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Abstract

Diabetes Mellitus; Hypertension

Digito-palmar dermatoglyphics is the study of the configurations and pattern-frequencies of the epidermal ridges on the
palms and finger pads. They are ectodermal in origin, develop in early embryonic life, and remain unaltered throughout the rest
of life. Fingerprints and handprints are widely used in criminology. Recently, digito-palmar dermatoglyphics have been utilized as
biomarkers for detection of some dental, malignant, chromosomal, skin, ocular, and medical disorders.
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Abbreviations: AFRC: Absolute Finger Ridge Count; ALL: Acute Lymphoblastic Leukemia; ANM: Acanthosis Nigricans Maligna;
ECC: Early Childhood Caries; FCP: Florid Cutaneous Papillomatosis; OSCC: Oral Squamous Cell Carcinoma; OSMF: Oral Submucous
Fibrosis; POAG: Primary Open Angle Glaucoma; THCS: Tel Hashomer Camptodactyly Syndrome; TP: Tripe Palm; TRFC: Total Finger
Ridge Count

Introduction

Dermatoglyphics is the scientific investigation of the
morphology and pattern-frequency of the skin ridges on the palms,
soles and digital pads. They develop from the ectoderm germ
layer in early embryonic period and remain stable throughout life.
In a previous article, we reviewed the ethnicity-, age-, sex-, and
laterality-related variations of digito-palmar dermatoglyphics;
their role as predictors of brain disorders was discussed [1]. Here,
a review is made concerning the utilization of alterations in the
digito-palmar dermatoglyphics as biomarkers for the diagnosis of
dental and medical disorders.

Dermatoglyphics In Dental Disorders
a) In Malocclusion

Craniofacial elements and epidermal ridges are ectodermal
structures developed early in embryonic period. Genetic and
environmental factors causing malocclusion are also thought
to induce morphological alterations in fingerprint patterns;
suggesting the dermatoglyphics as an effective tool for prediction
of malocclusion [2]. Significantly increased twinned loops and
absent radial loops on fingertips were observed in individuals with

malocclusions when compared to those with normal occlusions;
handprints revealed non-significant alterations [3].

b) In Dental Caries

The epidermis of finger ridges and the dental enamel are
ectodermal in origin developing in the same embryonic period,
therefore dermatoglyphic patterns were used as a genetic marker
for dental caries. Susceptibility to dental caries was observed
to be linked to an increased frequency of whorl pattern and
decreased incidence of loop pattern.[4] In an investigation on
preschool children of Lucknow, India dental caries susceptibility
was associated with significantly increased frequency of whorl
pattern and significantly decreased frequency of arch pattern, of
fingerprints [5]. In Bengalese children with dental caries, there were
significantly increased total finger ridge count (TRFC) and absolute
finger ridge count (AFRC) in addition to significantly changed
frequency of palmar patterns and number of palmar triradii [6]. It
has been generally stated that the incidence of whorls in the right
index fingertip predicts significantly lower risk of early childhood
caries (ECC) in both sexes whereas the incidence of whorls in the
right ring fingertip predicts significantly lower risk of ECC in female
children [7].
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c) In Edentulous Arches

Digito-palmar dermatoglyphics, in edentulous individuals,
were used as an effective tool for predicting the shape of the original
dental arch. A significantly increased frequency of loops and a large
“atd” angle predicted original square dental arches, a significantly
increased frequency of whorls and a small “atd” angle predicted
original tapering dental arches, and a significantly increased
frequency of loops alone predicted original ovoid dental arches [8].

Dermatoglyphics In Malignancies

Tumors, in general, are associated with alterations in the digito-
palmar dermatoglyphics in the form of decreased number of ridges
between the triradii of both palms and between the triradii of c-d.
Endocrine tumors, in particular, are associated with increased
number of arches and decreased number of whorls in addition to
different pattern distribution in the I3 and 14 interdigital spaces.
Different pattern distribution in I1 and 12 interdigital spaces could
point out to the presence of a pituitary tumor [9]. It has been
also decided that palmar dermatoglyphics could be of help in
discriminating individuals at high risk of oral submucous fibrosis
(OSMF) and oral squamous cell carcinoma (OSCC).[10] In both
0SCC and OSME, there were increased frequency of arch and ulnar
loop patterns and decreased frequency of simple whorl pattern on
fingertips, in addition to decreased frequency of palmar accessory
triradii on both palms (in OSCC) and decreased value of “atd” angle
and decreased frequency of palmar accessory triradii on right palm
(in OSMF) [11]. Palmar “atd” angle was utilized in screening women
at high risk of breast cancer. Females with breast carcinoma, when
compared with phenotypic healthy controls, showed significant
quantitative “atd” angle differences between right and left palms
[12].

In another study, carcinoma of female breast was observed
to be associated with other digito-palmar dermatoglyphic
changes like significantly increased frequency of arch pattern
and decreased frequency of radial loops in both thumbs, left
index finger and left middle finger. Added to these changes, there
were lower values of TFRC and AFRC in conjunction with breast
carcinoma [13]. Gastric adenocarcinoma, in a 76-year-old male,
was diagnosed to be associated with three types of dermatoses:
tripe palms (TP), acanthosis nigricans maligna (ANM), and florid
cutaneous papillomatosis (FCP). TP was a yellowish diffuse
palmar hyperkeratosis with enhanced dermatoglyphics of both
palms, ANM was an extensive hyperkeratotic and hyperpigmented
mucocutaneous eruption with exaggerated skin markings and
verrucous excrescences and FCP included rapid appearance of
multiple wart-like verrucous lesions [14]. Children with acute
lymphoblastic leukemia (ALL) exhibited increased mean values of
“ab” ridge count and “atd” angle when compared to the controls
[15]. Any of the two unusual transverse palmar flexion creases:
simian or Sydney-creases was detected , often on both palms, in
more than 50% of Caucasian children suffering from malignant
neoplasms. In children with ALL, the Sydney-crease was the most
commonly encountered abnormal palmar flexion crease [16].

Dermatoglyphics In Chromosomal Aberrations

Palmar dermatoglyphics is known to be a valuable diagnostic
toolin genetic disorders. In most palms, when the fingers are slightly
flexed, two transverse flexion creases could be seen. In a minority of
palms, a single transverse flexion crease may be found in one hand
(the simian crease} or the usual two creases are present with one
of them traversing across the palm to its ulnar margin (the Sydney-
crease). In a group of “at risk” newborns, increased frequency of
abnormal palmar creases (simian and Sydney) was determined. A
parents’ index score, using palmar dermatoglyphics (simian crease
and palmar hypothenar pattern), was established as a predictive tool
to discriminate parents of Down’s syndrome (trisomy 21) children
from healthy controls [17-21]. In 22 out of 24 aborted human
fetuses, palmar dermatoglyphic alterations correlated well with
the amniocentesis- diagnosed chromosomal aberrations: trisomy
21, trisomy 18, trisomy 13, structural autosomal aberrations and
sex-chromosome aberration [22]. Unusual changes of the palmar
creases in preschool children with psychomotor retardation (not
of Down’s syndrome origin) were evaluated to be as twice more
frequent as their parents and school children [23].

Exposure of the embryo to deleterious environmental factors
could lead to diseases that appear later in life and to marked
palmar dermatoglyphic dissimilarities in the twins particularly
in the III and IV interdigital and hypothenar areas [24]. In both
monozygotic and dizygotic twins, the impact of genetic factors on
the pattern distribution of palmar dermatoglyphics was decided
to be the highest in the III interdigital area and the lowest in the
IV interdigital region [25]. In two cases of Marfan’s syndrome,
simian crease, extra-digital transverse crease, increased “atd”
angle, and high position of the axial triradus were reported [26].
In cytogenetically confirmed 46, XY females, the overall fingertip
patterns showed increased frequency of ulnar loops and decreased
frequency of whorls when compared to control males, their right
thumbs revealed decreased frequency of whorls and increased
frequency of ulnar loops in addition to decreased TFRC, AFRC,
and a-b ridge count when compared to controls of both sexes.
Non-significant differences in the “atd” angle, interdigital and
hypothenar patterns, and simian and Sydney- creases were assessed
between the tested females and their control of both sexes [27]. Tel
Hashomer camptodactyly syndrome (THCS), as a rare autosomal
recessive disease, is manifested with camptodactyly, clubbed feet,
thenar and hypothenar hypoplasia, abnormal palmar creases and
dermatoglyphic ridges, spina bifida and mitral valve prolapse [28].
Moreover, other dermatoglyphic changes were observed in the rare
cases of THCS like increased frequency of whorl and arch patterns
with tendency toward increased TFRC [29].

Dermatoglyphics In Skin Disorders

In vitiligo males, when compared with the controls, there were
increased pattern frequency in right hypothenar and thenar areas
and in both II interdigital areas, together with decreased pattern
frequency in the right III and IV interdigital areas. Vitiligo females
revealed increased pattern frequency in right hypothenar and
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interdigital areal and decreased pattern frequency in right Il and left
[l interdigital areas. Some of these dermatoglyphic variations were
statistically significant [30]. In another study on vitiligo patients,
when compared with the controls, significantly increased frequency
of whorls in males and of arches in females were evaluated. In
addition, simian and Sydney- creases, highly significant reduction
in TFRC and a-b ridge count, and non- significant alterations
in the values of “atd” angle were observed in both sexes [31]. In
severe hand dermatitis (eczema), there was a failure of fingerprint
verification in 27% of patients compared to 2% of controls. Hand
dermatitis, in these patients, was manifested by fingerprint
dystrophy and significantly increased number of abnormally long
and broad white streaks [32]. Patients with multibacillary leprosy,
when compared to controls, showed a significantly increased
pattern frequency in the left thenar/1st interdigital area. A highly
significant frequency of simian crease was also assessed in palms of
both multibacillary and paucibacillary types of leprosy, with non-
significant alterations in the values of “atd” angle [33].

Dermatoglyphics In Ocular Disorders

Digito-palmar dermatoglyphic changes were utilized to
discriminate between patients with primary open angle glaucoma
(POAG) and their immediate (first-degree) relatives
phenotypically healthy individuals. POAG results from abnormal
outflow of aqueous humour through the trabecular meshwork of
the vascular coat of the eye which develops at the same time as
dermatoglyphics [34,35].

from

Dermatoglyphics In Congenital Disorders

In congenital heart disease (CHD) like Fallot’s tetralogy, patent
ductus arteriosus, pulmonic stenosis, and atrial and ventricular
septal defects, when compared to controls, there were altered
digito-palmar dermatoglyphics like incidence of accessory triradii,
missing of “c” triradius, increased TFRC, variations in palmar ridge
counts (a-b, b-c, c-d, a-d and t-d, and significantly decreased t-d
ridge count [36,37]. In congenital hand anomalies, particularly
ectrodactyly and syndactyly, when compared to the controls, there
were discriminative changes in the number of digital triradii, the
position of an axial triradius, the pattern intensity, and the incidence
of hypothenar patterns [38]. Fluctuating asymmetry (a significantly
increased variation of the mean values) and increased incidence of
ridge dissociation of digito-palmar dermatoglyphics were observed
in patients with congenital vertebral malformations, suggesting an
insult occurring during embryogenesis that led to these anomalies
[39].

Dermatoglyphics In Diabetes Mellitus and Hypertension

In type 1 diabetes mellitus, predictive changes in digito-palmar
dermatoglyphics were assessed in the form of decreased third
finger ridge count and a-b ridge count, higher transverse position
of the main palmar lines , increased frequency of palmar axial
t’ and t” triradii, and decreased pattern frequency in the fourth
interdigital and thenar areas [40]. In hypertensive patients of
both sexes, when compared to healthy controls, significant palmar
dermatoglyphic alterations were observed like increased TFRC,
decreased frequency of axial triradius t’ in female right palms and

axial triradii t’ and t” in male right palms, and decreased values of
“atd” angle [41]. In black Malawian patients, the TFRC was used as
a predictor of hypertension and the a-b ridge count as a predictor
of concomitant diabetes mellitus and hypertension, in both sexes.
Digito-palmar dermatoglyphics displayed absence of whorls in
hypertensives of both sexes and in men with concomitant diabetes
mellitus and hypertension. Also, there were significantly increased
frequency of ulnar loops in hypertensive women and significantly
decreased frequency of whorls in women with both diabetes and
hypertension more than in women with hypertension alone [42].
In a different investigation, it was determined that the mean value
of “atd” angle to be higher and the whorls to be significantly more
frequent in hypertensives than in normotensives [43].

Conclusion

Epidermal ridges are developed, from ectoderm, in early
embryonic period. Any deviation of their morphological patterns
and frequencies may point out to genetic or environmental factors
that also negatively impact other body systems. The usage of
digito-palmar dermatoglyphics as biomarkers of predisposition
to several dental and medical disorders could help in early
detection and management of these diseases. It is emphasized that
dermatoglyphics should not be used alone as a diagnostic tool but
in conjunction with the physical examination of the patients.
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