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Abstract

Background: Dermatoglyphics are the dermal ridge configura-
tions on the digits, palms and soles. Dermatoglyphic polymor-
phism results from the co-operation of genetic and environ-
mental factors. The Dermatoglyphic analysisis a valuable com-
pletion of initial diagnosis of some syndromes genetically de-
termined. Our objective was to assess dermatoglyphics study
results against standard chromosoma anaysis in Down and
Klinefelter syndromes.

Methods. In this study we applied clear plastic tape and
graphite powder for finger and palm prints of 90 persons. Cy-
togenetic study was also performed for patients with Down
(n=29) and Klinefelter (n=22) syndromes and 39 normal indi-
viduals who served as the control group.

Results: Dermatoglyphic investigations indicated that in
Down syndrome, simian line, ulnar loops, whorl, t", t" and t'
were significant, whereas arch and interdigital 11l pattern were
more indicative for Klinefelter syndrome.

Conclusion: Dermatoplyphic can be used both as an initia
diagnostic step and for screening purposes.
Iran J Med Sci 2007; 32(2): 105-109.
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Introduction

the digits, palms and soles."® The scientific study of
papillary ridges of the hands and feet was first begun
in 1823 by Evangelista Purkinje—a Czech physiologist and
biologist. He was the first who systematically categorized
fingerprint patterns. In 1892, Sir Francis Galton published his
classic treatise on fingerprints. He studied the hereditary
aspects of fingerprints, compared siblings, twins and
genetically unrelated individuals and was the first who re[;)orted
concordance of papillary ridge patterns among relatives.>"®
Then, many studies have been emerged which increasingly
shown how dermatoglyphics can predict a range of conditions
and diseases.>****® The dermatoglyphic analysis is now a
valuable companion to other methods used for diagnosis of
some genetic diseases (e.g., phenyloketonuria) and syndromes
genetically determined (e.g., Down, Turner or Klinefelter
syndromes).***°
Dermatoglyphic polymorphism results from the interplay of

E ermatoglyphics are the dermal ridge configurations on
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genetic and environmental factors during the
early stages of ontogenesis.”® Dermal ridge
configurations begin to develop about the 13"
week of gestation as the fetal mounds on the
digit tips, and interdigital, thenar and
hypothenar areas of the hand. The pattern
formation is complete by the 19" week.®"*
These findings on ridge development, have
been recently confirmed by Blechschmidt,
Penrose and O’Hara, Okijima, and Babler.”?%?!

There are three basic fingerprint patterns:
arches, loops and whorls or mixtures of them.
The loops may be ulnar or radial.

A triradius is a three-way fork—a confluence
of three-ridge systems. Arches have no triradii;
a loop has one and the whorl has two or more
triradii. A triradius is seen at the base of the
palm—the axial triradius. This may be
displaced distally in certain conditions. The
palmar creases are usually made up of
proximal and distal transverse creases and a
thenar crease. A single transverse (crosswise)
palbral flexian crease in the hand is called
“simian crease” which is most often associated
with chromosomal abnormalities such as
trisomy 21, trisomy 18, trisomy 13, etc.”?

Dermal and palmar ridges are highly useful
tools in medical studies including autosomal
and sex chromosomal anomalies.”>*™** Their
notably variable characteristics are not
duplicated in other people, even in
monozygotic twins or in the same person, from
location to location.?

In  this study, we assessed the
dermatoglyphic study results against standard
chromosomal analysis on two groups of patients
with Down or Klinefelter syndrome and normal
individuals.

Patients and Methods

To obtain the prints, we used 3/4"-wide clear
plastic tape for fingerprints and 4"-wide tape
for palm prints in 29 patients with Down
syndrome, 22 patients with Klinefelter
syndrome and 39 unrelated normal individuals
who served as the control group. Graphite
powder was rubbed over the area to be printed
and the tape was gently pressed against the
surface. When the tape was peeled off, the
image of the print which was transferred to the
tape pressed onto a sheet of paper.?®™
Cytogenetic study was performed based on the
G-banding technique at high resolution.?®

Results

Simian crease was observed significantly
(p<0.001) more frequently in those with Down
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syndrome (n=13, 45%) than in those with
Klinefelter (0%) and controls (n=1, 3%).

The whorls (53%) and ulnar loops (66%)
were more frequent in Down syndrome,
whereas arches (18%) were more frequent in
those with Klinefelter syndrome. On the other
hand, radial loops were less frequent in both
Down and Klinefelter syndromes (0%, and 2%,
respectively) as compared with the control
group (6%).

The arch patterns were more prevalent
(p=0.033) in Klinefelter syndrome (18%) than
in Down syndrome (3%) and controls (6%).
The frequency of ulnar loops and whorls were
essentially the same in Klinefelter patients and
controls.

Figures 1 and 2 summarize the results total
ridge count (TRC) and mean ridge breadth
(MRB) in Down and Klinefelter syndromes. No
significant associations was found between the
incidence of mean TRC in Down (93.4) and
Klienfelter (97.5) syndromes, in contast with
the control group (136.2). The highest number
of TRC in Down and Klinefelter syndromes
were 113 and 114, respectively; the lowest
number in controls was 115 (fig 3). No
significant differences was found in MRB
between the two syndromes and the control
group (51.7, 57, 61.2, respectively).
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Fig 1: TRC and MRB in the three study groups.
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Fig 2: Box plot of TRC in the three study groups.
* 9 Outliers
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Fig 3: Prevalence of fingertip patterns

The data concerning additional triradii of the
palm are shown in fig 4. The t' (28%), t" (30%)
and especially t* (42%) were significantly more
frequent in Down than Klinfelter syndrome
(20%, 0%, 9%, respectively)(p<0.01 for t" and t"
patterns). The prevalence of interdigital Il and Il

patterns were higher in Klinefelter (8%, 8%,
respectively) than in  Down (5%, 0%,
respectively) syndrome; the difference for

interdigital 1l pattern was statistically significant
(p=0.042). The prevalence of interdigital IV
pattern was also high in Down (16%) and
Klinefelter (17%) syndrome as compared with
the controls (8%) (fig 4 table 1).
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Fig 4: Prevalence of Triradii in palms.

Using a logistic regression analysis, the

discriminant equation:

y=45" Smianline+35" t'+2.7" Ulnarloop- 3.2

Tablel: Summary of analyzed parameters

yielded a sensitivity of 72% and a specificity of
93.3% for diagnosing Down syndrome.

The arch pattern can be used as a
screening test for diagnosis of Kinefelter
syndrome with a sensitivity of 80% and a
specificity of 79%.

Discussion

The reported frequencies in the three groups
were compatible with reports of McGovern,
Fogle and others which had reported that the
prevalence of simian line was 40%-50% in
Down syndrome. Therefore, simian line could
be a valuable aid when the clinical diagnosis is
uncertain.?

These frequencies of fingertip patterns in
our study were also comparable with other
reports which revealed that increase of ulnar
loops was more frequent in Down syndrome.
However, results of some previous studles
which reported excess of radial loops in the 4"
and 5™ fingers, were inconsistent with the our
findings.>***% 32 geh g discrepancy can be
explained by ethnohistoric and geograpmc
variations between different population.’

The arch patterns in our study groups
resembled the results of Shiono, et al, who
found high frequencies of flngert|p arches in
patients  with Klinefelter.*® Komatz and
Yoshida, reported that in Klinefelter syndrome,
arch patterns of digit | had a significantly higher
incidence, but in digit Il, the ulnar loops were
significantly more frequent and whorls were
significantly less frequent.*® However, in our
study, the frequency of ulnar loops and whorls
were essentially the same in Klinefelter
patients and controls. The diverse results
outlined in these studies, can be explained by
racial traits and environmental factors in
different countries.***"®

Our results were in keeping with other
reports which stated that TRC were
significantly lower in both Down and Klinefelter
syndromes than in normal people.*#313>3°

Considering our findings and other reports
there are clear associations between der-
matoglyphics and some chromosomal disor-
ders. Therefore dermatoglyphics may be
treated as a valuable initial diagnostic step for

suspicious cases.**'*#1%?°

W A RL UL M MMRB t t t ID Il DI IDIV S
TRC
N 39.2% 5.8% 57% 41.6%  136.2 61.2 8% 0% 0% 5% 0% 8% 2.5%
D 525% 2.5% 0% 66% 93.4 51.7 28% 42% 30% 5% 0% 16% 45%
K 37.6% 183% 1.6% 39% 97.5 57 20% 9% 0% 8% 8% 17% 0%
N: Normal , D: Down , K: Klinefelter , W: Whorl , A: Arch ,RL: Radial loop ,UL:Ulnar loop , ID: Interdigital , S: Simian

Iran J Med Sci June 2007; Vol 32 No 2 107



M. Hassanzadeh Nazarabadi, R. Raoofian, R. Abutorabi, H.B. Hosseini

Acknowledgments

We wish to express our appreciation and
thanks to Mrs Z. Rabani, Mrs S. Mirzai and Mrs
F. Hasanzadeh for their technical assistance.
Special thanks to Dr A. Arghaami for statistical
analyses.

References

1

10

11

12

13

Bosco JI, Rajangam S, Shankar J,
Thomas IM. Dermatoglyphics in 46, XY
females. J Indian Med Assoc 2001; 99:
418-20.

Cummins H, Talley C, Platou RV. Palmar
dermatoglyphics in mongolism. Pediatrics
1950; 5: 241-8.

Fogle T. Using dermatoglyphics from down
syndrome and class populations to study
the genetics of a complex trait, 11th
Workshop/Conference of the Association
for Biology = Laboratory  Education,
Fredericton, New Brunswick, Canada;
1990. p. 129-50.

Kobyliansky E, Yakovenko K, Bejerano M,
Katznelson MB. Relationship between
genetic anomalies of different levels and
deviation in dermatoglyphic traits. Part 3a:
Dermatoglyphic peculiarities of males with
Klinefelter's syndrome. Analysis of separate
traits. Int J Anthropl 2005; 20: 85-109.
Schaumann BA, Opitz JM. Clinical aspects
of dermatoglyphics. Birth Defects Orig
Artic Ser 1991; 27: 193-228.

Young RS, Reed T, Hodes ME, Palmer CG.
The dermatoglyphic and clinical features of
the 9p trisomy and partial 9p monosomy
syndromes. Hum Genet 1982; 62: 31-9.
Babler WJ. The prenatal origins of population
differences in human dermatoglyphits. Thesis.
University of Michigan, 1977.

Kamali MS, Farhud D. "Dermal ridges”,
Rasa Publishishing, first pub. (1988).
(Persian)

Pétremand-Hyvarinen R. Morphologic and
dermatoglyphic aspects of Klinefelter
47 ,XXY syndrome. J Genet Hum 1978; 26
Suppl: 1-83.

Rajangam S, Janakiram S, Thomas IM.
Dermatoglyphics in Down's syndrome. J
Indian Med Assoc 1995; 93: 10-3.

Reed T. Dermatoglyphics in medicine--
Problems and use in suspected chromosome
abnormalites. Am J Med Genet 1981; 8:
411-29.

Schaumann B, Alter M. Dermatoglyphics in
Medical Disorders. New York: Springer-
Verlag, 1976.

Shiono H. Dermatoglyphics in medicine.
Am J Forensic Med Pathol 1986; 7: 120-6.

108 Iran J Med Sci June 2007; Vol 32 No 2

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Connor JM, “Essential Medical Genetics”,
Blackwell publishing, ISBN 086542666X,
1997. p. 105.

topuszanska M, Jankowska EA.
Dermatoglyphic morphology in some
diseases. Pol Merkur Lekarski 2001; 11:
282-6.

Kava MP, Tullu MS, Muranjan MN, Girisha
KM. Down syndrome: Clinical profile from
India. Arch of Med Res 2004; 35: 31-5.
Kimura S, Kitagawa T. Embryological de-
velopment of human palmar, plantar, and
digital flexion creases. Anat Rec 1986;
216: 191-7.

Kimura S, Schaumann B. Embryological
development and prevalence of thumbflexion
creases. Anat Rec 1988; 222: 83-9.

Popich GA, Smith DW. The genesis and
significance of digital and palmar hand
creases: Preliminary report. J Pediatr
1970; 77: 1017-23.

Okajima M. Development of dermal ridges
in the fetus. J Med Genet 1975; 12: 243-50.
Penrose IS, O’Hara PT. The development
of epidermal ridges. J Med Genet 1973;
10: 201-8.

Mc Govern D. “Lippincott’s Review for
Nclex-Rn” , Lippincott Williams & Wilkins;
ISBN 1582553602; 2004 . p. 108.
Hassanzadeh Nazarabadi M, Raoofian R,
Abutorabi R. Balanced chromosomal trans-
location of parents in relation to spontaneous
abortions. J Sci IR Iran 2005; 16: 203-8.
Borbolla L, Guerra D, Bacallao J.
Dermatoglyphics in Cuban mongols. Acta
Paediatr Acad Sci Hung 1980; 21: 107-21.
Lippincott Williams & Wilkins , “The 5-
minute Pediatric Consult”, ISBN
0781754526; 2005 . p. 344.

Reed T, Christian JC. A comparison of the
dermatogram with other indices for the
diagnosis of Down's syndrome. Clin Genet
1976; 10: 139-44.

Rignell A. Simian crease incidence and the
correlation with thenar and hypothenar
pattern types in Swedish patients with
trisomy 21 (Down’s syndrome). Am J Phys
Anthropol 1987; 72: 277-86.

Shiono H, Azumi J. The Sydney line and
the simian line: the incidence in Down's
syndrome patients with mental retardation
and Japanese controls. J Ment Defic Res
1982; 26: 3-9.

Ercis M, Balci S, Atakan N. Dermatological
manifestations of 71 Down syndrome
children admitted to a clinical genetics unit.
Clin Genet 1996; 50: 317-20.

Borgaonkar DS, Davis M, Bolling DR, Herr
HM. Evaluation of dermal patterns in
Down's syndrome by predictive



Dermatoglyphic assessment in Down and Klinefelter syndromes

31

32

33

34

discrimination. I. Preliminary analysis based
on frequencies of patterns. Johns Hopkins
Med J 1971; 128: 141-52.

Rex A.R. and Preus M. A diagnostic index
for Down syndrome. J of Pediat 1982; 100:
903-6.

Qazi QH, Mapa HC, McGann B, Woods J.
Dermatoglyphics in Down's syndrome
patients of different racial origins. Am J
Ment Defic 1977; 82: 229-32.

Arrieta MI, Criado B, Martinez B, et al.
Fluctuating dermatoglyphic asymmetry:
genetic and prenatal influences. Ann Hum
Biol 1993; 20: 557-63.

Arrieta MI, Martinez B, Simon A, et al
Quantitative and gualitative finger
dermatoglyphics in the Basque Valley of
Urola, Spain. Anthropol Anz 1990; 48: 65-84.

35

36

37

38

39

Shiono H, Kadowaki J, Tanda H, Hikita M.
Dermatoglyphs of Klinefelter's syndrome. J
Med Genet 1977; 14: 187-9.

Komatz Y, Yoshida O. Finger patterns and
ridge counts of patients with Klinefelter's
syndrome (47, XXY) among the Japanese.
Hum Hered 1976; 26: 290-7.

Kamali MS, Malhotra KC, Chakraborty R.
Diversity in palmar pattern ridge counts
among 12 Iranian populations. Am J Phys
Anthropol 1986; 70: 443-55.

Kamali MS, Mavalwala J. Diversity of palmar
pattern ridge counts in Iranian populations.
Am J Phys Anthropol 1990; 81: 363-73.
Davee MA, Reed T, Plato CC. The effect
of a pattern in palmar interdigital 1l on a-b
ridge count in black and white Down syn-
drome cases and controls. Am J Phys An-
thropol 1989; 78: 439-47.

Iran J Med Sci June 2007; Vol 32 No 2 109



