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Abstract

Kidney diseases are becoming a major cause of global burden with high mortality and morbidity. The origins of most
kidney diseases are known, but for some the exact aetiology is not yet understood. Dermatoglyphics is the scientific
study of epidermal ridge patterns and it has been used as a non-invasive diagnostic tool to detect or predict different
medical conditions that have foetal origin. However, there have been a limited number of studies that have evalu-
ated a dermatoglyphic relationship in different kidney diseases. The aim of this review was to systematically identify,
review and appraise available literature that evaluated an association of different dermatoglyphic variables with
kidney diseases. This review is reported according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses checklist. The PubMed® (Medline), POPLINE, Cochrane Library and Trip Database and grey literature sources
such as OpenGrey, Google Scholar, and Google were searched to earliest date to 17 April 2014. Of the 36 relevant
publications, 15 were included in the review. Of these studies, there are five case reports, seven case series and three
comparative studies. Possible association of dermatoglyphics with Wilms tumor (WT) had been evaluated in two
comparative studies and one case series that found fewer whorls and a lower mean total ridge count (TRC). Another
study evaluated adult polycystic kidney disease (APCD) type Il that revealed lower TRC means in all cases. All other
case series and case reports describe dermatoglyphics in various kidney disease such as acro-renal-ocular syndrome,
potter syndrome, kabuki makeup syndrome, neurofaciodigitorenal syndrome, syndactyly type V, ring chromosome
13 syndrome, trisomy 13 syndrome and sirenomelia. It is evident that whorl pattern frequency and TRC have been
used widely to investigate the uncertainty related to the origin of several kidney diseases such as WT and APCD type
Ill. However, small sample sizes, possibly methodological issues, and discrepancy in the make up between cases and
control groups limits interpretation of any significant findings. Future studies with proper protocol, adequate cases,
and control groups may provide stronger evidence to resolve uncertainty related to the aetiology of kidney diseases.
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Background

Kidney diseases are becoming a global burden (The Lan-
cet 2013) with between 8 and 16 % of the world’s popu-
lation suffering from chronic kidney disease (CKD) (Jha
et al. 2013). Further, there is an increased concern of
acute kidney injury as well (Lameire et al. 2013). Kidney
diseases categorized as hereditary (e.g. polycystic kidney
disease, Alport syndrome, etc.), congenital (malforma-
tion of urinary tract casing disease), and acquired kidney
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and indicate if changes were made.

diseases (more common) (HealthCentral). There are sev-
eral identifiable causes of kidney diseases, including dia-
betes, hypertension, glomerulonephritis and genetically
inherited diseases (Colledge et al. 2010). However, in sev-
eral countries, exact aetiology of some CKD patients is
unknown (Jha et al. 2013).

Dermatoglyphics is the study of the epidermal ridge
patterns on the skin of the fingers, palms, toes, and
soles (Cummins and Midlo 1961). Epidermal patterns
start to develop during the sixth and seventh weeks of
intrauterine life, and are fully formed by the end of the
second trimester (Blackwell 1994). These anatomical
structures have been used widely in the field of anthro-
pology (Meier 1980) in addition to also being used
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in medicine and genetics as a valuable diagnostic tool
(Holt 1973; Reed and Opitz 1981; Shiono 1986). There is
a popularity of using dermatoglyphics as a non-invasive
diagnostic tool to detect and predict different medical
conditions that occur in early life (Kumar and Manou
2003; Fuller 1973; Cvjeticanin et al. 2009; Pakhale et al.
2012; Gupta and Karjodkar 2013), especially in clini-
cal settings with minimal high tech diagnostic capa-
bilities. These studies were based on the hypothesis “if
growth of the limbs is disturbed in very early fetal life
changes in the epidermal ridge configurations are likely”
(Schaumann and Johnson 1982; Babler 1991; Blackwell
1994). Therefore, dermatoglyphic association of various
diseases with ectodermal origin have been extensively
evaluated.

In addition, the relationship between different derm-
atoglyphic traits and the diseases of the bodily struc-
tures that originate primarily from mesoderm have
been widely evaluated. The dermatoglyphics of diseases
such as red cells (thalassemia, sickle cell anaemia), lym-
phocytes (acute lymphocytic leukaemia), cardiac mus-
cles and vessels (ischemic heart disease, hypertension,
rheumatic heart disease, and dilated cardiomyopathy)
are evaluated in the literature (Annapurna et al. 1978;
Sanyal 1978; Edelstein et al. 1991; Polzik and Sidorovich
1991; Palyzova et al. 1991; Oladipo et al. 2007; Dogra-
maci et al. 2009; Solhi et al. 2010; Bukelo et al. 2011;
Ramesh et al. 2012; Fayrouz et al. 2012; Wijerathne et al.
2015).

The kidney is an anatomical structure that primar-
ily originates from the mesoderm (Gilbert 2000; Murer
et al. 2007). There are a limited number of studies that
have evaluated a dermatoglyphic relationship in differ-
ent kidney diseases (Currd et al. 1982; Hauser et al. 1984;
Abd Allah et al. 2011). Therefore, as a start, we conducted
this review to identify and appraise the different derma-
toglyphic variables that might be associated with kidney
diseases. These findings are an important undertaking at
this time and serve as the basis for conducting this line of
research.

Methods

This review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) checklist (Moher et al. 2009).

Search strategy

We searched the following electronic databases earliest
inclusive dates to April 17, 2014. The databases included
PubMed® (Medline), POPLINE, Cochrane Library and
Trip Database. In addition, we searched the grey litera-
ture sources; namely, OpenGrey, Google Scholar, and
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Google. We did not restrict the searches based on lan-
guage, year of publication, or publication status.

A Boolean search strategy was constructed in Med-
line database using the following MeSH (medical subject
headings) terms:

Dermatoglyphics [MeSH Terms] AND (“Kidney Dis-
eases” [MeSH Terms] OR “Kidney Neoplasms” [MeSH
Terms] OR “Kidney” [MeSH Terms] OR “Kidney/abnor-
malities” [MeSH Terms] OR “Kidney/embryology”
[MeSH Terms] OR “Kidney Failure, Chronic” [MeSH
Terms] OR “Renal Insufficiency, Chronic” [MeSH Terms]
OR “Acute Kidney Injury” [MeSH Terms] OR “Kidney/
growth and development” [MeSH Terms]).

A search of other databases and grey literature was
conducted with the same MeSH terms.

Eligibility criteria and study selection

Available full text articles were obtained for all stud-
ies. For articles where full texts were not available, the
abstract and title were evaluated. Initially the full texts or
title and abstracts were screened by BTBW based on the
following inclusion and exclusion criteria.

Inclusion criteria
+ Peer reviewed journal articles that describe dermato-
glyphic traits in different kidney disease;
+ Studies conducted on human subjects.

Exclusion criteria
» Review articles;
» Editorials.

Later all potential studies were independently reviewed
by SBA and SSS for accuracy. Disagreements were dis-
cussed with a third reviewer RJM for final selection of
studies to be included in the review.

Data extraction

From every included study the following details were
extracted, age, sex, region, ethnicity, type of kidney dis-
ease, type of kidney abnormality and dermatoglyphic
characteristics. At first, data from case reports, case
series and case control studies were extracted and placed
into three separate tables by BTBW. Then, these tables
were checked by two other authors (SBA, SSS) for accu-
racy. A third author RJM finally reviewed selected studies
to ensure uniformity.

Results

The literature search identified 63 articles (Fig. 1). Of
these, a systematic search of PubMed databases yielded
54 studies. One study was identified through the grey
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Fig. 1 Summary of evidence search and selection. Asterisk represents Online Mendelian Inheritance in Man® (http://omim.org) and Orphanet
(http://www.orpha.net) database referred for disease characteristics

literature search. Eight studies were found through the
manual searches of the reference lists of the retrieved full
text articles.

Out of these 63 articles, 14 publications were excluded
based on title or abstract (Online Mendelian Inheritance
in Man® (http://omim.org) and Orphanet (http://www.
orpha.net) database referred for disease characteristics),

one was a duplicate and an abstract or full text was una-
vailable for 14 titles.

Finally, 31 articles (28 full texts, three abstracts) were
assessed which led to the inclusion of 15 studies [one
study is an abstract only (Hauser et al. 1984)].

Of these studies, there are five case reports, seven case
series and three comparative studies.
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The extracted data are shown in Tables 1, 2 and 3,
respectively.

Characteristics of patients with kidney diseases

The patient pool consisted of 28 females, 27 males and
one case with male karyotype (Freire-Maia et al. 1982).
In addition, there were 30 patients with Wilms tumor
(Gutjahr et al. 1975) and nine patients with adult poly-
cystic kidney disease (APCD) type III (Hauser et al. 1984)
where sex of the patient was not mentioned. Age ranged
from birth at 32 weeks of gestation to 45 years, for all
studies that reported this information.

Cases originated from several countries: USA (Frau-
meni et al. 1967; Juberg et al. 1975; Pettersen 1979; Rob-
inow et al. 1982), Brazil (Freire-Maia et al. 1982), Canada
(Halal et al. 1984), Japan (Iwama et al. 1987; Philip et al.
1992), Germany (Hoo et al. 1974), UK (Crawfurd et al.
1966; Jancar 1969), Italy (Curr6 et al. 1982), and for two
studies the country of origin was not mentioned (Pas-
sarge 1965; Hauser et al. 1984).

Ethnicities of the cases are as follow: Brazilians (Cauca-
sian ancestry) (Freire-Maia et al. 1982), French Canadians
(Halal et al. 1984), Puerto Rican (Robinow et al. 1982),
French (Philip et al. 1992), German (Philip et al. 1992).
Ethnicities were not mentioned in several cases (Passarge
1965; Crawfurd et al. 1966; Fraumeni et al. 1967; Jancar
1969; Hoo et al. 1974; Juberg et al. 1975; Pettersen 1979;
Curré et al. 1982; Halal et al. 1984; Hauser et al. 1984;
Iwama et al. 1987).

Different kidney diseases and their dermatoglyphic traits
There were several diseases described in these studies
that had stated the renal anomalies along with dermato-
glyphic examinations.

Wilms tumur (Fraumeni et al. 1967; Juberg et al. 1975;
Curroé et al. 1982)

Wilms’ tumor (WT) is the most common renal tumor
in childhood and responsible for about 6 % all paediat-
ric cancers (Kalapurakal et al. 2004). The dermatoglyphic
variables in WT were described in three studies (two case
controls and one case series) and one case series (derma-
toglyphics used to confirm monozygotic twining) that we
have reviewed. The case series did not provide any com-
parative differences in dermatoglyphic traits and kidney
diseases. The Curr6 et al. (1982) study, regarding digital
variables, showed a significantly lower incidence of radial
loops and whorls in WT patients compared to normal
controls. Further, they observed significantly lower TRC
(both sexes) and significantly lower pattern intensity
index (PII) in male patients with WT. For palmar varia-
bles, the Cummins index (Mainline index) is significantly
lower in both sexes while maximal atd angle in female
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patients found high in contrast to controls. Gutjahr et al.
(1975) showed a lower occurrence of digital arch patterns
in affected cases and a slightly higher frequency of whorls
in WT patients compared to controls, yet TRC remained
low, as was the ab ridge count. The palmar interdigital
areas III and IV showed a low occurrence of patterns
compared to controls.

Gutjahr et al. (1975) further analysed dermatoglyphics
in digits of the foot, and observed an increased frequency
of arches, and a reduced frequency of loops and whorls
in both male and female WT patients. In addition, plan-
tar area II showed more patterns compared to controls.
Both interdigital pattern III and IV found less frequency
of pattern in WT patients.

Other diseases

Our review identified several kidney diseases where
dermatoglyphic features were analyzed. There are seven
acro-renal-ocular syndrome cases (Halal et al. 1984),
four Potter syndrome cases (Passarge 1965; Jancar 1969),
four Kabuki makeup syndrome cases (Iwama et al. 1987;
Philip et al. 1992), two neurofaciodigitorenal (NFDR)
syndrome cases(Freire-Maia et al. 1982), a Syndactyly
type V case (Robinow et al. 1982), a ring chromosome 13
syndrome case (Hoo et al. 1974), a trisomy 13 syndrome
case (Pettersen 1979) and a sirenomelia case (Crawfurd
et al. 1966), where different dermatoglyphic variables
were described. However, these studies did not show any
significant dermatoglyphic variables in patients com-
pared to normal subjects. However, one comparative
study on APCD type III patient was reported to have a
lower ridge count. Unfortunately, only an abstract was
available for this study. Furthermore, had the results
shown that certain dermatoglyphic variables were asso-
ciated with any of the above syndromic conditions, par-
ticularly those involving chromosomal aberrations (Reed
and Opitz 1981), it would not have been possible to make
a direct linkage exclusively between dermatoglyphics and
kidney disease.

Discussion

Our review found insufficient data to support any strong
dermatoglyphic relationship with kidney diseases, in gen-
eral. However, two comparative studies provided weak
evidence to support an association between dermato-
glyphics and WT (Gutjahr et al. 1975; Currd et al. 1982)
(Table 3). Could there be some reason to suspect that this
association had its origin during early foetal develop-
ment? On one hand, WT is an embryonic tumor of the
kidney and its exact cellular genesis is yet unclear (Pode-
Shakked and Dekel 2011). It has been hypothesized that
dysregulated differentiation and abnormal postnatal
retention of blastemal elements in the developing kidney



Page 5 0of 18

Wijerathne et al. SpringerPlus (2016) 5:290

870 = Xapul
Aleuin’, |y = 9|bue
pie ‘puey yo1
£5'0 = x3pul
Aeuln ‘. = 9|bue
pae puet| 1ybry
aA11BIIUeND
(quasge 2)
lpedi [eIsip ‘[eubipiaiul
ou ‘JIswiayiodAy ou
‘uianed Jeuayi ou ‘(3
Snipell) [eIxe [spuey yiog
aAnelenD
$21ydA|bolewap Jewjed
(v pue
g ULy (S0 ubip urn
‘(1) uB1p U1 1@ puey Yo
¢ ubIp Uy pue Sy 'c
1) 1B1p U N :puey 1ybry
dAIRY[eND

uonouny
KJ10O1RID3XD [BWIOU

SWIOIPUAS (J4N) (Annsadue Sz=+4 pIIYD 1S4
sa1ydA|borewap [eubig Yum skauppy yiog |eua101ibIpoIDRJOINEN |1zeig uelseoned) sueljizelg 8 =\ 4V W | (z861) 1B 12 elRN-11914
Buuimi dnobAzouow
wliyuod 01 pasn so1ydA|b
-0leuwlla( safljeuwouge ewoise|golydau
dlydA|bolewIap ON  Pauyuod A|jed1b0jolsiH JOWIN} SWIIA VSN UN UN z W l (S/61) 1213 Biagnr
SIPIS OM] Y} UDaMIdq .
SadURIRYIP JuedYIUbIS tN tN & 4 o
OU PuUNOj pue sywl| N N 4 4 %
[BULIOU UIYLM J9M
s19buy pue swied jo pawIyuod A|[ea1bojoisiH  (Ayredosyuieiway ey tN tN al 3 ¢
sa|gelieA djydA|bolewlsg eWOISE|QOIYdaN  -UabBUOD+) Jownd SWIIAA VSN UN 4N [ 4 | (/961) e 19 lUSWinel
sjualed ase)
sa|qe
-eA d1ydAjborewag saljewoue A3upry aseasiqg Anuno> fApluyg (s1eak) aby Japudn -ou ased loyny

salIds ase) | d|qeL



Page 6 of 18

Wijerathne et al. SpringerPlus (2016) 5:290

dN

958310

Jewed 91buls :puey Ya

958310

Jewjed 91buls :puey by
A= ETe)
so1ydA|bolewap Jewjeyd

dN = xopul

Aeuin ‘YN = s|bue
pie:puey Yo

L9°0 = X3pul

Aeuin ‘;ze = ajbue

p1e puey 1ybiy
dAIeIIUBND

uianed JsuiaylodAy

ou ‘ulaned Jeusyi ou ‘(3)
SnIpelL) [eIXe [spuey yiog

Fau

P1) [eubipRIuL :pURY Y37

(uasqe 2)

peJuielsip ‘ulonedie;
-1B1pJa1ul OU :pury 1yDIY
aAIeHeND
s21ydA|bolewap Jewjed

LUIM Uy (S

'€) 1BIp U1 N puey Y1

(€Qurypue LUy (S
) 1BIP U N ;puey 1ybry
aA1BHeND
sa1ydA|borewap [eubig

|ewiou

2I9M J9ppPe|g PUE $J19131N
Aauply Juasqy

puNoj sem
1appe|q Aleuawipnl e
A|UO pue JussqE S1aM

$19124N pue sAaUpIY

A3UpIy Y JO UOISIOAIUR
‘ASUpIY 74O dUISqY

SUWOIPUAS 5191104

dN

N V=W

AN 9C=W

L=
oF =W

ployc¢
AOOM CE W 4

SHPIM ¢ W L (5961) obuaessed

PIIY pUOd3S
S

s9|qe
-eAd1ydAjborewsag

saljewoue A3upry

aseasiq

Anuno>

Apuyi3

sjyuated

ase)

(s1eak) aby Japusn -ou ased loyiny

penuniuod | ’s|qel



Page 7 of 18

Wijerathne et al. SpringerPlus (2016) 5:290

pTpTOO/M =€ 45661

N ‘ulaned ||

/feusyy’ 1 snipeii
Jewljed ;puey ya

pIp1000-A¥L6LL-L

W 73 snipeli

Jew|ed :puey 140y
dAIeY[_ND
so1ydA|borewsap Jewjed

(yby)

0l¢ = DyL:spuey yiog
dAIRIIUBND

surn

“(=1) Ul M puRY Yo

uBIP |je ur pm :puey 1yBry
dAIeY[_ND
so1ydA|borewap [eubIg

Ajeuloue 1oeiy
AJeupin uoisny INOYIM
e1d0129 [BUS) PISSOID Y37

SWIOIPUAS

1e|n>0—eusl-0idy epeued dN dN 9% N L (¥861) e 19 [ejeH
lpeluy Jewjed eisip
4O JaqWinu padnpal
Ajpea1b pue ipedi
|erxe pade|dsip Ajjeisip
'S95B3ID ISIaASURIY 3|DUIS
[_ISIP PaY2E| [spuey Y1og
SUBIP le Ul v ipuey Yo
S~y UBIP UIIN ‘g1 dIYdIowsAp a1om
UBIp ul'y :puey 1ybry SWISISAS BuD9||0d Y109
aAleleND 19| 943 UO A3upy
so1ydA|bolewap [eubig oinj2d onsejdodAH A 2dA1 AA10epuAs VSN uedlyousand 0E=W 6 4 ¥ (7861) e 19 moulqoy
saseald Jeuljed asian
-suely 9|buls :puey a7
saseal) eWIOU
Jewed 3sI9A 2I9M J3ppe|q 3y} pue
-suesy a1buys ;puey by $19124Nn 3y dnse|dsAp
aA1BUeND pue 1154 a19m pue
so1ydA|bolewsap Jewied  ‘abie| a1am SASUPIY YL N 9Z=W YoM 9¢ 4 €
sjuaied ase)
sa|qe
-eA d1ydAj6orewag saljewoue Adupry aseasig Anuno> fApiuyrg (s1eak) aby Japudn -ou ased loyiny

panupuod | 3jqey



Page 8 of 18

Wijerathne et al. SpringerPlus (2016) 5:290

aull Y Jo
1SIX9 Jeusy ispuey yiog
p1pT000-3€,566745
AT 3 snipediy
Jewljed ;puey ya
UIA.O,O,>.O|\H|m,tm.tm.R
AW 3 snipedl
Jeuwl|ed ;puey 1ybry
aAnelenD
so1ydA|bolewllap Jew|ed
yb)
661 = DYLspuey yiog
aA11BIIUEND
(S ) ul
M(E=1) Ul N ‘puey Yo
piguIn ‘(s
1) urmpuey aybry
aA1BleND
so1ydA|borewap [eubig
p100001-€,526
TN Al BRIR O] UIS)
-1ed Jeujn ‘3 snipeiiiy
Jewjed :puey 4o
p100001-€,526
4N ‘3 snipedln
Jeuwl|ed ;puey 1ybry
aAeeND
so1ydA|borewsap Jewjed
L€l = DyL-spuey yiog
aA11BIIURND
SUBIp Jle ul N spuey Y]
S| UM ‘puz Ul
v (6=€) urn ;puey o1y
aA1eleND
sao1ydA|borewap [eubig

eido1da [eual b [eseds

wnini
-JOAIP [eJyrainesed 1o

dN

dN

dN

dN

s9|qe
-eA d1ydAj6orewsag

saljewoue Asupry|

aseasiq

Anuno>

Apruyi3

sjualeq

¥ k| €
SC W 4
ase)
(s1eak) aby J9pudn -ou dsed loyiny

panunuod | 3jqeL



Page 9 of 18

Wijerathne et al. SpringerPlus (2016) 5:290

plpTO00+€,S6L 1N
[3snip
-eJl) Jewl|ed ;puey 17
0p1000-4€,SL61TN
|} Snipesi
Jewed ;puey 1ybiy
dAIRY[eND
so1ydA|borewsap Jeuwjed
991 = DYLspuey yiog
aAieIIueND
LUy % urin ‘(s
V0 UM HT pURY Yo
(S 'p) Ul
‘(€-1) uIn :puey ybry
dAIRY[eND
sao1ydA|borewap [eubig

aull v jo
1SIX3 JRUIY :[SpURY 104
plp10000
A WS U676 4T
snip
-ell] Jewl|ed :puey Y]
00000-59e-t,5X6 41N
SnipelL) [eixe
JO 90U3sGR ‘11 Snipeliy
Jewl|ed :puey 1ybry
aAleleND
so1ydA|bolewsap Jewjeyd
¢/ =Dyl spuey yiog
dAIeIUBND
(S-g)ul
N 1) urmpuey Yo
LQuasqe
(G- u1In :puey 1ybry
aAleleND
so1ydA|borewap [eubig

pajelolew

pue (5z1) Asupny ybu

uey Jajjews Apybiis
si(wd 01) Aouppy Yo

A3upiy 1ybu paielolfe|y

dN

dN

dN

dN

[44 4 14

s9|qe
-ea d1ydAj6orewsag

saljewoue Adupry

aseasig

Anuno>

fpduyig

sjualeq

ase)

(s1eak) aby J9pudnH -ou ased

Joyny

panuiuod | ajqel



Page 10 of 18

Wijerathne et al. SpringerPlus (2016) 5:290

D 1USsCR ‘BUl| VY JO

151X JRUSY | :SpURY L10g

p10001

A1 uSSAR 6L 4N

Asnip

-Bll1 Jew|ed :puey Y3

p10001

-SSR 6L 4N

L3 snipeil

Jeuwl|ed :puey 1ybry
EAR=ETe)
so1ydA|bolewap Jeweyd

CUugS

M (7€) un spuey Y

quinuyy

el1x ul uaned 1y

cuy Ul

M(S"€) ur N ;puey 1Yoy
aAllelenD
so1ydA|borewap [eubig

aull Y Jo
1SIX3 JRUSY [Spuey L10g

pd>M'0'0'0°0-3-€

.\\m.\\m.R H_I_E

Al B3l g| ul uianed
[Hoym 32300d |eiuad)

Lisnip

-eil) Jewljed ;puey a7
p1O0OAA17S WS L AT

13 snipeiL

Jew|ed :puey 1ybry
aA1BHeND
s21ydA|Bolewap Jewjed
vl = DYL:spuey yiog
dAIRIIUBND

UBIp |le Ul N puRy Yo

Lurm

"(§=2) urn :puey oIy
aAnelenD

V1L apeib ygna

Aauppy o1do1ds ayy
ur YN ‘Alewoue 1oey
AJeuLIN uoisny INOYIM

so1ydA|bolewap [eubIg  eIdo1d9 [PUSI PISSOID 1T

dN

e\

dN

dN

yiuow 7 f /

Ll E| 9

s9|qe
-eA d1ydAjborewaqg

saljewoue A3upry aseasiq A1uno>

fApuya

sjuaied

asey

(s1eak) aby 1spusn ‘ou ase)

ioyny

penuniuod | ’s|qel



Page 11 0f 18

Wijerathne et al. SpringerPlus (2016) 5:290

|euBIpIRIUL @] ‘XN|JDJ |BIDIDINODISIA YA ‘D]eWD 4 ‘SW [y ‘BjNWLIO) dUl| Ulew 47/ qunod abpu 1abuy [e101 DY ‘doo| 3jgnop 7@ ‘dooj |eipel 7y ‘dooj| Jeun 7 ‘loym M ‘yYaie i ‘pariodal Jou yn

2 snipedty buissiw ‘dooj
JeuaylodAy :puey Y]

p> 10 2q ship

-eJlly [eubipJiaul ‘doo)
JeusyrodAy :puey 1ybry
anlelen
so1ydA|borewsap Jewjed

01/6doo] seujn
disbuy :spuey yiog
anlelenp
soiydA|borewssp eubiq

dooy JeusyiodAy ‘p snip
-eJI1 BUISSIW puey 4]

dooj

JeusylrodAy ‘p snipedi
Buissiul ;puey 1ybiy
aA1BleND
so1ydA|borewlap Jeuwed

01/6 dooj Jeujn
diusbuy :spuey yiog
aA1BleND
so1ydA|borewap [eubig

dooj JeusyrodAy 2 snip
-eJLl) buissiw :puey 197
dooj
JeuayiodAy o snipeity
Buissiw :puey b1y
aAeleND
so1ydA|borewsap Jewjed
01/01dooj seujn
disbuy :spuey yiog
aAeeND
so1ydA|borewtsp eubiq

xnya4 Areuun plin

+ Ayjewlouqy

ASUpP| 90YS3SIOH

SWOIPUAS
(PoIny—emexiiN)
dn-ayew pngey

ueder

ge =14
pusld  ZE=W

6¢ =4
uewsn gz =W

=4
Yously  c=WW

Y%e

%8

4}

(z661) e 32 dijyd

s9|qe
-eA dydAjborewsag

saljewoue A3upiy

aseasiq

Anuno>

sjuaied

ase)

Apuyi3

(s1eak) aby

Joyny

panunuod | a|qeL



Page 12 0f 18

Wijerathne et al. SpringerPlus (2016) 5:290

<3/ Bale [edN|jey Y3
<4 *eaue [ean|ley 1By

dAIRYEND
so1ydA|bolewap Jeyueld

0pTAOO
M 0,3} seale [eybipiaiul ;puey Yo

0p100
M0, ) seale [eubip 123u| puey 1ybiy
dAIRYIEND
so1ydA|borewap sewed

FUBIP UL T
HBIP Ul Y 'S "€ ‘L WBIP Ul N puey Yo

S pue z ubIp

Ul 7Y ‘=€ ‘L 1B1p Ut N :puey b1y
dAIRYIEND

so1ydA|bolewwsap [eubig

001019105 Yo
00PTOp1:/0s b1y
aAnelenD
so1ydA|bolewap Jeyueld
0000, 1-NI-€'/X L L -puey Yo
0T00,1-N1-,S L6 L L :puey iybry
aAleleND
so1ydA|borewap sewed
€11 Ddlspuey yiog
SAIRIIUBND
¥ UBIP Ul M
uBIp ur g ‘e~z 1BIp urIN 'L 16IP
Ul waned pJoym Aianb ;puey 1a
G-z ubip urn ‘L 16Ip
u uianed dooj Aianb :puey 1ybiy
aneleND
so1ydA|borewsap [eubIQ

S15A> Je|NgN}
pue Jejnisawo|b uole|ip [eadA|ed
-019Ad 1yb1js yum Asupry s0ysasioH

Aaupny 1ybul Jo sisauaby

QWIOIPUAS €| Awosl]

€| awosowolyd bupi ay |

vsn dN

Auewian N

dN

le=4
0E=W

yiuow |

W (6£61) udsionad

W (7/61) 1B 12 OOH

sa|qelien d1ydL|borewsag

saljewoue A3upry

aseasiq

Anunoy Apdiuyi3

sjuaied

ase)

(s4eak) aby

J9puan Joyny

syiodaa ase) g aqel



Page 13 0f 18

S[eW4 4 ‘SJ_W J/ ‘BINWLIOY SUI| UTRW JT)¥ “JUN0D 36pu Ja6uy (B30} DY ‘doo] 3|gnop 7@ ‘dooj [elpes Ty ‘doo| Jeujn 7 ‘Hoym M ‘ydie v ‘pariodas Jou YN

79 = DyL:spuey yiog

Uyl

‘EUITY 'S pUR ¥ | Ul N pUBY Yo

L LA T UL TY =€ Ul TIN spuey Y61y
dAIeY[eND
sa1ydA|borewsap [eubIg

p pue > snipeips [eybIp jo aduasge
‘usoned dooj JeuayrodAy ;puey a1
p pue
2 snipeJL} [eubip Jo aduasqe ‘Uil
-1ed dooj JeusyyodAy :puey 1ybiry
sAnelenp
so1ydA|borewap Jewed
L ubip
Ul M 'S=Z HBIp Ul N :puey Yo
si9buy J1e urn puey by
an1eleND
so1ydA|borewsap e1bIQ

sabpll |euipnibuo| pue Jejnaid ayy
JO uonoun( ayy 1e snipei 211U
9|buIs e yum Ajjeisip saul| jeurpnib
-uo| ‘Allewixold $a|2413 [PIUOZIIOY Ul
Butuuni ‘pawtioy Ajjood a1om sabpu
quli| lewiouge uo solydA|bolewsg
ulened
Jeuayl ou 1ybu 9yl uo 1ey1 01 SNIP
-ell [eixe 9|buls Jejiwis e ‘uialed
[PUBIP J91UI Y1y B U PIE (puUBY YT
uJaned Jeusyl ou ‘uonisod
1[ensn ayi Ul snipeJL) [elxe o|buls e
‘wisniedjenbipiaiul pig :puey 1ybry
oAl eND
So1ydA|bolewap sewed
SUBIP UL N b1 WBIP Ul A :puey 1)
s1abuy 9y |je ul A :puey ybry
oAlleYeND

Apnis ay1 bulnp paAlasgo
siydauoaAd a1uoiyd ‘uopdunf
J1313IN-IA1d 18 Uy Y1m 12313INn

Jaddn jo a1n1ou3s [eyUSsbuO) NS
-SI3 [eUSJ JO SSO| 3|RIDPISUOD YlM
sisoldauoipAy papis 1ybu sbie

sAsupny padeys-]

SUIOIPUAS $,191104

onsejd-odAy pue Ja1ainebaly  SWOIPUAS dnayew 1nage

SISAD0IDIW M3} B UJIM PIWLIO)
Ajdood a1am s1onp bunds|jod

pue S3|NQN3 SY3 PUB ‘2injeulul]
paJeadde |jniawolb ayi Jo Auew
‘B||[NPaW pUB X310D PauUYIP-|[9p
‘SIAlRA Y3 JO [|em JoL1S0d

‘WD §°0 O 31n1dN41s juid punol
[|lews e ‘quasqe Appualedde aiom

(£861) e 10 BUWIEM|

Wijerathne et al. SpringerPlus (2016) 5:290

so1ydA|bolewwsap [eubig 19ppe|g pue ‘sia324n ‘sASuUp| sy eljaWoualIs Nl YN 62=W wiog|ng  odA1okiey ey (9961) [e 19 panimeld
sjualed ase)
sa|qelien diydL|borewsag saljewoue A3upry aseasiqg Anuno>y fipdiuyrg (s1eak) aby J9puan loyiny

panunuod g sjqeL



Page 14 of 18

Wijerathne et al. SpringerPlus (2016) 5:290

$]0J1u02 01 pased
-Wwod (1000 > d) Soew
pue (1000 > d) S2ewsy
U10q Ul 19MO| Ajzuedyiu
-BIs Xapul suiwuwnd)
(L00>d)
|0J1U02 0} pasedwod
19yb1y a1om 1usned
1/ 9]ewsy jo 9|bue
pie [ewixew {(sajbue
p1e Ya| pue 1ybu jo
wns) 9|bue p1e [ewixeln
JlydA|boleullap Jeuljed
(@S F ueaw)
89/9 F 6C9/1 =s|0n
-Uod pue (JS F ueawl)
/599 F €6'¢CL = sosed
'S9[eWID) | A\ Ul I9MO]
Ajpuesylubis Dy
(@S F uesw)
6069 F (Y0 = sjon
-Uod pue (JS F ueawl)
(/88 F €S ¢y = Sased
'S9jew | M Ul 1aMO|
Ajpuesylubis Dy
(@S F uesw)
€F €Lyl =|01uo)
pue (JS F ueaw)
8/'¢ F Ll =sased
'S9eW [ A\ UL
(200 > d) Jamo|
Kjpueoyiubis |14 uesiy
dAlRIIUEND
(50000 > d)
S9UDJ. JO 9OUSPIDU| Y}
aseanul Apuedyiubis
(500 > ¢) sdooj [eipel
pue (G200 > d) Hoym jo

77 = 3rway
SIUSPLUL S 3589109p Ay uN UN T =>2W b onuoD
Ajpueoyiubls ‘sajewl uj
aAnRleND (PaWLIYUOD AjjeD L1 = olrWad
so1ydA|boleuwwsap [eubig  -160j03SIY) JOWIN] SWIAA Aey| N S1eak 7| -yuow 9 €1 =9lew sjuaned paejpiun O sase)  (2861) e 10 ound
sa|qe sal|
-1eA d1ydA|6orewsag -ewoue £aupny/aseasiq Anuno> Adluyl3z (s1eak) aby 19puan juedpied jo sequiny  dnoab Apnis loyiny

salpnj}s aaneledwo) € ajqel



Page 150f 18

Wijerathne et al. SpringerPlus (2016) 5:290

eWOPJIOYD ) ‘BWO}SB|O|INPaW gjy ‘ewoleld) Jueubijew Jjy ‘ewodiesofwopgeyd
S 'ewo01se|qoINaU gN ‘Xapul A1suaiul ulaiied [id 4ouwn SWIM LM ‘D]eway 4 ‘S]ew jy ‘e|nwiioy ul| ulew 47y ‘Junod abpu 1abuy |e303 DY ‘doo) 7 Hoym M ‘Yaie i ‘1edisqe ul pariodal Jou i ‘pariodal Jou Yy

sbulqis Ayiesy
03 pasedulod Jamo|
1PYMOWIOS 219M Swijed
pue sJ9buy Uo S1UNO VN VN
obpu asyiley pajinas || 9dA1 (@DdY) Sseasip
uosiedwod jeljiwejenu|  A3uply dnsAdAjod ynpe VYN
901 1ea1b UO UoW
-wod sdooj uado A|jeisig
% L1C=M
% E6S =1 %6l =V
J[PULIOU /9% €1 L = M
%Y =1"%LTV =V 1M
an|(eA pa12adxa 9, 8¢
01 pasedwlod (Jlapusb
Y10Q) IM U9 L LE Ut
-1ed |eybipiaiul || J1ueld
SAIIRY[END
so1ydA|bolewsap Jeyue|d
8/> sey
9 €9 1UN0d 3Pl g-€
SAlIRIAUBND
an|eA pa12adxa 9% 09
01 paJedwod siowny
Y10 1M UL 9% £9E
wian1ed [eubipIaIUl Al
uone|ndod
[e12ub Ul 9 47 01
pasedwod MUl % /LT
uianed [eubipisiul ||
9ARY[END
so1ydA|bolewap Jewed
Y'ESF ol
01 pasedwod
YLEFELCL=D4L
dnoib Jjowny swjipn
SAlIRIIUBND
(% 0'6C = [Hoym
‘% 1'€9 = dooj
‘% 6'/ = YDIe :jeudlou
/% L¥E€ = [Hoym
% £'65 = doo| oN
"% £'G = 2R M
oAl eny (1=>
so1dA|boreuniap [eUBI = gIN ‘S = LIN £ = SY
|0J3U0D 0} paledwod ‘L =gN’'0s = 1M)

Juaned Jownl SWjIA 0§ Ul syuaned Jjowni 09 Auewian

VdN VdN

VdN VdN

dN dN

S95eD 10} K918l

-edas YN (s95e2 09 || 10}
(s4e2A %G Jo obe

YN -J9AR) SIBA G| —SUIUOW 9

VdN

VdN

CIRRIEENIV) N
sased 10j Aj91esedas YN
ve=4

9C=W

$3583 09 |2 4O INO

VdN |0u0D

6 s3se) (1861 e 19 1asneH

(3]p11e 3Y)

Ul | 3|geL uo paseq) 00z jonuod

1MOE s9seD  (G/61) 13 ayefing

s9|qe sal
-1eA d1ydA|6orewsag -ewoue £auppy/aseasiq

Anuno)  Adiuyig

(s4eak) aby

J9puan

juedpiyed jo saquiny  dnoib Apnis Joyiny

panunuod ¢ sjqeL



Wijerathne et al. SpringerPlus (2016) 5:290

is the basis of oncogenesis of WT (Lovvorn et al. 2007).
This observation was based on the presence of nephro-
genic rests in many WT cases (Beckwith et al. 1990;
Beckwith 1998; Lovvorn et al. 2007). On the other hand,
dermatoglyphic development reflects the influence of
environmental and hereditary factors during the first tri-
mester (Okajima 1975; Babler 1991). Currd et al. (1982)
and Gutjahr et al. (1975) evaluated dermatoglyphics in
WT patients. They observed several dermatoglyphic
traits in WT that differed from a comparison with non-
affected people, such as low TRC (Gutjahr et al. 1975;
Curré et al. 1982), low ab ridge count (Gutjahr et al.
1975) and a reduced pattern occurrence in palmer III and
IV areas (Gutjahr et al. 1975). Thus, it seems possible that
altered dermatoglyphic and kidney development both
originated at a critical time during the embryonic/fetal
period.

Curré et al. (1982) observed a very low mean TRC
value in both male and female WT patients, and the
mean PII is likewise very low in males compared with
the values found in the control sample. Inadequate sam-
ple sizes could be one reason for the unusually high
mean TRC values (male = 204.22, female = 176.29),
whereas TRC in the WT patients (male = 143.5,
female = 123.9) appears to be well within an expected
range. Mean TRC value for populations generally is
between 100 and 150 (Meier 1980). There seems to be
no other explanation for this anomaly than that the
Curré et al. (1982) study somehow ended up with a
highly biased sample or there is the possibility that the
authors actually utilized absolute ridge count rather
than TRC.

Importantly, Gutjahr et al. (1975) observed a low TRC
in WT patients compared with a control group in which
sample size is adequate. This study did not report PIL
In addition, they selected a control group from another
study and did not report any demographic details. It
should be pointed out that important dermatoglyphic
variables such as TRC generally do differ between popu-
lations (Cummins and Midlo 1961; Meier 1980), so it is
imperative that control samples be representative of the
population source of the affected cases, for instance WT
patients.

An important finding in Curr et al. (1982) is the higher
frequency of arches among the WT males that would
account, along with the lower proportion of whorls, for
the lower mean values of TRC and PII in patients with
WT. Further, these altered dermatoglyphic pattern fre-
quencies might be evidence of delayed developmental
timing because early ridge formation is associated with
whorl patterns, late ridge formation with arch patterns
and intermediate ridge formation with loop patterns,
respectively (Babler 1991).
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Hauser et al. (1984) compared dermatoglyphics of nine
APCD type III patients with a control group and did not
report any significant differences between patients and
controls or patients and their healthy relatives. However,
they observed that the intrafamilial comparison of the
ridge counts in fingers and palms were fairly lower when
plotted against their mid-parent values compared to their
healthy sibs. We were able to retrieve only the abstract of
this paper and it was not sufficient to comment on con-
trol group characteristics, although sample size appeared
limited.

Several case reports and case series reports on derm-
atoglyphic variables were found for a range of kidney
diseases such as Potter’s syndrome, Kabuki makeup syn-
drome, sirenomelia, trisomy 13 syndrome, the ring chro-
mosome 13, acro-renal-ocular syndrome, syndactyly
type V, and NFDR syndrome. Unfortunately, these cases
did not provide sufficient information to conduct a com-
parative analysis of dermatoglyphic variables with control
samples or normal populations.

A major limitation of our review is the unavailability of
full text or abstract for 14 research articles. Furthermore,
PubMed database did not categorise any of these studies
as case control or comparative studies under “Publication
Types”.

Conclusion

According to our review, it is gratifying to learn that
dermatoglyphic variables such as whorl pattern fre-
quency and TRC have been used to investigate the uncer-
tainty related to origin of several kidney diseases, for
instance, WT and APCD type III. However, inadequate
sample size and/or inconsistency between cases and con-
trol groups limits interpretation of any significant find-
ings. Nevertheless, future studies with proper protocol,
adequate cases and control groups may provide stronger
evidence to diminish ambiguities related to the aetiology
of kidney diseases.
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