A (P 5 .97 and P 5 .56,
respectively; Table 2).

MnIc Agenesis

No significant difference in the mean mesiodistal
inclination of either angle h or c of the unerupted MnP2

Table 1. Homogeneity of the Sample Groups

Variable Unilateral MnP2 Agenesis Group MnIc Agenesis Group Statistical Analysis

Gender Boys, 7; girls, 15 Boys, 10; girls, 26 x2 value 5 .11

P value 5 .74NS

Affected side (MnP2) Right, 11; left, 11 Right, 36; left, 36 x2 value 5. 00

P value 5 1.00NS

Chronological age (years) 10.5 6 1.7 8.8 61.3 t value 5 4.32

P value 5 ,.001***

NS indicates not significant; *** P , .001.
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was observed between the two groups (P 5 .40 and P
5 .15, respectively; Table 3).

No significant difference in the mean mesiodistal
inclination of either angle h or c were observed
between the left and right unerupted MnP2 in the MnIc
agenesis group (P 5 .42 and P 5 .61, respectively;
Table 3).

Nor was there a significant difference in the mean
mesiodistal inclination of either angle h or c observed
between the left and right unerupted MnP2 in control
group B (P 5 .48 and P 5 .98, respectively; Table 3).

DISCUSSION

Abnormalities such as developmental delay,4,11,15

malposed erupting teeth,2,3,16–18 and agenesis5 of
MnP2 occur more frequently among ethnic European
populations than do other teeth. Shalish et al.2,17,18

noted that among populations of European ethnicities,
significant distal inclination of the unerupted MnP2 is
found not only in cases of unilateral MnP2 agenesis,
but also among individuals having cleft lip/palate and
palatally displaced canines.

Garib et al.3 and Baccetti19 reported that compared
with controls, cases of second premolar agenesis
showed significantly more frequent agenesis of other
teeth, reduced size of maxillary lateral incisors,
infraocclusion of deciduous molars, and palatally
displaced maxillary canines. These findings suggest
that there is a reciprocal association between second
premolar agenesis and other dental abnormalities.1

As a cause of malposition of the MnP2, Wasserstein
et al.20 noted that the presence or absence of the
mandibular deciduous second molar, the precursor of
the MnP2, causes no significant difference in the

unerupted MnP2 mesiodistal inclination. Therefore,
these authors20 proposed that genetic factors have
a greater influence than do environmental factors on
changes in the mesiodistal inclination of the uner-
upted MnP2. In contrast, Matteason et al.16 reported
that environmental factors, such as early shedding of
the mandibular primary first molar, greatly influence
the tendency toward mesiodistal inclination of the
unerupted MnP2. Therefore, no consensus has been
reached.

The present results suggest that, in cases of
unilateral MnP2 agenesis in the Japanese population,
the unerupted contralateral MnP2 shows a significant
tendency to incline distally, similar to the findings of
Shalish et al.,2 Garib et al.3 and Navarro et al.4 This
finding is likely to affect the drafting of orthodontic
treatment plans for Japanese patients with unilateral
MnP2 agenesis. As distally inclined, unerupted MnP2s
tend to show delayed tooth formation,4,11 it may be
necessary to modify the starting time of orthodontic
treatment for these patients.

Previous studies have reported distal inclination and
delayed eruption of the unerupted contralateral MnP2
in cases of unilateral MnP2 agenesis.2–4 In the present
study as well, the mean age of the MnP2 agenesis
group was 10.5 years. This is 1.7 years more than the
mean age of the MnIc agenesis group (8.8 years),
which was selected according to the same criteria
(Table 1). Furthermore, in 8 of the 22 cases of
unilateral MnP2 agenesis and 2 of the 36 cases of
MnIc agenesis, the MnP2 was found to be impacted in
the alveolar bone when the child had passed the mean
age for MnP2 eruption in Japanese children (11.3 years
in boys and 10.8 years in girls).21

Table 2. Comparison of Mesiodistal Inclination of the MnP2 Between the Unilateral MnP2 Agenesis and Control Groups

MnP2 Mesiodistal Inclination (Mean 6 SD)

N h Angle, u t Value P Value c Angle, u t Value P Value

Unilateral MnP2 agenesis group 22 62.3 6 13.2 3.83 ,.001*** 22.7 6 8.9 5.11 ,.001***

Control 22 74.7 6 7.4 9.4 6 8.3

Control (right side) 22 74.3 6 7.8 0.03 .97NS 10.8 6 7.7 0.58 .56NS

Control (left side) 22 74.4 6 8.7 9.3 6 8.8

NS indicates not significant; *** P , .001.

Table 3. Comparison of Mesiodistal Inclination of the MnP2 Between the MnIc Agenesis and Control Groups

MnP2 Mesiodistal Inclination (Mean 6 SD)

N h Angle, u t Value P Value c Angle, u t Value P Value

MnIc agenesis group 72 74.0 6 11.5 0.84 .40NS 13.8 6 10.8 1.46 .15NS

Control 72 75.3 6 7.0 11.6 6 6.9

MnIc agenesis group (right side) 36 73.3 6 10.5 0.81 .42NS 14.3 6 9.8 0.51 .61NS

MnIc agenesis group (left side) 36 74.8 6 12.5 13.4 6 11.8

Control (right side) 36 74.9 6 7.8 0.72 .48NS 11.6 6 7.4 0.02 .98NS

Control (left side) 36 75.8 6 6.1 11.6 6 6.4

NS indicates not significant.
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The results of the present study also showed no
significant difference in mesiodistal inclination of
unerupted MnP2s between cases of MnIc agenesis
and controls among the Japanese orthodontic popula-
tion. This finding suggests that, compared with cases
of unilateral MnP2 agenesis, there is less need to be
concerned about the timing of MnP2 eruption in
Japanese orthodontic patients having MnIc agenesis.

The male-to-female ratio in the MnP2 agenesis
group was approximately the same as in previous
studies.2,4 In this study, no significant differences were
found in gender prevalence between MnP2 agenesis
and MnIc agenesis groups, although the proportion of
women was higher in both groups. The higher
percentage of female patients in this study might be
due to the possibility that females have a generally
higher rate of tooth agenesis.5,7

The present study examined MnIc agenesis and
unilateral MnP2 agenesis, which are the most common
types of dental agenesis in the Japanese population.6,7

A tendency toward distal inclination of the unerupted
contralateral MnP2 was found in cases of unilateral
MnP2 agenesis, suggesting that common genetic
factors are involved in MnP2 agenesis and positioning
of the unerupted MnP2. In contrast, no similar
tendency was observed in cases of MnIc agenesis.
Endo et al.22 reported that there was no association
between mandibular lateral incisor agenesis and
anomalies in tooth shape or position such as peg-
shaped maxillary lateral incisor, palatal or labial
displacement of the maxillary canine, or transposed
teeth. MnIc agenesis is frequently observed in other
Asian populations, such as Chinese,8 Korean,9 and
Malaysian.10 If the present results are considered in
conjunction with the fact that MnIc agenesis is
commonly seen among Japanese and other Asian
populations, it is possible that different factors are
responsible for MnIc and MnP2 agenesis.

However, in the present study, both agenesis groups
showed relatively greater individual variation in the
mesiodistal angulation of the unerupted MnP2 com-
pared with the corresponding control groups. Larger
SDs were also observed in unerupted MnP2s of
unilateral MnP2 agenesis cases in previous studies.2,4

This tendency suggests that MnIc agenesis and MnP2
agenesis have a similar biological effect on the position
of the MnP2 during development.

The results of the present study are probably
insufficient to support Fujita’s23 hypothesis that MnIc
agenesis is caused by a mechanism different from that
of agenesis of other teeth. Therefore, to more fully
elucidate the reciprocal relationship between dental
abnormalities, it will be necessary for future studies to
survey the association between dental abnormalities
that are expressed with relatively high frequency in

both Japanese and populations of European ethni-
cities, such as maxillary lateral incisor agenesis,
maxillary second premolar agenesis, and unerupted
MnP2 position.

CONCLUSIONS

N According to panoramic radiographs, the mesiodistal
inclination of unerupted, contralateral MnP2s
in cases of unilateral MnP2 agenesis showed
a significant tendency toward distal inclination
compared with the control group.

N The mesiodistal inclination of unerupted MnP2s in
cases of MnIc agenesis showed no statistically
significant difference from the control group.

N Thus, while an association was found between
unilateral MnP2 agenesis and the position of
unerupted MnP2s, no association was found be-
tween agenesis of the MnIc (which is often seen in
the Japanese population) and the position of
unerupted MnP2s. These results suggest that
different genetic factors are involved in MnP2
agenesis and MnIc agenesis.

ACKNOWLEDGMENTS

The authors wish to express their deepest gratitude to the late
Emeritus Professor Rizako Nakahara of the Department of
Orthodontics, Nippon Dental University, Tokyo, Japan, and Dr
Miriam Haisraeli-Shalish, Director of the International Post-
doctoral Orthodontic Program, Hebrew University, Hadassah
School of Dental Medicine, Jerusalem, Israel.

REFERENCES

1. Peck S. Dental Anomaly Patterns (DAP). A new way to look
at malocclusion. Angle Orthod. 2009;79:1015–1016.

2. Shalish M, Peck S, Wasserstein A, Peck L. Malposition of
unerupted mandibular second premolar associated with
agenesis of its antimere. Am J Orthod Dentofacial Orthop.
2002;121:53–56.

3. Garib DG, Peck S, Gomes SC. Increased occurrence of
dental anomalies associated with second-premolar agene-
sis. Angle Orthod. 2009;79:436–441.

4. Navarro J, Cavaller M, Luque E, Tobella ML, Rivera A.
Dental anomaly pattern (DAP): agenesis of mandibular
second premolar, distal angulation of its antimere and
delayed tooth formation. Angle Orthod. 2014;84:24–29.

5. Polder BJ, Van’t Hof MA, Van der Linden FP, Kuijpers-
Jagtman AM. A meta-analysis of the prevalence of dental
agenesis of permanent teeth. Community Dent Oral
Epidemiol. 2004;32:217–226.

6. Niswander JD, Sujaku C. Congential anomalies of teeth in
Japanese children. Am J Phys Anthropol. 1963;21:569–574.

7. Endo T, Ozoe R, Kubota M, Akiyama M, Shimooka S. A
survey of hypodontia in Japanese orthodontic patients.
Am J Orthod Dentofacial Orthop. 2006;129:29–35.

8. Davis PJ. Hypodontia and hyperdontia of permanent teeth in
Hong Kong schoolchildren. Community Dent Oral Epide-
miol. 1987;15:218–220.

SECOND PREMOLAR INCLINITION WITH INCISOR AGENESIS 953

Angle Orthodontist, Vol 85, No 6, 2015

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-15 via free access



9. Chung CJ, Han JH, Kim KH. The pattern and prevalence of
hypodontia in Koreans. Oral Dis. 2008;14:620–625.

10. Nik-Hussein NN. Hypodontia in the permanent dentition:
a study of its prevalence in Malaysian children. Aust
Orthod J. 1989;11:93–95.

11. Wasserstein A, Brezniak N, Shalish M, Heller M, Rakocz M.
Angular changes and their rates in concurrence to de-
velopmental stages of the mandibular second premolar.
Angle Orthod. 2004;74:332–336.

12. Rakhshan V. Meta-analysis and systematic review of factors
biasing the observed prevalence of congenitally missing
teeth in permanent dentition excluding third molars. Prog
Orthod. 2013;14:33.

13. Koch G, Modeer T, Poulsen S, Rasmussen P. Pedodon-
tics: A Clinical Approach. Copenhagen:Munksgaard;
1991:60.

14. Baccetti T, Leonardi M, Giuntini V. Distally displaced
premolars: a dental anomaly associated with palatally
displaced canines. Am J Orthod Dentofacial Orthop. 2010;
138:318–322.

15. Daugaard S, Christensen IJ, Kjaer I. Delayed dental
maturity in dentitions with agenesis of mandibular second
premolars. Orthod Craniofac Res. 2010;13:191–196.

16. Matteson SR, Kantor ML, Proffit WR. Extreme distal
migration of the mandibular second bicuspid. a variant of
eruption. Angle Orthod. 1982;52:11–18.

17. Shalish M, Chaushu S, Wasserstein A. Malposition of
unerupted mandibular second premolar in children with
palatally displaced canines. Angle Orthod. 2009;79:796–799.

18. Shalish M, Will LA, Shustermann S. Malposition of
unerupted mandibular second premolar in children with cleft
lip and palate. Angle Orthod. 2007;77:1062–1066.

19. Baccetti T. A controlled study of associated dental anom-
alies. Angle Orthod. 1998;68:267–274.

20. Wasserstein A, Shalish M. Adequacy of mandibular pre-
molar position despite early loss of its deciduous molar.
ASDC J Dent Child. 2002;69:254–258, 233–254.

21. The Japanese Society of Pedodontics. The chronology of
deciduous and permanent dentition in Japanese children.
Jpn J Ped Dent. 1988;26:1–18.

22. Endo S, Sanpei S, Takakuwa A, Takahashi K, Endo T.
Association of agenesis of mandibular lateral incisors with
other dental anomalies in a Japanese population. J Dent
Child. 2013;80:9–15.

23. Fujita T. Abnormal number of teeth in humans [in
Japanese]. J Stomatol Soc Jpn. 1958;25:97–106.

954 KURE, ARAI

Angle Orthodontist, Vol 85, No 6, 2015

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-15 via free access


