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Historical Perspectives on the Use of 
Microscopes in Dentistry

James L. Gutmann DDS, Cert Endo, PhD (honoris causa)
 FICD, FACD, FADI FAAHD, Diplomate ABE, 

Professor Emeritus, Texas A&M University
 Baylor College of Dentistry, Dallas, Texas

The use of microscopes in dentistry has become quite popular since the late 
1980s. However, its origin for dental applications can be traced to the early 
20th century, when a microscope, invented by an American biologist named 
Greenough, working in the Zeiss Company, was adapted for use in dentistry. 
Initially it had been used in botany, metallurgy, and zoology, in addition to 
revolutionizing the study of coral and entomology.

The use of magnification, in particular operating 
microscopes has taken dentistry by storm in the 
last 20 - 25 years. Applications have covered most 
intraoral dental activities with the appropriate 
specialties and general dentistry, some more than 
others. Their usage has even been supported by 
accrediting agencies, such as the Commission on 
Dental Accreditation. For example, according to 
the Accreditation Standards for Advanced Specialty 
Education Programs in Endodontics,1 the use of 
magnification techniques are designed to: 

“...ensure that students/residents are trained in the 
use of instruments that provide magnification and 
illumination of the operative field beyond that of 
magnifying eyewear. In addition to the operating 
microscope, these instruments may include, but 
are not limited to, the endoscope, orascope or other 
developing magnification technologies.”1

 Previous publications have claimed various 
time frames for the advent of the microscope and 
its use in dentistry. However, in the middle of 
the 19th century Carl Zeiss, Ernst Abbe, and Otto 
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Schott devoted significant time to develop 
the microscope, as we know it today.2 Zeiss 
concentrated on the manufacturing process, 
while Abbe and Schoot concentrated on the 
theoretical study of optical principles and 
conducting research on glass. This was the 
genesis of the surgical operating microscope 
(SOM) that ultimately found its way into 
the practice of medicine at that time.2 

Furthermore, Seldin3 indicated in 2002 that 
“in 1953, the Carl Zeiss Company of West 
Germany marketed the first commercial 
binocular-operating microscope.” Moreover, 
Seldin also noted that “the pioneering work 
of Carl Nylen at the University of Stockholm 
preceded Zeiss by approximately 31 yrs with 
the development of a monocular microscope 
for ear surgery in 1922,” citing seminal 
articles by Dohlman3 and Hoerenz.4 Further 
initiatives that led to the development of 
the dental-operating microscope (DOM) 
were attributed to Apotheker and Jako,5 
Apotheker,6 and with applications in 
periapical surgery to Reuben and Apotheker 
in 1984.7 The designs for the DOM, proffered 
by Apotheker and Jako, were incorporated 
in 1981 into the first commercially available 
DOM (Dentiscope, Chayes-Virginia Inc., 
Evansville, IN).2  However, the story of 
applicability in dentistry had its origins 
many years prior to these contemporary 
developments.

Magnification - Magnifying 
Glasses in Dentistry

An in depth look into the historical archives, 
while not always exacting, identified the use of 
magnification, using a magnifying glass to perform 
tooth examinations and evaluations of dental 
procedures (cavity excavation, cavity preparations, 
etc.) as being reported in an editorial by J.H. 
McQuillen in 1870 (Fig. 1). In his editorial, Dr. 
McQuillen indicated that he had seen the use of this 
evaluative tool 23 years earlier (1847). 
 “Twenty-three years ago, when a student 

of dentistry, I was convinced of their value and 
importance in observing the manipulations of the 
late Prof. Elisha Townsend, one of the most finished 
operators and polished gentlemen that has adorned 
our profession, and whose operations stand to this 
day as evidences of his father’s occupation, and had 
there acquired the habit of employing a magnifying 
glass similar to that used by engravers. In finishing 
his operations on the teeth, it was his invariable rule 
to examine with the greatest care the margins of the 
fillings with his glass, and there is no question that 

Figure 1. Dr. John Hugh McQuillen. Reprinted with 
permission from the Kornberg School of Dentistry, Temple 

University.
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the enduring character of his work may be largely 
attributed to the conscientious manner in which this 
was done. From that time up to the present I have 
always had in my operating-case a magnifying glass 
of about four diameters, set in a frame similar to the 
ordinary eye-glass, and to me this is indispensable, 
whether engaged in making of a watchmaker, he 
had in early life devoted several years his an to his 
father’s occupation, and had there acquired the habit 
of employing a magnifying glass similar to that used 
by engravers. In finishing his operations on the teeth, 
it was his invariable rule to examine with the greatest 
care the margins of the fillings with his glass, and 
there is no question that the enduring character of his 
work may be largely attributed to the conscientious 
manner in which this was done. From that time up 
to the present I have always had in my operating-
case a magnifying glass of about four diameters, 
set in a frame similar to the ordinary eye-glass, 
and to me this is indispensable, whether engaged in 

making an examination of the teeth, or in finishing 
an operation.”8

 Dr. McQuillen was the Visionary Founder 
Dean of the Philadelphia Dental College (Fig. 2) 
and a strong advocate for regulations within dental 
education and the practice of dentistry. He served 
as editor of the Dental Cosmos and even advocated 
in 1859 for the formation of the American Dental 
Association.8

 In 1907 Dr. Shirley W. Bowles from 
Washington, DC, following a presentation to 
the District of Columbia Dental Society (he had 
been the President of the society from 1905-1906) 
and also President of the American Institute of 
Dental Teachers in 1916, published an article in 
Dental Cosmos that addressed a new adapation of 
the microscope for use in dentistry.9 (For a more 
thorough and early history of the microscope per 
se, the reader is referred to www.visioneng.com/
resources/history-of-the-microscope.10) In this 

Figure 2. The Philadelphia Dental College. Reprinted with permission from the Kornberg School 

Microscopes in Dentistry
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Figure 3. (left) Microscope as presented by Dr. 
Bowles. Reprinted from Bowles S W. A new 

adaptation of the microscope to dentistry. Dent 
Cosmos 1907;49:359.

Figure 4. (right) Application and use of the 
microscope as depicted by Dr. Bowles. Reprinted 

from Bowles SW. A new adaptation of the 
microscope to dentistry. Dent Cosmos 1907;49:360.

Gutmann
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publication Dr. Bowles indicated that “so far as 
we know this instrument is the only one that is 
adapted to our work.” (Fig. 3) He was alerted to this 
microscope and its adaptations for use in dentistry 
by Dr. David Fairchild, who was in charge of foreign 
exploration in the Bureau of Plant Industry, in the 
US Department of Agriculture. Apparently Dr. 
Fairchild described in detail the features of the 
microscope that made it possible for use in dentistry. 
Dr. Bowles indicated that the Dr. Fairchild’s letter 
clearly described the instrument in a manner that 
could easily be understood by the dental profession. 
(See Appendix for complete letter from Dr. Fairchild 
to Dr. Bowles).  The highlights of this communication 
relative to dentistry can be summarized as follows:

 • The type of microscope presented by Dr. 
    Fairchild had great possibilities to be 
    adapted for use in dentistry
 • This was a new and original microscope 
    and would be the first one applied to 
    dentistry
 • A biologist invented it and it came from the 
    Zeiss company
 • This microscope does not invert the 
    images like previous microscopes, which 
    allows for working on an object with direct
    vision
 • It is binocular/bi-objective in nature
 • The working distance was considered as
    highly remarkable
 • There could be 8-65X diameter enlargement,
    which was 4-30X better than hand held 
    magnifiers
 • Used an electric light and reflector that 
    enabled a beam to be directed to a specific 
    point on a object
 • Adjustable eyepieces
 • The possible use of this in dentistry gave
    Dr. Fairchild the chance to plead to the
    clinician to use it in a compassionate
    manner in dentistry to aid the “silent
    suffering” patients who feared the dentist
    and dental procedures

During Dr. Bowles’ presentation to the society, 

the key issues for dental applications that were 
highlighted included the ideal working distance, 
the non-reversal of the image (identifying these two 
as being extraordinary advantages) and the depth 
of focus...using the latter for a clinical example as 
follows:
 “The last important point is the depth of the 
layer which is in focus. What this last point means 
can be illustrated by the case of a lower second molar 
from which the pulp had been removed. Access to 
the pulp-chamber was afforded through an occluso-
mesial cavity. The canal in the posterior root and one 
in the lingual portion of the anterior root were easily 
located. It was believed that a canal existed in the 
buccal portion of the anterior root, but it could not be 
found with a broach. The microscope was then focused 
on the tooth, and the first look was a revelation. The 
whole tooth was in focus; not only this, but the entire 
extent of the cavity. It was quickly discerned by the 
formation of the dentin in the region of the suspected 
canal that one had existed, and a little drilling opened 
into the canal and a considerable portion of pulp was 
removed. The microscope had rendered the operation 
quick, easy, and precise.”10

 Dr. Bowles went on to highlight the 
application of the microscope for use in vital pulp 
therapy, examination of faulty cavity margins 
and imperfect preparations, recurrent decay, 
undermined enamel, and even the dissolution of 
enamel rods as a precursory to enamel caries. (Fig. 
4)
 “The instrument is invaluable in finding 
exposed pulps without shocking the patient by using 
broaches and explorers also, in lifting out partially 
decalcified dentin, which comes away in a leathery 
mass from deep cavities, it will prevent injuring the 
pulp.  When a pulp is nearly exposed, it will quicken 
our judgment as to whether dentin should be left 
to recalcify. By using this microscope after a cavity 
has been prepared, any softened structure, which 
has been left can be detected, and weakened enamel 
prisms may be clearly distinguished. It is like proving 
a mathematical problem, and removes most of the 
uncertainties of cavity preparation.”10

 “It can be clearly seen whether discoloration 
around a filling is due to faulty margins and recurring 

Microscopes in Dentistry
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caries or whether it- is caused by staining of tooth-
structure by the filling material. Imperfect margins 
can be seen when an explorer passes over them, and 
small approximal cavities can be found in interdental 
spaces where it is impossible to pass an instrument, 
and where a slight separation is necessary to make 
sure the presence of a cavity. More than this, in 
interdental spaces where instruments can pass and 
detect nothing, the microscope will reveal areas in 
which the cement substance of enamel rods has been 
dissolved in the first stage of enamel caries.”10

 Subsequently, Dr. Bowles focused on the 
potential value of the microscope in the academic 
environment, in both teaching and research.
 “Professors and demonstrators of operative 
dentistry would find this microscope a wonderful 
assistance in the teaching of the branch.”10 

Furthermore, “Besides its unique possibilities in the 
mouth the Greenough microscope is specially adapted 
to research work in the dental world.”10

 While admitting that this technology was 
in its infant stages, Dr. Bowles openly hoped “...its 
use will open up new avenues of research, and be an 
immense contribution to exact methods and scientific 
dentistry,”10 a hope that has come to full fruition in 
the use of the microscope in many phases of clinical 
dentistry and research today.11-13 
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Appendix

Letter from Dr. David Fairchild to Dr. Shirley W. 
Bowles9

Dr. Shirley Bowles, Washington, DC

Dear Dr. Bowles, 

Having worked together as we have done upon the 
adaptation of the Greenough dissecting binocular 
microscope for dental work, I send you as my 
contribution to your paper on the subject a few 
suggestions, which indicate the way this investigation 
was started. For over a year, ever since the first 
time that I looked through this new instrument, 
its possibilities in dentistry have impressed me. I 
have spoken to several dentists about it at different 
times, but never succeeded in arousing their interest 
in it until last summer when I described it to you. 
Finding that you were ready to look into its peculiar 
fitness for adaptation to your profession, it has given 
me the keenest satisfaction to work out with you the 
designs for a proper stand, by means of which this 
new microscope can, I believe, be of the same great 
aid in dentistry that it has proved to be for botanical 
investigations.

The facts that led me to believe that this remarkable 
new microscope was fitted peculiarly for dentistry are 
the same, which have made it of such unusual value 
in the profession with which I am officially connected. 
A comparison of this new invention with the ordinary 
microscope will prevent those who would be so inclined 
at the first mention of the use of the microscope in 
dentistry, from pigeonholing the idea as something, 
which is not new.

This is an entirely new and original type of microscope 
that has been on the American market less than 
three years, and I feel safe in saying that this is the 
first time it has ever been applied to the practice of 
dentistry. It is the invention of an American biologist 

by the name of Greenough, and was worked out in 
the famous microscopic establishment of Carl Zeiss at 
Jena, Germany, which firm
is the only one that now manufactures it. It is a 
dissecting microscope, and does not invert the image 
as the ordinary microscope does; in other words, you 
can work with your instruments under it without 
learning that in order to touch a spot in the right of 
the field you must move your hand to the left instead 
of to the right, as you would naturally do. This one 
difficulty in the old type of microscope has effectually 
barred it from use in the mouth. It is a binocular, and 
at the same time
a bi-objective microscope. The old binocular 
microscopes were none of them bi-objective that is, 
none of them had two objectives. The Greenough 
is essentially two separate microscopes fastened 
together in such a way that they give stereoscopic 
vision. This stereoscopic vision is one of its most 
remarkable features, and makes it rank beside the oil 
immersion objective as an instrument of research. I 
think that this character of the instrument will appeal 
to all in dentistry who are familiar with the ordinary 
microscope, and who know how shallow is the layer of 
any object, which is in distinct focus at any one time. 
By means of the two separate objectives Greenough 
has overcome this difficulty to a large extent, and 
objects which under an ordinary microscope can only
be seen in sections by focusing down from the top, are 
under this marvelous new instrument visible in their 
entirety. In dental examinations this feature is of the 
very first importance, because it is the relation of the 
form and size, rather than the character, of a flat but 
small section of a cavity, that is important.

The instrument has the most remarkable “working 
distance” of any microscope known; in fact, this point 
alone is what at first attracted my attention to its 
possibilities in dentistry. With objectives that magnify 
from eight to sixty-five diameters—that is, which are 
four to thirty times as strong as the hand magnifiers 
that dentists usually employ —a distance of from an 
inch and a half to
four inches intervenes between the objective and 
the teeth. This distance is enough to allow any of 
the ordinary dental instruments to be used. There is 

Microscopes in Dentistry
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attached to this microscope a small electric light and 
reflector that throws a beam 
of light on the precise spot that the objectives are 
focused on, thus illuminating
it perfectly. The eyepieces are quite as adjustable as 
are those of the Zeiss field glasses, so that by moving 
them back and forth the vision can be made to appear 
as one single field.

The instrument is light and easily manipulated, 
requiring little of the technique, which the old 
microscopes demanded, and already it has entered 
the field of the plant-hybridizer, and is being used by 
gardeners who never in their lives saw through the 
ordinary microscope. In botany especially in the study 
of plant diseases, it has quickly become invaluable: 
while in metallurgy, zoology, and in many other 
branches, it is rapidly becoming quite as necessary an 
instrument of research as is the old microscope. It has 
revolutionized the study of corals. I am informed, and 
the entomologists say that it has revealed entirely new 
characters in insects.

I believe that could we get the instrument in position 
to look into the mouth of a patient in the chair, its 
own wonderful revelations would win for it the place 
it deserves to occupy in the art which of all others 
demands attention to the minutest details. In our 
joint designs for a stand to hold this instrument, I 
think we have been in a measure successful, though I 
trust important improvement will be made in it. 

You will find its weak points by practice, but I cannot 
help feeling that it is to play an important role in the 
future of scientific dentistry. As a representative of 
that large and silently suffering class, your patients, 
I trust the time is not far distant when you will look 
into a cavity before you thrust into it one of your 
diabolical instruments to as certain whether or not 
the nerve is exposed.
Yours very sincerely,
David Fairchild.

David Fairchild.

Gutmann
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