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Abstract: Molecular mechanisms in regulating physiologic interactions in the human body are under the control of circadian 
rhythmicity. The modern lifestyle and adjusting to the globalized world have led to various imbalances and diseases. Adaptation of 
certain body functions according to age or environment keeps altering. Late hours, frequent travel, or some medications can confuse 
these primary clock genes and cause hormonal imbalance. The importance of clock genes adjustment to triggering factors of night and 
day time zones has a crucial role in the proper functioning of our body. Similar to the bone formation pattern, the circadian rhythm 
directly influences the hardest substance, the tooth enamel. Various transcription factors conduct these circadian rhythmicities 
through clock genes. Identifying new clock genes is in progress, and intraspecific gene variations regulate the clock proteins. Lag in the 
feedback system is possible if there is a possibility of alterations among the clock genes. If there is a disruption in these gene 
expressions, it can lead to several diseases. Aging and neurodegeneration-related diseases are also crucial in understanding circadian 
rhythm disturbances. Even the enamel or dentin-related disharmony related to circadian rhythms in clues of the molecular signals 
receiving day and night variability is possible. Specific geographical studies on the population may help understand the circadian rhythm 
and its effects on patterns of mineral deposition in teeth. These prove to help anthropologists though they could be more accurate 
greatly. This review focuses on the effects of circadian rhythm in enamel and its usage with various clock genes in other oral tissue 
functioning. 
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1. INTRODUCTION  

 

The rhythmic coordination between the human body and the 
external environment is fundamental to maintaining 
functional balance. The relationship between the several 
functions of the human physiologic system depends on the 
changes in the time of day and night. This biological clock, 
thus, is under the influence of the earth's rotating axis, 
known as the circadian rhythm. The location of the central 
circadian clock is in the suprachiasmatic nuclei in the region 
of the anterior hypothalamus, and the other clocks in the 
peripheral tissues support the central system. Human 
suprachiasmatic nuclei synchronize internal metabolic 
circadian rhythms to external light and dark cycles. Shorter 
light hours may alter neuron firing patterns in the 
suprachiasmatic nuclei via the light-sensitive retino-
hypothalamic pathway. Various transcription factors conduct 
these circadian rhythmicities through clock genes. Identifying 
new clock genes is in progress, and intraspecific gene 
variations regulate the clock proteins. Lag in the feedback 
system is possible if there is a possibility of alterations among 
the clock genes. If there is a disruption in these gene 
expressions, it can lead to several diseases.1-4 Enamel is 
harder calcified tissue than human bone and is valuable in 
crime investigations and forensic studies. The formation of 
enamel is unique to determining the age of crown 
completion. The presence of retzius lines and cross striations 
in enamel are helpful for identification purposes.5,6 The striae 
periodicity indicates the time for everyday enamel secretion 
between the two incremental lines, known as cross-
striations. They run across prisms perpendicularly, indicating 
a 24-hourly rhythm of enamel formation. There are constant 
similarities for all teeth of an individual; differences in number 
exist between and within species and between two 
individuals. The rhythmicity can differ in every person 
depending on their body mass, metabolism, temperature, 
diet, or hormones. The suprachiasmatic nucleus depends on 
the hypothalamic nuclei and vasoactive intestinal peptides to 
release cortisol, melatonin, and body temperature. There are 
also associations in heart rate, blood pressure, and 
incremental lines. The body mass is also generally dependent 
on the central control of lamellar pattern bone formation, 
just like the enamel incremental line formation. The vagal 
pathways are the ones controlling the body mass central 
sympathetic system of body mass. Hence, circadian rhythms 
play an essential part in human physiological regulation and 
diseases as it involves many circadian rhythm genes. The 
circadian rhythm-oriented disruption in normal physiology 
due to changes in the transmission of the biochemical signals 
to be treated understanding the mechanism of the related 
pathways. Some of the clock genes due to disharmony lead 
to an increase in developing cancer, also angiogenesis 
promoting further tumor progression. Aging and 
neurodegeneration-related diseases are also important in 
understanding circadian rhythm disturbances. Even the 
enamel or dentin-related disharmony related to circadian 
rhythms in clues of the molecular signals receiving day and 
night variability is possible.7-12 This review mainly focuses on 
the importance of circadian rhythms in the enamel and 
factors influencing the role of clock genes in enamel and 
other oral tissues. 
 
2. INCREMENTAL LINES  
 
Initially, the mineral content is low when the enamel 
secretion begins; as formation continues, the enamel crystals 

increase, and the mineral content rises. During enamel 
matrix formation, the ameloblasts have two particular sites, 
first at the base of the tomes process forming the 
interprismatic enamel. The other one at the one side of the 
distal portion of the tomes process forms the matrix of the 
enamel rod. Ameloblasts show differences in the rate of 
enamel matrix secretion that reflect an incremental pattern 
in the enamel deposition. The neonatal line is a hallmark of 
before and after the birth of enamel; deposition can be found 
in deciduous teeth and sometimes in the first permanent 
molar. Thus it is a valuable landmark in forensic 
anthropological studies. Rhythm periodicities are under the 
control of several influencing intrinsic and extrinsic factors. 
Due to various disturbances during enamel formation after 
birth, there are variations in the incremental line formation. 
Variations in gender, ethnicity, body mass, and metabolic rate 
are common. Studies on gender effects show higher 
periodicities in the south African sample. Generally, the 
female population has a faster rate of enamel secretion daily. 
They also divulge the teeth if exposed to any chemicals, the 
presence of any diseases, or the diet.10-14 

 
3. CROSS STRIATIONS 

 

Cross striations indicate deposition by ameloblast in a day. 
There are several methods, from counting the cross 
striations directly or dividing the distance between the two 
long periods by the distance between cross striations. Studies 
prove that circadian rhythms control gene expression during 
enamel or dentin formation. Different proteins are present in 
the secretory and maturation stages of ameloblasts. They are 
related to the cyclical gene production for certain essential 
cell functions. However, few studies show that cyclical-
specific genes for enamel formation relate to the peripheral 
clock of circadian Regulation. Literature studies show that 
the differences in the periodicities of cross striations and 
incremental lines depend on the light exposure as different 
geographical locations experience different time intervals and 
duration of light exposure. Incremental lines in bone lamellae 
also show similar characteristics as enamel. The time taken 
for enamel formation is the distance between the dentin and 
the outer enamel. Transcription factors that encode these 
clocks are necessary for Regulation by circadian rhythms. 
Also, they have a role in the differentiation of ameloblasts 
and odontoblasts.13-16 
 

4. VARIOUS CLOCK GENES 

 

Collagen in dentin shows double the production in 12hr in 
daylight than the same number of hours at night. Regulation 
of promoter activity in clock genes is related directly to the 
circadian rhythm. The clock genes are the ones maintaining 
the circadian rhythms, like Circadian Locomotor Output 
Cycles Kaput (Clock), Period 1 (Per1), Period 2 (Per2), 
Period 3 (Per3), and others. The interlocked loops of 
transcriptional and translational feedback are the main cause 
of the function of biological clocks at the molecular level. The 
three main clock genes are E-box, RORE, and DBPE; the 
most familiar is the Per I promoter in the E-box part of the 
binding site to CLOCK/BMAL1. PERs and CRYs, inhibit the 
pathway. Their output signals cause repetitive patterns along 
with other transcriptional factors. Pituitary adenylate cyclase-
activating polypeptide(PACAP) in retinal ganglionic cells 
produces PER gene expression. Physiological disturbances are 
common in disrupting these main clock genes like BMAL1 
leading to neurodegeneration and deviation in the normal 
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sleep cycle altogether, inhibiting the central clock squad. 
Zeitgeber cues like light or other regular external activities 
such as eating are essential in maintaining the circadian 
rhythms. Thus entrainment is necessary for regular 
periodicity. There might be several reasons for variations in 
rhythmic periodicity. The anatomy and microstructure 
influence these variations in periodicities. Likewise, higher 
periodicity results in thicker enamel formation.17-21 The 
various microstructure of teeth and bone follow the same 
rhythmic pattern of deposition, the relationships of retzius 
lines depending on the metabolic activities based on circadian 
rhythm. Thus it affects the mineral composition and the 
normal functions of primitive cells. The differences in the 
deposition due to several factors may result in variations. 
The outer and internal enamel defects or accentuated striae 
result from the same. It is easier to obtain the chronology 
from the accentuated striae of retzius than from the external 
perikymata markings. The variations can affect the enamel 
matrix's composition and the ameloblast cells' proper 
functioning. Histological study of the teeth has become easier 
with laser confocal microscopy. Specific geographical studies 
on the population may help understand the circadian rhythm 
and its effects on patterns of mineral deposition in teeth. 
These prove to help anthropologists though they could be 
more accurate greatly.22,23 
 

5. CIRCADIAN RHYTHM AND OTHER ORAL 

TISSUES 

 

Clock genes also influence the salivary glands saliva secretion. 
There is a direct link between the disturbances associated 
with saliva flow, salivary gland diseases, and circadian 
rhythms. So relating to the maintenance of homeostasis in 
the oral environment, the importance of omics in circadian 
rhythm is essential in research related to head and neck 
pathologies. They control the cell proliferation in p53; cyclin 
B1 shows a direct link involving the circadian rhythm. The 
clock genes are essential in regulating functions in many 
other tissues, including oral epithelium, periodontal and 
alveolar bone. It is interesting to note that many studies 
indicate the circadian clock gene PER1 with squamous cell 
carcinoma, and this particular gene can help understand the 
pathogenesis associated. Proteins encoding the important 
clock genes form the circadian oscillator and rhythms. Many 
studies indicate the relationship of change in these clock 
genes to tumorigenesis.24-30 It is noticed that in gastric, 
prostate, and breast cancer cases, the higher expression of 
PER1 and PER2 directly impacts the better prognosis of the 
patients—also, the downregulation of BMAL1 in colorectal 
pancreatic and ductal adenocarcinoma. The CRY1 and CRY2 
genes are related to prostate and breast cancer. Few studies 
show a decrease in the expression of clock genes in oral 
squamous cell carcinoma like PER1,2,3 CRY2 and BMAL1. In 
vitro studies have related the decrease in PER1, leading to 
cell proliferation apoptosis and invasion. The clock gene 
suppression PER1 and p53 gene has a definite role in 
advancing squamous cell carcinoma. Disturbances in the cell 
cycle that relays mainly on the Cyclin-CDK-cyclin-dependent 
kinase inhibitor regulatory network and the decrease in the 
PER clock genes lead to a decrease in the tumor suppressor 
gene expression. Smooth conduction of rhythm is controlled 
by molecular signals from cells and tissues that synchronize 
the time of manifestation. An imbalance in circadian rhythm 
can bring upshots in the body's normal functioning. Metabolic 
syndrome is one of the presentations of such a disorder due 
to direct contact with light at night. Directing circadian 

rhythms in the treatment of certain diseases can be of 
immense help to humankind.31-40 

 

6. TOOTH FORMATION TIMES 

 

The physiological sequence of the human body is related to 
tooth formation times. The teeth eruption coincides with 
skeletal maturation, thyroid, growth hormones, and adrenal 
cortex activity. The total deposition of enamel or dentin and 
formation rate is time-dependent on the clock genes—
variations in an ameloblastic deposition concerning circadian 
rhythm cause the different prism thickness and composition. 
The time taken for the deposition of the initial mineral 
formation slows down soon after the main cusps for the 
maturation of the mineralization to proceed. The enamel 
structure influences the determination of prism structural 
patterns.41,42 

 
7. USES OF THE INCREMENTAL LINES/CROSS 

STRIATIONS 

 

These incremental lines and cross striations help determine 
the time taken for the crown formation. They are usually 
observed under SEM, backscattered electron imaging, and 
polarized microscope studies of thin ground sections. These 
growth markings can be very useful to standardize the 
growth rate of hard tissue formation in different regions and 
can also be used in the forensic application for identification. 
Cross striations and time intervals can add to crown 
formations' deposition patterns. It is one of the useful 
methods to analyze the age by the cross striations in still 
enamel-forming teeth. The gap between the striae intervals 
varies from 6 to 12 days. They predict the age at death and 
specify the time taken for the two incremental lines to form 
and pathologies. 41-43 

 
8. CONCLUSION  

 
A study on large-scale data is necessary to understand the 
importance and implication of enamel depositional patterns. 
In recent years the secretion of various hormones and their 
triggering factors under circadian rhythms have been 
untangling. Future studies might help prevent numerous 
pathologies, including those in the head and neck. 
Understanding the environmental changes affecting circadian 
rhythms and their influence on human beings can greatly 
help. Further prevention of long-term changes causing an 
imbalance in the molecular signaling can lead to a better 
understanding of these clock genes in terms of prevention, 
 progression of pathologies, and future therapeutics. 
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