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Abstract The study sample consisting of 429 people (207
males, 222 females) of Han nationality in Shaanxi, China.
Five types of tongue movements were investigated,
including tongue rolling, tongue folding, tongue twisting,
pointed tongue and clover-leaf tongue. The results revealed
that the frequencies of tongue rolling, tongue folding,
tongue twisting, pointed tongue and clover-leaf tongue
were 63.6, 14.0, 12.6, 54.8 and 0 %, respectively. There
were no significant gender differences except with pointed
tongue. Compared with other nationalities, tongue rolling,
tongue folding, and pointed tongue of Han in Shaanxi had
an average frequency. Tongue twisting and clover-leaf
tongue had low frequencies. There were significant dif-
ferences in frequency of clover-leaf tongue between Han
and another seven nationalities of China (P < 0.01). Fur-
thermore, only three pairs of trait correlations were
exhibited among ten pairs of types of tongue movement
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combination traits when analyzed using Pearson’s corre-
lation coefficient. The data indicated that the correlations
of tongue movement were between tongue rolling and
tongue folding, between pointed tongue and tongue rolling,
and also between tongue folding and pointed tongue,
respectively. Additionally, there were significant differ-
ences in frequency of tongue movements with age. The
possible mechanism of variations of tongue movements
with aging may involve the degradation of tongue function,
and differential gene activation and modulation, or protein
translation.

Keywords Han nationality - Pearson’s correlation
coefficient - Traits - Tongue movement

Introduction

The tongue is the primary muscular organ of deglutition,
taste and speech. Human beings have extrinsic and intrinsic
muscles of the tongue. Both sets of muscles are innervated
by the hypoglossal nerve and the vagus nerve. Under
coordination of extrinsic muscles in the tongue, contraction
or relaxation of the intrinsic muscles can produce some
special types of tongue movement, including tongue roll-
ing, tongue folding, tongue twisting, pointed tongue and
clover-leaf tongue. The special types of tongue movement
are important classic indicators in human population
genetics. Few researches on tongue movement have been
conducted previously (Hoch 1949; Whitney 1950; Bat-
Miriam 1962). The ability to turn up the edges of the
tongue (tongue upfolding/tongue folding) is conditioned at
least in part by heredity, and the dominant gene is
responsible for folding and rolling of the lateral edges of
the tongue while the inability to roll and fold the tongue is
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Fig. 1 Location of Shaanxi province in China

associated with the recessive gene (Sturtevant 1940; Hsu
1948). Some other results revealed that the hereditary mode
of pointed tongue is the dominant heredity of a single
autosomal gene, and tongue twisting is the recessive
heredity of a single autosomal gene (Li et al. 2003). No
significant difference in gender distribution of tongue
rolling or tongue folding was found in an African popu-
lation (Odokuma et al. 2008). However, few data on traits
of tongue movements exist in the Han Chinese population.

Shaanxi Province is located in north-western China, in
the middle reaches of the Yellow River, between 31°42'—
39°35'N latitude and 105°29'-110°15E longitude (Fig. 1).
The total area of Shaanxi is 205,800 km? and the popula-
tion was 37.33 million in 2010. Shaanxi Province is one of
the birthplaces of Chinese primitive human beings and
national culture. All in all, Shaanxi plays an important role
in the existence and development of the Chinese nation as
well as in human history. Xi’an, one of the oldest cities in
China with more than 3,100 years of history, is the capital
of t Shaanxi province. In the present study, we investigate
the traits of five tongue movements in a sample of the
Chinese Han population of Xi’an, Shaanxi.

Subjects and methods
Subjects

A total of 429 persons of Han nationality in Xi’an, Shaanxi
province, aged >20 years participated in the surveys,
which were carried out in 2010. All subjects joined this
study voluntarily and provided informed consent. The
sample size of age groups of each survey is given in
Table 1. All subjects came from unrelated families and
each individual was traced back through more than three
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Methods

The assessment of five tongue movements was described
previously (Li et al. 2003; Liu and Hsu 1949). The inves-
tigation was done after each subjects showed that they
understood an initial explanation of each of the five tongue
movements. For the study of combinations of tongue
movements, the following types of movement were
recorded: ability to roll, fold, twist, and to be pointed,
clover-leaf tongue, and inability to roll, fold, twist, and to
be pointed, clover-leaf tongue. The five types of tongue
movement are briefly depicted as follows (supplementary
Fig. S1):

1. Tongue rolling: the tongue curls upward on both sides
and is tube-like; this is known as tongue rolling (R);
otherwise, it is non-tongue rolling (NR).

2. Tongue folding: the tip of the tongue goes upward and
backward to return to fold with the lingual surface to
form tongue folding (F), otherwise, it is called non-
tongue folding (NF).

3. Tongue twisting: the right side rim of tongue goes
upward, the glossal left side rim goes down at the same
time and the tongue flips 90° or more, in the form of
erect tongue-turning right, and this is called right
tongue twisting. The left side rim of tongue goes
upward, the glossal right side rim goes down at the
same time and the tongue flips 90° or more, in the form
of erect tongue-turning left, and this is called left
tongue twisting. The tongue can twist both ways for
full tongue twisting, and twist only one way for tongue
twisting (T). A tongue that cannot twist either way is
known as the non-twisting tongue type (NT).

4. Pointed tongue: both sides of the tongue contract and
the tongue stretches forward and protrudes, the tip of
tongue also thickens, narrows, and sharpens (P);
otherwise, it is called non-pointed tongue (NP).

5. Clover-leaf tongue: the tongue is in the mouth, the
tongue front-end elevates, the tongue on both sides can
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retract, and the entire edges of the tongue are clover-
shaped, and this is called clover-leaf tongue type (C);
otherwise, it is called non-clover-leaf tongue (NC).

Statistical analysis

Chi-square (%) was used to test for variations in frequency
of the five types of tongue movement between females and
males. The U test was applied to compare the frequencies
of the five types of tongue movement between Han and
another seven Chinese nationalities. Pearson 7> was used to
test for variations at different ages. Pearson’s correlation
coefficient was used to identify the correlation of the ton-
gue movements to each other. All data are expressed as
mean =+ standard error (SE), and P < 0.05 was considered
statistically significant. All statistical analyses were per-
formed with SPSS 13.0 statistical analysis software.

Results

Table 2 shows the frequency of the five types of tongue
movement of people of Han nationality in Shaanxi, China.
There were no significant gender differences (P > 0.05)
except for pointed tongue (P < 0.01). The frequency of
tongue rolling was more common than non-tongue rolling.
The frequencies of non-tongue folding, non-tongue twist-
ing and the non-clover-leaf tongue were more common
than those of tongue folding, tongue twisting and clover-
leaf tongue, respectively. However, the frequency of
pointed tongue was higher than that of non-pointed tongue
in females, but lower in males.

Table 3 compares the frequency of five types of tongue
movement between Han and another seven Chinese
nationalities (U test). There were significant differences in
the frequency of clover-leaf tongue between Han and the
other seven nationalities (P < 0.01). There were significant
differences in frequency of pointed tongue between Han
and the other seven nationalities, except Man. The fre-
quency of tongue rolling was at the middle level compared

Table 2 Frequency of five types of tongue movement (%)

with other nationalities. There were significant differences
in frequency of tongue rolling between Han and Man,
Mongolian, Hui, and Korean nationalities, respectively. A
higher percentage of Man was observed to exhibit tongue
folding than Han, and a lower percentage of Wa, Dong,
Mongolian and Hui were observed to exhibit tongue fold-
ing than Han. These differences were statistically signifi-
cant. There were no significant differences in frequency of
tongue folding between Han and Korean and between Han
and Miao. There were significant differences in the fre-
quency of tongue twisting between Han and the other seven
nationalities, except Wa.

The five types of tongue movement in people of dif-
ferent ages were compared by Pearson y°. The results are
shown in Tables 4, 5, 6, and 7. There were significant
differences between 20-29 years old and 50-59 years old
in the frequency of the five types of tongue movements
except clover-leaf tongue. There were distinct differences
between 20-29 years old and >60 years old, 30-39 years
old and 50-59 years old, 30-39 years old and >60 years
old, 40-49 years old and >60 years old in the frequency of
the five types of tongue movements except tongue rolling
and clover-leaf tongue. There were also significant differ-
ences between 30-39 years old and 50-59 years old in
frequency of tongue folding and pointed tongue.

Pearson’s correlation coefficient was employed to
explore the correlation of the tongue movements to each
other. The results were shown in Table 8. The prominent
correlations were between tongue folding and tongue
rolling, pointed tongue and tongue rolling, tongue folding
and pointed tongue. There were no correlations among the
remainder combination traits.

Discussion

The frequency of clover-leaf tongue was zero, and the
frequency of tongue rolling was the highest (63.6 %)
among five tongue movements of Han nationality in
Shaanxi. The result of the frequency of clover-leaf tongue
was related to the sample size limitation and needs further

Sex n Rolling Folding Twisting Pointed Clover-leaf

R NR F NF T NT P NP C NC
Male 207 63.8 36.2 12.1 87.9 13.0 87.0 48.3 51.7 0 100
Female 222 63.5 36.5 15.8 84.2 12.2 87.8 60.8 30.2 0 100
Total 429 63.6 36.4 14.0 86.0 12.6 87.4 54.8 452 0 100
b 0.030 1.211 0.376 6.758 -
P 0.956 0.271 0.945 0.009* -

 Significant difference between male and female (P < 0.01)
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Table 3 Comparison of the frequency of five types of tongue movement between Han and another seven Chinese nationalities (%, U test)

Nationality Rolling Folding Twisting Pointed Clover-leaf Reference

Shaanxi Han 63.6%%¢ 14.0%><4f 12.6%0%e ke 54.80cdete grbederfs

Liaoning Man 524 46.4* 19.5° 54.9 9.7* Yu et al. (2011)
Yunnan Wa 62.3 3.17° 13.09 67.46° 27.38° Yu et al. (2007)
Ordos Mongolian 75.0° 5.91° 24.41° 81.5° 24.41° Zheng et al. (2003)
Hebei Hui 80.9¢ 5.36¢ 49.88¢ 88.36¢ 8.94¢ Liu et al. (2011)
Xinganmeng Korean 83.72° 9.81 37.79¢ 77.45° 23.38° Li et al. (2001)
Hunan Dong 68.6 3.35" 49.7° 40.55" 31.71° Pi et al. (2006)
Hunan Miao 57.94 9.35 20.25¢ 30.53¢2 32.092 Pi et al. (2006)

# Significant difference between Han and Man (P < 0.01)
o Significant difference between Han and Wa (P < 0.01)
¢ Significant difference between Han and Mongolian (P < 0.01)
d Significant difference between Han and Hui (P < 0.01)
Significant difference between Han and Korean (P < 0.01)
Significant difference between Han and Dong (P < 0.01)

€ Significant difference between Han and Miao (P < 0.01)

Table 4 Comparison of frequency of tongue rolling at different age
in the Chinese Han population (Pearson °, n = 429)

Table 5 Comparison of frequency of tongue folding at different ages
in the Chinese Han population (Pearson 2, n = 429)

Age 20-29 30-39 40-49 50-59  Age 20-29 30-39 40-49 50-59
30-39 30-39
7 3.048 e 0.000
P 0.081 P 0.993
40-49 40-49
a 3.355 0.003 e 0.403 0.403
P 0.067 0.953 P 0.525 0.525
50-59 50-59
7 6.993 0.867 0.794 P 5.595 5.663 3.279
P 0.008* 0.352 0.373 P 0.018* 0.017¢ 0.070
>60 >60
i 3.065 0.000 0.002 0.817 i 13.813 13.885 10.456 1.731
P 0.080 0.985 0.969 0.366 P 0.000° 0.000¢ 0.001° 0.188

 Significant difference between 20-29 and 50-59 (P < 0.01)

elucidation. Pentzos-Daponte (1986) reported that signifi-
cant sex differences concerned only tongue rolling. There
was a significant difference only in the frequency of
pointed tongue between male and female in the present
study. These results are inconsistent with previous reports
(Liu and Hsu 1949; Pentzos-Daponte 1986), but were
similar to those of Zheng et al. (1997).

The Han nationality is the most numerous as well as the
most widely spread in China. There were distinct differ-
ences in frequency of tongue movements between Han and
other nationalities in China. A high frequency of variety of
tongue movements was found in other nationalities. These
results suggest that a genetic element plays an important
role in the frequency of tongue movements. There were
dominant nationality differences.
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 Significant difference between 20-29 and 50-59 (P < 0.05)
b Significant difference between 20-29 and >60 (P < 0.01)
¢ Significant difference between 30-39 and 50-59 (P < 0.05)
d Significant difference between 30-39 and >60 (P < 0.01)
¢ Significant difference between 40-49 and >60 (P < 0.01)

In this study, the variations in tongue movements are
different ages were investigated. There were significant
differences in the frequency of tongue movements with
age. Our results indicate that aging may lead to functional
deficit or impairment in muscle movement of the tongue.
The possible mechanism may involve degradation of ton-
gue function, and differential gene activation and modu-
lation, or protein translation, etc. The mechanism of
variations of tongue movements with aging needs further
study in future.
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Table 6 Comparison of frequency of tongue twisting at different
ages in the Chinese Han population (Pearson xz, n = 429)

Table 8 Correlation of tongue movements to each other in the
Chinese Han population (n = 429)

Age 20-29 30-39 40-49 50-59 Rolling Folding Twisting
30-39 Folding
12 0.951 Pearson Correlation 0.207
P 0.329 Sig. (2-tailed) 0.000*
40-49 Twisting
12 2.635 0.410 Pearson Correlation —0.040 —0.034
P 0.105 0.522 Sig. (2-tailed) 0.407 0.486
50-59 Pointed
72 5.297 1.876 0.584 Pearson Correlation 0.199 0.258 —0.020
P 0.021* 0.171 0.445 Sig. (2-tailed) 0.000° 0.000° 0.678
=60 4 Prominent correlation between tongue folding and tongue rolling
b 15.028 9.749 6.596 3.604 (P <0.01)
P 0.000° 0.002¢ 0.010¢ 0.058 ® Prominent correlation between pointed tongue and tongue rolling

 Significant difference between 20-29 and 50-59 (P < 0.05)
b Significant difference between 20-29 and >60 (P < 0.01)
¢ Significant difference between 30-39 and >60 (P < 0.01)
d Significant difference between 40—49 and >60 (P < 0.05)

Table 7 Comparison of frequency of pointed tongue at different ages
in the Chinese Han population (Pearson 7%, n = 429)

Age 20-29 30-39 40-49 50-59
30-39
a 0.322
p 0.570
40-49
I 3.866 2.016
P 0.049* 0.156
50-59
P 14.844 11311 4.141
P 0.000° 0.001¢ 0.042f
>60
P 14.353 10.892 3.923 0.001
P 0.000¢ 0.001° 0.0488 0.972

 Significant difference between 20-29 and 40-49 (P < 0.05)
b Significant difference between 20-29 and 50-59 (P < 0.01)
¢ Significant difference between 20-29 and >60 (P < 0.01)
d Significant difference between 30-39 and 50-59 (P < 0.01)
¢ Significant difference between 30-39 and >60 (P < 0.01)
f Significant difference between 40—49 and 50-59 (P < 0.05)
€ Significant difference between 40-49 and >60 (P < 0.05)

Analysis of the correlation of five tongue movements
among ten combination traits was done with Pearson’s
correlation coefficient. Only three pairs exhibit trait cor-
relation of types of tongue movement among ten pairs of
combination traits. These results suggest that only few

(P <0.01)

¢ Prominent correlation between tongue folding and pointed tongue
(P <0.01)

correlations of the five tongue movements in the Han
nationality. An earlier report showed five pairs of trait
correlations among ten pairs in the Daur nationality of
Inner Mongolia (Li et al. 1999), and four pairs of trait
correlations among six pairs in Han, Mongolian, and Hui
nationalities of Inner Mongolia (Zheng et al. 1997). These
findings indicate differences in correlation in different
nationalities and regions. Furthermore, the findings of the
present study indicate a prominent correlation between
tongue folding and tongue rolling, pointed tongue and
tongue rolling, tongue folding and pointed tongue. There
were no correlations among the remaining seven combi-
nation traits. These data suggest that gene interactions
might occur between the tongue rolling gene and the ton-
gue folding gene, and also between the pointed tongue
gene and tongue rolling gene, and the tongue folding gene
and pointed tongue gene, respectively. These gene inter-
actions among tongue movements will require further
study.

Five types of tongue movement are classic genetic
indicators of physical anthropology. The above results
reflect the genetic characteristics of the Chinese Han. It is
important to explore the variation in tongue movements
with age and Han adult physical variation in order to
complete the physical database of the Chinese nation and
the world as a whole.

In summary, the findings showed that, in people of Han
nationality, the frequency of tongue rolling was highest and
clover-leaf tongue was lowest among the five tongue
movements. There was a significant gender difference in
the frequency of pointed tongue only. There were distinct
differences in the frequency of tongue movements,
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especially clover-leaf tongue, between Han and other
nationalities of China, respectively. The results also dem-
onstrate few correlations among ten combination traits in
Han of Shaanxi, China. Furthermore, there were significant
differences in the frequency of tongue movements with
age.
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