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1. INTRODUCTION

Humans are always in the process of evolution, and factors such as 
the type of culture, lifestyle, and environmental conditions cause 
humans to be in the process of adaptive evolution (adaptation to 
existing conditions). Among these, we can mention factors such as the 
achievement and ability of humans in the field of agriculture, which led 
to population density, which was followed by evolution to deal with 
diseases, so that the sickle cell allele increased in frequency among 
Africans [1,2].

Furthermore, when a person acquires a new science or tool or is 
placed in a situation and environment that is new to him, his physical 
condition adapts accordingly. For example, when he got a tool to cut 
food, over time, due to less need to chew and struggle to eat food. In 
a study, which was conducted on rats, the size of his mouth and dental 
system became smaller [1].

Now, if we consider that living animals or humans survive on Mars, 
during the passage of time, changes will occur to their oral and dental 
system, as follows: the strength of the Earth’s gravitational force is equal 
to about 9.81 m/s2 [3], and the gravity force on Mars is equal to 3.71 m/
s2 [4]. The impact of this decrease in gravity on the human oral and 
dental system has caused less pressure on the bones and teeth, which 
causes a decrease in the density of the bones and subsequently the 
structure of the jaw, face, and oral cavity. This process over several years 
causes jaws and teeth to become smaller. Among other changes, there 
are genetic changes that can take place due to weather conditions and 
new environments that affect the structure and size of jaws and teeth 
in humans. A clear example of genetic change in humans is based on 

environmental conditions. For example, the evolution that occurred in 
humans living in the Himalayas, in them, due to the lack of iodine in their 
diet a genetic transformation and evolution has occurred and they have 
adapted to alternative versions of the thyroid gene (DIO2), which makes 
their bodies produce and secrete thyroid hormones more efficiently as 
well as more suitable to their physical conditions. This has prevented the 
enlargement of the thyroid gland and the problem of goiter [5-8].

1.1. Scientific Analysis
After living and being born on Mars for thousands of years, humans 
undergo changes and evolution in the oral and dental system that will 
occur to adapt to the environmental conditions of Mars, which include 
the following:
a. Researchers have also found that the amount of bone loss in space 

in the range will be approximately 1–2% of bone density per 
month, which may vary up to 5–7% (which includes the bones of 
the oral-jaw region) [9].
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ABSTRACT
The structure of the human body, including the jaw, oral cavity, and teeth, is constantly evolving throughout its life. It is in the 
direction of adapting, which is influenced by various environmental factors. Human survival on Mars is critical compared to earth, 
due to  gravity is lower on Mars (3.71 m/s compared to the Earth’s 9.81 m2). Hence, evolution and adaptations in the jaw, oral cavity 
and teeth problems are highly expected. When the gravitational pressure decreases, the bone density will probably decrease as well, 
and then, the structure of the jaw and teeth will change. Other causes include a different diet compared to what exists on the Earth, 
and changes in the  gut microbiome (including the oral cavity) are likely to cause greater adaptability. Hence, the diet that is likely 
to be adopted on Mars has created a more acidic environment in the oral cavity, which causes the teeth of humans living on Mars 
to decay more and more. The research that was done on animals revealed changes in the density and composition of ivory, which is 
likely to occur in the same way for humans. It seems that during the years that humans will live on Mars, the structure of their jaws 
and oral cavity will be constricted and also the number and size of teeth will be decreased. This research states that it is necessary 
to conduct more studies to better understand the evolutionary effects that are formed on humans living on the planet Mars.
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b. There will also be changes in the digestive system (the oral 
cavity is also a part of the digestive system [10]), so that the 
diversity in the GIT microbiome decreases, and on the other 
hand, the abundance of certain types of bacteria is formed, which 
is generally decreased due to changes in diet. Furthermore, the 
light conditions that humans are exposed to outside the Earth’s 
atmosphere differ [11].

 It should be noted that the human GIT (including the oral cavity) 
has the most diverse types of microorganisms compared to the 
rest of the body, and the specific types of microbial mess can 
cause inflammatory bowel diseases such as Crohn’s disease 
and ulcerative colitis, which can cause oral and dental diseases, 
including oral ulcers and gingivitis [12].

c. So far, no evidence of animal life has been seen on Mars [13], but 
researchers did some work on growing plants in an environment 
simulated on the Moon and Mars, and the plants were able to grow 
in both situations [14]. Therefore, if Martians use plant resources 
extensively during their life, due to the creation of more acidic 
conditions in the oral cavity, they will cause more tooth caries and 
decay [15].

d. Effect on tooth morphology: Although there is insufficient 
research on the effect of space atmosphere on dental changes, 
studies have generally been conducted on animals, and it is 
possible to generalize animal studies to humans [16,17]. In a 
research conducted on rats, it was found that traveling to space 
for a period of 2 weeks caused dentinal effects to their teeth in 
such a way that their dentin formation showed to be 20% less than 
what happens in the Earth’s atmosphere [16].

e. In another study, which was also conducted on rats, it was 
found that when they are placed in microgravity for 8 weeks, 
changes occur in the structure and composition of their 
dentin, which includes a decrease in the density of the dentin 
minerals [16].

2. MATERIALS AND METHODS

This research aims to study the evolution of the human oro-dento-
maxillofacial system in the Martian environment, which is based 
on the analysis of the available scientific literature in the following 
cases:

The effects of microgravity applied on the density and morphology of 
the jaw, mouth, and teeth: Studies that weaken the bones of astronauts 
and also investigate the effect of the lack of gravity on bone health 
were investigated.

Possible change in diet and GIT microbiome: Research that looked at 
the effects that diet can have on oral health and could change the GIT 
microbiome due to the diet of humans who are likely to live on Mars.

Animal studies in atmospheric conditions simulated with the atmosphere 
of Mars: Studies that investigated the effects of microgravity on the 
morphology of teeth in animal species were analyzed to infer human 
technologies.

The review process includes the following:
1. Literature search: PubMed database was searched using relevant 

keywords, such as Mars, microgravity, oral cavity, teeth, and bone 
density. Regarding the gut microbiome, the keywords of evolution 
and adaptation were also searched.

2. Inclusion and exclusion criteria: Studies published in research 
databases that focus on the effects of gravity reduction or 
environmental changes on the structure of the jaw, oral cavity, 
and teeth. It should be noted that studies that were based solely 
on terrestrial conditions or had no clear connection with the 

Figure 1: Anterior view.

Figure 2: Lateral view.q

Figure 3: Lateral view (dentoskeletal).

atmospheric conditions of Mars and were excluded.
3. Data extraction and analysis: Extracted data included findings 

regarding changes in bone density, likely dietary changes, 
microbiome changes in GIT, and proven effects on tooth 
morphology (in animal models). The data were analyzed to 
understand the evolution and to be able to extrapolate it to the 
evolution that humans will have on Mars.
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2.1. Current Limitations of the Study
More research is needed to be done specifically on the dental system, 
the oral cavity, and the human jaw in the conditions of Mars to bring 
more understanding to humankind. However, it should be noted that 
the course of evolution in the long term (for example, thousands or 
even millions of years) challenges all these predictions.

3. RESULTS

This research shows that humans may experience changes in their 
oral and dental systems when they are exposed to the atmospheric 
conditions of Mars. The reduction of gravity, changes in diet, and also 
various environmental factors can affect the physiology of the human 
body, which we will discuss below:
1. Bone density and structural changes:
 Research results show that in a microgravity environment similar to 

Mars (with a gravitational force of 3.71 m/s compared to 9.81 m/s 
on the Earth), a significant decrease in human bone density 
occurs. Studies say that the monthly decrease in bone density is 
approximately 1–2%, which can increase to 5–7% in some cases.

 This can affect the jaw and facial region, and lead to a smaller 
jaw size, as well as weaken dental structures over several years 
[Figures 1-3] [18].

 From the point of view of evolution, changes are usually 
formed over thousands or millions of years, which means that 
environmental changes cause selective pressure on a population 
and cause adaptations to be formed in line with the survival of 
the generation [19]. However, according to the aforementioned 
findings, if humans are exposed to microgravity, they adapt to less 
bone density and smaller jaws, as mentioned in the above text, 
and it has already been noted that evolution requires thousands 
and even millions of years in many cases [19-21].

2. Changes in the digestive system and microbiome:
 Since the food habits and also the changes in the light conditions 

that humans are exposed to that on the planet Mars, the digestive 

system, including the oral cavity, faces changes that are significant 
in turn. It is expected that the diversity in the GIT microbiome will 
decrease, which can endanger those organ’s health [22]. It can be 
said that inflammatory bowel diseases such as Crohn’s disease 
and ulcerative colitis, whose oral manifestations are ulcers and 
gingivitis, are among them.

 Therefore, with relatively high confidence, in terms of the 
changes in dental development, it can be said that it is because 
of the changes that are formed due to the diet that is more toward 
vegetarianism. Furthermore, the use of soft food, as well as 
microbial changes, will lead to tooth decay. Hence probably the 
size of the teeth becomes smaller over the years, and their hard 
tissue structure becomes thinner due to the decrease in the amount 
of minerals [23-25].

3. Dental changes in terms of morphology:
 Animals were able to increase human knowledge about possible 

changes in extraterrestrial atmospheric conditions based on 
changes in tooth morphology. When the mice were placed in 
microgravity, their dentin was significantly affected and became 
less dense, meaning that dentin production decreased by about 
20% over a 2-week period. When this time period increases to 
8 weeks, changes in the composition of the dentin will also occur.

 According to the mentioned reasons, it is expected that the 
condition of the teeth is adapted to human survival during the 
evolution process, including changes in shape and size, as well as 
a reduction in their size and number (this is a hypothesis according 
to the general findings of this study) [26,27].

4. Genetic adaptability:
 Human adaptation to the environment generally occurs with 

genetic changes, a clear example of which was the adaptation of 
the Himalayan people to a low-iodine diet, which was associated 
with changes in the thyroid hormone-producing gene (DIO2). 
This shows that genetic transformation and evolution occur in line 
with the adaptability of humans to the environment. Therefore, it 
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Abstract The evolutionary effect of 

Martian life on a human oro-
dento-maxillofacial system

Studying the effect of reduced gravity on the oro-dento-maxillofacial region 
and system of humans during their prolonged residence on Mars
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Oral cavity, Teeth

Introduction The process of human evolution Researching the process of human evolution (in the long-term life) on Mars, 
with regard to the environmental effects, as well as a prospective look at their 
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Scientific analysis Transformation and evolution 
caused by living on Mars
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modification in the GIT)
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Conclusion Emphasizing the need of more 
research

Pointing out the need for more research to better understand the process of 
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can be expected that genetic changes will be formed in humans 
who will live on Mars.

4. DISCUSSION

1. Man is an adaptable creature, and the oro-dento-maxillofacial 
system undergoes evolution based on local and atmospheric 
conditions. The gravitational force of the Mars sphere is less than 
that of the Earth, and this affects the bone density and reduces it, 
as a result of which structural changes are formed in the jaw, face, 
and teeth [28-30].

2. The dietary habit that changes in humans causes physiological 
changes, for example, when a person turns to vegetarianism, his 
oral cavity becomes more acidic, which can cause more tooth decay. 
As mentioned, there is no evidence of the existence of humans on 
Mars, but there is evidence of the possibility of the growth of plant 
species there, so the adoption of a vegetarian style by the Martians 
is high, and the consequences mentioned will probably include 
their condition [31-33].

3. The changes that occur in the GIT microbiome also create an 
important dimension, such that a decrease in the diversity and 
saturation of microbes creates the potential for certain bacteria to 
grow there, which can cause harm to the oral cavity [22,34,35].

4. Another matter is genetic adaptability. As per a study on 
mice in microgravity conditions to understand its effects on 
the evolution of tooth morphology, researchers absorbed a 
reduction in the formation of dentin and also changes in tooth 
composition [5-8,26,27].

5. CONCLUSION

The anticipated alterations in the Martian atmosphere over thousands, 
and potentially millions, of years are expected to significantly impact 
the interaction between the human theredo-dento-maxillofacial systems 
and the environmental and atmospheric conditions on Mars. Based on 
the results of this study, it is evident that further extensive research is 
required to gain a complete understanding of these adaptations. When 
humans inhabit Mars, a planet with lower gravity than Earth, their diet 
and gastrointestinal microbiome undergo changes. These changes lead 
to physical and genetic adaptations to the Martian conditions, resulting 
in weakened teeth and a decrease in their number. Additionally, the size 
of oro-dento-maxillofacial structures is reduced.
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