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Abstract

The eruption status and congenital absence of mandibular third molars were studied over time from the Jomon era to the present. The data were 
radiographs of buried human skeletons and modern populations. Eruption status was classified as upright, inclined, horizontal and congenital 
absence. The relationship with the M2-retromolar space was also examined. The eruption style of the mandibular third molars depends on 
the size of the M2-retromolar space, and as the M2-retromolar gap becomes narrower, the eruption goes from upright to inclined and then to 
horizontal. In congenital absence, most of the M2-retromolar space is less than 1/2 the mesiodistal diameter of the second molar. Congenital 
absence of mandibular third molars has been strongly influenced by heredity from prehistoric times to the Edo era. However, from the 1930s 
to the present, it has been more influenced by the environment, particularly food habits, with congenital absence  of mandibular third molars 
declining as dietary habits becomes more favorable.
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Introduction

The third molars are the teeth with the most delayed ontogeny, 
the highest incidence of absence, the greatest variation in size and 
shape, and the most pronounced tendency to degenerate. Dental 
anthropologists, anatomists, taxonomists and forensic scientists 
have taken note and carried out numerous studies. Garn and others 
[1,2] have studied the absence rate and eruption time of third 
molars, as well as the degeneration in size of remaining teeth other 
than third molars. Brothwell et al. [3] described the worldwide 
distribution of the incidence of congenital third molar absence. 
The eruption status of third molars [4,5] and the frequency of 
eruption [6] have also been studied. Byahatti et al. [4] reported 
that in a study of emergence direction in South Indians, vertical 
position was the most common (56.7%), followed by inclined 
position (21.1%) and horizontal position (7%). Kumar et al. [7] 
addressed the relationship between mandibular third molars 
and mandibular angle fractures, and Tuteja et al. [8] provided 
age estimates based on the timing of third molar formation from 
a legal dentistry perspective. There have been reports of genetic  

 
factors that are now being used to explain a significant proportion 
of dental agenesis. To date, the MSX1, PAX9, AXIN2 and EDAR 
genes have been identified as causes of familial dental agenesis, 
and some specific variants of the PAX9 and EDAR genes have been 
associated with third molar agenesis [9].

Various factors such as nutritional condition, living 
environment, diet, region of residence, climate and age/time 
of birth are thought to play a role in the eruption status and 
congenital absence of third molars [10]. However, there are not 
many studies that have investigated the eruption alignment and 
frequency of missing mandibular third molars historically [11]. 
Only one quantitative analysis of the changes in the M2-retromolar 
space in the Japanese population from prehistoric times to the 
present has been reported [12]. The aim of this study was to 
determine the relationship between the congenital missing  of 
mandibular third molars and the eruption condition based on 
chronological changes, and to investigate the influence of the M2-
retromolar clearance on them.
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Materials and Methods

The materials examined were intraoral radiographs of human 
bones [13] from archaeological sites in the Jomon, Yayoi, Kofun, 
Kamakura, Muromachi, and Edo eras, and panoramic radiographs 
of patients as modern people. The study was conducted on the 
eruption alignment of the mandibular third molars by dividing 
them into four categories: upright, inclined, horizontal positions, 
and congenital absence. Material observations were made on the 
left and right sides of the jaw in both sexes, and statistics were 
calculated based on the number of sides of the jaw. For modern 
humans, the left and right teeth of men and women born from the 
1920s to 1980s were examined at 10-year intervals. Most of the 
material came from people who were over 20 years old at the time 
of the study.

In examining the alignment status of the third molars, the 
horizontal position observed on the radiographs was defined 
as the case where the tooth axis was almost parallel to the 
occlusal plane, the inclined position was defined as the case 
where the third molars encroached on the distal cervical portion 
of the second molars and/or the tooth axis was inclined at 
approximately 45 degrees to the occlusal plane, and the upright 
position was defined as the case where the tooth axis was almost 

perpendicular to the occlusal plane. Congenital absence was 
defined as the absence of tooth embryos in the alveolar bone on 
radiographs and  no history of tooth extraction in the past. Both 
the inclined and horizontal positions were difficult to erupt with 
ease, and both were combined as eruption difficulty (inclined + 
horizontal). On the molar radiographs, the intersection point (Z) 
was defined as the point of intersection between the extension of 
the straight line connecting the most mesially protruding point 
of the first molar and the most distally protruding point of the 
second molar and the internal oblique line. This point (Z) was 
used as a reference for the end point of the retromolar space. The 
distance (D= M2-retromolar space) from the distal surface of the 
mandibular second molar to the Z point (Figure 1) was measured 
and compared with the mesiodistal diameter of the mandibular 
second molar [12]. First, 30 individuals in each category were 
examined according to the following criteria. The frequency of this 
category was calculated as  〇 if the distance (D) was greater than 
the mesiodistal diameter of the second molar, △ if it was within 
half of this distance from the mesiodistal diameter of the second 
molar, and  ✕ if it was less than half, and then the relationship 
between the frequency of this category and eruptive status was 
compared.

Figure 1: Distance of the M2-retromolar space (D) from point Z.

Results

The relationship between eruption  status and D-values is 

shown (Table 1). The most common conditions in each eruption 
alignment were upright (76.7%: 〇), inclined (53.3%: △) or 
horizontal (53.3%: ✕) and congenital absence (76.7%: ✕).

Table 1: Frequency distribution of relationships with M2-retromolar space in 30 individuals of each eruption status.

Eruption status ✕ △ 〇

Upright           0.0% 23.3% 76.7%

Inclination            36.7% 53.3% 10.0%

Horizon       53.3% 46.7% 0.0%

Congenital absence            76.7% 13.3% 10.0%

✕：D＜1/2M2MD、△：1/2M2MD＜D＜M2MD、〇：D＞M2MD

M2MD: Mesiodistal diameter of mandibular second molar, 1/2M2MD: 1/2 of mesiodistal diameter of mandibular second molar.
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Table 2 and Figure 2 summarise the number of jaw sides 
examined and the eruption style (horizontal, inclined and upright) 
for each era. The eruption status of the mandibular third molars 
shows that in the Jomon era, 1 out of 132 molars were horizontal, 
3 were inclined, and 128 were vertical, with the majority in the 
upright position. The percentage of those with eruption difficulty 
was extremely low at 3.1%. The frequency of the eruption 
problem in the Kofun era was almost the same as in the Jomon 
era. Subsequently, from the Kamakura era until the 1940s, the 

difficulty fluctuated between 17% and 23%, with the exception 
of the Muromachi era. In modern times, the difficulty of eruption 
increased rapidly to over 40% in the 1950s, and this percentage 
continued to rise, reaching 76.6% in the 1980s. In particular, from 
the Jomon era until the 1960s, less than 16% of cases involved 
the inclination, but this increased to 23% in the 1970s and rose 
rapidly to 51% in the 1980s. Today, the majority of people with 
eruption difficulties are in the inclined position.

Table 2: Change of eruption status of mandibular third molars from past to present.

Era No. of jaw sides observed Horizon (%) Inclination (%) Upright (%) Eruption difficulty (%)

Jomon 132 0.8 2.3 97.0 3.1

Kofun 37 2.7 0.0 97.3 2.7

Kamakura 52 1.9 15.4 82.7 17.3

Muromachi 33  3.0 6.1 90.9 9.1

Edo 90 8.9 14.4 76.7 23.3

1920s 77 14.3 3.9 81.8 18.2

1930s 102 18.6 2.0 79.4 20.6

1940s 137 14.6 7.3 78.1 21.9

1950s 164 28.0 14.6 57.3 42.7

1960s 287 31.4 15.3 53.3 46.7

1970s 253 35.6 22.5 41.9 58.1

1980s 192 25.5  51.0 23.4 76.6

Figure 2: Graphical representation of changes in eruption status (horizon, inclination, and upright) of mandibular third molar.

Table 3 shows the incidence of missing third molars from the 
Jomon to the Edo era and the incidence from the 1930s to the 
1980s according to the year of birth in each decade. The incidence 
was low in the Jomon era (4.1%) and high in the Yayoi era (19.1%). 
There was a marked difference between the two eras. It then 
increased slightly in the Kofun era and fluctuated between 25% 

and 30% from the Kamakura to the Edo eras. In modern times, the 
incidence of congenital absence began to decrease dramatically 
in the 1930s (16.9%), a trend that continued, albeit gradually, in 
the 1940s. The rate of decline then accelerated significantly in the 
1970s, reaching 5.1%, with a further decline to 2.2% in the 1980s 
(Figure 3).
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Discussion

There have been many studies of third molars in the Japanese 
population. Koganei [14] studied the frequency of congenital 
absence of the third molar from the skull for human populations 
in and around Japan, and Saito, Ozaki [15] studied the incidence 
of eruption and absence of the third molar from radiographs of 
students at the University of Tokyo. Yamada [16] also studied 
eruption rates for each age group from 18 to 40 years. Osuga [17] 
studied the relationship between third molar eruption style (full 
impaction, half impaction and full eruption) and mandibular size 
using radiographic cephalograms of modern populations. In this 
paper, the author focused on the eruption status and nutritional 
conditions of the lower third molars and examined their 
chronological changes. In general, teeth erupt upright against 

the occlusal plane. However, mandibular third molars can erupt 
vertically, inclined, sometimes horizontally or even embedded.

As noted in Table 1, the eruption patterns of the third molars 
are highly dependent on the size of the M2-retromolar space: if 
the M2-retromolar gap is larger than the mesiodistal diameter 
of the lower second molar, they tend to erupt vertically; if it is 
smaller, they tend to erupt inclined or horizontally. And when 
the third molars are inclined or horizontal, eruption becomes 
extremely difficult. In palaeoanthropology, all three lower molars 
of a 40,000-year-old Neanderthal skull from the Amud Cave in 
Israel [18] erupted completely upright, and there is a fairly wide 
retromolar space behind the third molar.

Measuring the retromolar space is difficult even in excavated 
skulls and even more impossible in vivo. To determine the 

Table 3: Number of jaw sides observed and incidence of congenital absence of mandibular third molars from the Jomon era to the 1980s.

Era No. of jaw sides observed Congenitally missing mandibular third molars

Jomon 315 4.1%

Yayoi 162 19.1%

Kofun 139 20.9%

Kamakura 34 27.1%

Muromachi 51 26.5%

Edo 109 29.4%

1930s 59 16.9%

1940s 111 14.4%

1950s 166 19.3%

1960s 260 17.3%

1970s 214 5.1%

1980s 139 2.2%

Figure 3: Secular changes in incidence of congenital absence of mandibular third molars.
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size of the retromolar space in the present study, a “Z” point 
was developed on the radiographs [12]. This point is slightly 
different from the Xi point (near the mandibular foramen) used in 
orthodontics [19]. In addition, an attempt was made to compare 
the relative size of the M2-retromolar space with the size of the 
second molar over time.

The relationship between eruption status and M2-retromolar 
clearance showed that as the eruption style of mandibular third 
molars changed from upright→inclined→horizontal, the size 
of the M2-retromolar space gradually decreased. In congenital 
absence, most of the M2-retromolar gap was less than 1/2 of the 
mesiodistal diameter of the second molar (Table 1). In modern 
populations, the eruption alignment of the mandibular third 
molars was largely dependent on the size of the M2-retromolar 
clearance. Similar results were obtained in a quantitative analysis 
of the M2-retromolar space [12].

In the Japanese archipelago, the Jomon era began about 
16,000 years ago, at the end of the last ice age, and lasted until 
3,000 years ago. The Jomon people were hunter-gatherers. As for 
the physical features of the Jomon, their heads were large in both 
length from front to back and width from left to right, and their 
faces were wide and short at the top and bottom, giving them a 
square appearance. Although their teeth are small [20], the heavy 
wear on their teeth probably indicates that they put considerable 
strain on their teeth when chewing their food.

Human remains from the Yayoi era (1,000 BC - 300 AD) are 
on average larger and taller than those from the Jomon era. The 
Yayoi were rice farmers. Their forearms and shins were relatively 
short in relation to their limbs, and their body shape was adapted 
to cold climates and was completely different in size, shape and 
form from that of the Jomon people. Their teeth were larger than 
those of the Jomon. This suggests that they were probably a group 
with different genes that migrated from the Korean peninsula to 
the Kyushu and Yamaguchi regions of Japan [21,22]. Even the size 
of the teeth is very different between the Jomon and Yayoi eras. 
According to Shinoda [23], who has studied the divergence of 
human populations based on mitochondrial DNA, there are clear 
differences in haplogroup frequencies between the Jomon and 
the migrating Yayoi, and it is recognised that they are populations 
with different lineages.

The Kofun era, which followed the Yayoi era, lasted from 
the middle of the 3rd century to the end of the 12th century at 
the beginning of the Kamakura era (1192-1333). According to 
Mizoguchi [24],  changes in body measurements  from the Kofun 
era to the present have been continuous, if at all, and there have 
been no sudden or disjointed changes such as the transition from 
the Jomon to the Yayoi era. In the Jomon and Kofun eras, more than 
97% of the mandibular third molars erupted vertically. Inclined 
or horizontal third molars, which are common among modern 
peoples, are rarely seen. This suggests that the genetic effects of 

immigration and dietary changes had little effect on the direction 
of eruption of mandibular third molars. In terms of the difficulty 
of eruption, it was less than about 3% in the Jomon and Kofun 
eras, but rose to 17% in the Kamakura era, and then fluctuated in 
the range of 20% to 30% until the 1940s. Before 1945 (the end 
of World War II), rice was the staple food for ordinary people in 
Japan, supplemented by vegetables, potatoes and cereals. Until the 
early 1950s, during the post-war reconstruction period, people 
were poor due to food shortages and lived a simple life in the 
traditional Japanese style. However, the Korean War, which began 
in 1950, triggered a ‘bubble’ known as ‘Korean Special Demand’ 
and people experienced a period of instant relief from poverty.

In the 1950s, the difficulty of erupting the third molar in the 
lower jaw rose to 43%. Around 1955, after the end of the Korean 
War, the Japanese economy entered a period of rapid economic 
growth that lasted until the oil crisis of 1973, and from the late 
1980s the country entered a period of economic prosperity known 
as the ‘bubble economy’. During this period of prosperity, which 
reflected a consumer economy, the dietary habits of the Japanese 
people changed dramatically and the market was flooded with 
high protein, high fat and high carbohydrate foods with high 
nutritional value. The incidence of third molar eruption problems 
also increased by almost 15% or more between the generations 
from the 1960s to the 1980s. From prehistoric times up to the 
1950s, upright third molars were in the majority, but since the 
1960s, eruption difficulties have been in the majority and most of 
the population now suffers from eruption problems.

On the other hand, the congenital absence of mandibular third 
molars was low in the Jomon era (4%), but increased rapidly in 
the Yayoi era (19%). It then gradually increased to 29% in the Edo 
era [25]. Although not shown in Table 3 because the year of birth 
is unknown, there was a radiographic survey in the 1930s. Ohashi 
and Matsumura [26] and Koganei [14] found the congenital 
absence of third molars to be relatively high at 46% and 39% 
respectively. The incidence of missing third molars increased in 
the 1950s, but fell dramatically in the 1970s and continued to 
fall to 2.2% in the 1980s. In the near future, most people in Japan 
may have all their lower third molars. The change in diet towards 
soft foods has led to a decrease in masticatory function, which in 
turn has led to an opening of the mandibular angle and changes 
in the eruption of the third molars.  In addition, the increase in 
the number of mandibular third molars in recent years is thought 
to be due to a more nutritious diet. Looking at the relationship 
between third molar eruption status and congenital absence 
over time, eruption alignment is strongly influenced by diet, 
especially in the post-war period when the number of difficult 
eruption conditions (inclined + horizontal position) increased 
dramatically. Congenital defects of the mandibular third molars 
were strongly influenced by heredity from prehistoric times to the 
Edo era. However, in modern society, since the 1930s, they have 
been influenced by the environment, particularly diet, with the 
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incidence of congenital defects decreasing as the diet becomes 
richer. The low rate of third molar agenesis in the Jomon era is 
thought to be due to the fact that people lived close to nature, 
hunting animals in the mountains and fields and gathering wild 
vegetables. In modern times, however, this balance has been 
altered and it is thought that richer diets and better nutrition 
have prevented the lack of third molars. The M2-retromolar gap 
strongly influences the eruption status of the mandibular third 
molar, but it is not involved in congenital absence.

Conclusion

The eruption status of the mandibular third molars depends 
on the size of the M2-retromolar space, and the smaller the amount 
of M2-retromolar space, the more the eruption alignment goes 
from upright to inclined to the horizon. In congenital absence, 
most of the M2-retromolar space is less than 1/2 of the mesiodistal 
diameter of the second molar. From the Jomon era until the late 
1940s, most mandibular third molars erupted vertically, but after 
the end of the Second World War, nutrition improved rapidly and 
the majority of people began to have problems with eruption. 
The frequency of missing mandibular third molars was low in the 
Jomon era, but increased rapidly in the Yayoi era, followed by a 
gradual increase to a peak in the Edo era. It then declined sharply 
in the 1930s and even more sharply after the 1970s.

It is thought that the development of dietary habits had a 
positive influence on the environment for the development of 
third molars. In terms of the relationship between eruption status 
and congenital absence, eruption condition is less influenced by 
heredity, as little change in eruption status was found between the 
Jomon and Yayoi eras. Rather, the enriched diet and soft foods of 
the post-war period have a strong influence on the incidence of 
eruption problems.

Congenital defects of the mandibular third molars are strongly 
influenced by heredity because of the great changes in agenesis 
between the Jomon and Yayoi eras. It is also influenced by the 
environment and, particularly after the 1930s, the incidence of 
congenitally missing third molars decreased as lifestyles became 
more comfortable. The low rate of third molar agenesis in the 
Jomon era is thought to be due to the fact that their lives were 
adapted to nature. In modern times, however, this balance with 
nature has been compromised, and it is thought that richer diets 
and better nutrition have prevented the lack of third molars. The 
M2-retromolar clearance strongly influences the eruption status 
of the mandibular third molar, but it is not involved in congenital 
absence. The results for the M2-retromolar space calculated by 
the present non-metric method were in good agreement with the 
results of the metric method [12].
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