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Abstract
Background: The dentition of modern humans has evolved from their hominid ancestors to their current form. Factors regarding the changes of lifestyle such as dietary habits and usage of tools have affected the evolution of human
dentition. This article aimed to discuss the effect of dietary changes on the evolution of human teeth. An online literature search in the PubMed database was conducted according to the inclusion criteria of this study.
Main body: The culture transition from a hunter-gatherer society to agriculture is followed by dietary changes,
which result in a decrease of tooth wear due to more refined food sources in agricultural intensification. By analyzing
the microwear pattern such as shear, striation, and pattern of the buccal teeth, the dietary hypothesis based on the
occlusal tooth microwear analysis could be examined.
Conclusion: The dietary hypothesis based on the occlusal tooth microwear study could be tested by analyzing the
microwear pattern (shear, striation, pattern) of the buccal teeth. Posterior teeth are more closely related to diet, while
anterior teeth are related to non-dietary tooth-use behaviors, or using the teeth as a tool or third hand which causes
more limited striations at the labial surface.
Keywords: Food production, Evolution, Human dentition, Tooth microwear
Background
Modern-day humans, Homo sapiens, have evolved orofacial features from the early hominins, which made the
human jaw smaller followed by the overall tooth size
reduction (Das et al. 2019). The second molars were the
largest among the molars in the early hominins; meanwhile, in modern human dentition, the first molars are
the largest among the molars, with the reduction of the
overall tooth. The analysis of the tooth shapes and sizes,
enamel shapes, and the dental microwear along with dental biomechanics, suggested there were changes in the
dietary capacities of the early hominins that helped them
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survive in climatic variability (Emes et al. 2011; JiménezArenas et al. 2014; Marini et al. 2020).
The decrease of jaw size was mostly on the account of
the dietary habit changes of the species. The changes in
the dietary habits led to smaller, less prominent jaws followed by smaller teeth and non-projected canines altogether with a smaller face in the Homo sapiens (Das et al.
2019). As humans learned to soften foods with the tools
for cutting and grinding, the need for carnivore adaptive
characteristics in which strong jawbones, large canines,
and stronger masticatory included, tend to decrease.
Also, there have been well-defined changes in the position of the temporomandibular joint to the changes in
dietary habits and food processing (Emes et al. 2011;
Humphrey 2017). The current review aims to discuss
the effects of dietary changes on the evolution of human
dentition.
For this purpose, this review included studies on the
evolution of human dentition, dental microwear analysis,
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and the causes of the evolution of human dentition in
terms of dietary habits and tool usage. The online literature search in the PubMed database was conducted with
a combination of search terms were constructed from
“diet,” “tooth evolution,” “dental microwear,” and “microwear analysis.” In addition to online literature searches,
reference lists from all the included articles were manually examined for further full-text studies. This review
included research and review articles published during
the last 10 years period (2011–2021). All articles focused
on human tooth evolution studies and were written in
English. This review included the full-text available articles based on search filters in the PubMed database.

Main text
Brief introduction of evolution

Evolution is defined as the gradual development of inheritable traits of humankind over successive generations.
Evolutionary processes generate diversity at all levels of
biological organization. Charles Darwin in the mid-nineteenth century proposed that evolution occurs because of
a natural selection phenomenon. The Darwin theory of
natural selection explained that organisms produce more
offspring that can survive in their environment, with
better physically equipped to survive, grow, and reproduce. All life on earth shares a common ancestor known
as the last universal ancestor. Through the discipline of
population genetics, the modern evolutionary synthesis
integrated classical genetics with Darwin’s theory of evolution by natural selection in the early twentieth century.
Evolution is a cornerstone of modern science, widely
accepted as one of the most consistently established of
all scientific facts and theories, supported by evidence
from not only from the biological sciences but also from
anthropology, psychology, astrophysics, chemistry, geology, physics, mathematics, and other scientific disciplines, as well as behavioral and social sciences (Ashraf
and Sarfraz 2016; National Geographic Society 2019).
Human dentition

The primary function of dentition in mammals is to grasp
and crush food, which is supported by the extreme hardness of tooth tissues and an appropriate crown shape in
different tooth classes. Teeth also play a role in speech
articulation and facial appearance in humans. Human
dentition is classified as heterodont and diphyodont.
The heterodonty is reflected by four tooth classes: incisors, canines, premolars, and molars. During human life,
diphyodont is represented by two generations of functional teeth: there are 20 deciduous (milk or lacteal) teeth
and 32 permanent (adult) teeth (Hovorakova et al. 2018;
Wang et al. 2019).
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From the anthropological perspective, dentition is one
of the most important aspects of human evolution. Dentition is a focal point in many comparative and evolutionary population studies due to its stability and durability
towards the environmental factor. Certain morphological
features of the tooth are known to exhibit population variation and can be used to distinguish the ancestry. Dental
traits such as the shoveling incisor, Carabelli cusp, hypocone, and peg-shaped teeth can be used to determine the
ethnicity of the individual. Teeth have also been observed
to provide important evidence regarding the habits and
occupations of individuals (Kjær 2014; Krishan et al.
2015; Christensen et al. 2019; Kurniawan et al. 2020a).
Human dentition also plays an important role in individual identification. The scientific basis of dental identification is the uniqueness of human dentition and the
fact that no two oral cavities are alike even in monozygotic twins. Tooth variation such as morphological characteristics, color, shape, tooth wear pattern, and dental
anomalies can give further clues regarding the individual
identity. As the hardest tissue in the human body, teeth
can survive in extreme conditions that involve chemical, physical, and thermal trauma. Forensic odontologists
work with other experts, such as dental anthropologists
to analyze numerous important information from teeth
associated with sex determination, age estimation, ethnic
origin, bitemark analysis, and dental records comparison
(Krishan et al. 2015; Kurniawan et al. 2020b).
Evolutionary processes of the human dentition

Most vertebrate species have teeth or tooth-like structures called denticles, with non-mammalian vertebrate
teeth differing from their mammalian counterparts by
having no roots and connecting directly to the jaw bone
by ankylosis or fibrous tissue. Mammalian teeth, on the
other hand, possess roots and connect to the jaws by periodontal ligaments. Humans are vertebrates thought to
share the same mammalian ancestor as mice, whose each
dental arch possesses 6 incisors, 2 canines, 8 premolars,
and 6 molars (Jheon et al. 2013; Enault et al. 2018).
Differences between humans and other hominid species are also apparent were some professionals attributed
causes like dietary changes to these major anatomical
changes (Ungar 2012). One of the most noticeable differences between Homo sapiens (modern humans) and early
hominins is the protruding chin, which is thought to be
the result of a decrease in heavy dental use and the use
of tongue and oral musculature to form early languages,
which resulted in the protruding chin (Emes et al. 2011;
Daegling 2012).
The jaw reduction phenomenon from the early hominins to modern humans is usually linked to the advancements towards agricultural cultures as a replacement for
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hunting and gathering culture. Smaller oral space and
sharp teeth are also believed to be a result of the creation
of a language that needed a flexible oral system and is
also maintained by the creation of softer, more processed
foods (Emes et al. 2011; Polanski 2011).
Another change that is also apparent in modern
humans, tooth-wise, is the decrease of tooth size in comparison to their close relatives. Megadontia in australopiths is attributed to the need of processing mechanically
challenging foods and the need for the larger cheek area,
while in Homo, the reduction of molar size is attributed
to the use of tools and less challenging foods, as well as to
avoid an avalanche in foods (Ungar 2012).
Differences in tooth sizes concerning the other teeth
are also apparent. In early hominins, second molars are
the largest compared to the other molars while in Homo
the first molar is the largest. The canines also differ with
sex in early hominins, where males have smaller canines
(Emes et al. 2011; Guatelli-Steinberg 2018).
In dental structure, early hominins have thicker enamel
layers to cover their teeth than modern humans. This
is believed to provide stronger reinforcement for their
harder-textured diet (Ungar 2012). The tooth calcification of early hominins also has more resemblances to
apes than to humans, which is also contributed by the
progression of lifestyle changes (Smith 2013).
Lastly, there are also differences in occlusal morphology. Modern humans have helicoidal occlusal planes,
where the anterior teeth slope upwards palatally and the
posterior teeth slope upwards buccally (Emes et al. 2011).
This difference is also caused by the differences in cusps
shapes. The molars of Australopithecus have a blunt cusp
shape to chew brittle and hard foods like flowers, nuts,
and some fruits, whereas the Homo has sloping surfaces
and less bulbous cusps for slicing items better (Ungar
2012).
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imaging technique. Dental microwear analysis can be
performed using a 2D imaging technique by molding
and casting process of teeth according to a standardized method. The tooth’s surface is cleaned before being
molded with a polyvinyl siloxane compound and cast
with clear epoxy resin. The casts were photographed
using an Insight Spot 4-megapixels camera and a
Zeiss Stemi light stereomicroscope (Mihlbachler et al.
2012). Dental microwear analysis has been recognized
as an accurate tool for studying diets in early hominins. Nonetheless, the sample sizes for some groups
are small, thereby lowering our belief that the results
are representative of a particular taxon. The limited
samples size also makes it difficult to assess variation
within species (Ungar 2012; DeSantis 2016).
The surface’s wear on the teeth is usually analyzed
using a 3D optical profiler and either scale-sensitive fractal analysis (SSFA) or International Standards Organization (ISO) variables to assess surface properties. Dental
microwear analysis scans 3D microwear textures with
white or blue light. The resulting point clouds were then
examined using ISO parameters or using SSFA software
to identify tooth surfaces (DeSantis 2016).
The dietary hypothesis based on the occlusal tooth
microwear study could be tested by analyzing the
microwear pattern of the buccal teeth. The occlusal
microwear pattern varies between shear and grinding
facets on the same tooth and intra-facet variability in
molars has been shown to depend on various masticatory processes (Martínez et al. 2016; Alrousan et al.
2019). There are grinding facets on the occlusal surface
in molars that happened because of the power stroke
when chewing (Fig. 1) (Scott and Halcrow 2017).

Dental microwear analysis

Dietary reconstruction is an important aspect of paleoanthropology research because food can be used as a
biomarker in human evolution and cultural development
(Petraru et al. 2020). The microscopic wear pattern left
on the occlusal surfaces of teeth during the masticatory
process is the primary focus of dental microwear analysis. Its evaluation is based on the morphology, abundance, direction, and distribution of the microscopic
marks on the enamel surfaces (Scott and Halcrow 2017;
Strani et al. 2018).
Various methods of dental microwear analysis have
been developed relies on two-dimensional (2D) and
three-dimensional (3D) imaging techniques. The scanning electron microscope and the examination of visible individual features are the most common 2D

Fig. 1 Microwear on grinding facet (Scott and Halcrow 2017)
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The buccal microwear pattern on the enamel surface of
primate teeth shows much higher interspecific variability than intraspecific variability. The density and length
of the striation by orientation category on the buccal
surface of the enamel varies depending on the ingested
food and the abrasive potential of chewed food particles, including plant foods and silica dust that enter the
food during procurement and processing (Martínez et al.
2016; Petraru et al. 2020).
Diets and human dentition evolution

Diet influences the evolution of human dentition. To
make conclusions about ancient diets, several approaches
were taken, one of which is the shape of the molar cusp
that might suggest adaptations to a leaf-or fruit-based
diet, or in general (Antón et al. 2014; Ortiz et al. 2018).
The transition from a hunter-gatherer society to agriculture was accompanied by a notable decrease in the
frequency of tooth wear. Populations that undergo agricultural intensification began to consume more refined
food sources, thereby reducing wear rates. Agricultural
communities tend to have more angled wear while the
hunter-gatherer community presented evenly distributed
flat wear (Michael et al. 2017; Marini et al. 2020).
Dental microwear or scratches and pits on the enamel
surface indicate direct evidence for dietary behavior.
Those pits formed due to the fracture of food processing
or tooth-used behaviors. For example, the large and deep
pits molar surface showed a solid food consumption,
such as seeds or nuts, while scratches indicate shearing
tough objects, like plants or insects. The microwear can
also show variations in the diet, which are influenced by
environmental conditions. Neanderthal in cold, open
steppe climate showed dependence on meat resources.
Meanwhile, those with forest conditions showed dependence on the plant resource base, which had the increasing
sign of abrasive loads (Krueger 2015; Schmidt 2015).
Another study shows that vertical and horizontal
scratches were useful in differentiating human diets.
Most groups of carnivorous humans showed a higher
proportion and number of vertical scratches, along with
a lower percentage of horizontal scratches. The opposite happened for predominantly vegetarian individuals,
whereas populations with mixed diets (e.g., Bushmen,
Australia) have mean scores for both indications (Scott
2018; Corona et al. 2018). Analyzes of dental microwear
can be divided into posterior teeth microwear and anterior teeth microwear. Those categories can indicate the
tendency of their functions. Posterior teeth are more
closely related to diet, while anterior teeth are related to
non-dietary tooth-use behaviors, or using the teeth as a
tool or third hand (Schmidt et al. 2020).
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To analyze incisor microwear, anisotropy measurements are used. Anisotropy measures the amount of
forwarding direction after a scattering event (Fernandez-Oliveras et al. 2012). When the anterior teeth are
used to incise large food items, the abrasive adherent
to the food will drag up the labial surface and create
apico-cervically oriented striations. This would result
in high anisotropy values. The low anisotropy value
is used to indicate the non-dietary anterior teeth use.
Its use, such as tool retouching, clamping, and grasping, causes more limited striations at the labial surface
(Burnett 2015).

Conclusions
Diet has a significant impact on the evolution of human
dentition. Various methods, such as scanning electron
microscopy and scale-sensitive fractal analysis, can
be used to investigate the dietary hypothesis based on
dental microwear analysis. The occlusal tooth microwear study could be tested by analyzing the microwear
pattern (shear, striation, pattern) of the buccal teeth.
Large and deep pits on the molar surface indicated the
consumption of solid food, such as seeds or nuts, while
scratches indicated the shearing of tough objects, like
plants or insects. Carnivorous humans had a higher
proportion and number of vertical scratches, with a
lower percentage of horizontal scratches. Vegetarian
individuals showed a higher percentage of horizontal
scratches, with a lower proportion of vertical scratches.
The average score of vertical and horizontal scratches
is more common in populations with mixed diets.
Posterior teeth are more closely associated with diet,
whereas anterior teeth are associated with non-dietary
tooth-use behaviors, such as using the teeth as a tool or
third hand, which results in more limited striations at
the labial surface.
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