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ABSTRACT
Dental caries is still one of the most prevalent occurring oral diseases globally which affects all age groups and is 
prevalent worldwide. There is a need to determine various methodologies that could prognosticate caries early. 
Fingerprint or the digit ratio isthe ratio of the second digit (2D) to the fourth digit (4D).It can be measured by various 
methods using vernier callipers, radiographs, scanners.2D:4D ratio is used as a biological marker in medicine for 
predicting and diagnosing many metabolic disorders like coronary heart disease and autism, whereas, in dentistry, this 
method is still in blooming stage, and should be mined deeper.Several studies on association of hormonal fingerprints 
or digit ratio have confirmed the impact of hormones on incidence of malocclusion, BMI which in turn influences the 
caries index and could be used as an early predictor. Hormonal fingerprints have also been associated with risks of 
incidence of various oral malignant and premalignant lesions.
This article aims to highlight the role of hormonal fingerprints as potential biomarkers in early diagnosis, prognosis, 
and early lifestyle interventions for many dental diseases but most primarily dental caries.
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INTRODUCTION
Biological markers are a measurable indicator of physiological state or condition. They are the tools that help in 
diagnosis, prevention, or retrogression of disease. Pulse, blood pressure, anything that may give a correlation between a 
biological process and a potential hazard or abnormality can be a ‘Biomarker’, as stated by the World Health 
Organization (WHO)[1].
One such biological marker is the Hormonal Fingerprint. Digit ratios like 3D:5D can also be used for studying sexual 
dimorphism and relationship to different human phenotypictraits. Recently, the second to fourth digit ratio (2D:4D 
ratio) has attracted a lot of research attention. [2].
The 2D:4D ratio is relative length of the fourth digit compared to the second digit. It has been found to be sexually 
differentiated in humans. Men tend to have a lower ratio than women. The first mechanism is that the Homeobox A and 
D genes underlie the development of both gonads and the digits. The timing of the gene regulation leaves a digit ratio 
that reflects the quantity of androgen produced. The second mechanism is that the digit ratio is a function of androgen 
sensitivity rather than androgen concentration.
These sex and individual related differences in 2D:4D emerge in-uteri at the beginning of the second trimester and 
appear to be seemingly stable during postnatal life. The 2D:4D ratio has been widely used in multiple medical scenarios 
in the past, it has been evidenced as an indirect marker in diseases like Coronary Heart Disease and metabolic 
syndromes.
In Dentistry, the 2D:4D ratio can be used to predict children’s caries risk,by determining their dietary preferences, taste 
perception, salivary flow; children’s risk of developing malocclusion, risk of developing oral squamous cell carcinoma.
METHODS OF MEASUREMENT
Several methods that are commonly implemented for determining the 2D:4D ratioare:
1. Digital Vernier Callipers: The index and ring fingers are determined from the fingertip till the midpoint of the 

base of the crease, on the ventral surface of the hand using the digital vernier calliper. The digit ratio is determined 
by dividing these two values and calculating the mean of the multiple measurements for both the hands and then 
further divided for the calculation of 2D:4D ratio of both hands respectively. Digital Vernier Callipers are the most 
sought to methods for digit ratio as they are very easily available and are budget friendly.

2. Photocopies: Photocopies of the hands can be used to measure the digit ratios. This method is not largely used as 
it tends to provide lower values of digit ratios as compared to the ones obtained by direct measurements.

3. Radiographs: Radiographs can also be used to measure the digit ratios but are mostly contraindicated due to 
ethical consideration to radiation exposure.

4. Digital Scanners:Digital Scanners are the most accurate means of determining the digit ratio as they are highly 
suitable in terms of precision, expediency, and expenses. The individual is instructed to place both the hands on 
the scanner with all the fingers extended and visible.
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Correlation between the digit ratio and various human traits:
Jeevandanamet al.[3]tabulated a list of sexually dimorphic traits that have shown correlation with the digit ratios shown 
in the table below (Table-1).

Parameters Low digit ratios
(Masculine ratio)

High digit ratio
(Feminine ratio)

Physiological Left-handed preference. Lowered sperm counts.
Increased risk for heart disease.
Increased risk of obesity, and 
metabolic syndrome.

Pathological Increased risk for anxiety. Increased risk of depression and 
eating disorders.

Behavioural Assertiveness in females.
Aggression in males.

Numerical skills.

Sexual orientation Heterosexual preference. Homosexual preference.
[Table-1: Correlation between the digit ratio and various human traits]

Implications of Hormonal Fingerprints:
Many scientists and researchers have documented the relations between the 2D:4D ratio and human traits and 
behaviours in the past years. However, the studies pertaining to dental sciences to the effect of hormonal fingerprint on 
oral health are very sparse than required.Several studies which focused on relation of the digit ratio with caries 
prevalence, malocclusion, taste sensitivity, malocclusion, BMI, very importantly- Oral squamous cell carcinoma were 
discussed and associated with each other.

Authors and 
Year

Parameters 
compared with 
2D:4D ratio

Results Conclusion

1. Vermaet al. 
(2013)[4]

Caries risk in 
children, Taste 
Sensitivity, dietary 
preferences

- Greater prevalence of Non-
Tasters and Male population in 
the Low 2D:4D ratio group.
- Increased prevalence of Tasters 
and Female population in High 
2D:4D ratio group.
- Increased prevalence of Sweet-
Likers in the Non-Taster group.

This research confirms
impact of hormones on human 
perception of taste and dietary 
preferences, which in turn 
influences their caries index 
and could also extend way 
beyond it.

2. Rajawatet al.
(2020)[5]

Caries incidence 
(using DMFT 
index)

- Males had a statistically 
significant lesser mean 2D:4D 
ratio than females.
- Females with a low digit ratio 
and males with a high digit ratio 
were in the high caries risk group.

The study displayed a positive 
correlation between 
hormonal fingerprints 
(2D:4D ratio) and dental 
caries. An indicator of caries 
risk will help prevent caries 
by adapting oral hygiene 
measures, which in turn will 
reduce its incidence as the 
most occurring oral disease.

3. Lakshmi et 
al. (2016)[6]

Caries prevalence, 
Genetic taste 
sensitivity, 
Salivary flow rate.

The results of the study suggested 
a positive relation between low 
2D:4D ratio, non-tasters, sweet 
likers, decreased unstimulated 
saliva flow and high caries index 
among the participants.

The research revealed a 
positive correlation between 
all the parameters evaluated.

4. Priyankaet al. 
(2016)[7]

Caries, Body Mass 
Index, 
Malocclusion

- Higher BMI values were 
associated with lower 2D:4D ratio 
and normal occlusal conditions.
- Increased rate of malocclusion 
was associated with High 2D:4D 
ratio.
- High caries prevalence seen in 
children.

The study confirms the 
impact of hormones on 
incidence of malocclusion, 
BMI which in turn influences 
the caries index and could be 
used as an early predictor.



International Journal of Early Childhood Special Education (INT-JECSE) 
DOI: 10.9756/INT-JECSE/V14I2.537 ISSN:1308-5581 Vol 14, Issue 02, 2022

4818

5. Premkumaret 
al. (2013)[8]

Craniofacial 
growth and 
development

- Low 2D:4D is seen in subjects 
with mandibular prognathism.
- Among females, low 2D:4D is 
seen only in prognathic mandible.

Testosterone plays an 
important role in mandibular 
growth. The 2D:4D ratio can 
be used as an early marker 
for mandibular 
prognathism, and as a 
diagnostic tool to correlate the 
mandibular growth with 
causal relations between 
hormones and craniofacial 
development.

6. S.C. Sarodeet 
al. (2013)[9]

Non-habit 
relatedOral 
Squamous Cell 
Carcinoma 
(OSCC) in males

- Higher 2D:4D ratio was seen in 
people with OSCC when 
compared with the control group.

It can be concluded that there 
is a positive correlation 
between 2D:4D and OSCC
which could be attributed to 
common genetic factors. It 
can also be inferred that digit 
ratio can be used as a possible 
reliable marker for the 
screening of patients who are 
at risk of developing OSCC.

7. Y. Ying 
(2019)[10]

Non-Habit related
Oral Squamous 
Cell Carcinoma
(in both males and 
females)

A lower 2D:4D ratiowas 
associated with an increased 
OSCC risk compared to a higher 
2D:4D. This relationship was 
however not influenced by any 
risk-taking behaviours.

It can be concluded that there 
is a negative association 
between 2D:4D digit ratio
(which is a marker of intra-
utero testosterone level)and 
OSCC risk which seems not 
to be influenced by risk-taking 
behaviours.

8. R.N. Hoppet 
al. (2011)[11]

Oral Squamous 
Cell Carcinoma, 
Oral Premalignant
Lesions (OPLs)
In Tobacco 
consuming Males

- Males included in the OSCC 
group presented significantly 
higher digit ratio when compared
with males with OPLs and 
individuals without oral lesions.

In can be concluded that
males with the higher digit 
ratio seem to be more prone to 
undergo malignization of 
lesions in the oral cavity. It 
can be inferred that 2D:4D 
digit ratio could act as a 
putative marker for the 
screening of patients’ 
susceptibility to develop oral 
squamous cell carcinoma.

9. Manning et 
al. (2010)[12]

Nicotine and 
Alcohol intake

- Subjects with lower 2D:4D ratio 
(males) wererelatedto high 
alcohol consumption and higher 
2D:4D ratio (females) was linked 
to highnicotineconsumption.

It can be inferred that there 
were significant links
between 2D:4D andalcohol 
and nicotine consumption.

10. Mendes et al. 
(2016)[13]

Non-
syndromicorofacial 
clefts (Lip/Palate)

- No significant difference was 
found between the mean digit 
ratios of the right and left hands 
between the NSCL/P and control 
groups for any analysis, neither 
for the whole sample nor for the 
distributions by type of cleft and 
by gender.

It can be concluded that the 
results are not indicative of 
anyassociation between 
2D:4D ratio and this 
craniofacial deformity. It can 
be inferred that intrauterine 
exposure to foetal androgens, 
assessed using this marker, is 
similar between patients with 
NSCL/P and healthy 
individuals.

[Table 2: Various studies discussing the implications of hormonal fingerprints in dentistry]
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DISCUSSION
The study by Vermaetal. indicates high incidence of caries, oral decays and other diseases of genetic pattern in the 
Low 2D:4D ratio group as most of them are Sweet-Likers, Non-Tasters. The high incidence of caries in sweet likers in 
the Indian population is most probably due to dietary habits and inclination toward sugar amongst masses.
The study shows strong clinical correlation between digit ratio, taste perception and dietary preferences where 80% of 
the population is having a low digit ratio suggestive of high prenatal androgen levels. High prenatal androgens/Low 
prenatal estrogens or both may tend to produce a Low/Masculine 2D:4D ratio. [14,15,16]

Genetic taste sensitivity is evaluated by a PROP test. PROP strips are prepared by soaking Whattman filter paper strips 
in 10mg/ml of 6-n-propylthiouracil dissolved in 10mL of ethyl alcohol, for one hour for absolute absorption of PROP. 
The test evaluates the genetic sensitivity levels of bitter or sweet substances. The PROP strip is kept on the dorsal 2/3rd

of the tongue for 30 seconds. The subjects are categorized as PROP Tasters and PROP Non-Tasters. Those who tasted 
bitter are categorized as Tasters and those unable to perceive any taste are categorized as Non-Tasters.
The study by Lakshmi etal.suggests that 81% of the participants had a Low 2D:4D ratio which included males 
predominantly. 54% males and 46% females were Non-Tasters of the PROP test and majority of them had a low 2D:4D 
ratio. 59% of the participants were sweet-likers and 64% of sweet-likers were Non-Tasters. 80% of the sweet-likers had 
a low 2D:4D ratio. The rate of unstimulated saliva flow was far greater in tasters than in non-tasters. The Non-Tasters 
were found to have a greater Dental Caries experience with mean DMFT value significantly higher than in Tasters. The 
decreased rate of unstimulated salivary flow in non-tasters could be an important factor in the increased caries 
prevalence. Therefore, the study suggests that an individual considered as Non-Taster by the PROP was a sweet 
liker with low 2D:4D ratio, reduced salivary flow rate and high caries index.
The study by Priyankaet al. indicates that hormones have a very pivotal influence over BMI and the incidence of 
malocclusion. Subjects with a lower 2D:4D ratio have a lower BMI, a greater incidence of malocclusion which in turn 
influences the higher caries index.Therefore, the 2D:4D ratio can be used as an early predictor of caries prevalence and 
malocclusion.
The study by Premkumaretal.suggests increased influence of high prenatal androgen levels in increased incidence of 
prognathic mandible. Sex steroids stimulate growth centres of bones, either directly or indirectly through local 
production of insulinlike growth factor-1 (IGF-1) or other growth factors. They stimulate osteoclast differentiation 
indirectly or directly and endochondralossification.Prenatal testosterone can be held responsible for organization of 
certain features of the face, like bones (jaws and cheek bones) and altered anteroposterior growth of mandible. The 
study, hence,suggests how a Low 2D:4D ratio can serve as an early predictor for any alternance in the growth of 
mandible.
The study by Rajawatetal.supported the fact that males have a significantly lower 2D:4D ratio when compared to 
females. The study also suggested thatcaries incidence was high in females. Subjects with higher digit ratio fell more in 
the low and moderate caries risk groups. The relation of hormonal fingerprints and caries experience was inversely 
related in females and directly related in males, which is in contradiction with the general trend of inverse relation of 
dental caries incidence and 2D:4D ratio.
A study conducted by Manning et al. evaluated the relation between nicotine and alcohol consumption and it was 
found that higher alcohol consumption was reported in subjects with a lower 2D:4D digit ratio i.e., in males and a 
higher nicotine consumption was reported in subjects with a higher digit ratio i.e., in females. Therefore, the 2D:4D 
ratio can be used as putative evidence for assessing future risks of high alcohol and nicotine consumption in respective 
groups, which can further help in a better diagnosis, prevention and prognosis of conditions associated with alcohol and 
nicotine consumption, Oral cancer and liver diseases being the most common ones.
Several studies have discussed and researched the relation of Oral Squamous Cell Carcinoma (related with and 
without risk factors) with the 2D:4D ratio.
-A study bySaroseetal.conducted on male subjects with no habit related risks with OSCC showed a higher 2D:4D digit 
ratio as compared to the control group. It was also found that 26.9% of the OSCC patients showed family history of 
OSCC and those family members with OSCC exhibited a higher 2D:4D ratio as compared to the control group. This 
study indicates a positive correlation between the 2D:4D ratio and Oral Squamous Cell Carcinoma.(OSCC)
-However, this was contradicted by a study conducted byY. Ying et al.according to which a negative relationship was 
exhibited between the 2D:4D ratio and risk of developing OSCC, and it was concluded that a 2D:4D ratio lower than 1 
(Lower 2D:4D ratio) was associated with a higher risk of developing OSCC compared to a 2D:4D ratio equal to or 
higher than 1 (Higher 2D:4D ratio). The study also showed a contradiction with the general trend of lower 2D:4D ratio 
in males and higher ratio in females and showed opposite observations.
Another study by R.N. Hoppetal.focused on tobacco consuming males with OSCC and other Oral Premalignant 
Lesions (OPLs).It could be seen that the consumption of tobacco and cigarette was higher in subjects affected with 
OSCC as compared to the ones with OPLs and the control group. Males with OSCC exhibited a higher 2D:4D ratio as 
compared to the ones with OPLs, the control group showed 2D:4D ratio higher than the OPL group and lower than the 
OSCC group.
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Thus it can be said that the relation between 2D:4D digit ratio and oral squamous cell carcinoma needs to be researched 
more upon and studied more as the aforementioned studies show promising prospects of a definite conclusion in the 
future, and with more insight 2D:4D ratio can, hence, be used a reliable screening tool for risks of OSCC.
Some other findings in association with 2D:4D ratio:
A study by Hoppet al. [17] assessed the correlations between the 2D:4D ratio and success in theoretical and practical 
examination in the dental curriculum of a Brazilian University. The success rate in both the criteria was inversely 
correlated to the digit ratio in males but very significantly not in females. Males with a lower 2D:4D ratio secured 
higher grades as compared to the ones with a higher 2D:4D ratio. The finding supports a link between high prenatal 
testosterone and intelligence in males.

A study by Al-Zaidet al. [18] observed that the 2D:4D ratio was drastically lower in boys with autism compared to the 
ones with no autistic traits. This was attributed to the fact that boys were exposed to higher levels of prenatal 
testosterone which is an important risk factor for the development of autism.
Brown et al. (2002) [19]also conducted a study to find an association between the 2D:4D digit ratio and incidence of 
Congenital Adrenal Hyperplasia (CAH) and found that females with CAH had asignificantly smaller 2D:4D ratio 
compared to females without CAH andthe maleswith CAH had a significantlysmaller 2D:4D ratio compared to 
maleswithout CAH.
Moreover, application of 2D:4D ratio has been far vastly studied in other parts of medicine as compared to in dentistry 
and there is an ample amount of evidence present to believe that the 2D:4D ratio can be used as a screening tool in 
many medical and dental conditions.

CONCLUSION
Hormonal Fingerprints like 2D:4D digit ratio provide an inside view into the prenatal life of an infant which provides us 
with information about behaviour, probability of disease occurrence, intelligence, can thus act as a positive predictor for 
multiple dental conditions like caries risk, oral squamous cell carcinoma, malocclusion, prognathism. Although 
hormonal fingerprints show occurrence of sexual dimorphism, they cannot totally be relied upon sexual distribution.
If a high-risk patient is recognized with the help of these biological markers in the earlier stages of the dental condition, 
it can help in a better prognosis, early lifestyle intervention and prevention of multiple orofacial complications in the 
future. Despite Hormonal fingerprints still being a very new developing science, it shows prospects of a very promising 
screening tool in medicine and dentistry, which will hopefully be unearthed with continued research and development.
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