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Darkiness
Visible:

The Discovery of

X-ray and Its

1 .~~~~~~~1Introduction to

Dentistry

PETER H. JACOBSOHN, D.D.S.;
ROBERT J. FEDRAN, R.T.R.

The first radiograph of human
anatomy, 1895.

Nov. 8, 1895. Scientist Wilhelm
Conrad Roentgen is at work in his
laboratory in the Bavarian city of

Wurzburg, testing the ability of cathode
rays to penetrate a vacuum tube. He de-
termines that the rays are too weak to
permeate the glass. He is about to end

the experiment when he notices a faint glow rising from a paper
coated with barium platinocyanide crystals-a glow that in-
creases as he moves the paper closer to the tube and fades com-
pletely when he turns off the tube's power supply. Elated and
mystified, Roentgen realizes that he has stumbled across a form
of energy that neither he nor, likely, the rest of humankind has
ever before encountered: energy that is capable of penetrating
solid materials.lA He christens this alien energy "the X-ray" and
unknowingly places the world on the threshold of atomic
medicine.

Roentgen's discovery of the X-ray has been ranked in impor-
tance with the discovery and development of anesthesia by
Horace Wells and William Morton, both dentists, and the discov-
ery of microorganisms and their role in disease by the likes of
Pasteur and Lister. Today's dentistry would be impossible lack-
ing the benefits of Roentgen's scientific devotion-and the per-
sistence of C. Edmund Kells, who took Roentgen's discovery and
shaped it for use in dentistry. Other European and Amexican pi-
oneers made contributions that furthered dental radiography.
As dentistry observes the centenary of the X-ray's discovery, it
seems fitting to review the lives and work of the men who had
such a great impact on how dentists practice today.
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_COUVE STODY

THE PATH OF A PIONEER:
ROENTGEN'S CAREER
AND GREATEST DISCOV-
ERY

A nyone tracing the
details of the X-
ray's discovery
could well ask
whether it was

brought about by the skill of the
discoverer or an accidental oc-
currence.2 Now, 100 years after
the historic event, we can con-
clude that it was both the ge-
nius of a scientific investigator
and the right set of circum-
stances that introduced the
world to the science of atomic
medicine.

Born on the Lower Rhine and
brought up in the Netherlands
in the middle of the 19th cen-
tury, Wilhelm Roentgen led the
placid life of a well-loved only
child until his teens. At 16
years of age, he was expelled
from school for his involvement
in a prank and for refusing to
divulge the names of his accom-
plices. This act would haunt his
academic and professional ca-
reer, because it barred his way
into several universities and
eventually thwarted some uni-
versity appointments that his
inherent abilities otherwise
might have won for him.5

At last, however, he obtained
a long-sought university degree
from the Polytechnic Institute
in Zurich, despite corneal ulcers
that threatened his sight. He
went on to add a doctorate in
physics to his list of credentials.
Then began his struggle for a
university position-a struggle
because he was still dogged by
his lack of a high-school diplo-
ma. One of his mentors at the
institute at last helped Roent-
gen secure a position as an as-
sociate professor of physics at
the Imperial German
University in Strasbourg.

Roentgen, fi-
nally having
settled into em-
ployment and
having given
his wife of four
years some-
thing of a per-
manent home,
turned his at-
tention to his
research. His
favorite experi-
ments involved
crystals, which
he felt had
many as-yet-
unrevealed in-
teractions in
other facets of
science. This
fascination
would later
prove to be the
catalyst for his
historic discov- William Conrac

as a scientist c
ery of the X- career.
ray.3

Roentgen's research in
physics gained him a great deal
of respect in the academic and
scientific worlds, and he made
his way through several univer-
sity positions of increasing re-
sponsibility. In 1894, he was ap-
pointed rector of the University
of Wtirzburg, a position whose
many administrative duties
forced him to set aside his re-
search work until the autumn
of 1895.7 That year found
physicists throughout Europe-
including Roentgen-conduct-
ing research experiments in-
volving gaseous discharge
tubes. They were particularly
intrigued by the multicolor lu-
minescence the tubes emitted
when electrical current was ap-
plied to them.
The discovery. On a Friday

evening-Nov. 8, 1895-Roent-
gen was conducting an experi-

d Roentgen succeeded dramatically
despite an embattled academic

ment with a new kind of tube,
called a Hittorf-Crookes tube, to
determine if the cathode rays
produced in it were strong
enough to penetrate its glass
wall. If they did penetrate the
glass wall, a glow of colored
light would appear around the
outside of the tube when the
rays encountered air. In an at-
tempt to fully observe the phe-
nomenon, he darkened the labo-
ratory as much as possible. To
help his weakened eyes, he also
covered the tube with black
cardboard to exclude any light
interference.1 3-5 He applied
power to the electrodes and
carefully observed the end of
the tube but did not notice a
glow around the outside of the
tube. He concluded that cathode
rays were not strong enough to
penetrate glass.

As Roentgen was about to
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turn off the power supply to the
tube, he noticed a faint glow of
light being emitted by some
crystals ofbarium platino-
cyanide applied to a piece of
paper that lay on a table some
distance from the tube.13-5
Knowing that cathode rays
travel only about six to eight
centimeters from their source,
he moved the crystals closer to
the tube and noticed that the
glow grew brighter. As he
moved the crystals farther away
from the tube, they became
dimmer. When the current to
the tube was turned off, the
barium platinocyanide crystals
ceased to glow.2'3 At this point,
Roentgen realized that he was
observing a new form of energy,
a form of energy he knew noth-
ing about that had the ability to
penetrate solid material. He de-
cided to call these rays "X" be-
cause of their unknown nature.

In the weeks after his discov-
ery, Roentgen was so mesmer-
ized by this new form of energy
that he totally immersed him-
self in unleashing its properties.
As he investigated the X-ray, he
discovered that these rays not
only caused crystals to fluoresce
but also were capable of pene-
trating solid objects. His experi-
ments dealing with penetration
of objects included such materi-
als as wood, paper, metals-and
the human body, thus opening
the door to the science of diag-
nostic radiology.

The first radiographic image
ofhuman anatomy ever re-
corded was of the hand of
Roentgen's wife. This crude ra-
diograph took 15 minutes to ex-
pose, and when Bertha
Roentgen saw the bones of her
hand made visible on the photo-
graphic plate, she said it creat-
ed in her "a vague premonition
of death."2'3'5

Re oentgen carried out
in silence his fever-
ish work with the
mystery energy.
Not even his wife

was aware of his historic discov-
ery until after he was convinced
that indeed had found a new
form of energy. Shortly after
that November night, however,
he did remark to a friend, "I
have discovered something in-
teresting, but I do not know
whether or not my observations
are correct."

Publication and publicity.
Forty days after the experiment
in his Wurzburg laboratory,
Roentgen announced to his col-
leagues and the scientific com-
munty the news ofhis discov-
ery of this new form of energy.
He submitted to the Wurzburg
Physical-Medical Society a
paper entitled "On a New Kind
of Rays, A Preliminary Com-
munication." This was the first
of the three classical communi-
cations he would write about the
X-ray-a cumulative 34 pages

on the characteristics of this
new form of energy that would
prove his genius as an inves-
tigative scientist.2'3'5

Outside the scientific com-
munity, news of Roentgen's dis-
covery spread rapidly through-
out the world. He found it
difficult to adjust to sensation-
alism and publicity, having
never wanted to be famous but
simply respected by his col-
leagues. The fame and honor
his discovery won him led to an
offer of the position of professor
and head of the Physical
Institute of the University of
Munich.23' He felt he could not
refuse this request, and in 1900,
he and his wife made their final
move.

Roentgen received many hon-
ors-not the least ofwhich was
the change in the name of his
discovery from "X-ray" to
"Roentgen ray." He was recog-
nized with awards from many
nations, including, in 1901, the
first Nobel Prize in physics.
His modesty and his determina-

Roentgen's Wirzburg laboratory: an unassuming site for an amazing
discovery.
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tion not to reap
personal bene-
fit from his dis-
covery led him
to decline sev-
eral of these
tributes, and he
donated his
Nobel Prize
money to the
University of
Wuirzburg and
the German
war effort. As a
devoted scien-
tist, Roentgen
showed his ap-
preciation for
the honors be-
stowed upon
him by giving
to the world the
gift of the X-ray
to be used for
the good of hu-
mankind; he
never patented C. Edmund Kell
it. ample of the in

Roentgen
died in Munich in 1923.3 His
will requested that all his pa-
pers dealing with his discovery
of X-ray be destroyed. A meticu-
lous scientist to the end, he
worried about what might hap-
pen if his research notes were
taken out of context by others
not as exacting as he.

A MACHINE TO TAKE PIC-
TURES OF THE TEETH:
KELLS AND THE X-RAY IN
DENTISTRY

I f Roentgen gave of his
scientific genius to bring
the X-ray to the world, C.
Edmund Kells gave of his
ingenuity, his diligence

and finally his physical health
to bring the X-ray to dentistry.
A true dental pioneer, Kells
quickly grasped the potential
for applying Roentgen's discov-
ery to dentistry. Soon after

lIs with some of the female assistants he dared to employ-just one ex-
inovations he made in dental practice.

Roentgen announced his discov-
ery in December 1895, Kells
went to work to make the capa-
bilities of the X-ray available to
the dental profession and there-
by forever changed the way
dentistry would be practiced.
Laying the foundation for

a life of innovation. C. Ed-
mund Kells, born in 1856, grew
up in Union-occupied New
Orleans during the Civil War.6'7
Although living and practicing
in New Orleans during
Reconstruction, Kells described
himself in his biography as an
"unreconstructed Johnny Reb."7
Almost all of Kells' 72 years
were spent in New Orleans, ex-
cept when he went away to
school and during the Civil War
when his parents sent him to
the plantation home of friends
because "there was no telling

what those ferocious damn
Yankees might do."6

Kells' father was a prominent
New Orleans dentist, and after
his high-school years Kells be-
came an apprentice in his fa-
ther's practice. The senior Dr.
Kells was said to have had no
superior as a prosthodontist,
and in his practice he construct-
ed many gold dentures.
(Vulcanite was not yet avail-
able.) One of young Edmund's
responsibilities in that practice
was to electroplate his father's
dentures with gold. This was
the beginning of a lifelong inter-
est in electricity for the younger
Kells.67

In 1876, Kells entered New
York Dental College and gradu-
ated in 1878 with a D.D.S. de-
gree. While in dental school,
Kells befriended several people
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who worked in the Edison labo-
ratory in nearby Menlo Park,
N.J. He and his friends would
often "hang around" the Edison
laboratory during their free
time. Here Kells observed some
of the early work with electric-
ity, including the research on
the first electric incandescent
lamps.7
The flowering of an active

mind. After finishing dental
school, Kells returned to New
Orleans, where he would prac-
tice dentistry for the next 50
years. He developed one of the
most extensive and lucrative
practices in the South.68 He also
became an inventor and innova-
tor, patenting more than 30 in-
ventions from 1880 through
1922. His active mind found an
outlet in writing as well, and he
published more than 200 arti-
cles and two books on all as-
pects of dentistry.

Mt /r any of the devices
Kells conceived
were electrically
powered; in fact,
in 1886, he be-

came the first dentist to use
electric street current in his
dental office. A great deal of his
work focused on improving the
practice of dentistry: the first
electric mouth lamp, the first
electric air compressor and the
first completely electric dental
unit.679"0 However, his ingenu-
ity was not totally confined to
innovation in his own field. He
held patents on a thermostat,
an electro-magnetic clutch and
engine, an automobile jack, an
automatic window closer, a fire
alarm and extinguisher and an
elevator starter and brake.67 He
developed instruments and de-
vices to be used in medicine and
surgery.

Of particular note was his in-

vention of a suction apparatus
for the irrigation and aspiration
of fluids during surgery. The
suction apparatus replaced the
old technique of mopping the
surgical wound with sponges."
Dr. Rudolph Matas ofNew
Orleans, one
of the world's
mosstyt
renowned sur- 7 _7*°7
geons, later s' gr
paid tribute to -mIi
Kells": "The became
suction appa-
ratus is suffi- A0 uencar
cient to im- ta den
mortalize the
name of Dr. C.
Edmund b
Kells. He has
won the eter-
nal gratitude of every working
surgeon in the world."" This
fruit of Kells' creativity became
a major advancement in mod-
ern surgery.

Bringing the X-ray to den-
tistry. The year 1896 saw Kells'
greatest accomplishment: he be-
came the first American dentist
to take dental radiographs of a
living subject.89"4 He also was
the first to exhibit a dental X-
ray apparatus at a dental meet-
ing, thereby opening new vistas
for the dental profession.'4

Soon after the announcement
of the discovery of the X-ray by
Roentgen in December 1895,
many physics laboratories in
the country began their own ex-
periments and demonstrations.
Tulane University in New
Orleans was one of these.
Professor Brown Ayres of
Tulane University gave an early
exhibition that Kells attended.7
The following report of that
demonstration appeared in
Kells' autobiography, "Three
Score Years and Nine," pub-
lished in 1926:

"Being interested, as I was,
in electrics of all kinds, what
more natural than that this
phenomenon should interest me
extremely?" he wrote. "Well, it
did. Knowing Professor Ayres
intimately, I suggested that I

would like a
machine with
which to try to

1896 saw take pictures
atest ac~ of the teeth.

uent: he This aspect in-

hefirst terested him
also. With

LIeJIst to Professor
iiradio-Ayres' aid I

was not long
aUli:viug7 in getting a
~~Ct. ~ Tesla Coil and

an improved
Crookes tube,

both having been specially de-
signed for X-ray work.

"Just when I received this
outfit and just when I took my
first dental skiagraph [the term
"skiagraph," from the Greek
meaning "shadow picture," was
in frequent use during Kells'
day] I cannot say because I
have no record of it. In the
'Transactions of the Southern
Dental Association' there is re-
ported my X-ray clinic given in
Asheville in July 1896 and I re-
member full well that I had had
the apparatus several months
before giving this clinic and had
developed a method of taking
dental skiagraphs. Thus I must
have begun this work in April
or May, 1896. I say 'developed a
method' because a method had
to be developed. No one had
taken, as far as I know, any
dental pictures of living sub-
jects and the whole technic had
to be worked out by myself."7

Kells' initial radiographic
work was not done with pa-
tients. His first subject-likely
the first person in America to
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have a dental X-ray taken-was
his female dental assistant. (In
fact, Dr. Kells was the first den-
tist in the South with the
courage to employ a young
woman as an office assistant.
Eventually, Kells would have
five female assistants in his of-
fice.6"2'5) Kells also devised a
film holder made of vulcanite to
hold the film in the patient's
mouth, as well as equipment to
aid in developing X-ray film.7

Kells became a vigorous pro-
ponent of the use ofX-rays in
dental practice. In a presenta-
tion before the National Dental
Association in 1919, he stated,
"The time is now here when it is
fully recognized that the gener-
al practitioner of dentistry is
not fully capable of rendering
his patients the very best ser-
vices unless his equipment in-
cludes an X-ray machine."
He opposed the diagnosis of

dental disease by anyone other
than dentists. In his day, it was
common for physicians or
roentgenolo-
gists who
were looking
for foci of in- W t
fection to take a
dental X-rays, 1
then refer the '
patient to a
dentist for
dental extrac- X
tions without i a
consulting the
dentist about
dental pathol-
ogy. Under
this system,
many teeth
were needless-
ly extracted; this appalled
Kells, who felt that tooth con-
servation was of the utmost im-
portance. Kells took the position
that while physicians and
roentgenologists should be able

Dr. Jacobsohn is
head, Dhiision of

Oral and
Maxillofaclal
Surgery, Marquette
University School of
Dentlstry,
Mllwaukee 63233.
He also Is prosident,
American Academy

:Mr. Fedran Is a radi-

:ology teaching tech-
*nologst and radiolo-

:gy clinic supervisor,
:Marquette
:Univeraity SchoIof

:Dentistry,
Milwaukoe.

of the History of to take dental
Dentlaty. Addra X-rays, they
reprint requesta to

Dr. Jacobsohn. were not al-
ways able to
correctly diag-

nose dental lesions depicted on
the film and, therefore, such di-
agnosis should be made by a
dentist. Furthermore, he ad-
vised that physicians refer such
patients only to a dentist for di-
agnosis and that dentists refuse
to operate solely on a physi-
cian's instruction.14

Kells' practice involved all
aspects of dentistry, including

exodontia,
which was a

:B prominent fea-
ture of most

iiNt ~~dental prac-
tices. In fact,
the first dollar~fl he made in his
practice was
for removing a

'~ tooth for a very
prominent

4. Confederate
general. Kells
became an in-

tt,be..¢ -e, <.;novator in the
field of oral
surgery. After

introducing X-ray into his prac-
tice, Kells began to X-ray all im-
pacted and missing third mo-
lars-"whereupon," he wrote,
"the faulty methods formerly
used for their removal were

made manifest and I devised
the operation of cutting the
crown in two and removing the
tooth in sections."7

he costs of pio-
T* *neering. Many pio-

neers who venture
into uncharted wa-
ters with their new

discoveries and innovations pay
a high price for their genius.
Frequently, the danger of their
work is not recognized immedi-
ately or does not manifest itself
until years later. So it was with
Edmund Kells.

The hazards of excessive ra-
diation exposure not yet being
appreciated, Kells and others
who used X-ray in the early
years had no qualms about
using a technique known as
"setting the tube." Variations in
the quality and character of the
X-ray were produced by a rheo-
stat. The setting technique re-
quired that the operator hold a
fluoroscope in one hand and
place the other hand between
the fluoroscope and the X-ray
tube. The rheostat on the X-ray
machine was then adjusted
until the bones of the hand ap-
peared on the fluoroscope
screen and the operator was
satisfied that proper penetra-
tion had been achieved. Every
time the operator "set the tube,"
his hand was exposed to the X-
ray for several seconds. The cu-
mulative effects of this repeated
exposure were not recognized
for a number of years.

In Kells' case, approximately
12 years passed with no unto-
ward effects. Eventually, how-
ever-in about 1914-the fin-
gers and back of his left hand
succumbed to radiation-induced
cancer. During the next 14
years, Kells underwent more
than 40 operations, the last of
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which involved amputation of
his arm. On May 7, 1928, unable
to grapple any longer with the
cancer that had claimed several
organs and was causing him in-
tense agony and suffering, Kells
took his own life in his dental of-
fice.

Shortly before his death, he
wrote his last article from a hos-
pital bed in New York. In it were
the following remarks: "Do I
murmur at the rough deal the

fates have dealt me? No, I
can't do that. When I think of
the thousands of suffering pa-
tients who are benefited every
day by the use of X-ray I can-
not complain. That a few
should suffer for the benefits
of the millions, is a law of na-
ture."'"

Kells died as he had lived
with concerns for the better-
ment of his profession and the
alleviation of suffering.

CONCLUSION

The discovery of X-ray 100
years ago ranks high on the list
of scientific discoveries, having
had a major impact on the im-
provement of health care deliv-
ery. As a diagnostic tool, the X-
ray plays a preeminent role in
the armamentarium of both the
physician and the dentist. The
men who pioneered the discov-
ery of X-ray and its introduction
into medical and dental practice
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are, in large part, responsible
for the high quality of health
care we enjoy today. Health
care providers and the public
they serve are forever indebt-
ed to Roentgen, Kells and all
the others who worked-often
at personal peril-to make it
all possible. The occasion of
this centennial year gives us
an opportunity to remember
them and to thank them. .
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A *wt Most g-reat dis-

covenes anld.innova-
tions, rarel isofonly

one person .ful responsible.
While C. Edimund Kells prob-
ablymade the getest con-
tribution ointoducg the
Xray to dentistry, the effobr
of several other pioneers
sh6ould De recognized here.
WMaLhof: the first in-

troral radiog .Otto
Walkhoff, a dentist in
Brunswick Germany, had
been working with a profes-
sor of chemistry and physics
in research involvingt cathode
ras when Roentgen's discov-
ery was announced. Within
two weeks of the announce-
ment by Roentgen, Walkhoff
created an intraoral radio-
graph using a glass photo-
graphic plat wrapped in
black paper and covered Wth
a rubber dam. ;His exposure
times were 25 minutes. His

radiograph may very well have
been the: fiist intaoral radio-
grap
IKoenig:early dental ra-
diographe. Wilhelm Koenig, a
FIankfurt professor, wa also
amog the very first to take
dental X-rays. In February
1896, he made a senres of 14
dental radiograhs.

Harrison: a special vacu-
um tube. In January 1896,
Frank Harrison, a daetist in
Sheffield, England, reported to
the British Medical
Association that he had made
a special vacuum tube fbr tak-
ing dental radiographs.
Harrison was a pioneer in an-
other aspect of dental radiog-
Iraphy as well: as early as July
1896, he became one of the
fi rst people to report radiation
injuries.1"8"19
Morton: envisionindg the

possibiLlitlies. Wlllam J.
Morton was the physician son

of Dr. William T.G. Morton of
Boston, who introducedt ether
anesthesia in 1846. Morton,
who had been exprmenting
with X-rays, presented his
work to the New'York
Odontolqgical Sotyin
April 1896. He demonstrated
four intaoral ffilms taken
from ofhuman skuls and a
fim plat ofthkeskull of a
living subject. His presenta-
tion, which was later pub-
lished in The Dental Cosmos,
contained these prophetic re-
marks:

"The applicatin ofX-ray
will, I believe, greatly aid in
the ar of dental surgery.
The radigraphs presented to
you here tonight are but a
first step toward takingTpie-
tures of the,living teeth.
They open out to your vew a
wondrous fleld for investiga-
tion and study and diagnoss.
Each errait fang is distinctly
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