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Abstract:

Background: Autism Spectrum Disorder (ASD) is a neurodevelopmental condition with
increasing prevalence. The ‘atd” angle, a palmar dermatoglyphic feature formed early in fetal
development, may serve as a biomarker for prenatal disturbances. This study aimed to compare
the ‘atd” angle between children with ASD and typically developing controls, and to assess
sex-based differences within the ASD group. Methods: A cross-sectional case-control study
was conducted in Rangpur, Bangladesh, from January to December 2019. The sample included
100 children aged 5-15 years: 50 with ASD (38 males, 12 females) from two autism centers,
and 50 typically developing controls (26 males, 24 females) from a local school. Palm prints
were collected using the standard ink method, and the maximal ‘atd” angle was measured
bilaterally with a protractor. Statistical analysis was performed using SPSS version 23.0,
with independent t-tests for group comparisons (pd”0.05 considered significant). Results:
The mean “atd” angle for children with ASD (41.31° % 6.45°) was wider than that of controls
(40.83° £ 5.75°), but this difference was not significant (p=0.275). Stratified by sex, autistic
females had the widest mean ‘atd’ angle (45.66° £ 7.68°), which was greater than both autistic
males (41.24° +5.77°; p=0.072) and control females (40.59° +5.57°; p=0.080). In the control
group, 82% had an ‘atd” angle <45°, compared to 75% in the ASD group.

Conclusion: While the ‘atd” angle did not show significant differences between the ASD and
control groups, a trend toward a wider angle was observed, particularly in autistic females.
The ‘atd” angle may not serve as a standalone diagnostic biomarker for ASD, but could
contribute to a broader dermatoglyphic assessment. Larger studies with standardized methods
are needed to further explore these outcomes.

Introduction:

public health concern.? The etiology of ASD is complex

Autism Spectrum Disorder (ASD) is a severe
neurodevelopmental condition defined by persistent
deficits in social communication and interaction, along
with restricted, repetitive patterns of behavior, interests,
or activities.! The global prevalence of ASD has
increased dramatically over recent decades, with
current figures indicating that approximately 1in 160
children worldwide is affected.2 In Bangladesh, while
comprehensive national epidemiological data are
lacking, extrapolations suggest that nearly 1.05 million
individuals may have ASD, pointing to the growing

and multifactorial, involving interactions between
hereditary predispositions and environmental elements
through critical periods of prenatal development.*>
The disorder is thought to result from disruptions in
fetal brain development, with abnormalities observed
in several brain regions, including the cerebellum,
limbic system, and cerebral cortex.®”

Dermatoglyphics, the scientific study of epidermal
ridge configurations on fingers, palms, and soles,
gives a unique window into prenatal development.
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These ridges form between the 7th and 21st weeks of
gestation and remain unchanged throughout life.3?
Crucially, both the skin (including its ridges) and the
central nervous system derive from the same
embryological layer — the ectoderm. Therefore, any
genetic or environmental insult within this critical
developmental window could potentially affect both
brain development and dermatoglyphic patterns.!%1!
Among the various dermatoglyphic parameters, the
‘atd” angle has received considerable attention in
clinical research. This angle is formed by drawing
lines from the digital triradius “a* (located at the base
of the index finger) to the axial triradius ‘t’ (situated
in the hypothenar area), and from ‘t’ to the digital
triradius ‘d’ (at the base of the little finger).!? The
position of the axial triradius can vary from proximal
to distal on the palm, with a more distal position
resulting in a larger ‘atd” angle. An “atd” angle less
than 45° is considered normal (designated ‘t"), angles
between 45° and 56° indicate an intermediate position
(‘t”), and angles greater than 56° suggest a distally
displaced axial triradius (‘t'"”).13

The ‘atd” angle has been extensively studied in
various genetic and neurodevelopmental disorders.
In Down syndrome (trisomy 21), a significantly
widened ‘atd” angle is a well-established
characteristic, indicating the distal displacement of
the axial triradius.1*1> Similarly, alterations in the
‘atd” angle have been reported in conditions such as
schizophrenial®, cerebral palsy!’, and various
chromosomal abnormalities.!® Given the common
ectodermal origin of the skin and brain, and the
temporal overlap between ridge formation and critical
periods of neurodevelopment, dermatoglyphic traits
may serve as indirect markers for early developmental
disturbances in ASD. Several studies have
investigated the ‘atd” angle in autistic populations,
but the results have been inconsistent. Some
researchers have reported significantly wider “atd’
angles in individuals with ASD compared to
controls!%?, while others have found no significant
differences2!?? or even smaller angles.??> These
discrepancies may stem from variations regarding
sample size, ethnic differences, methodological
methods, or the genetic heterogeneity of ASD itself. In
the Bangladeshi population, baseline dermato-
glyphic data for ASD are lacking. Understanding
population-specific dermatoglyphic characteristics is
essential, as these patterns display ethnic and racial
variations [24]. Therefore, this study aimed to compare
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the ‘atd” angle between Bangladeshi children with
ASD and age-matched typically developing controls,
and to examine sex-based differences within the ASD
group. The findings may add to the growing body of
evidence regarding dermatoglyphic markers in
neurodevelopmental disorders and provide
population-specific reference data for future research.

Materials and Methods

Study Design and Setting

This cross-sectional, analytical case-control study
was conducted in the Department of Anatomy,
Rangpur Medical College, Rangpur, Bangladesh, from
January 2019 to December 2019. The study aimed to
compare dermatoglyphic characteristics between
children diagnosed with autism spectrum disorder
(ASD) and typically developing controls.

Study Population

A total of 100 children aged 5-15 years were enrolled,
with 50 children diagnosed with ASD and 50
typically developing controls. ASD participants were
recruited from Buddhi Protibondhi Autistic Biddaloy,
Dinajpur, and Pyrabond Buddhi Protibondhi
Biddaloy, Rangpur, while controls were recruited
from Ashirbad- A.G. School, Rangpur. Participants
were selected through purposive sampling, with
specific inclusion and exclusion criteria.

Inclusion and Exclusion Criteria

* Inclusion: Children aged 5-15 years, both sexes,
Bangladeshi origin. ASD diagnosis for the ASD
group; typically developing children for the
control group.

*  Exclusion: Children with mixed ethnic origin,
congenital abnormalities, identifiable
neurological disorders, or a history of major
trauma or head injury.

Ethical Considerations
The Ethical and Protocol Review Committee of
Rangpur Medical College approved the study
protocol. Written informed consent was obtained from
parents/guardians, and all data were anonymized
for research purposes.

Data Collection

Palm Print Acquisition

Palm prints were collected using the ink method as
described by Penrose and Cummins. Briefly, the palm
was inked and pressed onto an A4 paper. The process
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was repeated to guarantee clear, readable prints.
Prints were examined under 6% magnification to
ensure quality.

Measurement of ‘atd’ Angle

The “atd” angle was measured following the
standardized method described by Penrose (1954).
On each palm print, the digital triradii were identified:
triradius ‘a’ at the base of the index finger, triradius
‘b’ at the base of the middle finger, triradius ‘c” at the
base of the ring finger, triradius ‘d” at the base of the
little finger, and the axial triradius ‘t’ located in the
hypothenar area (the fleshy part of the palm below
the little finger).

" Trirmdlus
‘B Trirmdius
—— "a" Trirmd i

'd” Trirmchius

Figure 1: Palm print with ‘a’, °b’, ‘c’, 'd" and “t’ triradius

Figure 1: Palm print showing the locations of digital
triradii “a’, ‘b’, 'c’, “d’ (at the bases of index, middle,
ring, and little fingers respectively) and axial triradius
‘t’ in the hypothenar area. These anatomical
landmarks are used for dermatoglyphic analysis
including the measurement of the ‘atd” angle. After
identifying these landmarks, two straight lines were
drawn: one connecting triradius ‘a’ to the axial
triradius ‘t’, and another connecting triradius ‘t’ to
triradius ‘d’. The resulting angle at the apex of
triradius ‘t’ formed by these two lines —the ‘atd’
angle —was measured using a standard protractor
with 0.5° precision.

Figure 2: Procedure for measuring the ‘atd” angle on
a palm print. Two straight lines are drawn from
triradius ‘a’ (base of index finger) to axial triradius ‘t’
(hypothenar area), and from ‘t’ to triradius ‘d” (base
of little finger). The angle formed at the apex ‘t’ is
measured using a protractor. The illustrated angle
measures approximately 35°.Measurements were

Figure 2: Procedure of measuring ‘atd” angle

taken for both right and left hands of each participant.
The ‘atd” angle was categorized according to the
position of the axial triradius:

e <45° Normal position
*  45°-56°: Intermediate position
e 56° Distal position

Quality Control

Measurements were performed by a single
investigator in duplicate, with the mean recorded.
Distorted prints were excluded, and unclear triradii
were re-examined.

Statistical Analysis

Data were analyzed using SPSS version 23.0.
Descriptive statistics were computed, and normality
was assessed using the Shapiro-Wilk test.
Comparisons between the ASD and control groups
were made using independent t-tests for continuous
variables and chi-square tests for categorical data. A
p-value of <0.05 was considered statistically
significant.

Results:

A total of 100 children aged 5-15 years were included
in this study. The demographic characteristics of the
study population are presented in Table 1. The ASD
group comprised 38 males (76%) and 12 females (24%),
yielding a male-to-female ratio of approximately 3.2:1,
consistent with the known higher prevalence of ASD
in males. The control group consisted of 26 males
(52%) and 24 females (48%). The mean age was
comparable between groups (ASD: 9.4 + 3.2 years;
Control: 9.1 + 3.0 years; p=0.63).
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Table I: Demographic Characteristics of the Study
Population

Characteristic ASD Group  Control Group
(n=50) (n=50)

Age (years)

Mean +SD 94+32 91+3.0

Range 5-15 5-15

Sex, n (%)

Male 38 (76%) 26 (52%)

Female 12 (24%) 24 (48%)

Male: Female Ratio 3.2:1 1.11

Figure 3: Schematic Representation of ‘atd” Angle
Measurement on the Palm

Figure 3: presents a detailed diagram of the human
palm, specifically focusing on the measurement of
the “ATD’ angle. The diagram includes various
elements of hand anatomy, such as different
fingerprint patterns, including left loop (L. Loop),
right loop (R. Loop), whorl, and ulnar loop (U. Loop),

each marked on the corresponding fingers. Key
anatomical features, including the thenar crease, life
line, and proximal transverse crease (DTC), are also
indicated. The diagram is oriented to show the radial
and ulnar sides of the palm, and arrows point to these
sides for reference. The diagram also marks points a,
b, ¢, d, I, II, III, and IV, which serve as reference
locations for calculating the “ATD” angle. This angle
is commonly used in dermatoglyphics, the study of
skin ridge patterns, to analyze palm prints. The
inclusion of these anatomical features and reference
points allows for a clear understanding of how the
‘ATD’ angle is measured on the palm, providing
insights into the study of dermatoglyphics and its
application in various fields.Comparison of ‘atd’
Angle Between ASD and Control Groups. The mean
‘atd” angle measurements for the right hand, left hand,
and both hands combined are presented in Table 2
and illustrated in Figure 2.

For the right hand, the mean “atd” angle was slightly
smaller in the ASD group (40.00° + 6.60°) compared
to controls (40.68° +4.90°), but this difference was not
statistically significant (p=0.259). Conversely, for the
left hand, the mean “atd” angle was wider in the ASD
group (42.62° £ 6.31°) than in controls (40.98° £ 6.60°),
although this difference also failed to reach statistical
significance (p=0.147).When both hands were
combined, children with ASD demonstrated a wider
mean ‘atd” angle (41.31° + 6.45°) compared to controls
(40.83° £ 5.75°), but the difference remained non-
significant (p=0.275). Notably, the ASD group showed
greater variability in “atd” angle measurements (range
28-65°) compared to controls (34-55°), suggesting
more heterogeneous palmar configurations within the
autistic population.

Table II: Comparison of ‘atd” Angle Between ASD and Control Groups

Side ASD Group (n=50) Control Group (n=50) t-value p-value
Mean +5D (Range) Mean +5D (Range)

Right Hand 40.00° £ 6.60° (28-65) 40.68° + 4.90° (34-55) 1.135 0.259

Left Hand 42.62° + 6.31° (29-51) 40.98° + 6.60° (38-54) 1.463 0.147

Both Hands Combined 41.31° + 6.45° (28-65) 40.83° £ 5.75° (34-55) 1.299 0.275
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ASD Group (n=50)

Control Group (n=50)

Figure 4: Comparison of Mean “atd” Angle (Both Hands
Combined) Between Autistic Children and Normal
Controls

Figure 4:Comparison of mean ‘atd” angle (both hands
combined) between autistic children and normal
controls. Error bars represent standard deviation. The
ASD group showed a wider mean angle (41.31° +

6.45°) compared to controls (40.83° + 5.75°), but the
difference was not statistically significant
(p=0.275).To explore potential sex differences, we
stratified the analysis by sex. Table 3 presents the
comparison of ‘atd” angles between normal males and
autistic males.

Among males, autistic boys exhibited slightly wider
‘atd” angles across all measurements compared to
normal boys, but none of these differences reached
statistical significance (p>0.05 for all
comparisons).More pronounced differences were
observed when comparing females (Table 4).

Autistic females demonstrated consistently wider
‘atd” angles compared to their typically developing
counterparts, with differences approaching but not
reaching statistical significance (p-values ranging
from 0.073 to 0.080). The mean “atd” angle for autistic
females (45.66° +7.68°) was approximately 5° wider
than for normal females (40.59° £ 5.57°).Table 5
compares ‘atd” angle measurements between autistic
males and autistic females.

Table III: Comparison of ‘atd” Angle Between Normal Male and Autistic Male Children

Side Normal Male (n=26) Autistic Male (n=38) t-value p-value
Mean £ 5D (Range) Mean £ 5D (Range)
Right Hand 40.57° £ 4.33° (36-53) 40.78° £ 5.49° (28-55) 0.173 0.864
Left Hand 40.84° + 3.67° (40-51) 41.71° £ 6.06° (29-54) 0.706 0.481
Both Hands Combined 40.70° £ 4.00° (36-53) 41.24° + 5.77° (28-55) 0.439 0.578
Table IV: Comparison of ‘atd” Angle Between Normal Female and Autistic Female Children
Side Normal Female (n=24) Autistic Female (n=12) t-value p-value
Mean £ 5D (Range) Mean £ 5D (Range)
Right Hand 40.79° £ 5.54° (34-56) 45.83° + 8.47° (36-65) 1.851 0.080
Left Hand 41.12° + 5.60° (40-59) 45.50° £ 6.90° (40-51) 1.90 0.073
Both Hands Combined 40.59° £ 5.57° (34-59) 45.66° £ 7.68° (36-65) 2.026 0.080
Table V: Comparison of ‘atd” Angle Between Autistic Male and Autistic Female Children
Side Autistic Male (n=38) Autistic Female (n=12) t-value p-value
Mean £ 5D (Range) Mean £ 5D (Range)
Right Hand 40.78° £ 5.49° (28-55) 45.83° + 8.47° (36-65) 1.93 0.073
Left Hand 41.71° £ 6.06° (29-54) 45.50° £ 6.90° (40-51) 1.70 0.107
Both Hands Combined 41.24° + 5.77° (28-55) 45.66° £ 7.68° (36-65) 1.93 0.072

Within the ASD group, females exhibited notably wider ‘atd” angles than males across all measurements, with
differences approaching statistical significance (p=0.072 for both hands combined). This pattern was consistent

for both right and left hands individually.
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Figure 5: Sex-Based Comparison of Mean ‘atd” Angle
(Both Hands Combined)

Figure 5: Sex-based comparison of mean “atd” angle
(both hands combined) showing wider angles in
autistic females compared to autistic males and
control females. Autistic females demonstrated the
widest mean angle (45.66° +7.68°), followed by autistic
males (41.24° £5.77°), control females (40.59° £ 5.57°),
and control males (40.70° + 4.00°). Differences
approached statistical significance (p=0.072 for
autistic females vs. autistic males; p=0.080 for autistic
females vs. control females).Table 6 presents the
classification of “atd” angles according to the position
of the axial triradius (t, t’, or t”).

Table VI: Distribution of ‘atd” Angle Categories
Angle Right Hand Left Hand  Both Hands
Category Control ASD Control ASD Control ASD
<45° (t) 80% 74% 84% 76% 82% 75%
45°-56° (t') 20% 24% 14% 24% 17% 24%
>56° (t) 0% 2% 2% 0% 1% 1%

In both groups, the majority of participants exhibited
anormal ‘atd” angle (<45°), indicating a proximally
placed axial triradius. However, the proportion of
individuals with a normal angle was higher in the
control group (82% vs. 75% for both hands combined).
Conversely, a higher percentage of children with ASD
fell into the intermediate category (45°-56°; 24% vs.
17% for controls). A distally displaced axial triradius

(>56°) was rare in both groups, observed in only 1%
of cases overall.

Discussion:

This study investigated the potential of the palmar
‘atd” angle as a dermatoglyphic biomarker for autism
spectrum disorder in a Bangladeshi pediatric
population. Our findings reveal that, while children
with ASD showed a trend toward wider “atd” angles
than typically developing controls, these differences
did not reach statistical significance. However,
notable sex-specific patterns appeared, with autistic
females exhibiting substantially wider angles than
both autistic males and control females. The
relationship between the “atd” angle and autism has
yielded inconsistent findings among various
populations. Our results align with several studies
that found no statistically significant difference
between autistic and control groups. Milicic, Petkovic,
and Bozikov?! reported a smaller ‘atd” angle in their
autistic group compared to controls, though the
difference was not statistically significant. Similarly,
Sanyaolu et al.?? observed no significant difference
in“atd” angle between autistic and control subjects in
their Nigerian study. De Bruin et al.”’ also failed to
find any difference in the mean ‘atd” angle between
adolescents with ASD and typically developing boys.
In contrast, other researchers have reported
significantly wider ‘atd” angles in autistic
populations. Arrieta et al.! found wider angles in
their Basque sample of autistic children compared to
controls. Stosljevic and Adamovic?® reported
significantly increased ‘atd” angles in Serbian autistic
boys. Haroun?® similarly observed wider ‘atd” angles
in Egyptian autistic children. The differences indicate
the potential influence of ethnic and genetic
heterogeneity on dermatoglyphic traits. Walker?
reported a smaller ‘atd” angle in autistic patients,
suggesting congenital interference in development.
This variation across studies underscores the
complexity of dermatoglyphic research and the need
for population-specific normative data. An especially
intriguing finding of our study was the pronounced
difference between autistic males and females. Autistic
females demonstrated substantially wider “atd’
angles (mean 45.66°) that approached the threshold
for intermediate axial triradius position (t), while
autistic males-maintained angles within the normal
range (mean 41.24°). This sex-specific pattern has
received limited attention in the dermatoglyphic
literature. Arrieta et al.' examined sex differences in
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their autistic sample and found no significant
differences between males and females. However,
their sample size for females was small, potentially
limiting statistical power. The more pronounced
dermatoglyphic deviations noted in autistic females
in our study may reflect a higher “genetic load”
required for females to manifest autistic traits,
consistent with the female-protective effect model 2’
This hypothesis posits that females require a greater
accumulation of genetic risk factors to express the
autistic phenotype, which could appear as more
pronounced developmental anomalies, including
dermatoglyphic alterations. The interpretation of
dermatoglyphic findings in ASD must be grounded
in embryological principles. Epidermal ridges begin
to form during the 7th week of gestation and are
completed by the 21st week.3? This period coincides
with important phases of central nervous system
development, including neuronal proliferation,
migration, and early synaptogenesis.3’ The common
ectodermal origin of the skin and nervous system
provides a biological rationale for using
dermatoglyphics as indirect markers of
neurodevelopmental disturbances.'! The position of
the axial triradius, reflected in the ‘atd” angle, is
determined by the relative growth of the palm during
fetal development.!3 A distally displaced axial
triradius (resulting in a wider “atd’” angle) may
indicate altered growth patterns or developmental
delays during the second trimester.’! Such
disturbances could simultaneously affect brain
development, possibly contributing to the
pathogenesis of ASD. The genetic architecture of
dermatoglyphic traits is complex and polygenic [32].
Family studies have shown significant heritability
for various dermatoglyphic parameters, including the
‘atd’ angle.?® In the context of ASD, which is also
highly heritable with estimates ranging from 50-80%
[34], common genetic factors influencing both traits
could explain observed associations. Milicic,
Petkovic, and Bozikov?! conducted family analyses
and found significant interclass correlations between
autistic sons and their parents for various
dermatoglyphic traits, suggesting genetic
transmission. The sex-specific patterns detected in
our study raise the possibility of X-linked influences,
consistent with the observation that when a trait is X-
linked, mother-son and sister-sister correlations tend
to be higher.3® The male predominance in ASD (3.2:1
in our sample) further supports potential X-linked

contributions. While genetic factors play a
predominant role in dermatoglyphic development,
environmental insults during the critical period of
ridge formation can also alter patterns. Maternal
factors such as infections, nutritional deficiencies,
toxic exposure, and hypoxia during the first and
second trimesters have been associated with
dermatoglyphic alterations.3*3” Many of these same
factors have been implicated as risk factors for ASD
[38,39]. The greater variability in ‘atd” angles observed
in our ASD group (range 28-65°) compared to
controls (34-55°) may reflect the heterogeneous
mixture of genetic and non-genetic influences causing
autism etiology. Several methodological factors may
explain differences between our findings and those
of previous studies. First, differences in measurement
techniques and the precise definition of triradii can
cause variability. We followed the standardized
method of Penrose!3 to ensure consistency, but subtle
differences in technique among studies cannot be
ruled out. Second, age differences between study
populations could influence comparisons, although
dermatoglyphic patterns are established prenatally
and do not change with age.*’ The size of the palm
increases with age, but the angular relationships
between triradii remain constant. Third, and most
importantly, ethnic and racial variations in
dermatoglyphic traits have been well-
documented.?*#! Baseline frequencies of various
dermatoglyphic parameters differ markedly across
populations. Our study provides the first data on ‘atd’
angles in Bangladeshi children with ASD, adding to
the global understanding of population-specific
variations. The utility of the ‘atd” angle as a clinical
biomarker for ASD must be considered cautiously.
While our findings show trends toward wider angles
in autistic children, particularly females, the overlap
between groups and lack of statistical significance
preclude its use as a standalone diagnostic tool.
However, when combined with other dermatoglyphic
parameters —such as fingerprint patterns (increased
arches and radial loops, decreased ulnar loops) and
total finger ridge count—the “atd” angle may
contribute to a broader dermatoglyphic profile that
could help in early screening.?>*? Dermatoglyphic
analysis has several advantages as a potential
screening tool: it is non-invasive, inexpensive,
requires no specialized equipment beyond what is
available in most clinical settings, and patterns
remain stable throughout life.*> However, it must be
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emphasized that dermatoglyphics can only serve as
an adjunct to comprehensive clinical evaluation,
never as a replacement for established diagnostic
procedures.**

Strengths of The Study:

This study is the first to examine the ‘atd” angle in
Bangladeshi children with ASD, supplying valuable
population-specific baseline data. It uses a rigorous
methodology with standardized measurement
techniques and includes sex-based analyses,
revealing important patterns. Clear inclusion and
exclusion criteria help minimize confounding factors.

Limitations of The Study:

The study’s limitations include a small sample size,
particularly for autistic females (n=12), which affects
statistical power. Its single-center design limits
generalizability, and the cross-sectional nature
prevents establishing causality. Technical issues in
obtaining clear palm prints, along with the lack of
blinding, may introduce bias. Additionally, focusing
only on the ‘atd’” angle limits the scope of
dermatoglyphic profiling.

Recommendations for Future Research

Future studies should include larger, multicenter
designs with more participants, particularly autistic
females, to validate findings and establish normative
data. Family-based studies could provide insights
into heritability, while longitudinal research might
examine whether prenatal dermatoglyphic changes
predict ASD. Expanding the scope of dermatoglyphic
parameters and exploring their correlation with ASD
severity could offer more thorough insights. Cutting-
edge imaging techniques and the combination of
genetic and environmental data could further clarify
the complex etiology of ASD.

Conclusion:

This study investigated the palmar ‘atd” angle as a
potential dermatoglyphic biomarker for autism
spectrum disorder in Bangladeshi children. While
children with ASD demonstrated a trend toward
wider ‘atd” angles compared to typically developing
controls, particularly in the left hand, these
differences did not reach statistical significance.
However, notable sex-specific patterns appeared,
with autistic females exhibiting substantially wider
angles that approached the threshold for intermediate
axial triradius position, denoting a possible sex-
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linked influence on dermatoglyphic development in
autism. The findings underscore the complexity of
using dermatoglyphic traits as diagnostic markers
for neurodevelopmental disorders. The ‘atd” angle
alone is unlikely to serve as a standalone biomarker
for ASD, given the overlap between groups and the
influence of ethnic, genetic, and non-genetic factors.

Nevertheless, when interpreted within a
comprehensive dermatoglyphic profile that includes
fingerprint patterns and ridge counts, the ‘atd” angle
may provide valuable information for early screening
and risk assessment. Our study provides the first
baseline data on “atd” angles in Bangladeshi children
with ASD, stressing the importance of population-
specific research in dermatoglyphics. The results
encourage additional investigation with larger
samples, family-based designs, and standardised
methodologies to clarify the complex relationships
between prenatal development, dermatoglyphic
patterns, and autism spectrum disorder.

Declarations

* Ethics Approval and Consent to Participate:
Approved by IERB, Rangpur Medical College.
Informed consent/assent obtained.

* Consent for Publication: Not applicable.

* Availability of Data and Materials: The datasets
used are available from the corresponding author
on reasonable request.

e Competing Interests: The authors declare no
competing interests.

*  Funding: This research received no specific grant
from any funding agency.

* Acknowledgements: The authors sincerely
thank the participating children, their families,
and the staff of the participating schools and
institutions for their assistance and support.

References:

1.  American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders. 5th ed.
Arlington, VA: American Psychiatric Publishing;
2013.

2. World Health Organization. Autism spectrum
disorders. 2018. Available at:https://www.who.
int/news-room/fact-sheets/detail /autism-
spectrum-disorders. Accessed November 7, 2019.



Differences in Dermatoglyphic atd Angle as a Biomarker in Children with Autism Spectrum Disorder

Das D et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

The Daily Star. Autism prevalence is high in urban
areas. July 13, 2018. Available at:https://
www.thedailystar.net/frontpage/autism-
prevalence-high-urban-areas-1604551.

Glasson EJ, Bower C, Petterson B, de Klerk N,
Chaney G, Hallmayer JF. Perinatal factors and the
development of autism: a population study. Arch
Gen Psychiatry. 2004;61(6):618-627.

Persico AM, Napolioni V. Autism genetics. Behav
Brain Res. 2013; 251:95-112.

Bauman ML. Brief report: neuroanatomic
observations of the brain in pervasive
developmental disorders. ] Autism Dev Disord.
1996,26(2):199-203.

Stefanatos GA. Regression in autistic spectrum
disorders. Neuropsychol Rev. 2008;18(4):305-319.

Bablar W. Embryonic development of epidermal
ridges and their configuration. In: Plato CC, Garruto
RM, Schaumann BA, eds. Dermatoglyphics: Science
in Transition. Birth Defects Original Article Series.
New York: Wiley-Liss; 1991,27(2):95-112.

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

Preus M, Fraser FC. Dermatoglyphics and
syndromes. Am ] Dis Child. 1972;124(6):933-943.

Kahn HS, Graff M, Stein AD, Zybert PA, McKeague
IW, Lumey LH. A fingerprint characteristic
associated with the early prenatal environment. Am
J Hum Biol. 2008;20(1):59-65.

Singh A, Gupta R, Zaidi SSH, Singh A.
Dermatoglyphics: a brief review. Int ] Adv Integr
Med Sci. 2016;1(3):111-115.

Penrose LS. The distal triradius on the hands of
parents and siblings of Mongol imbeciles. Ann Hum
Genet. 1954;19(1):10-38.

Penrose LS. Fingerprint, palm, and chromosomes.
Nature. 1963; 197:933-938.

Rajangam S, Janakiram S, Thomas IM. Dermato-
glyphics in Down’s syndrome. ] Indian Med Assoc.
1995;93(1):10-13.

Pahuja K, Agarwal SK. Analysis of quantitative and
qualitative dermatoglyphic traits in schizophrenic
patients. ] Anat Soc India. 2012;61(2):269-272.

Simsek S, Taskiran H, Karakaya N. Dermatoglyphic
analysis in children with cerebral palsy.
Neurobiology. 1998;6(3):373-380.

Rodewald A, Zankl H, Wischerath H, Borkowsky-
Fehr B. Dermatoglyphic patterns in trisomy 8
syndrome. Clin Genet. 1977;12(1):28-38.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Arrieta MI, Martinez B, Criado B, Lobato N, Lostao
CM. Genetic and dermatoglyphic distances among
the Basque Valleys. Hum Biol. 1992;64(5):705-716.

Stosljevic LM, Adamovic M. Dermatoglyphic
characteristics of the digito-palmar complex in
autistic boys in Serbia. Vojnosanit Pregl.
2013;70(4):386-390.

Milicic J, Petkovic ZB, Bozikov J. Dermatoglyphs
of the digito-palmar complex in autistic disorder:
family analysis. Croat Med J. 2003;44(4):469-476.

Sanyaolu A, Oremosu A, Duru F, Noronha C,
Olabiyi O, Okanlawon A. Dermatoglyphics of
autistic patients in Lagos, Southwest Nigeria. IJABR.
2011;3(1):7-16.

Walker H. Dermatoglyphic study of autistic
patients. ] Autism Child Schizophr. 1977;7(1):11-21.

Bhasin MK. Genetics of castes and tribes of India:
dermatoglyphics. Int ] Hum Genet. 2007;7(2):175-
215.

Cummins H, Midlo C. Finger Prints, Palms and
Soles: An Introduction to Dermatoglyphics.
Philadelphia: Blakiston; 1943.

Cummins H, Midlo C. Palmar and plantar
epidermal ridge configurations (dermatoglyphics)
in European-Americans. Am J Phys Anthropol.
1926; 9:471-502.

de Bruin EI, Graham JH, Louwerse A, Huizink AC.
Mild dermatoglyphic deviations in adolescents with
autism spectrum disorders and average intellectual
abilities as compared to typically developing boys.
Autism Res Treatment. 2014; 2014:584134.

Haroun HSW. Digito-palmar dermatoglyphics as
biomarkers of dental and medical disorders. Sch ]
Oto. 2019;2(4):1-5.

Jacquemont S, Coe BP, Hersch M, et al. A higher
mutational burden in females supports a “female

protective model” in neurodevelopmental
disorders. Am ] Hum Genet. 2014;94(3):415-425.

Sadler TW. Langman’s Medical Embryology. 13th
ed. New Delhi: Wolters Kluwer; 2015:362-367.

Kimura S. Embryologic development of flexion
creases. Birth Defects OrigArtic Ser. 1991;27(2):113-
129.

Holt SB. The Genetics of Dermal Ridges. Springfield,
IL: Charles C Thomas; 1968.

Reed T, Reichmann A, Palmer C. Dermatoglyphic
differences between 45, X and other chromosomal
abnormalities of Turner’s syndrome. Hum Genet.
1977;36(1):13-23.

11



Pabna Medical College Journal

Vol. 5, No. 1 May, 2026

34.

35.

36.

37.

38.

39.

12

Geschwind DH. Advances in autism. Annu Rev
Med. 2009; 60:367-380.

Hogben L. Filial and fraternal correlations in sex-
linked inheritance. Proc R Soc Edinb. 1932; 52:331-
336.

Schaumann B. Dermatoglyphics in medical
disorders: an overview. Coll Antropol. 1987; 11:383-
395.

David TJ. Congenital malformations of human
dermatoglyphs. Arch Dis Child. 1973;48(3):191-198.

Arndt TL, Stodgell CJ, Rodier PM. The teratology
of autism. Int ] Dev Neurosci. 2005;23(2-3):189-199.

Lam J, Sutton P, Kalkbrenner A, et al. A systematic
review and meta-analysis of multiple airborne
pollutants and autism spectrum disorder. PLoS One.
2016;11(9):e0161851.

40.

41.

42.

43.

44.

Tikare S, Rajesh G, Prasad KVV, Thippeswamy V,
Javali SB. Dermatoglyphics - a marker for
malocclusion? Int Dent J. 2010;60(4):300-304.

Cheng X, Li H, Gupta S, Pan S, Hou J, Li J.
Dermatoglyphic changes during the population
admixture between Kam and Han Chinese. HOMO.
2009; 60:143-157.

Oladipo GS. Dermatoglyphic pattern of autistic
children in Nigeria. ] Biol Agric Healthcare.
2013;3(7):80-83.

Bhat GM, Mukhdoomi MA, Shah BA, Ittoo MS.
Dermatoglyphics: in health and disease - a review.
Int ] Res Med Sci. 2014;2(1):31-37.

Lakshmana N, Nayyar AS, Pavani BV, Ratnam
MVR, Upendra G. Revival of dermatoglyphics:
syndromes and disorders, a review. Indian J Oral
Health Res. 2017,3(1):2-7.



