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Introduction

Dermatoglyphics is the science and art of  the study of  surface 
markings/patterns of  ridges on the skin of  the fingers, palm, toes 
and soles [1]. These dermal ridges over the palms and soles of  an 
individual are unique, universal, inimitable, classifiable, unaltered 
and are formed by genetic regulation and control during early in-
trauterine life [2]. 

The development of  dermal ridges starts from 12th-13th week 
of  gestation and by around 20th week, well differentiated recog-
nizable dermal ridges are formed. Fingerprints are classified into 
three basic types: whorls, loops and arches. As genetic or chro-
mosomal abnormalities might be reflected as alterations in dermal 
ridges, they can be used as an easily accessible tool in the study of  
genetically influenced diseases [3]. 

Dermatoglyphics has many applications in the field of  medicine 

and dentistry to predict several systemic, oral, dental, maxillofacial 
disorders and syndromic conditions. This is due to the presence 
of  established association between fingerprint patterns; and vari-
ous syndromic conditions and systemic disorders such as Down’s 
syndrome, Turner’s syndrome, Klinefelter’s syndrome, Trisomies 
18, 13 and 8, Cri-du-chat Syndrome, Rubinstein-Taybi Syndrome, 
Cleft lip and palate, Leukemia, Rubella embryopathy, Congeni-
tal malformations of  the hand and feet [4]. Dermatoglyphics are 
considered as a window of  congenital abnormalities and is known 
to be one of  the best available diagnostic tools in genetic disor-
ders.

Dermatoglyphics As A Diagnostic Tool In Syn-
dromes

Down’s Syndrome [Trisomy 21]

Holt, Uchida and Soltan have described the potential of  dermato-
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glyphic findings in the clinical diagnosis of  autosomal trisomies [5, 
6]. Down’s syndrome [Trisomy 21 or mongolism] is a syndrome 
of  multiple congenital malformations caused by trisomy of  chro-
mosome 21 but about 6 percent of  the patients show either a 
translocation or a mosaic trisomy involving chromosome 21. Pa-
tients exhibit flattened face with oblique palpebral fissures, flat oc-
ciput, brachycephaly, smallnose, depressed nasal bridge, speckled 
iris, epicanthal folds, a large furrowed tongue, short and narrow 
palate, dysplastic ears, shorter neck, limbs and fingers, heart dis-
ease, mental retardation, laxity of  joint movement and hypotonia.

Cummins et al [7], and Walker et al, [8] demonstrated that der-
mal configurations can be used for diagnosing down’s syndrome. 
Walker et al [8] used indices in the form of  histograms and loga-
rithmic scales to identify 70 percent of  patients with down’s syn-
drome. However due to complex analysis involved, this method 
was not extensively used. Later Reed et al., [9] developed “Derma-
toglyphic nomogram” to diagnose down’s syndrome which was 
based on four important areas: the right hallucal, right atd angle, 
right and left index fingers.

Among the four important dermatoglyphic features considered 
for Down’s syndrome patients, three (axial tri-radius, hallucal pat-
tern, and pattern on the second digit) were used in the nomogram 
developed by Reed et al [9] and the fourth, the third interdigital 
pattern, was used in the index created by Walker [10]. Among 
these four patterns, the arch tibial pattern in the right hallucal area 
and the distal displacement of  the right axial tri-radius showed 
significant differences between control group and the Down’s 
syndrome group. In both the Caucasian and the Oriental popula-
tions these features occurred with a very low frequency in the 
normal controls.

Uchida et al demonstrated high frequency of  arches in fingers and 
toes among patients with 18 trisomy. About 50 percent of  patients 
exhibited simian creases and lack of  loops and whorls. Patients 
with D 1 trisomy have extreme distal displacement of  axial tri-
radius, bilateral simian Creases,and "archfibular- S pattern" [10].
According to Cummins et al [7], a marked increase of  ulnar loops 
on all ten fingertips in both sexes is virtually a constant feature of  
the dermatoglyphics in Down syndrome. Other dermatoglyphic 
features are decrease of  whorls, arches, radial loops, normal mean 
a-b ridge count, low TFRC, and increased frequency of  hypoth-
enar area patterns. A distally displaced axial triradius, frequently 
associated with a hypothenar pattern, is a typical dermatoglyphic 
trait in Down syndrome.

Characteristic dermatoglyphic features of  Down syndrome are 
Ulnar loops considerably increased in frequency, often found 
on all ten fingertips; Radial loops shifted to fourth and fifth dig-
its; Large hypothenar patterns, predominantly of  the ulnar type; 
Distal axial triradius, high maximal atdangle; Thenar patterns de-
creased in frequency, size and complexity; 13 patterns increased in 
frequency; I4 patterns decreased in frequency; Transverse align-
ment of  main lines and ridges in the distal palm (high main-line 
index); D line terminating in 12 area or even on the radial border 
of  the palm; I4 loop formed by a recurve of  the C line; Absent 
and abortive C lines increased in frequency; Single transverse pal-
mar creases increased in frequency; Simian lines increased in fre-
quency; Sydney lines increased in frequency; Single interphalan-
geal crease on the fifth digit; Fibular loops increased in frequency 
and whorls decreased in frequency in toes; Arch tibial configura-

tion in the hallucal area markedly increased in frequency; Distal 
loops in the hallucal area mostly small; Distal loops in area IV 
increased in frequency; Ridge dissociation; and Absence of  Zy-
godactyloustriradii. 

Unlike the palmar pattern intensity, the overall plantar pattern 
intensity was decreased because of  the reduced frequency of  
patterns in all but the fourth interdigital area. In the fourth in-
terdigital plantar area, distal loops, and therefore the p" triradii, 
occurred much more frequently in patients with Down syndrome. 
The fifth digit is often incurved (clinodactyly) with an especially 
short middle phalanx which is accompanied by a single digital 
flexion crease on the palms. On the feet, there is increased space 
between the first and second toes with a deep plantar furrow [11].
Dermal ridges on the palms and soles of  patients with Down syn-
drome are often badly formed, giving a characteristic appearance 
of  "dotted ridges" or "strings of  pearls" (P lines). The degree of  
ridge malformation varied greatly from very mild cases, with an 
involvement of  small palmar or plantar areas, to severe forms, 
where most of  the ridged skin showed these ill-formed patterns.
Utilizing only two dermatoglyphic traits that occurred with high 
frequency in Down syndrome (transverse alignment of  ridges in 
the distal palmar area and large hypothenar patterns associated 
with distally displaced axial triradius), Cummins and Platou were 
able to diagnose correctly almost 90 percent of  the individuals 
determined to have Down syndrome by other clinical means [12]. 
A particularly simple and rapid test uses a dermatoglyphic nomo-
gram based on the four pattern areas that account for most of  
the total dermatoglyphic variation between Down syndrome and 
control subjects. In spite of  the high degree of  accuracy, dermato-
glyphicanalysis can only supplement and not replace more precise 
means of  diagnosis, such as karyotyping.

Trisomy 18

Patients with trisomy 18 have developmental and mental retarda-
tion, Congenital heart defects, elongated skull with a prominent 
occiput, malformed ears, narrow palatal arch, micrognathia, short 
neck, short sternum, small pelvis, hypotonia, Inguinal or umbilical 
hernia, renal malformations, cryptorchidism, flexion deformities 
of  the hands, retroflexible thumb, partial syndactyly of  the fin-
gers, hypoplastic Finger and toe nails calcaneovalgus position of  
feet and short big toe.

A strikingly high frequency of  arches on the fingertips and a sin-
gle flexion crease on the fingers bilaterally, usually the fifth digit, 
is characteristic of  trisomy 18. Majority of  the patients have a 
simian crease, usually bilaterally. Characteristic Dermatoglyph-
ic features of  trisomy 18 are: Arches considerably increased in 
frequency; Radial loops on digits other than second, particularly 
on the thumb; Decreased frequency of  ulnar loops and whorls; 
Radial exit of  main-line A; Distal axial triradius; Increased atd 
angle; I3 patterns decreased in frequency; I4 patterns decreased 
in frequency; Ridge dissociation; Single transverse palmar crease 
increased in frequency; Single flexion crease on the fifth digit; 
Pattern intensity on soles extremely reduced and Hypoplasia or 
absence of  dermal ridges [13, 14].

Trisomy 13

Characteristic features of  trisomy 13 include microcephaly, mi-
crophthalmos, cleft lip and cleft palate, low-set and malformed 
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ears, capillary hemangiomata, polydactyly, retroflexible thumbs, 
long hyperconvex nails, and talipes equinovarus. Other clinical 
findings include those frequently encountered also in trisomy 18 
syndrome, such as developmental retardation, failure to thrive, 
feeding difficulties, hypotonia, jitteriness and apneic spells, ocular 
hypertelorism, strabismus, epicanthal folds, presumptive deafness, 
micrognathia, short neck, extra skin on the nape, flexion deform-
ity of  fingers, inguinal or umbilical hernia, congenital heart dis-
ease, and undescended testes.

Characteristic dermatoglyphic features of  trisomy 13 are: Arches 
increased in frequency; Radial loops frequently on digits other 
than the second; ulnar loops and whorls decreased in frequency; 
13 patterns increased in frequency; I4 patterns decreased in fre-
quency; Axial triradius extremely distal; very wide atd angle; The-
nar patterns increased in frequency; Triradiusa displaced radially; 
a-b ridge count increased; Radial exit of  mainline A; Single trans-
verse flexion crease markedly increased in frequency; Arch fibular 
and arch fibular S pattern frequent; and Ridge dissociation. Pat-
tern intensity was increased in palms and the intensity of  plantar 
patterns was greatly reduced [15, 16].

Trisomy 8 Mosaicism

Individuals with trisomy 8 mosaicism have psychomotor retarda-
tion; an elongated and slender trunk with narrow shoulders and 
pelvis; a large and prominent forehead; strabismus; agenesis of  
the corpus callosum; abnormal nose; malformed ears; microg-
nathia; short neck; restricted articular function; bone dysplasia, 
extra ribs and vertebrae; hypertonicity; deep palmar and plantar 
creases; nail dysplasia; absent patellae; heart defects; renal anoma-
lies; and frequent upper respiratory infections.

Characteristic Dermatoglyphic features of  trisomy 8 mosaicism 
are: Arches increased in frequency in fingertips; Whorls decreased 
in frequency but often present on the same hand together with 
arches; ulnar loops decreased in frequency; low TFRC; Thenar 
patterns increased in frequency; Hypothenar patterns increased 
in frequency; 12 patterns increased in frequency; 13 patterns in-
creased in frequency. I4 patterns increased in frequency; Single 
transverse palmar crease increased in frequency; Arches on great 
toes increased in frequency; Whorls in the hallucal area increased 
in frequency; Plantar pattern intensity considerably increased; and 
Deep furrows on palms and soles [17].

Pattern intensity on both the palms and the soles was very high 
and the high plantar pattern intensity may be a characteristic fea-
ture only of  trisomy 8. In patients with trisomies 13, 18, and 21, 
the pattern intensity on the soles was found to be markedly de-
creased. Deep palmar and plantar skin furrows represent a dis-
tinct feature of  trisomy 8 [18]. 

Turner's Syndrome

Abnormalities of  the sex chromosomes do not have as much in-
fluence on ridge formation as do autosomal chromosomal aber-
rations. Nevertheless, there are some noteworthy dermatoglyphic 
features associated with sex chromosome defects.

Turner syndrome is caused by full or partial monosomy of  an 
X chromosome, with or without mosaicism. Characteristic fea-
tures in this syndrome are short stature, ptosis, epicanthal folds, 

cataracts, and strabismus, depressed corners of  the mouth, high 
arched and narrow hard palate, micrognathia, malocclusion, 
prominent ears, coarctation of  the Aorta, low posterior hairline, 
short metacarpal bones [particularly the fourth and fifth], nar-
row fingernails and toenails, cubitus valgus, osteoporosis, multi-
ple pigmented, lack of  pubertal sexual development, undeveloped 
breasts, infantile external genitalia, primary amenorrhea, horse-
shoe kidney, and multiple intestinal telangiectases. Palmar skin is 
often very thin and wrinkled, and there is presence of  prominent 
palmar volar pads.

Characteristic dermatoglyphic features are: increseda-b ridge 
count; increased TFRC; increased frequency of  patterns in both 
the third and fourth interdigital areas; increased hypothenar pat-
tern, distally displaced axial triradius, increased maximal atdan-
gle, full or a transitional single transverse crease in palms, missing 
digital c triradius and a main-line A termination in the thenar area, 
large whorls and large distal loops in the hallucal areas of  the feet 
[19].

Dallapiccolaet al. identified five dermatoglyphic characteristics 
(TFRC, a-b ridge count, maximal atdangle, T line terminating in 
the second interdigital area, and presence of  hypothenar patterns 
on the palms) and four skeletal characteristics (carpal sign, meta-
carpal sign, phalangeal sign, and abnormally shaped distal phalan-
ges), to diagnose a patient with Turner’s syndrome [20].

Klinefelter's Syndrome

According to Cushman and Soltan, patients with 47, XXY 
Klinefelter'ssyndrome exhibited significantly lower mean total 
ridge count [21]. It is also been shown that the addition of  X and 
Y chromosomes progressively reduces the total ridge count.

47, XXY Klinefelter Syndrome: The clinical features of  this syn-
drome are frequent gynecomastia, sparse facial hair, female pubic 
escutcheon, and disturbances of  sexual function. Characteristic 
dermatoglyphic features are lower TFRC, lower ulnar loop ridge 
count, increased width of  the ridges, increased frequency of  arch 
patterns on fingertips, reduced a-b ridge count, distal axial triradi-
us, and significant reduction of  pattern intensity on the soles [21].

48, XXYY Klinefelter Syndrome: Patients with this syndrome 
are taller, aggressive and mentally retarded. Dermatoglyphic fea-
tures are low TFRC, increased frequency of  fingertip arches, dis-
tally displaced axial triradius, and normal mean maximal atdangle. 
It is considered that the presence of  three hypothenar patterns-
loop carpal, loop radial, and arch radial-associated with an ulnar 
triradius to be characteristic of  the XXYY variant of  Klinefelter 
syndrome [22].

48, XXXY; 49, XXXYY; 49, XXXXYK linefelter Syndrome: 
Characteristic features of  this syndrome are poor development of  
the external genitalia and more severe mental retardation. Derma-
toglyphic features are: increased arches on the fingertips, reduced 
mean TFRC, Abortive C main lines, and ulnar triradius on the 
palm, associated with a radial loop. A single transverse palmar 
crease was a frequent finding in various variants of  the Klinefelter 
syndrome [23].

46, XX Klinefelter Syndrome: Males with this syndrome have 
small testes, small penis and scrotum, gynecomastia and lack of  
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facial hair, and normal Intelligence. Dermatoglyphic features are: 
increased frequency of  fingertip arches, slightly decreased mean 
TFRC, distally displaced triradii, and normal mean atdangle [24]. 

Polysomies of  the Y Chromosome

47, XYY Syndrome: Patients with this syndrome exhibit mus-
cle weakness, poor coordination, mild mental retardation, normal 
sexual development and are usually excessively tall. Characteristic 
dermatoglyphic features are: low mean TFRC; normal mean at-
dangle; distal displacement of  the axial triradius; and decreased 
frequency of  the palmar patterns [25]. 

48, XYYY: Apart from low TFRC, no unusual dermatoglyphic 
features have been noted in this condition [26].

Polysomies of  the X Chromosome

Patients with this condition exhibit congenital anomalies, men-
strual disorders, amenorrhea, sterility, and mental retardation. 
Characteristic dermatoglyphics features are lower mean TFRC 
correlated with an increasing number of  X chromosomes and ab-
normal frequencies of  the fingertip patterns [27].

Triploidy

Common features of  individuals with chromosomal triploidy are 
premature birth with very low birth weight, developmental retar-
dation, extremely low viability, cutaneous syndactyly of  the third 
and fourth fingers, coloboma of  the iris, hypospadias, and tes-
ticular germinal cell hypoplasia. Characteristic dermatologic fea-
tures are: presence of  single transverse palmar crease, increased 
frequency of  whorls and decreased frequency of  ulnar loops in 
the fingertips, increased frequency of  radial loops shifting from 
their usual site on the second digit to the third, fourth, and fifth 
digit and missing or fused digital triradii [28]. Butler et al., [29] 
observed bilateral absence of  distal flexion creases on the second, 
third, and fourth digits and two unusually close proximal creases 
on the fifth digits in a case of  69, XXX triploidy.

Cri-Du-Chat Syndrome

This syndrome occurs due to deletion of  The Short Arm of  Chro-
mosome 5. The most characteristic feature of  this syndrome is a 
peculiar, high-pitched cry of  infants resembling the mewing of  
a kitten. The patients exhibit Low birth weight, failure to thrive,
respiratory stridor, laryngomalacia, profound mental retarda-
tion, microcephaly, hypertelorism, strabismus, broad based nose, 
oblique palpebral fissures, epicanthal folds, low-set ears, microg-
nathia. premature greying of  the hair, various skeletal anomalies, 
and muscular hypotonia [30]. 

Characteristic dermatoglyphic features are: increase in frequen-
cy of  whorls; decrease in frequency of  ulnar loops; Distal axial 
triradius; increase of  the maximal mean atdangle Thenar patterns 
somewhat increased in frequency; Hypothenar patterns decreased 
in Frequency; I4 patterns increased in frequency and patterns re-
sult mostly from the D line; slight decrease in frequency of  I3 
patterns; Main-line C usually exits on the ulnar border of  the 
palm; Interdigital triradiusbc; and Single transverse flexion crease 
increased in frequency. According to Warburton and Miller, un-
like controls, where the most frequent terminations of  the C line 

are in the third or fourth interdigital areas of  the palms, the usual 
termination of  the C line in patients with the 5p- syndrome was 
the ulnar border of  the palm. Partial syndactyly of  the fingers 
or toes is relatively frequent among patients with the cri-du-chat 
syndrome. In the hallucal area, an increased frequency of  distally 
oriented loops was observed, whereas whorls, tibial loops, and 
arches were somewhat decreased in frequency [31].

Wolf-Hirschhorn Syndrome

This syndrome occurs due to deletion of  The Short Arm of  
Chromosome 4. Patients with this syndrome share many clini-
cal features in common with patients having the cri-du-chat syn-
drome such as low birth weight, mental deficiency, growth retar-
dation, microcephaly, hypertelorism, strabismus, epicanthal folds, 
a broad-based nose, micrognathia, muscular hypotonia, carp like 
mouth, cleft or high-arched palate, beaky nose, preauricular dim-
ple, hypospadias, delay in ossification of  pelvic and carpal bones, 
seizures, deformed ears, sacral dimple, foot deformities, promi-
nent glabella, cryptorchidism, haemangioma of  the forehead, 
midline scalp defect, and coloboma of  the iris or retina [32].

Characteristic Dermatoglyphic features of  the 4p- syndrome are: 
Arches significantly increased in frequency; decrease in frequency 
of  whorls and ulnar loops; low TFRC; Whorls significantly de-
creased in frequency; Association of  Wdl on thumb and A on the 
second and third digits; Axial triradius somewhat distal (t'); The-
nar patterns somewhat increased in frequency; Hypothenar pat-
terns decreased in frequency; 13 patterns decreased in frequency; 
I4 patterns increased in frequency; Single transverse flexion crease 
increased in frequency; and Ridge dissociation [33].

According to Warburton there was an association of  a double loop 
on the thumb and arches on the second and third fingers in pa-
tients with this syndrome. In contrast to the cri-du-chat syndrome 
patients, the majority of  patients with the Wolf-Hirschhorn syn-
drome showed an exit of  main-line C in the 13 or 14 areas rather 
than on the ulnar border of  the palm.

Perhaps the most striking dermatoglyphic trait of  the 4p- patients 
is ridge dissociation [34]. The dermatoglyphics in both Wolf-
Hirschhorn syndrome and cri-du-chat syndrome showed an in-
crease of  pattern frequency in the thenar and 14 areas, a decrease 
of  patterns in the hypothenar area, elevated axial triradii, and a 
high proportion of  palms with a simian crease. However, the fre-
quency of  both single transverse palmar creases and distally dis-
placed axial triradii was much higher in the cri-du-chat syndrome 
than in the Wolf-Hirschhorn syndrome. Dermatoglyphic traits 
that differentiate 4p- from 5p- include an increased frequency of  
the fingertip arches, low TFRC, 'and ridge hypoplasia, whereas 
a high frequency of  the fourth interdigital loops resulting from 
main-line D, and a high frequency of  ulnar exits of  main-line C 
are seen in 5p- and not in 4p- syndrome.

Deletions of  Chromosome 18

Deletion of  The Short Arm of  Chromosome 18 (18p-): The 
patients have low birth weight, somatic growth retardation, Men-
tal retardation, hypertelorism, strabismus, epicanthal folds, ptosis 
of  the eyelids, flattened or broad nasal bridge, large ears, microg-
nathic mandible, dental caries, webbing of  the neck, lymphedema,
shield chest, hands are usually stubby with short fingers, and par-
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tial syndactyly of  the toes.

Characteristic Dermatoglyphic features of  the different deletions 
of  chromosome 18 are: Whorls increased in frequency; Ulnar 
loops, arches, radial loops decreased in frequency; higher TFRC; 
Distal axial triradius; Thenar patterns decreased in frequency; 
I3 patterns increased in frequency; decrease of  14 patterns; Hy-
pothenar patterns decreased in frequency; Missing ctriradius; and 
Single transverse palmar crease increased in frequency. Plantar 
dermatoglyphics revealed bilateral whorls in the hallucal areas and 
bilateral fibular loops on the great toes of  patients [35].

Deletion of  The Long Arm of  Chromosome 18 (L8q-): 18q 
- syndrome is associated with characteristic clinical findings, such 
as low birth weight, mild microcephaly, profound mental retarda-
tion, retarded somatic growth, short stature, frequent hypotonia, 
seizures, midfacial dysplasia, glaucoma, strabismus, nystagmus, ta-
petoretinal degeneration, optic atrophy, short nose, mouth carp, 
abnormal pinna, atresia of  ear canals, conspicuous subacromial 
dimples, long, tapering fingers, clubfoot, congenital heart defect, 
hypoplastic genitalia.

The most striking dermatoglyphic features in this syndrome are 
increase in the frequency of  composite whorls on the fingertips, 
decrease in frequency of  arches, ulnar loops, and radial loops, el-
evated Mean TFRC values, low mean a-b ridge count, increase 
in the mean atdangle, distal displacement of  axial triradii, usually 
into the t' position, widened atdangle, increased pattern intensity 
on the palms in the thenar, hypothenar areas and, especially, the 
in the third interdigital area, and single transverse palmar creases 
in palms [36].

Ring Chromosome 18 (18r): Patients with 18r syndrome exhib-
it clinical features of  both 18pand 18q - syndrome, such as low 
birth weight, short stature, microcephaly, motor and mental retar-
dation, hypotonia, congenital heart defects, midfacial dysplasia, 
strabismus, hypertelorism, epicanthus, ptosis, carp-shaped mouth, 
micrognathia, anomalies of  pinnae, ear canal stenosis, short neck, 
and skeletal anomalies.

Dermatoglyphic features of  18r syndrome are: increase of  whorls 
on the fingertips, distally displaced axial triradii, increase in the 
pattern frequency in the thenar/first interdigital area, and the 
third interdigital area, and presence of  a single transverse palmar 
crease.

The hallucal area exhibited predominantly the loop distal pattern 
and most of  the great toes showed loop fibular pattern [37].

De Lange Syndrome

Individuals with the de Lange syndrome show mental and growth 
retardation, low birth weight, generalized hirsutism, synophrys, 
long eyelashes, anteverted nostrils, microcephaly, protruding 
philtrum, thin lips, oligodactyly or peromelia, limitation in exten-
sion of  the elbows, proximally placed thumbs, clinodactyly of  
fifth fingers, webbing of  second and third toes, cardiac defects, 
undescended testes, delayed eruption and wide spacing of  teeth 
[38].

Characteristic Dermatoglyphic features of  the de Lange Syn-
drome are: Radial loops increased in frequency, often found on 

digits other than the second (particularly on the third); Whorls 
markedly decreased in frequency; Distal axial Triradius; wider atd 
angle; low TFRC; Thenar patterns increased in frequency; Inter-
digital triradiusbe; 13 loops increased in frequency; Transverse or 
oblique loop in the I4 area; True or transitional single transverse 
palmar crease increased in Frequency; presence of  simian crease 
bilaterally; Single flexion crease occasionally present on the fifth 
digit and presence of  Ridge dissociation [39].

Rubinstein-Taybi Syndrome

The Rubinstein-Taybi syndrome includes developmental retarda-
tion, broad terminal phalanges of  thumbs and halluces, promi-
nent forehead, antimongoloid slant of  the palpebral fissures, 
strabismus, epicanthal folds, heavy or high-arched eyebrows, long 
eyelashes, lid ptosis, abnormal ears and nose, broad nasal bridge, 
high-arched palate, mild retrognathia, Grimacing, Clinodactyly of  
the fifth fingers, overlapping toes, Angulation deformity of  the 
thumbs and halluces with abnormal shape of  the proximal pha-
lanx, and duplicated distal or proximal phalanx of  the hallux [40].

Characteristic Dermatoglyphic features of  the Rubinstein- Taybi 
syndrome are: Arches increased in frequency; Radial loops shift-
ed to fingers other than the second; ulnar loops and whorls de-
creased in frequency; Additional apical triradius on the thumb or 
great toe; Double patterns on the thumbs; Thenar/I1 patterns 
increased in frequency, size, and complexity; Ulnar loop is a pre-
dominant pattern in the hypothenar area; Distal axial triradius (and 
therefore an increased maximal atdangle); 12 patterns increased in 
frequency; l3 patterns increased in frequency; Missing c triradius; 
Single transverse palmar crease increased in frequency; Distorted, 
unusually long distal loop in hallucal area; distal loops increased 
in frequency; Combination of  two loops in the hallucal area; and 
Deep plantar crease in the first interdigital plantar area [41].

Smith-Lemli-Opitz Syndrome

The characteristic features of  the Smith-Lemli-Opitz syndrome 
include moderate to severe mental retardation, growth retardation 
of  prenatal onset, microcephaly, ptosis of  eyelids, inner epican-
thal folds, internal strabismus, short nose with broad nasal tip and 
anteverted nostrils, increased nasolabial distance, broad maxillary 
alveolar ridges, mild micrognathia, low-set ears, short neck, short 
stature, narrow shoulders, cutaneous syndactyly of  the second 
and third toes, cryptorchidism, hypospadias, changes in muscle 
tone, shrill cry, cleft palate or bifid uvula, metatarsus adductus, 
deep sacral dimple, pyloric stenosis, and cardiac anomalies [42].

Characteristic dermatoglyphic features are: Decreased frequency 
of  ulnar loops; increased frequency of  arches and whorls; Low 
TFRC; Decreased frequency of  patterns in the hypothenar, third, 
and fourth interdigital areas in palm; increased frequency of  the-
nar patterns; distally displaced axial triradius; true or transitional 
simian crease on the palm bilaterally; hypoplasia of  dermal ridges; 
and missing triradius c bilaterally [43]. 

Because ridge differentiation is closely associated with embryo-
genesis of  the limbs, the most obviously abnormal dermatoglyph-
ics can be expected to be found in individuals with congenitally 
malformed hands and feet. All anomalous extremities show an 
unusual epidermalridge arrangement with the magnitude of  ridge 
abnormality roughly proportional to the skeletal defects.
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Thalidomide Embryopathy

Thalidomide is an agent which affects limb development. The 
most striking dermatoglyphic findings in thalidomide dam-
aged infants were absence of  the axial triradii accompanied by 
transverse flow of  the palmar ridges, shifted and doubled digital 
triradii, abnormal course of  the main lines, ridge dissociation, ab-
normal palmar flexion creases, missing thenar crease and single 
transverse creases [44].

Hypoplasia of  The Thumbs

Absent or hypoplastic thumbs occur occasionally as isolated 
anomalies but usually they are associated with other congenital 
malformations and syndromes, such as Holt-Oram syndrome, 
thalidomide embryopathy, Fanconi's anaemia, trisomy 18, and 
ring-D chromosome. In this condition, the ridge configurations in 
the proximal palm are distorted, the ridges run transversely across 
the palm, and axial tri-radius and the thenar crease are missing. 
Presence or absence of  an extra digital tri-radius and the main 
line originating from it indicates whether the triphalangeal thumb 
is indeed a thumb or a duplicated index finger associated with 
absence of  the thumb [45]. 

Triphalangy of  The Thumbs

The triphalangeal thumb is usually thin and finger-like and is fre-
quently displaced distally to the level of  other digits. It is found in 
conditions such as Holt-Oram syndrome, thalidomide embryopa-
thy, congenital hypoplastic anaemia, and trisomy 13. In this condi-
tion, the epidermal ridges tend to be transversely aligned across 
the palm, the axial Tri-radii are either absent or displaced distally 
and radially and there is presence of  single transverse palmar 
creases. Radial loops, rarely found on digits other than the second 
in normal individuals, have been reported on the triphalangeal 
thumbs [46]. 

Holt-Oram Syndrome

Holt-Oram syndrome is a disorder consisting of  skeletal anoma-
lies like hypoplastic, triphalangeal, missing thumbs, hypoplasia of  
the radius or peromelia, hypoplasia of  the clavicles and narrow 
shoulders. This syndrome also manifests cardiovascular defects, 
like atrial and ventricular septal defects. The characteristic derma-
toglyphic findings in this condition are axial triradii that are miss-
ing or distally and radially shifted, a missing or rudimentary thenar 
crease, and transversely oriented epidermal ridges on the palms, 
increased whorls, decreased ulnar loops, and increased total finger 
ridge count [TFRC]. Most of  the palms of  affected individuals 
showed abnormal distal palmar creases, mostly a single transverse 
crease in its full or transitional forms [47].

Anonychia

Anonychia is characterized by complete absence of  the nail on 
the index and middle fingers, presence of  minute portions of  the 
thumbnail, a less diminished nail on the ring finger and normal 
nail of  the little finger. Anonychia can be associated with ectro-
dactyly, syndactyly, or polydactyly. Anonychia on the toes parallels 
the anonychia of  corresponding fingers. With absence or hypo-
plasia of  the nails, the ridges extend over the dorsal area normally 

covered by the nail. A similar extension of  the ridges is found 
in apical dystrophy (brachydactyly type B) and in the nail-patella 
syndrome (onycho-osteodysplasia) [48].

Distal Phalangeal Hypoplasia

Hypoplasia of  the distal phalanges is associated with brachydacty-
ly, onycho-osteodystrophy, pseudohypoparathyroidism (Albright 
osteodystrophy), the hand-foot-uterus syndrome, and Sorsby syn-
drome (macula coloboma and brachydactyly). A common derma-
toglyphic finding in patients with distal phalangeal hypoplasia is 
a high proportion of  arches on all fingertips and toes. Loops and 
whorl patterns were either low or absent [49].

Brachydactyly

Brachydactyly is a condition characterized by reduced length 
of  the fingers and toes because of  shortening of  any of  their 
bony components, the metacarpals or phalanges. There are sev-
eral types of  brachydactyly like type A, B, C, D and E. Penrose 
and Holt have described the abnormal dermatoglyphic features 
in patients with brachydactyly type A [50]. In the study by Hoe-
fnagel and Gerald, most of  the patterns in the brachydactylous 
individuals were arches, radial loops, low mean TFRC, high mean 
atd angle and high mean a-b ridge count whereas ulnar loops were 
markedly diminished in frequency and no whorls were found. On 
the feet,the persons with brachydactyly showed an increased num-
ber of  whorls on the toes and tibial loops on the great toe [51]. An 
increased frequency of  fingertip arches was observed in a family 
with the hand-foot-uterus syndrome by Halal et al [52]. On the 
basis of  dermatoglyphics alone, the researchers could distinguish 
between the affected and unaffected individual.

Type B brachydactyly [ectrodactyly or apical dystrophy] in associa-
tion with syndactyly, is called as symbrachydactyly. The fingertip 
patterns are displaced to the extreme end of  the finger in con-
centric circles, with no triradii. The broadened thumbs may have 
an apical triradius at the tip, which is similar to the findings in the 
Rubinstein-Taybi syndrome [53]. In the study by Degenhardt and 
Geipel [54], there was an increase in both arches and whorls on 
the fingertips, and decrease in the ulnar loops among the affected 
members. In another study by Fuhrmann et al.,[55] an increased 
number of  fingertip whorls and a high TFRC were found in a 
proband and his affected mother. Battle et at., [56] reported high 
frequency of  thenar/first interdigital patterns among patients 
with broad or bifid thumbs, an association observed also in the 
Rubinstein-Taybi syndrome. According to Robinson et al [57] in 
Brachydactyly type C, there were four radial loops on fingers oth-
er than the second (three on the third and one on the fourth) and 
increased thenar/I patterns. 

Pseudohypoparathyroidism

Pseudohypoparathyroidism (Albright osteodystrophy) resembles 
brachydactyly type E. The characteristic dermatoglyphic features 
in this condition are increased fingertip arches, and hypothenar 
Patterns, presence of  Distal axial tri-radii and the mean atdangle 
of  55° [58]. 

Camptodactyly

Camptodactyly is a condition of  permanent flexion of  one or 
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both interphalangeal joints. 

Goodman et al reported that the affected siblings had many fin-
gertip whorls that extended distally on the terminal phalanges, 
whereas the tri-radii of  these whorls were on the middle or even 
proximal portions of  the digits. Characteristic dermatoglyphic 
findings are increased TFRC, increased a-b ridge count, increased 
atdangles, absence of  digital creases over the permanently flexed 
joints on the fingers and toes, multiple secondary creases on the 
palms and soles and increased number of  whorls on the toes of  
the patients [59]. 

Syndactyly

Syndactyly can be found as an isolated congenital malformation 
or as a part of  another syndrome, such as Apert syndrome (acro-
cephalosyndactyly type I), Carpenter syndrome (acrocephalopoly-
syndactyly), de Lange syndrome, oculodentoosseous syndrome, 
oral-facial-digital syndrome, and Smith-LemIi-Opitz syndrome. 
The palmar area proximal to the webbing between the digits is 
covered with transversely aligned ridges and an interdigital trira-
dius generally underlies the web. In cases of  zygodactyly of  the 
third and fourth fingers, the usual triradii b and c are missing and 
are replaced by an interdigital triradiusbc. The interdigital triradius 
may be shifted distally in severe degrees of  webbing. The fingertip 
patterns vary with the degree of  syndactyly. Because the inter-
digital triradii indicate a close developmental relationship between 
adjacent digits, presence of  such a triradius can be considered as 
a minor manifestation of  zygodactyly [60].

Polydactyly

Extra digits on the hand or foot are associated with dermato-
glyphic aberrations. A well-developed supernumerary digit has its 
own fingertip pattern and an imperfectly developed extra digit 
or a digit joined to its neighbour has a pattern different from the 
adjacent digit. A completely duplicated and separated extra digit 
tends to have the same type of  pattern as the digit it duplicates. 
An extra digital tri-radius is generally found at the base of  the 
supernumerary digit and constitutes a significant feature of  poly-
dactyly [61].

Because epidermal ridges reflect the embryonic development of  
the hands and feet, such gross malformations of  the distal parts 
of  the limbs as ectrodactyly or peromelia are accompanied by ob-
vious dermatoglyphic aberrations. The extent of  dermatoglyphic 
alterations can be great, depending on the severity of  the hand 
or foot malformations. Usual dermatoglyphic features, such as 
digital triradii and interdigital patterns, may be so disturbed that 
they cannot be identified. The lower limb malformations consist 
of  coexistent osseous syndactyly, polydactyly, and brachydactyly. 
In spite of  the abnormal epidermal configurations, ridge direc-
tions conform to the anomalous moulding of  the hand and foot 
structures [62, 63].

Dermatoglyphics generally do not play an important part in clini-
cal diagnosis of  hand and foot abnormalities as these can be more 
precisely identified by other means such as an x-ray examination. 
However, understanding the relationship between embryonic 
development and ridge formation is necessary for a meaning-
ful interpretation of  the significance of  dermatoglyphics in limb 
malformations and these relationships may apply to other medi-

cal disorders as well. Use of  dermatoglyphics to diagnose hand 
and foot malformations may reveal even minor abnormalities that 
may otherwise escape attention.

Dermatoglyphics As A Diagnostic Tool In Sys-
temic Disorders.

Cleft Lip and Cleft Palate

Oral clefts are among the common congenital birth defects with 
a broad phenotypic gamut. Since the epidermal ridges of  the fin-
gers and palms as well as the facial structures like lip, alveolus, 
and palate are formed from the same embryonic tissues during 
the same embryonic period, the genetic and environmental fac-
tors responsible forcausing cleft lip and palate might also affect 
dermatoglyphic patterns.Hence,several studies weredone to com-
pare the dermatoglyphic pattern of  children with orofacial clefts 
and normal children and to determine the correlation of  derma-
toglyphics with orofacial clefts.

Silver [64] investigated the fingertips, third interdigital area, and 
hallucal patterns of  cleft lip and palate patients and found no 
significant difference in any dermatoglyphic configurations be-
tween patients and controls. Silver [64] concluded that "cleft lip/
palate is a congenital anomaly whose developmental basis seems 
to be independent of  the production of  aberrant dermatoglyphic 
patterns," Similarly, de Bie and Matton [65] found no significant 
differences in dermatoglyphic patterns between cleft lip/ palate 
patients and controls. Adams and Niswander [66] studied only 
the atdangle in patients with cleft lip, with or without cleft palate 
(CL±P) and observed an increased asymmetry of  atdangles in the 
group of  patients with familial CL -t- P. In the study by Wittwer 
[67], several atypically located triradii, duplications of  triradii, and 
a tendency of  the palmar main lines toward a vertical alignment 
was noted among patients with cleft lip and palate.

In the study by Dziuba [68], the frequencies of  thenar and first 
interdigital area patterns were increased on the left palms in pa-
tients of  both sexes. Male patients exhibited low TFRC; increased 
frequency of  ulnar loops and arches; decreased frequency of  
whorls. Female patients had a lower frequency of  the patterns in 
the fourth interdigital area of  the left hand.

Piatkowska and Sokolowski compared dermatoglyphic features 
of  primary and secondary palate. They concluded that in primary 
palate patients, a significant decrease of  patterns in the fourth 
interdigital area, particularly peripheral loops and in secondary 
palate patients a significant decrease of  tented loops in the third 
interdigital area was found [69]. 

Neiswanger et al in their study did not find any significant pat-
tern count differences between cleft and non-cleft individuals, 
but observed increased pattern dissimilarity in individuals with 
clefts, compared to both their unaffected relatives and controls. 
They concluded that increased dermatoglyphic pattern dissimilar-
ity in individuals with non-syndromic orofacial clefts may reflect a 
generalized developmental instability [70]. According to Harika et 
al significant difference was observed between parents with cleft 
children and parents with at least 2 healthy children with reference 
to pattern types; TRC and a-b ridge count and atd angle. Absence 
of  t point was variably noticed in the mothers of  affected children 
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[71]. According to Mayall et alno statistically significant difference 
was found in the dermatoglyphic pattern and atd angle for both 
cleft children and Non cleft children [72].

Saujanya et al conducted a study to determine the relative risk of  
cleft lip and palate on the basis of  lip prints and dermatoglyph-
ics, as genetic background may be useful for genetic counseling, 
and the development of  future preventive measures. 31 parents 
of  children with cleft lip/palate as a study group, and 31 par-
ents of  unaffected children as control group were included. They 
concluded that among the mothers of  the study group, type O 
followed by type IIa lip patterns were found to be significantly 
higher in upper and lower lips, and in fathers type IIa followed 
by type O were significantly higher. In the control group, type 
IIb followed by type III were higher in both fathers and mothers. 
Dermatoglyphic analysis of  palm and finger prints revealed no 
significant difference in the pattern types and total ridge counts, 
but the Atd angle asymmetry was found to be significant between 
study and control group [73]. Maheshwari et al reported that the 
most frequently seen dermatoglyphic trait in the cleft and healthy 
group was loops followed by whorls and arches. A highly signifi-
cant difference between loops in the cleft and healthy group and 
statistically significant difference in the whorls were found [74].

Eslami et al investigated if  Iranian individuals with nonfamilial 
cleft lip and palate (CLP) and their unaffected parents displayed 
more dermatoglyphic asymmetry than the normal population. 
Results revealed no significant differences between the study and 
control groups in terms of  their asymmetry of  atd angle, a-b ridge 
count, and pattern dissimilarity score. However, significant differ-
ences in mean TRC between CLP patients and control children 
were found for the right ring digit, right little digit, and left index 
digit. Also, there were significant differences among CLP patients 
and control children as well as unaffected fathers of  CLP patients 
and their control group in terms of  type of  finger print pattern. 
No enhanced fluctuating asymmetry was found in most of  the 
dermatoglyphic traits in the population studied, which indicated a 
low degree of  developmental instability of  the sporadic cases of  
cleft deformity [75]. Saxena et al compared the dermatoglyphic 
patterns in subjects with clefts and controls and both their par-
ents to study the genetic etiology. Increased frequency of  loops 
and arches and low mean total ridge count was observed in cleft 
subjects. Increased frequency of  loops and arches with decreased 
frequency of  whorls, mean total ridge count, and atd angle of  
right hand was found in parents of  cleft group as compared with 
the parents of  the controls [76].

Mathew et al collected dermatoglyphic data from 50 oral cleft 
children and 50 normal children and analysed. They found an in-
crease in the ulnar loop patterns on the distal phalanges of  the ten 
fingers, an increase in the atd angle and an increase in the fluctuat-
ing asymmetry of  the atd angle in the oral cleft children, which 
indicates the degree of  developmental instability of  the oral cleft 
individual [77]. Balgir evaluated dermatoglyphic characteristics of  
sixty-nine cases of  cleft lip with or without cleft palate and twen-
ty-eight isolated cleft palate cases for digital patterns, interdigital 
patterns, palmar simian crease and sydney line, and model types 
of  C- and D-line terminations. Increased frequency of  ulnar and 
radial loops than the arches and whorls was observed in cleft lip 
with or without cleft palate patients compared to controls. In-
terdigital patterns were less frequent in cleft lip and cleft palate 
patients. Simian crease and Sydney line were more common in 

patients than in controls. Model types of  C- and D-line termina-
tions showed variations in patients and controls. Wider 'atd' angle 
and dermatoglyphic asymmetry were noted in the patient groups. 
These findings suggested the dichotomy or heterogeneity of  cleft 
lip and cleft palate anomalies. Thus,dermatoglyphics can be used 
as tool to study the developmental instability of  cleft anomalies 
and provides data to assess the genetic etiology of  clefting [78].

Cerebral Gigantism

Cerebral gigantism is characterized by excessive length at birth, 
rapid linear growth in the first years of  life, advanced bone age, 
large head, frontal bossing, prognathism, large hands and feet, 
poor coordination, clumsiness, and mild mental retardation.Char-
acteristic dermatoglyphic features are: increased TFRC; both high 
and normal a-b ridge count; decreased distance between palmar 
triradii band c; increase in the mean ridge breadth; tendency to-
ward vertical or horizontal alignment of  palmar ridges, increase 
in unusual exit of  main-line A in the thenar area; wide separation 
of  triradiia and b; Bilateral simian creases and lower main-line 
index [79].

Rubella Embryopathy

Children affected showed a variety of  severe congenital anoma-
lies, including microcephaly, cataracts, heart defects,mental retar-
dation and abnormal dermatoglyphics.

Achset al found an increased frequency of  simian lines, distally 
displaced axial triradii, and radial loops on other than second 
digits in both rubella-damagedand rubella-exposed groups of  
children [80]. Alter and Schulenberg observed several unusual 
dermatoglyphic traits in patients with rubella embryopathy like 
increased frequency of  transitional andfull simian palmar creases, 
an increased frequency of  whorls on thefingertips [especially in 
males], a decreased a-b ridge count, an increased atd angle, anda 
tendency toward more patterns in the interdigital areas, thenar/
first interdigital area, and hypothenar area [81]. 

In the study on children with congenital rubella, the fingertip 
whorlswere found to be significantly increased with a predomi-
nance for females and increase in both simian and Sydney creases 
[82]. In another study, only Sydney creases wereelevated among 
adult patients with rubella embryopathy, whereasthe frequency of  
simian creases was found to be normal. It was postulated that 
the teratogenic effects of  the rubella virus mayoverride otherwise 
normal lateral differences of  dermatoglyphictraits during devel-
opment and influence the patterns towards greatersymmetry [83].
According to PurvisSmith and Menser, an excess of  whorls was 
found in patients of  both sexes [especially in males] than either 
their mothers or fathers, and the high whorl frequency was attrib-
uted to direct teratogenesis. The authors concluded that although 
both genetic factors and theviral influence accounted for the very 
high whorl frequency in rubella-affected individuals, the terato-
genic effect of  the virus appeared to predominate [84].

Leukemia

Aleksandrowiczet al. reportedan increased frequency of  fingertip 
radial loops in males andof  "radial whorls" in females with leu-
kemia [85].
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Acute Lymphocytic Leukemia: Colombo et al. found whorls 
to be decreased and ulnarloops to be increased in females [86]. 
Purvis-Smith and Menser found a higher frequency of  whorls in 
patients of  both sexes and the fathers of  the male patients and an 
increase ofsingle transverse creases together with Sydney lines in 
female patientsand their mothers [87]. However,in the Wertelecki-
et al. series, the fathers and thebrothers both had a lower fre-
quency of  whorls than the male patients.An increase of  Sydney 
lines withoutan increase of  single transverse creases was observed 
in severalinvestigated groups of  patients [88]. In the Colombo et 
al. study, the increasein frequency of  the Sydney line was limited 
to male patients [86].

Acute Myelogenous Leukemia: Rosner reported increased ra-
dial loops on the right hand of  malesand, in females, there was an 
increased atdangle and a higher frequencyof  hypothenar patterns 
of  the left palms [89].

Acute Leukemia (Not Otherwise Designated): Verbov re-
ported an increase of  whorls and a decrease inulnar loops in the 
males with acute leukemia [91]. Menser and PurvisSmithfound a 
decreased frequency of  ulnar loops and an increased frequency 
of  arches on the fingertips of  male children.They also found an 
increase of  fingertipwhorls and a decrease of  arches in female 
children with acute leukemia [87].

Acute Blast Cell Leukemia: Menser and Purvis-Smith reported 
an increase of  arches, decrease of  ulnar loops in the fingertips, 
and significantly increased frequency of  Sydney lines in patients-
with acute blast cell leukemia [91]. 

Chronic Lymphocytic Leukemia: Rosnerfound increased fre-
quencies of  fingertip arches and hypothenar patterns on the right 
palms, wider atdangles, and a decreased frequency of  14 patterns 
among female patients with chronic lymphocytic leukemia [89].
Aleksandrowiczet al.found an increase of  the fingertip radial 
loops in males andof  the "radial whorls" in females [85]. Verbov 
observed an increasedfrequency of  radial loops and a decrease 
of  fingertip archesin males whereas females had an increased fre-
quency of  fingertiparches [90].

Chronic Myelogenous Leukemia: An increased frequency of  
whorls and a decreased frequency ofulnar loops on the fingertips 
of  the patients was reported by Rosner [89].

Cytomegalic Inclusion Disease

Wright et al. [92] and Purvis-Smith et al [93] found an increase in 
the frequency of  whorl patterns in infants with cytomegalic inclu-
sion disease and in their fathers. On the palms, simian line and 
transitionaltransverse creases were found. It was concluded that 
genetic factors controlling immune responses may beinherited 
from the father and predispose a particular foetus to damagefrom 
certain viral infections. Dermatoglyphic changes can be a sensitive 
indicator of  this damage.

Celiac Disease

Celiac disease is a disorder characterized by malabsorption, ab-
normalsmall bowel structure, and intolerance to gluten. Accord-
ing to David et al [94], dermatoglyphicchanges in adult patients 
with celiac disease varied between moderate epidermal ridge at-

rophy associatedwith the appearance of  white lines and actual 
loss of  visibleridges and disappearance of  white lines. Ridge at-
rophy improved with a gluten-freediet and dermatoglyphicscould 
be employed as an indicator of  the patients' responseto the diet 
therapy.In contrary, the studies by McCrae et al. [95] and Mylotte 
et al [96] revealed no abnormal dermatoglyphics in patients with 
celiac disease compared to controls and concluded that dermato-
glyphics cannot be utilized for diagnosing celiac disease. Although 
the authors suggested that ridgeatrophy in an adult should alert 
the possibility ofceliac sprue, they did not find dermatoglyphic 
analysis to be a reliable method of  monitoring the response of  the 
celiac patient to thegluten-restricted diet.

Conclusion

Dermatoglyphics definitely have a scientific basis for their role as 
a genetic marker in various syndromic conditions and systemic 
disorders. By understanding the relationship between medical dis-
orders and dermatoglyphic variations, it can serve as an excellent, 
non-invasive tool in the diagnosis of  several systemic conditions. 
Dermatoglyphics is an accessible, inexpensive, useful, reliable and 
noninvasive method of  exploring the genetic associations of  oral, 
craniofacial, systemic disorders and syndromes. Thus, apart from 
personal identification, dermatoglyphics serves as an excellent 
tool in screening population for several syndromes and systemic 
disorders.
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