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Introduction  
A total of 22300 genes had been mapped out, including a large quantity of near identical repetitive 

segments. This was completely unexpected, initial estimates were estimating at a very minimum four 

times the number of genes, and likely more to explain the variation we see in the population. 

Abstract 
The field of epigenetics has really come to fruition this century thanks to advances particularly in science 

and technology. Genetics had taken off in 1865 with Gregor Mendel’s genetic laws. The rise of epigenetics 

was really a consequence of the Human Genome Project carried out in the late twentieth century, a project 

dedicated to map the entire human genome. Initial completion took place in 2003 where approximately 

ninety percent of the genome had been mapped, and 2022 saw the ultimate completion of this project. 
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Additionally, of these 22300 mapped genes between humans, shows 99.9% of the sequence are 

identical. The variations we see amongst our species far exceeds what is possible by differences in these 

genes alone, and thus, the age of epigenetics was truly born. Figure 1 is a great graphic to help visualise 

the rapid change in epigenetics research from initial completion of the Human Genome Project [1-5].  

 

  
 

Figure 1: Frequency of articles published against time with “epigenetics” in the title [5]. 

 
The term epigenetics was coined in the mid twentieth century by embryologist Conrad Waddington and 

broken down to mean ‘epi’ (above) and ‘genetics’ (gene), implying control from above the gene, as 

illustrated in Figure 2. We understand the genome to be our genetic blueprint, the sequence of our 

genes and what they do. Our epigenome on the other hand refers to how those genes are regulated. In 

this rapidly evolving field, many ideas or definitions are constantly superseded as our understanding 

grows. Currently, a widely accepted view is that epigenetics refers to mechanisms altering the 

phenotype or gene expression of an organism (structural and/or biochemical) without any modification 

of the genetic blueprint itself. This change is inheritable and may be either physiologic or pathologic [1, 

6]. 

 

 
 

Figure 2: Control which is seen above the gene. Image courtesy of Ennis et al (7). 
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Through years of research, we now understand the stable nature of the genome, its sequence, its 

heritability, and in particular, its resistance to both change and reversibility. This is in contrast to the 

epigenome, which is found to be highly dynamic, controlling the expression of the genome, its 

heritability, highly reversible nature and ability to change in response to the surrounding environment. 

A summary of this can be visualised in Figure 3 [8,9].  

 
 

Figure 3: Genetics vs Epigenetics [8,9]. 

 

We see this everywhere in the world around us. Figure 4 is one example of this concept, where each of 

the four Asian rhinoceros beetles of the same species shown, appear different (body size and horn 

length). These changes are found due to the amount and quality of food available during their early 

developmental stages of life (5).  

 

 
Figure 4: The Asian Rhinoceros Beetle, Trypoxylus dichotomus [5].  

 

We see obvious changes of epigenetics in actions in ourselves. Spending time in the sun will causes 

melanocytes to increase their production of melanin, aiding in our protection from solar radiation. 

Consumption of alcohol will stimulate your body to produce more enzymes such as alcohol 

dehydrogenase to help clearance, Figure 5. We understand neuroplasticity, the re-organisation of our 

neuronal network due to environmental influences. All cells in our body have the same genetic code, 

yet are expressed differently, we have different cells in our body such as neurons, glial cells, 

https://doi.org/10.52793/JOMDR.2023.4(1)-33


4 

 

 

Review Article | Bachour A. J Oral Med and Dent Res. 2023, 4(1)-33. 

DOI: https://doi.org/10.52793/JOMDR.2023.4(1)-33 

 

osteoblasts, erythrocytes, melanocytes, adipocytes to name just a few. Without this ability to for these 

cells to differentiate from one another with respect to both their function and their identity, we as a 

species would not exist. This is the essential nature of the  

epigenome (10).  

 

 

 

 

 
 

Figure 5: The liver responding to consumption of alcohol through epigenetic signaling [7]. 

 

Epigenetic Coding Mechanisms  
When thinking of the genome and the epigenome, we need to think as if they are two distinct sets of 

codes. In a way the genome may be thought of as computer hardware (stable in configuration) while 

epigenome as the software which is running everything and constantly changing through updates. We 

understand the genome to be the sequence nature of deoxyribonucleic acid (DNA), nucleotide bases 

(adenine, cytosine, guanine, thymine) paired together to ultimately form a double helix structure. So 

what does the epigenome look like?   

 

The epigenome can appear either as  

- Chromatin marking  

- Three dimensional structures or templates  

- Self-sustaining metabolic loops  

- Non-coding ribonucleic acid (RNA)  

 

Chromatin marking and such as DNA methylation or histone modification and RNA interference are 

some of the most well studied of the epigenetic mechanisms. Chromatin marking may involve 

methylation (addition of CH3 methyl group) added to cytosine bases through the enzyme DNA 

methyltransferase and generally acts to silence the gene, that is to shut down transcription of the gene. 

The essential nature of this was demonstrated in 1992 by Rudolf Jaenisch et al, pictured in Figure 6. The 

research team was able to prove the importance of this through inducing a mutation of the gene 

encoding for DNA methyltransferase. This mutation was shown to be lethal to the embryo (11).   
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Figure 6: Rudolf Jaenisch. Image courtesy of Ennis et al (7). 

 

Histone modification on the other hand is targeted to the histone, that is the protein which in which the 

DNA wraps around. The histone may be tagged with either a methyl group, phosphatase (PO4
3-) or an 

acetyl group (CH3CO) and may act to either activate or silence the gene. These mechanisms don’t alter 

the gene, rather merely tag it as shown in Figure 7 (5, 6, 9, 12).  

 

 

 

 

 

 
 

Figure 7: Tagging the gene, not altering the sequence. Image courtesy of Ennis et al (7). 

 
Non-coding RNA, is RNA which is not translated and is present in different forms such as small 

interfering, micro and piwi-interacting RNA short chains, and long non-coding RNA chains on the other 

hand. Although they do not code proteins, they are instrumental in gene regulation. MicroRNA short 

chains for example exert their influence after transcription and bind to the untranslated region of its 

selected messenger RNA (mRNA). Here it acts to either degrade the mRNA or inhibit its translation and 

been shown to be an important factor in the differentiation of osteoblasts [5,6,9,12-16].  

 

The Link between Epigenetics and Craniofacial Development 

The next natural question to ask is how does this link to craniofacial development. Naturally answers to 

our questions become clearer over time. Traditionally it was theorised that our genes are the sole 

determinant of our craniofacial development [17]. As our understanding has grown, we can now see the 

important over-arching epigenetic influences. Twin studies have been an important tool to recognize 

environmental influence. If there is a strong correlation for an identical trait to be featured by 

monozygotic twins for example, then genetics becomes a key factor in explaining the similarities. On the 

other hand, differences in monozygotic twins are better explained by epigenetic influences. It has been 

well established that monozygotic twins are not truly identical from a phenotypical viewpoint and quite 

common to see differences. Many twin studies have shown how the environment, and therefore their 

epigenome can be responsible for phenotypic differences rather than the genes alone [18-22]. A case 

study by Ramirez-Yañez showed identical twins of different appearance and compensatory oral 

functions look much more alike once these functions were addressed and optimised, highlighting this 
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control beyond the gene itself [23].  

 
Moving forward to a more functional theories, Moss introduced the functional matrix theory in the 

1960s which proposed that growth of the craniofacial complex is not due to the predetermined growth 

of the skeletal unit itself, rather the skeletal unit is grown from the soft tissues, that is the functional 

matrix. It is adaptive, in response to functional demands, rather than being pre-programmed by the 

individual’s genetics. In this view, it is the function which can be seen to be the overriding factor in 

craniofacial development, ultimately controlling expression of the underlying genome [24-28]. The 

following decade saw Petrovic introduce the servosystem theory, based on cybernetics, and has its 

foundations in feedback mechanisms. It also theorized growth to be adaptive, responding to systemic 

influences, as well as local biomechanical/functional guidance [29,30]. Until today, we are seeing an 

ever more conclusive research and publications on the effects of the function and environment on form, 

growth and development [31-36]. 

 

Julius Wolff (1836-1902) was an early pioneer in orthopaedics and famous for his law of bone 

remodelling which implies that it is the function which determines the shape of the bones and went on 

to say that orthopaedics must be functional [37]. Some may have heard the saying, form follows 

function, function follows form as illustrated in Figure 8.  

 

It is important though to add that the common mistake is to think this is a one-way street. There are 

cases in which genetics seems to be the overriding factor, in particular true mandibular prognathism or 

division 2 incisors as examples [38,39]. With the above in mind, it can be seen that neither genes or 

function alone is able to explain the variations noted with respect to development of the craniofacial 

system. It is a fine interplay between both the genome and the epigenome.  

 

 

  

 

 

 

 
 

Figure 8: Julius Wolff’s law of bone remodelling. 

 

What may be Contributing to our Epigenome Changing?  
As mentioned, it is our environment which influences our epigenome. Now as we can see from Figure 9, 

this environment is the combination of both internal and external factors to us. There is much cross 

over though as the external factors will ultimately influence our internal environment. The external 

https://doi.org/10.52793/JOMDR.2023.4(1)-33


7 

 

 

Review Article | Bachour A. J Oral Med and Dent Res. 2023, 4(1)-33. 

DOI: https://doi.org/10.52793/JOMDR.2023.4(1)-33 

 

environment refers to the world around us, the temperature, humidity, pollution, pollens, ultraviolet 

radiation are examples. Our internal environment refers to within our body, the local environment 

within our cells and the intercellular space and how our body responds to the external environment. 

This may include nutrition, intracellular and intercellular chemistry, posture, habits, muscle activity, 

cellular signalling, and sum of the forces experienced by our cells. It can be seen that our total 

environment influences how our cells, and ultimately our body work.  

 

 

 

 

 

 
Figure 9: Our environment is both internal and external. 

 

The External Environment  
So the question, is our external environment different today than it was 100 years ago, 10000 years ago, 

100000 years ago? Little will have trouble accepting that our environment has changed markedly in this 

time, including my daughter who always asks me about the ‘olden days’. Three hundred thousand years 

ago saw the introduction of fire and therefore the transition from raw to cooked meals, twelve 

thousand years ago saw our species settle and develop agriculture, as opposed to moving through the 

land and 200 years ago saw the industrial revolution, the increased access to processed, refined foods 

such as sugar and flour [40,41]. These particular times in history have been shown to be associated to a 

change to a more disease-associated environment within the oral cavity and an increase in dental caries 

and periodontal disease [42-44].  

 

So the question, is our external environment different today than it was 100 years ago, 10000 years ago, 

100000 years ago? Little will have trouble accepting that our environment has changed markedly in this 

time, including my daughter who always asks me about the ‘olden days’. Three hundred thousand years 

ago saw the introduction of fire and therefore the transition from raw to cooked meals, twelve 

thousand years ago saw our species settle and develop agriculture, as opposed to moving through the 

land and 200 years ago saw the industrial revolution, the increased access to processed, refined foods 

such as sugar and flour [40,41]. These particular times in history have been shown to be associated to a 

change to a more disease-associated environment within the oral cavity and an increase in dental caries 

and periodontal disease [42-44].  

 

 

 

 

https://doi.org/10.52793/JOMDR.2023.4(1)-33


8 

 

 

Review Article | Bachour A. J Oral Med and Dent Res. 2023, 4(1)-33. 

DOI: https://doi.org/10.52793/JOMDR.2023.4(1)-33 

 

 

Figure 10: Earliest scans from our species, Homo sapiens, highlights our genetic potential. Image courtesy of Max-

Planck-Gesellschaft [52]. 

 
The rate of synthetic chemicals produced (chemicals which have never existed in human history) has 

been growing exponentially over the past one hundred years and has been shown to affect health in 

many ways including by affecting hormone activity [53-55]. It also doesn’t take much to see the increase 

in air pollution causing a reduction in the air quality we breathe in (56-58). Our modern sedentary 

lifestyle has also modified our inflammatory profile as highlighted in Figure 11 [59]. Table 1 and Table 2 

highlight some of these changes encountered over the course of human history. In fact, many of our 

chronic diseases or chronic conditions are in large part due to our environment and not our genetic 

blueprint, and pose the question if malocclusion should be any different [60-62].  

 

 
Figure 11: Sedentary lifestyle associated with a pro-inflammatory status [7]. 
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Table 1: Changes in our nutrition over human history. 

 

Table 2: Changes in our habits over human history 

 
As Figure 3 highlighted, DNA is remarkably stable and resistant to change. Without going into detail on 

studies of genetic evolution, the average rates of change of DNA sequence is typically measured in the 

base of millions of years. Changes to our genome will happen naturally over time, however, far from 

expeditious enough to track alongside the ever-increasing rate of change of our environment [63-66]. It 

is of interest to note that the first evidence of a mandibular/maxillary complex came approximately 440 

million years ago and the temporomandibular joint 225 million years ago [43,67,68]. Papazian shows 

that assuming one in every hundred thousand wild type alleles mutates in one direction to the mutant 

allele every generation, then it will take nearly twelve thousand generations to increase the mutant 

allele from a frequency of ten to twenty percent. For the mutant gene to be seen entirely within a 

population, can be seen to align with the timeframes seen above [66]. Given the stable nature of the 

genome, our epigenome is highly dynamic and ever changing, it can therefore be seen how it must be 

the epigenome which is constantly responding to our changing environment, controlling expression, or 

lack of expression of the underlying genome.  

 

The Internal Environment  
An incredible amount of research has taken place this century looking at environmental impacts on our 

epigenome. In a similar fashion to the archaeological evidence discussed in the previous section, much 

of the pivotal research had its beginnings last century. Weston Price (1870-1948), a dentist, highlighted 

these environmental factors on craniofacial development. From African tribes, to Eskimos, North 

American Indians, Polynesians, Australian Aboriginals to Peruvian Indians, he visited the most remote of 

regions, where modernisation was yet to infiltrate and inhabitants living off the land. The primitive or 

isolated people of these lands (wear little to no clothing, great physique and live off the land) were 

generally free of disease, exhibited open nostrils, showed minimal tooth decay, lacked malocclusion, 
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showed excellent bone structure with broad dental arches and all teeth present and in good alignment 

including third molars, also known as wisdom teeth as seen in Figure 12 (a). Areas which had been 

recently modernised (including introduction of imported foods such as canned food, white sugar and 

flour) saw a rapid deterioration in these conditions, teeth loss due to decay, severe dental and skeletal 

malocclusion, pinched nostrils and narrowing of the face and dental arches as seen in Figure 12 (b). The 

alarm was that much of this took place in the time span of a single generation, not at all predicted by 

genetics [69].  

 

 
Figure 12: (a) Member of the west Nile tribe in Belgian Congo adopt a primitive lifestyle. 

(b) Native hotel staff in Belgian Congo adopting a modernised lifestyle [69]. 

  
Francis Pottenger (1901-1967), a physician, conducted a study which looked at the effects of cooked 

food in comparison to raw food on the dentofacial development of cats. When the cats were fed raw 

meat and raw milk, they maintained broad faces, well developed zygomatic and orbital arches, well 

developed nasal cavities, broad dental arches, and a healthy dentition. When the cats were introduced 

to cooked meat and pasteurised milk, their condition worsened from generation to generation, 

highlighting the heritability of the epigenome. These effects included narrowed zygomatic and orbital 

arches, mid face deficiency, longer and narrower faces, retruded mandible, impacted teeth, and 

malocclusion. When these cats were allowed to forage an improvement in their dental alignment was 

noted which was likely due to the improved nutrition and working of the muscles of mastication and 

facial muscles. In addition, when reintroduced to the raw meat and raw milk, improvements were seen 

generation after generation, until the fourth generation exhibited a normal skull and normal dental 

development. These show the reversible and highly dynamic nature of the epigenome [70].  

 
The interesting conclusion with respect to these studies is made even more interesting when we realise 

the way at which the conclusion was reached. Price, a dentist, and Pottenger, a physician approached 

this in entirely separate ways only to reach the same conclusion. Where Price’s conclusions were 

formulated through careful observation of these populations and their behaviour, Pottenger was able to 

show these results experimentally. Pottenger started with healthy cats, and only through the 

manipulation of their diet and/or environment, was able to replicate in cats what Price had seen in 
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these populations.  

 
The orthodontist, Egil Harvold’s (1912-1992) primate experiments in the 1980s are another 

exemplification of this notion. In this experiment, primates were converted from nasal respiration to 

oral respiration through artificial obstruction of the nose as seen in Figure 13. This deviation in 

respiratory function presented obvious phenotypic differences. To begin with, an open mouth posture 

was seen along with altered muscle activity in comparison to the nasal respirators. This alteration in 

function ultimately resulted in varying types of malocclusion, narrowed mandibular arches, reduced 

maxillary arch length and anterior cross bite, an increase in anterior face height, increased mandibular 

plane angle (MPA), amongst other features [71]. This has been studied heavily with further confirmation 

with an open mouth posture leading to what is referred to as an adenoid face, associated with the 

factors of an increased MPA, retruded mandible, narrowed maxilla, increased face height and 

incompetent lips [72-74]. Figure 14 represents one of the pathways hypothesised in the way airway 

obstruction (altered function) may lead to an altered form [75].  

 

 
Figure 13: (a) Optimal nasal respiration; (b) Compensatory oral respiration [71]. 

 

Muscles and connective tissues are well known to be highly plastic in nature and based on their form 

can result in substantially altered biomechanics [76]. Neurophysiologically, skeletal muscles are dynamic 

and able to change their metabolism based on environmental demands, being amount of activity or 

inactivity, hormonal status, loading or lack of loading. With the right training, the muscle mass or even 

the metabolism and ratio of fast twitch fibres (powerful but easily fatigued) to slow twitch fibres (less 

powerful but fatigue resistant) may be altered [77,78]. Changes in musculature have been linked to 

craniofacial development, it has even been said that assessing intraoral pressure may be an important 

tool for studying the development of malocclusions [79]. There are many examples in literature to 

support this association between musculature and dental or skeletal malocclusions, such as weak 

musculature related to increased vertical growth of the craniofacial complex or mandibular morphology 

linked to the muscles of mastication [80-86]. It is generally accepted that the duration of force, rather 
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than the magnitude, is most influential with respect to structural form, that is, longer acting rest 

postures, although less powerful, can produce greatest structural changes, as opposed to forces which 

are higher impact but short lived [87, 88].  

 

 

Figure 14: One of the proposed mechanisms behind nasopharyngeal obstruction [75]. 

 
Studies have been performed in infants looking at the difference in muscle activity between 

breastfeeding and artificial forms of feeding. It has been shown the masseter and temporalis muscles 

are less active during bottle feeding in comparison to breast feeding. With the safe assumption  that 

perfect breastfeeding biomechanics recruits the perfect muscles necessary, then it has been shown that 

bottle feeding leads to a reduction of activity in the tongue, lips, temporalis muscle, masseter muscle 

and the pterygoids, with increased activity of both the mentalis and buccinator [89-91]. The differences 

in tongue position can be clearly seen between breastfeeding and bottle feeding in Figure 15, and this 

consequently must result in altered function.  

 

Ankyloglossia, also commonly known as tongue tie, is a condition which may affect function of the 

tongue causing restriction in movement and consequently results in poor biomechanics. Additionally, 

restriction of the upper lip will additionally cause altered function and poor biomechanics, including 

open lip posture. Releasing the tethered tissue in these cases of tethered tissue causing a functional 

deficit, has shown to be advantageous with respect to function of the muscle [92-95]. Ankyloglossia has 

also been shown to be correlated with underdevelopment of the maxilla, amongst other dental and 

skeletal changes [96,97]. As seen previously, any deviation from optimal function may ultimately result 

in consequences to the craniofacial system [98-100].  

 

 
Figure 15: Tongue position (a) at rest (b) during breastfeeding (c) during bottle feeding [101]. 
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Optimising Genetic Potential  
One may now ask, what does it mean to optimise genetic potential. According to the Cambridge 

Dictionary, potential is defined as either possible when the conditions necessary are met, or as the 

ability to develop [102]. As we saw earlier, it is not that we have lost the genes necessary to develop a 

well-formed craniofacial structure. In fact, we still have the genes necessary, however, we have just 

altered their expression. We can also see that optimised health is associated with optimised 

development.  

 
In lieu of the above, it can be seen that ideal function is necessary to ensure ideal genetic potential is 

reached. Any compensatory action will cause a deviation from the optimal potential through the 

epigenome. From infancy, we need to consider many environmental and functional aspects when 

discussing optimal development with respect to the epigenome, including:  

- Maternal and paternal health preconception [103-106] 

- Maternal health during pregnancy [107,108]  

- Delivery method [109,110]  

- Breastfeeding [111,112)  

- Nutrition (whole foods, organic, harder diet)   

- Functions (soft tissue restriction (incl. fascia), swallowing, chewing, baby led weaning)  

- Posture (resting tongue posture, resting lip posture, muscle balance)  

- Movement (physical activity, full body biomechanics)  

- Breathing (neuromuscular, biomechanical, biochemical, psychophysiological) [113,114]   

- Sleep Quality (sleep hygiene, sleep position, sleep architecture) [115,116]  

 

Conclusion 
It can be seen that the relationship between the genome and the epigenome is not in fact dichotomic, 

but rather complimentary. Ultimately, we can see the close link to our environment around us and 

within us. The more we can do to function in an ideal way, the more our form will mirror this through 

the control of gene expression. Ideally, we want the sum of our environment, functions and underlying 

genetics to produce a great symphony orchestra. If Wolff’s law is taken one step further, it may be 

stated that ideal form will support ideal function, whereas compensatory form will support 

compensatory function. With respect to craniofacial development, we need to take into account not 

only the underlying genetics of the individual, but rather the entire epigenome. In such way, treatment 

must be focused in a way to address the underlying cause of the malocclusion, and in doing so, ensure 

best long term health outcomes for the patient.  
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