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The World oF FingerprinTs
Criminals have traditionally had a vested interest in hiding their identity. Identifying criminals has therefore
always been a key factor in combating crime. Identiﬁcation by means of ﬁngerprints, also referred to as dactyloscopy, became the ﬁrst reliable and eﬀective tool for
establishing a person’s identity.
Fingerprint identiﬁcation is based on the facts that the
epidermal ridge patterns on the palms and the soles of
a person’s feet are unique and do not change with time.
Thanks to ﬁngerprint identiﬁcation, people who conceal their identity or make false statements about their
identity can be identiﬁed quickly by cross-referencing
their ﬁngerprints against hundreds of thousands of ﬁngerprint records stored in ﬁngerprint databases.
Popular American television crime series like “CSI:
Crime Scene Investigation” have increased public
awareness of forensic science and the work of criminal
forensic scientists. But these series tend to present an
exaggerated portrayal of forensic science: almost anything seems to be feasible and in no time at that. Scientiﬁc reality is slightly diﬀerent, however. Nevertheless,
thanks to such television programs, ﬁngerprint identiﬁcation has received renewed public attention.
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Whenever we touch an object with our ﬁngers or hands,
we leave a print very much like a rubber stamp leaves
a mark on a surface. Body ﬂuids like sweat and other
human secretions from the pores of the skin serve as
stamping ink, so to speak. Persons may be identiﬁed by
a ﬁngerprint or a set of prints they have left at a crime
scene, provided their ﬁngerprints are already on record.
Fingerprints may provide the evidence necessary to clear
a suspect from a charge or convict a suspect of a crime.

Fingerprinting in the 19th century. [1]
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epiderMAl ridges And ridge pATTerns
Skin is the soft outer cellular tissue covering the body of
humans and other vertebrates. It is an extremely complex and versatile organ, appearing in two varieties:
ridged skin, covering the palms and soles of the feet and
meshed skin, the corniﬁed layer of skin covering the other outer parts of the body. Ridged skin is most relevant
for ﬁngerprint identiﬁcation.

The structure of the skin
The human skin is composed of two primary layers:
the epidermis and the dermis.
The epidermis, the outermost skin layer, is composed
of up to ﬁve layers and varies in thickness depending
on the region of the body. Among these layers are, in
descending order, a corniﬁed layer (stratum corneum),
a granular layer (stratum granulosum), and – the lowermost layer – the basal layer (stratum basale), where tissue cells are reproduced (see Figure 1). Beneath the epidermis lays the dermis.

Schematic of external
human skin depicting
its inner structure. [2]
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The dermis is composed of a thick area known as the
reticular layer and of a superﬁcial area adjacent to the
epidermis called the papillary layer, made of connective tissue papillae. These papillae (ﬁnger-like projections) are instrumental in the forming of friction ridges
(raised portions of skin found on the palm and soles of
feet). Two rows of papillae form a single papillary ridge
(more often referred to as friction ridge). Sweat pores
open between these ridges. These ridges occur on ﬁngers and feet, and determine the individual ﬁngerprint.
The skin possesses great power of regeneration. Injury to
the epidermis, such as cuts or burns, does not cause permanent damage.However, injury to the dermis results in
irreparable damage, mainly because the germinal layer,
where new tissue is constantly formed through cell division, is damaged.

ridged skin on the palms and soles of the feet of primates
In the course of evolution, terrestrial mammals developed soft pads on their feet – paws. Hair growth in these
pads gradually ceased and sebaceous glands disappeared in that area, but not sweat glands. These glands
secrete body ﬂuid used for additional traction. In primates – members of the most developed and intelligent
group of mammals, including humans, monkeys, and
apes – ridges and furrows on the palm and soles of the
feet act as friction pads.

Left: Paw of a cat
showing pads. [3]
Right: Friction ridges
on a fingertip. [4]
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immutability of friction ridges
Friction ridges patterns are immutable due to the structure and growth of the skin:
–

The germinal layer – the layer connecting the
epidermis and the dermis – regulates the uniform growth and the regeneration of the skin,
an extremely complex process ensuring that
skin is completely renewed about every four
weeks.

–

By the twenty-fourth week of gestation, the
friction ridges of the embryo are fully developed.

–

From then on, the same friction ridge pattern is reproduced throughout the life of a
person.

However, injury to the germinal layer results in lasting
scars, and the body cannot reproduce the original friction ridge pattern.

uniqueness of friction ridges
Friction ridge patterns and pore conﬁguration are
unique to a person. No two persons – even identical
twins – have ﬁngerprints that are exactly alike, mainly
for two reasons:
–

The hands of a fetus grow fast and their surface increases in proportion to the rate of
growth. While the hands grow, the primary
ridges are being drawn apart; the new area
thus created is ﬁlled out by further ridges.

–

Physical stress (tension and compression)
and psychological stress up to the twentyfourth week of gestation.
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Fingerprint study of identical twins and genetic factors
It has long since been established that identical twins
have an identical DNA proﬁle. However, their ﬁngerprints are clearly diﬀerent. The question arises whether genetic factors have a bearing on ridge pattern development.
Most research shows that the ﬁngerprints of identical
twins share more similarities than those of relatives or
unrelated persons do. This fact holds especially for the
following factors:
–

Basic ridge patterns

–

Number of ridges (number of ridges in
whorls and loops crossed by an imaginary
line running from the core to the delta
(see Figure 6 on the next page).

–

Sum total of minutiae (bifurcations, endings,
hooks, lakes, islands)

–

Sum total of simple minutiae (bifurcations
and endings)

–

Main creases of the palms

Loop

Whorl

Arch
Fundamental ridge pattern types. [5]
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The closer two people are genetically, the more similarities there are. Research, especially on identical
twins, indicates that both growth stress (random physical stress and tensions in the developing skin) and, to a
lesser degree, genetic factors aﬀect the conﬁguration of
a friction ridge pattern.

Core

Delta

Core and delta in a fingerprint. [6]
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A hisTory oF FingerprinTing
Assyria and Babylon (2200–625 B.C.e.)
About 25,000 clay tablets were discovered in the ruins
of Nineveh, an ancient Assyrian city on the Tigris River
in modern Iraq. These tablets are estimated to be up to
4,000 years old. Many of these tablets, written in cuneiform, contain the author’s name. An imprint of one of
the author’s ﬁngernails (supur) served as seal. Together
with the imprint of the ﬁngernail, an imprint of a part of
the ﬁngertip and the friction ridge skin was left on the
clay. There are grounds for the assumption that the people of that time were well aware of the uniqueness of friction ridge patterns and therefore used ﬁngerprints as a
way of identiﬁcation.

The Chinese empire
The emperor Qin Shi Huang (259-210 B.C.E.) acceded
to the throne in 247 B.C.E. at the age of twelve. He conquered and uniﬁed the various Chinese kingdoms and
thus became the ﬁrst emperor of the uniﬁed Chinese
empire that lasted without interruption from 221 B.C.E.
to 1911 C.E. Qin Shi Huang was the ﬁrst ruler known to
use ﬁngerprints pressed in clay as a seal on documents.
Paper and silk became increasingly popular in China
from the sixth century C.E. and were also used for drawing up documents. To certify their validity, it was standard practice in China to place an impression – either
palmprints or ﬁngerprints – on documents. The Chinese historian Kia Kung-Yen explicitly described a method referred to as “hua chi” (ﬁngerprint) used to prevent
identity scams.
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Over the centuries, using ﬁngerprints for identiﬁcation has become ﬁrmly established in China. It even has
its place in palmistry and fortune telling. Whorl patterns (tou), for instance, are believed to bring happiness,
whereas loops (ki) are considered to be rather a sign of
bad luck.
1
2
3–4
5
6

whorl:
whorls:
whorls:
whorls:
whorls:

You will stay poor
Wealth lies ahead
Open up a pawnshop
Become a wholesaler
You are predestined
to become a thief

7
8
9

whorls:
whorls:
whorls, 1 loop:

You are a poor soul
You feed on straw
You need not work and
you will have enough
to eat to the day you die

Medieval europe
Fingerprinting for identiﬁcation was unknown in the
Europe of the Middle Ages and even for quite some time
after.

Breaking offenders
on the wheel was a
common method
of execution.[7]
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To identify repeat oﬀenders other methods were used;
for example, people convicted of a minor oﬀense were
branded on their foreheads or their ears were slit. But
since repeat oﬀenders were usually subject to capital
punishment anyway, the question of identiﬁcation often
took care of itself.

Modern age: europe and the Western World
TheidealsoftheEnlightenmentasproposedbyImmanuel
Kant, Jean-Jacques Rousseau, Voltaire, Montesquieu,
and many more triggered the French Revolution, ending the monarchy in France in 1789. The champions of
the Enlightenment who promulgated new ideas such as
the importance of reason and equality made a mark on
the entire Western world in other ways too. For instance,
torture practices of the day and cruel forms of execution
were increasingly challenged and gradually abandoned,
and the Enlightenment led to penal reforms. However,
abolishing methods of punishment like branding oﬀenders gave way to the question of how to reliably identify
repeat oﬀenders who conceal their identity.

From eugène Vidocq to Alphonse Bertillon
Eugène Vidocq had a dazzling career: A French adventurer and bon vivant who served in the army and spent
time in prison, Vidocq made his way from crook to
informer and from secret agent of the Paris police to
director of a plainclothes unit within the Paris Police
Department called the Sûreté. Napoleon Bonaparte
made this unit a state security police force, the Sûreté
National, and appointed Vidocq its head in 1811.
Vidocq’s method of person identiﬁcation was simple and
neat: he regularly visited the prisons to memorize the
faces of the inmates and made his agents do the same.

Eugène François Vidocq
1775–1857. [8]
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At the same time, Vidocq began setting up ﬁles of index
cards containing names, aliases, physical descriptions,
and arrest histories for every arrestee. An arrest card
also included the description of the oﬀender’s criminal
specialty and his method of operation. Vidocq’s methods were adopted by police units in other countries.

Louis Jacques Daguerre
1787–1851. [9]

Vidocq’s methods and his index card system became
an even more eﬀective means of identiﬁcation with
the advent of photography. Named after Louis Jacques
Daguerre, the daguerreotype process announced in
1839 was the ﬁrst commercially successful photographic process.
The Paris police began collecting photographs of criminals in 1874. Criminals’ response to these new police
methods was not long in coming. To avoid being recognized on a photograph, all they had to do was change
their outer appearance. Further means of identiﬁcation
were called for.

Daguerreotype Camera. [10]
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Photos and fingerprints of two
different people. [11]

Photos and fingerprints
of the same person. [12]
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Measuring the human body: Anthropometry for identification
Alphonse Bertillon, a clerk in the Paris Prefecture of
Police, was the ﬁrst to propose a system of identiﬁcation
using measurements of parts of the body. He presented
this method in 1879 and, after being successfully tested
in a three-month trial period, it was taken up by the Paris police from 1882.
The Bertillon method was based on the question of
how a person could be readily identiﬁed using objective
characteristics. Bertillon found the answer in anthropometry, the scientiﬁc study of the measurements and
proportions of the human body. He had a general familiarity with anthropological statistics and anthropometric
techniques because of the work of his father, a physicist,
statistician, and vice president of the Anthropological
Society of Paris. Bertillon knew that certain body measurements do not change anymore once an adolescent’s
physical growth is complete, that is, at the age of 20.
Bertillon developed a system based on eleven measurements taken of various parts of the body. The measurements were converted into an algebraic formula that
referred to a single person, and recorded onto cards,
which were systematically ﬁled and cross-indexed for
easy retrieval.
The Bertillon system proved successful in identifying
repeat oﬀenders. The Paris police identiﬁed about one
thousand repeat oﬀenders in 1904 alone by measuring
their bodies. However, the system was too complicated
and often too imprecise due to inaccurate measurement
and was gradually replaced by the superior system of ﬁngerprinting. Nevertheless, the Bertillonage remained in
practice the world over, including Switzerland, for about
two decades.

16 | 100 Years of Fingerprint Analysis

Graphical description of nine basic steps in recording body measures [13]
A chart from Bertillon’s Identification anthropométrique (1895),
demonstrating how to take measurements for his identification system.
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Anthropometry gets competition
It was presumably thanks to China’s lively trade contacts
with the whole of Asia that knowledge of ﬁngerprinting
spread throughout that part of the globe. British colonial civil servants on duty in India in the mid-nineteenth
century became aware of the fact that the indigenous
people used ﬁngerprints to prevent identity fraud. The
British rulers took a keen interest in this method of identiﬁcation, developed it, and put it to good use. Placed
on a scientiﬁc basis, ﬁngerprint knowledge was soon
disseminated through scientiﬁc journals throughout
much of the world. An article on ﬁngerprinting caught
the eye of Juan Vucetich (1858 – 1925), a police employee in Argentina. Intrigued by the possibility ﬁngerprinting presented to identify people beyond doubt, Vucetich
reﬁned the method and persuaded his superiors to integrate it into police work.

Fingerprint evidence first used to solve a murder case
in Argentina in 1892
An atrocious crime committed on 19 June 1892 in Necochea, at that time a dreamy seaport some 500 kilometers from Buenos Aires, would make Vucetich’s superiors think again about ﬁngerprinting.
On that day, a boy and a girl were found murdered in their
home on the outskirts of Necochea. The children had
been borne out of wedlock to Francisca Rojas, aged 27.
Preliminary investigations by the local police revealed
that late that evening Francisca Rojas, screaming, distraught and eyes wide open, had gone bursting into the
house of her neighbors. They said she had groaned and
whimpered, “My children … my children … he has killed
them … Velasquez!” Her neighbors rushed to Francisca’s shack, where they found her son, Ponciano Carballo, aged six, and Teresa, aged four, dead form massive
trauma to their heads.
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When ﬁrst asked what had happened that evening, Francisca Rojas told the local police oﬃcer that one Pedro
Ramon Velasquez, an elderly farmhand, had been pestering her for some time to marry him. On the morning
of 19 June, Velasquez had pestered her again, insisting
on making her his wife, she claimed. She had made it
clear to him, however, that she would never marry him
because she loved someone else. She told the police he
had threatened her and her children, and then ﬁnally
stormed oﬀ in a rage. After that, she said, she had left to
run an errand, leaving her children at home. When she
returned later that evening, she had found her children
dead, she maintained.
Despite undergoing rough, merciless questioning
and being subjected to harsh interrogation methods,
Velasquez kept protesting his innocence. While admitting threatening the children, he vehemently denied
murdering them, even after the police left him tied
beside the dead children overnight.
The police report on the murder reached police regional
headquarters at the province capital, La Plata, on 8 July
1892. An inspector named Alvarez, whose supervisor
happened to be Juan Vucetich, was dispatched to Necochea to assist the local police in their investigations. On
arrival, he learned that the local police had no further
clues about the circumstances of the murder. Alvarez
quickly cleared Velasquez, who actually had an unshakable alibi for the time of the murder but, for some reason,
had not thought to mention it. In fact, Velasquez had
been with friends of his at the time of the crime. Inspector Alvarez also established that Francisca Rojas’s true
lover of had been heard saying condescendingly that he
would indeed marry her, if it were not for the “brats.”
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Tutored by Vucetich in the basics of ﬁngerprinting, Alvarez inspected the scene where the crime had happened
two weeks before. He noticed a bloody ﬁngerprint on
one of the wooden bedroom doorjambs. Since the mother had denied touching the children’s bodies and had not
been seen with any blood on her hands on the evening
of the crime, the ﬁngerprint could have only come from
the murderer. Alvarez cut out that section of wood and
took it to police headquarters, where he rolled Francisca Rojas’s ﬁngerprints and compared them with the ﬁngerprint he had secured at the crime scene.
Alvarez had only a basic knowledge of ﬁngerprinting, but using a magnifying glass, he was able to prove
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beyond doubt that the ﬁngerprint secured at the crime
scene was identical with Francisca Rojas’s right thumbprint.
Francisca Rojas was confronted with the evidence and
confessed to murdering her children. She had been
promised marriage by her lover, but her children were
an obstacle to his marrying her, she explained. After
crushing their heads with a stone, she tossed it into a
well, and washed her clothes and hands – but obviously not before touching the tell-tale doorjamb. Francisca
Rojas was convicted and sentenced to life imprisonment.
This case ﬁrmly established ﬁngerprinting as a superior
means of identiﬁcation to anthropometry.

Francisca Rojas’s fingerprints, 1892. [14]
Dirección Museo Policial–Ministerio
de Seguridad de la Provincia
de Buenos Aires, Argentina.
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Argentina was the ﬁrst country in 1896 to oﬃcially
replace anthropometry by ﬁngerprinting in criminal
investigations. From 1905 Vucetich’s classiﬁcation system was used all over South America. Dactyloscopy
(from Greek daktulos, ﬁnger, toe and skopein, to see), a
term Vucetich coined, meaning “the technique of comparing ﬁngerprints”, became prevalent among experts.

The following generally accepted
principles apply in academia
–

The human ﬁngerprint is unique to a person.

–

The human ﬁngerprint does not change
with time.

Whenever we touch an object with our hands or ﬁngers,
we leave a distinct impression on the surface of that
object, similar to an ink print a print stamp leaves on a
piece of paper. Mostly, ﬁngerprints are not visible to the
naked eye, but must be made visible for use in identiﬁcation. Dusting such poorly visible ﬁngerprints with
aluminum powder is among the oldest, yet still most
widespread methods.

Twirling a brush to apply aluminum powder for fingerprint recovery. [15]
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Applied to a ﬁngerprint, the powder sticks to the sweat
sebaceous particles left on the surface and renders the
print visible. An adhesive foil is used to lift the print
from the surface. Thus secured, the print can be photographed. Using this method irrefutably links a print
secured from an object to the person who touched that
object. Fingerprinting can also establish connections
between criminal oﬀenses.

levels of comparison
Fingerprint examiners distinguish between three levels of ﬁngerprint identiﬁcation, working down from the
most general characteristics in a print to the most speciﬁc ones.
Level 1
Level 1 details – general overall pattern shapes – are
discernible by the naked eye.

Loop

Whorl

Arch

Fundamental ridge pattern types. [5]
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Level 2
It takes a magnifying glass to examine level 2 details, the
basic ridge characteristics or minutiae.

Bifurcation

Ridge ending

Dot

Lake
Hook
Basic ridge characteristics (minutiae). [16]
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Level 3
Level 3 details become clearly visible only when examined with a microscope. The microscope reveals the
number and location of pores and the ridge shape.
Today’s state-of-the art computer systems designed for
ﬁngerprint analysis allow inﬁnitely variable and detailed
three-level examination in high resolution images, making magnifying glasses and microscopes redundant.

Various dermal ridge patterns. [17]
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FingerprinTing in sWiTzerlAnd
A central anthropometry oﬃce was established in Bern
in 1904. Following an international trend that began
developing in 1913, anthropometry for identiﬁcation
was gradually supplanted by the more reliable method
of ﬁngerprinting.
The Federal Oﬃce of Police fedpol began operating
an automated ﬁngerprint identiﬁcation system (AFIS)
in 1984. Switzerland thus became the ﬁrst European
country to use this system. By automatically analyzing
the biometric characteristics of ﬁnger and palm prints
secured at crime scenes, AFIS helps identifying people and traces. The proven quality and eﬃciency of the
system makes it an indispensable tool for present-day
police work.
If an AFIS query returns a positive result, the result is
termed a “hit,” meaning that a set of ﬁngerprints has
been found to be identical beyond doubt. This type of
evidence can be crucial to establishing a person’s guilt
or innocence.
People’s ﬁnger and palm prints are taken either directly by means of a high-deﬁnition scanner or by using ink
on a ﬁngerprint sheet that is afterwards scanned into
the database.
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The data is then transmitted either by a secure wired or
wireless connection. Fedpol’s AFIS DNA Services Division receives the data and, following a quality check,
deﬁnes the identiﬁcation features of the prints, runs the
prints against the AFIS databank, and veriﬁes the results
manually. The anonymized search result is supplemented with the corresponding personal and case data and
then transmitted to the client via a secure channel.
AFIS stores only ﬁngerprint data. The corresponding
personal and casa data are stored in a diﬀerent database
situated in a diﬀerent location. Only if a query returns
a hit can a nexus between the persons and case data be
established.

Fingerprint scanning using a portable AFIS device. [18]
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FingerprinT sAMples FroM
The AFis dnA serViCes ColleCTion
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puzzle Corner
Find the 10 differences:

Original

Fake
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The fingerprint maze:
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Comparing sketches:
Original

Sketches for comparison

Original

Black and white sketches (positive and negative)

31

Comparison of image sections:
Which one of the sections below is part of the large
original image?
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Comparison of fingerprints:
Are these ﬁngerprints identical?

Yes

No

Yes

No
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FingerprinTCrossWord
1

2

3

4

5

6

7

8

9

10

12

11

13

15

14
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down
1
2
5
10
12
13

Number of parts of the body that are measured
by the method of Bertillon
The scientiﬁc study of the measurements and proportions
of the human body
The outer layer of the skin
In the ruins of ... were found up to 4000 years old clay tablets
First name of Vidocq (1775 – 1857)
One of the three basic patterns

Across
3
4
6
7
8
9
11
14
15

Fundamental characteristic of ﬁngerprints
Layer of the skin beneath the epidermis
Number of levels for the comparison of ﬁngerprints
Identiﬁcation by means of ﬁngerprints
Region in the center of a ﬁngerprint
Abbreviation for the ﬁngerprint and palm database
of the Swiss Confederation
Features of the second level of comparison
First name of Bertillon (1853 – 1914)
Country in which a ﬁngerprint was ﬁrst used
to solve a murder case
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soluTions To The puzzles
To check out the solutions to the puzzles, visit the
website of the Federal Oﬃce of Police fedpol at:

www.fedpol.admin.ch ►Topics ►security ►
identification of individuals ► 100 years of Fingerprinting
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