
This is an Open Access article distributed under the terms of the Creative Commons Attribution  
License (http://creativecommons.org/licenses/by/4.0),

which permits unrestricted use, distribution, and reproduction in any medium,  
provided the original work is properly cited. 1

Article received: 28-09-2014.
Accepted for publication: 19-10-2014.

Address for correspondence: 

Le Quyen Pham  
652 Nguyen Trai, Q. 5, Ho Chi Minh Ville  
E-mail: Vietnam plquyen@gmail.com

J Dentofacial Anom Orthod 2015;18:205
© The authors

DOI: 10.1051/odfen/2014048

Study of the interpopulational variability  
of the anatomically modern man: interest  
in orthodontics

L.Q. Pham1, M. Naaim2, M. Makaremi3

1 Dentofacial Orthopedics Department, College of Odontostomatology, University of Medicine  
and Pharmacy, Ho Chi Minh City

2 University of Bordeaux
3 Qualified specialist in Dentofacial Orthopedics, Private Practice, Head of Research  

in  Anthropology

SUMMARY

Whatever our origins, we are all directly linked by our common ancestors. The brief period that sepa-
rated the birth of different populations of Homo sapiens that inhabit the Earth explains the homogeneity 
of the craniofacial architecture of our species. However, some differences to the face show significant 
interpopulational variations. This is true in the case of dental maturity and the position of the lower inci-
sors , two particularly important factors that mold our orthodontic analysis. This article proposes to do a 
synthesis of the interpopulational variability of these two parameters.
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In 2015, in a world that opens up and be-
comes more globalized every day, as that 
does not surprise us at all, we may have to 
develop therapeutic strategies for our four 
patients from different populations (Fig. 1).

The integration of the ethnic factor at its 
appropriate value in the analysis  matrix that 
guides our choice of treatment therefore 
becomes a daily  dilemma.

To assigned it a misplaced importance or 
to ignore the ethnic factor may distort our 
therapeutic choices.

First of all, once we become interested in 
the concept of variability in  anatomically mod-
ern humans, it is important to keep in mind 
that many studies have shown that the entire 
human population on Earth has as common 
ancestors, a small group of some dozens of 
people living in Africa approximately 100,000 
years ago (Fig. 2). At the evolutionary level, 
that is a relatively short time that has not 
been able to provide sufficient time for the 
craniofacial architecture to present a signifi-
cant difference between the different  human 

Article available at https://www.jdao-journal.org or https://doi.org/10.1051/odfen/2014048

mailto:plquyen@gmail.com
https://www.jdao-journal.org
https://doi.org/10.1051/odfen/2014048


Pham L.Q., Naaim M., Makaremi M. Study of the interpopulational variability of the  
anatomically modern man: interest in orthodontics

2

L.Q. PHAM, M. NAAIM, M. MAKAREMI

Figure 1

Map 1 Map 2
Figure 2

Map 1: 100,000 years: individuals of an African population migrate to Eurasia and Australia. 
Map 2: 100,000 years – present: the scattered human populations diverge. (According to Boyd 

and Silk).

populations. Whatever our physical ap-
pearance, we must be aware of the 
uniqueness of the  human species.

However, the facial morphology is 
one of the areas where interpopula-
tional variability is most prominent-
ly manifested. The morphology of 
the face is an important selection 
 criterion in the choice of partners, as 
cultural relevance in beauty percep-
tion can generate a natural selection 
of certain anatomical traits within 
populations. Moreover, facial growth 
is subject to environmental factors, 

as it can vary based on geographic 
areas.

This article addresses the interpopu-
lation variability of two parameters that 
are decisive in our choice of treatment; 
i.e., the position of the lower incisor 
and dental maturation.

The goal is to summarize several 
studies that establish a standard for 
one of these two variables, for a  given 
population. It will provide support in 
our clinical practice and will similarly 
showcase how anthropology can be 
helpful in our daily practice.
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Figure 3
Cephalometric assessment measurement of 

lower incisor positioning.

The position of the lower incisor 
is recognized as one of the most 
important cephalometric standards 
to define diagnosis in the anterior– 
posterior sense and to guide ortho-
dontic treatment. It determines the 
diagnosis of alveolar protrusion or 
retrusion; it justifies or refutes indica-
tions of extraction or even orthognath-
ic surgery in cases of significant alve-
olar compensation, in order to  regain 
both dentoskeletal balance and facial 
 esthetics with good lip profile sup-
port. On the other hand, this  so-called 
ideal position of the lower incisor with 
an inter-incisive angle and an appro-
priate anterior guidance ensures the 
stability of the treatment and the cor-
rect functioning of the masticatory 
 apparatus, avoiding the recurrence of 
 supraocclusion as well as the long-
term stability of the  incisors.

Measurement Methods

In the cephalometric analysis, the 
positioning of the lower incisor may 
be determined by several angular 
measurements such as the axis of the 
 incisor in relation to the skull base,  
Z- angle, i-centroid condy-link,  functional 
occlusal i-plane, i/NB, IMAP, i/GoGn, 
and the linear ones, such as i-NB,  
i - APog (Fig. 3).

It is important to distinguish  between 
two parameters: the relationship 
 between the ideal position of the low-
er incisor and its influence on facial 
 esthetics, a perception subject to cul-
tural influence, and the reality of the 
anatomical position of the lower incisor 
in the population. This article focuses 
on this second concept.

Most studies on populations of 
 different ethnic origins have deter-
mined average values, whether IMPA 
or i/GoGn,  reinforced by i/NB, in some 
studies. These average values are var-
ious and difficult to remember. That is 
why,  pursuant to the summary table 
with the results of the studies (Fig. 4), 
we offer a map of the world, with round-
ed figures, which may serve as clinical 
memorandum for orthodontists (Fig. 5).

In general, there is no significant 
 difference between genders.

Classification and discussion

The inexhaustive results of literature 
review results we have collected are 
classified herein by growing incisive 
inclination tilt.

The Bangladeshi population pre-
sents the smaller i/MP angle, at 92°, 
more or less equal to that of Cauca-
sians (Europeans, white Americans) 

INTERPOPULATIONAL VARIABILITY OF THE LOWER INCISOR POSITION
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Figure 4
Cephalometric standards concerning lower incisor positioning  

observed in different populations.
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which is at 93°. This means a some-
what low inclination of the lower inci-
sors in relation to the symphysis. This 
angle is confirmed by i/NB, which has 
a value of approximately 24°–25°, 
showing a position a tad vestibu-
lar-bound of these incisors in relation 
to their base, namely, the mandible. 
These values are justified in these 
populations, which generally have a 
flat subnasal profile, in relation to a 
nose rather high and a chin that is rel-
atively shallow. The i-NB distance is 
also the smallest distance among the 
populations studied, at 4–5 mm.

The populations of Northern India, 
Northern Africa (Moroccans), the Mid-
dle East, Eastern Asia (Chinese, Japa-
nese, Koreans) and the Turks feature an 
i/MP angle a little more pronounced, at 
95°–96°. This corresponds to a relative-
ly convex profile with something of an 
alveolar protrusion, light jaw hypoplas-
ia, and a somewhat stronger chin. The 
i/NB angle at 26°–28° confirms this 

tilt, and the i-NB distance is also more 
pronounced than among Caucasians, 
 approximately 6–7 mm.

Saudi Arabians present an i/MP angle 
a bit more relevant than in the preced-
ing group, at 97°, as confirmed by the  
i/NB angle at 30° and i-NB à 7.5 mm. 
This can be explained by the geograph-
ical proximity to Africa and by a popula-
tion of mixed origins.

The lower incisors are the most ves-
tibular-bound among African Amer-
icans, Indians, and Africans, with 
 average i/MP angle at 98°, 103°, and 
106° degrees, respectively. This corre-
sponds to a fairly relevant alveolar pro-
trusion, but which must be considered 
as “acceptable” in these populations. 
Alveolar protrusion is confirmed by the 
i/NB angle and the i/NB distance that 
likewise have high average values. 
This relevant, important biprotrusion 
is in effect one of the anthropometric 
specificities of people originating from 
sub-Saharan Africa. The i/NB angle in 

Figure 5
IMPA angle panel in the world.
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this case can be very high, at 38°–41°, 
with an of i-NB distance at 10 mm.

Orthodontic treatment that considers 
the specific anatomy of the  patient, 

 including the particulars related to 
their ethnic origins, ensure results that 
 respect patient’s individuality and long-
term treatment stability.

Dental age estimation has  different 
interests: clinical, forensic, and 
 anthropological. In orthodontics,  dental 
 maturation is an important factor in 
choosing the age to begin treatment. 
It also guides us toward our decisions 
during treatment: delayed or preco-
cious eruption, ectopic dental eruption, 
agenesis, extraction choice, transitory 
DDM upon eruption of lower incisors, 
and wisdom tooth eruption.

Dental maturation presents a  relatively 
important variation that can be linked to 
several factors, such as gender, dento-
maxillary disharmony, the child’s size, 
warmer or colder weather, socioeco-
nomically conditions, and ethnic factors.

There are different maturation meas-
urement methods, according to the 
authors21,22,23,25,29: the method by 
Demirjian22,23 is frequently employed in 
orthodontics.

In literature, there are very few 
studies comparing dental matura-
tion between different ethnic groups. 
Among these studies, the study by Nils 
et al.20 on 9577 panoramic tomography 
 examinations in eight countries, with 
the sampling age ranging from 5 to 16 
years, is domineering.

Several studies on dental matura-
tion were performed to confirm the 
 relevance of the Demirjian method of 
different ethnic groups, but with no 
comparison between them.

We have collected and classified 
the results of the studies mentioned 
above, to compare the dental matura-
tion between different ethnic groups.

Most studies find a significant 
 difference between the prediction of 
the age estimated by the Demirjian 
method on their population, and the 
picture by Demirjian22 on the French–
Canadian population.

In order to compare the different stud-
ies, we chose similar studies in their 
methods, and excluded studies follow-
ing methods other than Demirjian’s.

We took the French–Canadian pop-
ulation as our reference and analyzed 
the differences in dental maturation 
of each population in relation to the 
French–Canadian population. We then 
compared the differences between 
them. The observed differences are 
calculated per month. The selected 
age group samples vary according to 
the author, between 2 and 18 years of 
age.

Results and classification

It is possible to read in the table 
(Fig.  6) the variability of dental mat-
uration for different countries when 
compared to the Franco-Canadian 
population. For a better overview, the 
same data is reported on a world map 
(Fig. 7).

INTERPOPULATIONAL VARIANCE OF DENTAL MATURATION
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The difference between the most 
advanced and most delayed results is 
12.38 months. We highlight that Turk-
ish children have the earliest dental 
maturation (10.38 months) and Vene-
zuelan children have the latest matura-
tion (−1.99 months).

In all results, we find that dental mat-
uration in girls is earlier than in boys.

One can notice convergence in den-
tal maturation of some European popu-
lations: England, Belgium, Finland, and 
France However, there is a significant 
difference between Spain and Swe-
den, namely, 8.6 months.

In Asia, we see that the differences in 
dental maturation between countries 
are more pronounced than in European 
countries. There are convergent results 
between Turkey, Pakistan and Saudi 
Arabia, as well as between Iran, India, 
South Korea, and China.

The difference is significant between 
the two groups of Asian countries.

In South America, there is a signif-
icant difference between Brazil and 
Venezuela.

In the table, we note the lack of re-
sults for countries in Africa, the United 
States, and Russia.

Chaillet et al.20 have drawn compari-
sons on three age ranges (5–11 years; 
12–16 years; and 5–16 years old) to 
 understand the effect of puberty on 
dental maturation. They concluded 
that differences in dental maturation 
between ethnic groups during the ado-
lescence period are larger than during 
the juvenile period.

Discussion

There are two main factors that seem 
to influence the variability of dental 
maturation between different ethnic 

groups: the genetic factor and the en-
vironmental factor.

Genetic factor
The French–Canadian population is 

a particular case because it is a mix-
ture of ethnic American Natives and 
European immigrants (colonization be-
tween 1932 and 1937)18.

The results show a nonsignificant 
difference between the different popu-
lations, the maximum difference being 
between Turkish children and Venezue-
lan children, namely, 12.28 months.

The homogeneity of the results in 
European countries shows the im-
portance of the ethnic role in dental 
maturation, by taking into account the 
geographical proximity. The converging 
results between Iran and India show 
the same result.

On the other hand, the significant 
difference between Spain and France, 
namely 6.6 months, may be because 
of mixed ethnic influences that took 
place in the 12th and 13th centuries 
between North Africa and Spain.

Samples of unknown ethnic origin or 
mixed ethnicity are difficult to analyze.

The origin of the differences can be 
understood by studying the dental 
maturation of each ethnic group sepa-
rately.

Historical intercontinental migration 
may explain the approximation in the 
results of very distant countries.

Environmental factor
There is a relationship between eco-

logical factors and tooth maturation. 
The biological adaptation of man in his 
environment can influence dental matu-
ration. Physical factors such as temper-
ature or humidity can play an important 
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Étude de la variabilité interpopulationnelle de l’Homme anatomiquement moderne : revue bibliograph
et intérêt en orthodontieCountry Reference

Average 
(months)

Boy 
(months)

Girl 
(months)

Age 
(years)

Turkey-CAN Emine Sen Tunc et al., 2007 +10.38 +10.68 +11.64 4–12

Spain-CAN Angelines Cruz-Landeira, et al., 
2009

+9.84 +9.12 +10.56 4–17

Saudi Arabia-CAN Ziad D. Baghdadi, 2013 +8.6 4–14

Pakistan-CAN Rashna H., Sukhia, et al., 2010 8.52 7.08 9.96 7–14

Brazil-CAN Eid RMR, et al., 2002 +7.76 +8.17 +7.3 6–14

England-CAN Liversidge HM, et al., 1999 +7.44 +8.76 +6.12

China-CAN Chen JW, et al.,2009 +5.5 +3.6 ++7.5 8–16

Australia-CAN Nils Chaillet, et al., 2005 +3.48 5–16

France-CAN Nils Chaillet, et al., 2005 +3.36 5–16

Finland-CAN Nils Chaillet, et al., 2005 +2.4 5–16

Iran-CAN Ali bagherian, et al.,2011 +2.16 +1.8 +2.52 6–13

India (Belgaum)-
CAN

Hegde RJ, et al., 2002 +1.8 +1.68 +0.48 6–13

Belgium-CAN Chaillet N., et al., 2005 1.68 5–16

Sweden-CAN Chaillet N., et al., 2005 +1.2 5–16

Korea-CAN Chaillet N., et al., 2005 −0.12 5–16

Venezuela-CAN Angelines Cruz-Landeira, et al., 
2009

−1.99 −2.78 −1.2 2–18

NB: ( ) = Overestimation of the Demirjian method; (-) = underestimation of the Demirjian method; CAN = French–
Canadian; Average = shows the difference in predicted age between French–Canadians and other countries, for 
example, dental maturity of French children is 3.36 months more advanced compared to dental maturity of French–
Canadian children.

Figure 6 
Comparison of dental maturity in different countries relative to Canadian children.

Figure 7
Difference of dental maturation of different populations compared to Canadian children.
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role in growth and dental maturation, 
which can change human metabolism. 
One can notice the convergence of 
results between Sweden and Finland, 
with a very cold climate, and between 
Saudi Arabia and Pakistan, with a very 
warm climate. Presumably, maturation 
is more advanced in a warmer climate 
than in a colder climate.

It is very difficult to separate the 
ethnic factor or other factors, such as 
weather, biological, social,  nutritional, 
among others, that may influence 
growth and dental maturation.

According to the authors, the  diversity 
of results is because of several factors: 
the accuracy of the method, the age, 
the structure of the sample, the sam-
ple size, the statistical approach and 
the importance of individual biological 
variation of each child.

The various authors agree on the 
fact that each population may require 

its own specific standard for accurate 
 estimation of the chronological age.

Taking the ethnic factor into account 
in our treatment decisions is a require-
ment, because it prevents diagnostic 
errors and optimizes the individualiza-
tion of treatment.

However, that is a subtle concept, 
where one must avoid approximations: 
for example, the average position of 
the lower incisor has a difference of 
10° between the Bangladeshi and Indi-
an populations. These two populations 
cannot be combined when considering 
that the patient comes from the Indian 
subcontinent, or when applying Cauca-
sian cephalometric standards.

Taking the ethnic factor into account 
is otherwise more complex insofar 

that it requires to distinguish the cultur-
al part from the anatomical reality and 
to avoid stereotypes.

Ultimately, meta-analyses should 
allow us to have standardized, com-
prehensive databases that could help 
us guide our therapeutic choices for 
 patients from different populations.

In the small village that our Earth 
has become, facing the variability in 
 different populations in our daily clinical 
 activity is becoming the norm  rather 
than the exception.

Conflict of interest: The authors report no 
conflict of interest.

CONCLUSION

Country pairs Difference

France-CAN 3.36 months

Belgium-Sweden 0.4 months

Spain-Sweden 8.6 months

Iran-India 0.36 months

Saudi Arabia-Pakistan 0.08 months

Pakistan-South Korea 8.64 months

China-Korea 5.62 months

Brazil-Venezuela 9.77 months

Figure 8
Examples of differences in dental maturation 

between countries.
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Interpopulational variability of the lower incisor position
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