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Provides a historical overview of
microscope use in dentistry.
Explores the importance of microscopy in
dentistry.
Highlights the benefits of using a
microscope over loupes.

Y. Sitbon,*1 T. Attathom2 and A. J. St-Georges1

The different aspects of treatment of periodontal disease and mucogingival defects all require an accurate diagnosis in
addition to good control and precision during therapeutic procedures. Magnification aids and microsurgery, combined with
minimally invasive techniques, can best meet these requirements. The suitability of treatment, the healing time, pain levels
and postoperative scarring are all improved and the patient benefits.

BACKGROUND
Microscopy (from Greek scopein ‘to see’
and micro ‘small’), is defined as the action
of looking at very small objects or entities,
using magnification tools, particularly the
microscope, invented during the sixteenth
century by Galilee Galileo.
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It was not until the nineteenth century
that the first use of microscopy in clinical
medicine was reported, and the first
microscope-assisted surgery is traditionally
attributed to Nylen, for an otologic surgery
in 1922.1 Since then, microscope-assisted
medicine has experienced an exponential
interest, especially in those fields involving
the most noble and delicate organs, such as
neurovascular surgery, ophthalmic surgery,
or ear-nose-throat surgery.
Paradoxically, interest in microscopy took
many more decades to reach dental medicine,
even though the tininess of the structures to
treat, and the degree of precision required for
those treatments, seemed to call for immediate
awareness of its potential. Many reasons
could explain this relative disinterest. The first
one would probably be the ‘non-essential’
aspect of the dental organs, which contributed
for a long time to a certain disaffection of the
population for treatments considered painful
and costly. At a time when extractions were
the cure of choice, using a microscope was
obviously very remote from the immediate
preoccupations of dentists. Thus, it was not
before the late 70s, early 80s, that microscopy
was used in dentistry.2–4
Under the combined thrust of spectacular
progress in dental medicine over the last
decades, and an increasing media pressure
stressing body health and beauty, patients
have consented to greater efforts, not only to
save teeth they would formerly have allowed
to be extracted, but also to improve their
smile as much as possible. Dentists have not
been let down in this development, finding
in this new trend a way to increase their
knowledge and professional satisfaction, as
well as their income.
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‘Cosmetic dentistry’ becomes a specialty
in itself and numerous professional
organisations, entirely devoted to that
category of elective treatments, have
appeared and are thriving. The impact
of cosmetic dentistry is so strong that a
number of dentists exclusively dedicate their
time to it, and it is not uncommon to see
treatment plans established only under those
considerations, even though the patient does
not present with any pathology.
The other side of the coin is the increasing
expectations from the patients in terms of
outcome: the concept of obligation of means
has been replaced by obligation of results,
requiring dentists to constantly surpass
themselves.
Meanwhile, benefits of minimally invasive
surgery are widely advertised by the media.
Many articles or documentaries report
more and more targeted surgeries, such as
laparoscopies or joint surgeries, requiring
incision of only a few millimetres, when
in the past, scars ten fold bigger where
expected.5 Besides the considerable reduction
of the aesthetical damage, these techniques
allow patients not only to enjoy surgeries
with much less post-operative pain and
complications, but also a much shorter stay at
the hospital, apparently directly proportional
to the length of the scar! Thus the thought
of going through such surgeries becomes
much less worrying, and acceptation of the
treatment by the patient is greatly increased.
Simultaneously, access to information has
become simpler, and patients do not fail to
investigate (though this is often misleading),
before they consult a health professional,
expecting him to know and use all the latest
trends and gimmicks.
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Minimal intervention dentistry II:
part 1. Contribution of
the operating microscope
to dentistry

PRACTICE
The combined effect of those changes and
the will of a few pioneers to improve their
treatments, such as Noah Chivian, or Dennis
Shanelec, led to the birth of microdentistry
in the 80s/ 90s. It was mostly in endodontics,
under the initial thrust of Noah Chivian,
and later Gary Carr, that this technique
emerged; probably because vision in the
root canals, remarkably small and poorly
lit, was virtually impossible and everything
was traditionally done under tactile control,
which more than often would deceive the
operator. Moreover, the endodontist works
generally on only one tooth and under only
one axis for a given treatment, and just
occasionally needs to move the patient or
the microscope, considerably simplifying the
use of the latter. Thus, this magnification
tool has been relatively easily adopted
in practices specialising in endodontic
treatments. Learning how to use it has
incidentally been made mandatory by the
American Association of Endodontists in
speciality programmes in the US since
1998.6 Many research articles have shown
the advantages of using a microscope during
endodontic treatments, in particular when it
comes to discovering and locating canals,
previously considered supernumerary (MB2)
and regarded today as being the norm.7–9
Apart from in endodontics, more than
30 years after its first use in dentistry
microscopy has still not established a firm
toehold in our therapeutic arsenal. Only
a few practitioners use it in periodontal
mucogingival surgery, and even less in
restorative dentistry. It was not until 2010,
in North America, that the first accredited
pre-graduated course of microdentistry
appeared, created at the University of
Montreal by the first author of this article,
and even then only accessible to a few handpicked students (Fig. 1).
The possible reasons for this relative
disaffection are probably the steep
learning curve of the technique and the
acquisition cost of the microscope, an
investment that does not directly generate
an increase of income. In addition, the lack
of serious scientific publications (except
in endodontics) whether for the patient or
for the dentist confirming the advantages
of using a microscope, does not contribute
to promoting this tool. Indeed, the majority
of the articles in professional journals are
anecdotal in nature, and the few research
articles available present major bias, making
any interpretation of the results sensitive.10–12
But the main reason for the limited
development of a technique otherwise
fiercely supported by its users is probably
a lack of information at the practitioners’
level. The purpose of this article is precisely

and emphasise the advantages the dentists
can get from magnification in general, and
from the microscope in particular.

THE NECESSITY OF
MAGNIFICATION IN ODONTOLOGY
The structures the dentists have to work on,
teeth or periodontium, are exceedingly small.
Moreover, the causal agents of the main buccal
pathologies (caries and periodontal disease)
are bacteria, only a few micrometres large.
Diagnosis of periodontal disease, or caries,
is essentially carried out by vision, assisted
or not by examination of radiographs. As a
matter of fact, it has been demonstrated that
tactile sense does not significantly influence
the precision of the diagnosis of carious
lesions.13,14 These lesions should be treated at
a very early stage, ideally even before a cavity
appears.15 Such timely treatments require the
use of remineralisation techniques, avoiding
any unnecessary sacrifice of tooth substance.
In addition, evaluation of the activity of
the carious lesion is also done using visual
criteria; it is a decisive aspect of the diagnosis,
when choosing the best therapeutic option.
Increasing the visual capacity of the operator
should therefore potentially reduce the
number of operative treatments (Figs 2a
and b). At higher magnification, many
signs of inactivity of the lesion (dark colour,
shininess, no retention of dental plaque)
encourage postponement of such operative
treatment, as long as the caries risk does
not change. On the other hand, some studies
have demonstrated an inclination of certain
operators toward over-zealous treatment
when high magnification is used.16–18 Thus,
a specific education in diagnostics under
magnification seems to be indicated.
If a treatment is nevertheless required,
using burs of extremely small size and
adhesive material can limit the extent of the
intervention as much as possible. That is if
the diagnosis has been done in time, and if
the operator masters the exacting bonding
techniques and knows how to control those
sensitive instruments. Incidentally, a crack
or a root fracture can greatly influence
the choice of such treatment.19 Here again,
vision is the primary mean to assess the
presence and the span of those defects,
which can lead to the very loss of the tooth
(Fig. 3). It is thus reasonable to infer that
improving vision would allow for a more
refined diagnosis and better control of those
sensitive procedures.
For prosthetic treatments, if the
susceptibility of the host is not taken into
account, it seems that a marginal gap of no
more than 40 to 100 micrometers between
the tooth and the restoration should be
achieved to be clinically acceptable for the
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Fig. 1 A student at the University of Montreal,
working under microscope magnification,
during a dedicated microdentistry course. The
instant video feedback on the screen allows
the students, and the teacher alike, to evaluate
at any given time what is done, as well as to
record a videoclip of the procedure

Fig. 2 a) This worrying colouration of the
occlusal pits could motivate the operator to
initiate an operative treatment. b) At higher
magnification, many signs of inactivity
of the lesion (dark colour, shininess, no
retention of dental plaque) encourage to
postpone such operative treatment, as long
as the caries risk does not change

periodontium and to prevent secondary caries
(Fig. 4).20 Even more, the proprioception of
the teeth and the tongue allow to perceive
differences in thickness or rough spots
greatly under 20 µm.21,22 Thus, a refined
preparation, an accurate occlusal adjustment
and a high degree of polish are essential for
the dental health and the comfort of the
BRITISH DENTAL JOURNAL VOLUME 216 NO. 3 FEB 7 2014
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Fig. 3 This tooth was symptomatic, but did
not present any signs of pathology during
conventional clinical examination, even
complemented with probing and radiographs. In
spite of its exceedingly small size, a craze line
at the cervical level was immediately detected
when observed under high magnification, even
before removing the prosthetic crown. It is
the torque applied during the extraction that
opened the crack, to a point that the tooth
separated in two halves

Fig. 4 During the try-in session, an excessive
marginal gap between the crown (not yet
glazed) and the tooth can be seen through
the microscope and instantly documented.
The picture can then be sent to the laboratory
technician, who will make a new crown. This
approach, systematically applied, will allow him
(and the dentist alike) to improve his technique

patient. Here again, the degree of precision
required immediately calls for magnification.
In periodontics, the importance of the
initial phase of the treatment has been
emphasised many times, 23,24 but it also
has been demonstrated that, regardless of
the efforts of the operator, the complete
elimination of the calculus in the pockets is
not possible, especially when done without
surgical access. 25 If a surgical access is
managed, vision of the surfaces needing
to be cleaned is improved, and so is the
elimination of the calculus deposits, even
though it is not yet totally satisfactory.26
The improvement of results under surgical
access can be chiefly attributed to better
visibility, making it tempting to suggest that
enhancing vision even further would lead to
still better results.27–29
Periodontal mucogingival surgery
has evolved tremendously over the last
two decades, sanctioned by increasingly
spectacular aesthetic outcomes.30 More
and more case reports where microsurgical
techniques were used, show success in
procedures which were until then highly
unpredictable, such as recreating gingival
papillae with a graft procedure.31 These
procedures are performed using instruments

Fig. 5 The tininess of the surfaces to be treated, as well as the necessity to look at the
operating field, impose deleterious positions upon the dentist. Loupes, thanks to their
magnification factor, allow reducing this detrimental pattern. But this magnification factor
being limited, and the look still being aimed at the operating field, the operator nonetheless
presents non-physiological curves in the spine, specially at the cervical level, and needs to
activate many paravertebral muscles to maintain this posture, with his or her head leaning
forward. With the microscope, the dentist can assume a completely physiological posture, the
head vertical to the spine, allowing for an optimal comfort. A high-quality operating seat with
armrests (not available for that photography), would improve comfort even further

and sutures of extremely small size, as well
as gestures of a span of only a few tenths
of a millimetre. A few operators even choose
to carry out procedures as common as a
connective tissue graft with the same kind
of instruments, and close their incision lines
with 7‑0 or 8‑0 sutures, sometimes 9‑0, while
conventional techniques and 4‑0 or 5‑0 Vicryl
is still the standard for many. Further examples
of such microsurgeries will appear later in this
series, when looking at the contribution of the
microscope to periodontics.
Preserving healthy dental tissues during
our actions is an unavoidable prerequisite of
primum non nocere. Damaging the dentine,
the cement, or the epithelial attachment
during an intra-sulcular preparation (which
willingly becomes subgingival), or during
a surfacing, are collateral damages just too
easily accepted by the dentists. Similarly,
numerous studies have shown an alarming
rate of 60–100% of adjacent teeth damaged
throughout preparations including a proximal
surface.32–34 During sinus-lift procedure by
lateral approach (Caldwell-Luc), studies
report tears of the Scheiderian membrane in
30% of the cases, not considering tears that
might have been left undetected but could
nonetheless compromise the success of the
graft.35,36
Rather than leniency of the health
professional, one can possibly blame poor
visibility for such unsatisfactory results.
In fact, the theoretical visual acuity of the
human eye is about 70 µm, but vision taking
place in a gaseous environment (the air),
diffraction and refraction reduce it to about
150‑200 µm. In dentistry, these values can
be compromised even further by the low
luminosity in the buccal cavity. Moreover,
the diopter of the eye (corresponding to the
power of the corneal lens) decreases as the
operator gets older. The operator then needs
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to increase the distance between them and
the object they are looking at, thus reducing
visual acuity.37,38 Even if the operator could
manage to see from a close distance, this
would be done to the detriment of workingposture and vision, for they would have to
lean over the patient and inflict an important
accommodation strain to the eyes (Fig. 5). It
is incidentally a recurrent problem within the
profession, where musculoskeletal and eye
problems are more frequent than average.39–41
Considering all the examples above,
underlining the importance of good vision
and the necessity of controlling procedures
down to a scale of a few micrometres, it is
obvious that a visual acuity of about 200 µm
is not sufficient to achieve the required
degree of precision. Magnification tools thus
have great potential and their increasingly
frequent use (loupes) by dentists makes
them ipso facto a new standard of care. Of
course, it is not enough for the dentist to use
a magnification tool to claim that he or she
is practising microdentistry. Microdentistry
can exist only if both concepts of minimally
invasive and minimally interventionist
dentistry coexist with such use. It would
be fanciful to believe that we are microsurgeons if the necessity of the procedure
itself has not been established, or if the span
of the intervention, because of inappropriate
concepts or technical skills, extends beyond
what is required in terms of histopathology
and biomechanics. Other articles in this
series extensively present those concepts.
As a matter of fact, magnification
tools will definitely not compensate for
insufficient knowledge or inappropriate
technique of the operator. On the contrary,
the additional training required to work
under magnification can accentuate those
weaknesses. Under magnification an overzealous treatment is also a risk for operators
127
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Fig. 6 The two optics of the loupes have
their long axis converging toward a point
corresponding to the focal length. The eyes
will have to follow the same path and to
accommodate. This induces a stress on the
oblique and medial rectus muscles of the
ocular globe, as well as on the ciliary muscles
of the cornea

Fig. 7 The microscope is a rather cumbersome
tool. It can be mounted on a wheelbase (as in
this photography), or preferably hung to the
ceiling like the operating light, or attached
to the wall. Here, the ProErgo model, from
Zeiss, presents advanced features, making
its use more practical (variable focal length,
electromagnetic brakes controlled by a simple
finger pressure to assist the motion of the
head, high intensity Xenon light, etc)

believing that anything deviating from
the norm should be treated, even if those
deviations would have no or only little effect
on the patient’s health.16–18 A few articles
actually demonstrate the tendency of their
very authors to lean toward such failing.42
It is nonetheless true that making vision
better, by the mean of magnification tools,
seems to improve both diagnostics and
execution of the procedure. Enhancing
diagnostics directly favours the concept
of minimally interventionist dentistry, as
enhancing the design and execution of the
procedure allows for minimally invasive
dentistry. That is, if the operator has a
clear mental grasp on the objectives of the
procedure and the means to carry it out.
Moreover, besides improving vision, working
under magnification also increases the
neuro-muscular control of the operator.43,44

COMPARISON BETWEEN LOUPES
AND MICROSCOPES
Based on the need for magnification, loupes
are increasingly frequently used by dentists,
to a point that they are becoming a standard

Fig. 8 For the most powerful loupes (Keplerian),
a helmet helps reducing the discomfort
generated by the increased weight and length
of the optics. Nevertheless, working under
high magnification in those conditions is made
difficult by the restricted field of vision, and
depth of field. The slightest motion of the head
of the operator will throw him out of focus
or out of frame (whereas for the microscope,
the optics are not connected to the head, and
hence, micromotions of the latter have no
impact on vision). Moreover, with loupes, the
eyes endure a constant strain because they still
need to converge and to accommodate

of care. In a poll from the Clinical Research
Association in 2006, 86% of the dentists
claimed they were using loupes on a regular
basis. Indeed, using loupes has even been made
mandatory in certain colleges of dentistry in
North America and probably elsewhere. The
description of the different types of loupes
(simple, Galilean, or Keplerian) is beyond the
scope of this article, but the reader can refer
to an excellent review of Dr D. Shanelec45 for
more details. It is sufficient to say that those
three types of loupes share common features,
such as a single degree of magnification, a
binocular vision with optics converging
toward the focal length, and the necessity
for the eyes of the operator to converge and
accommodate (Fig. 6). Their main advantages
are a reasonable cost, a relatively flat
learning curve and manoeuvrability, yet all
these advantages decrease when the quality
of the loupes and the level of magnification
increase. In fact, the advantages of the loupes
are directly linked to their very shortcomings.
As for microscopes, if they are more
cumbersome, more expensive and more
difficult to use, (Fig. 7) they are more precise
and thus these qualities make them superior
to loupes in virtually all situations.

Optical advantages
Thus, microscopes offer a magnification
ranging from 3× to 20× or more depending
on the model. Despite being associated
with a heavier and more expensive optical
system, this versatility enables work with the
optimal degree of magnification, depending
on the type or the stage of the procedure.
It is erroneous to think that the higher the
magnification, the better. In fact, the higher
it is, the less depth of field, field of vision,
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Fig. 9 The long axis of the microscope optics
being parallel, the dentist can look straight
ahead, focusing at infinity, without any need
for accommodation or convergence of the
eyes, leaving them at total rest

Fig. 10 Most of the microscopes can be fitted
with a camera, or/and a video camera, and
allow extemporaneous documentation of the
procedure, without interrupting its flow. In
addition, those images are an almost perfect
identical image of what the dentist actually
sees. Here a D90 from Nikon, and a Sigma ring
flash equip a Pico microscope model from Zeiss

and luminosity are available for the operator.
It is therefore preferable to work with the
smallest magnification possible, which still
authorises complete control of the gesture.
For instance, a very high magnification
would not be adapted to a long sulcular
incision, because of the associated lack
of depth of field, and restricted field of
vision, making framing and focusing a
difficult, if not impossible task. By the same
token, securing a subpapilla graft with a
9‑0 suture could hardly be done with only
2.5× magnification. Accordingly, the dentist
working with loupes would need to change
them many times throughout a procedure
according to his/her needs, with all related
problems in terms of fluidity of work,
ergonomics, asepsis, and increased cost
for the many pairs of loupes and lighting
systems required.
The optics of the microscope are larger,
thus heavier and more expensive that
loupes, but also of better quality. At the
BRITISH DENTAL JOURNAL VOLUME 216 NO. 3 FEB 7 2014
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Table 1 Impact on patients of the use of microscope. (Numbers collected from a pilot study
[to be published] from the authors; n = 52 patients)
Because your dentist uses a
microscope, do you think your
dentist…

Completely
agree

Agree

Neutral

Disagree

Completely
disagree

Is better trained

39%

33%

24%

2%

2%

Is at the cutting edge of technology

41%

39%

18%

2%

0%

Provides better treatments

36%

42%

18%

2%

2%

Is more reliable

23%

41%

32%

4%

0%

same magnification, a microscope provides
a better image than loupes: increased depth
of field, field of vision, luminosity, resolution
and sharpness, decreased distortions and
spherical and chromatic aberrations.
Because of the reflection of light at the
lenses level and the smaller aperture required
for magnification, the latter is associated
with a loss of luminosity approximately
proportional to its square (if one accepts
some rough simplifications). Thus, for a
6× magnification, it takes 36 times more light
to illuminate the object properly. Otherwise
magnification, rather than improving
vision, would reduce it! Loupes can supply
such light only if they are complemented
by an illumination system. This increases
their cost as well as their weight, reducing
the comfort of the operator, even more so
since the light is often connected to the
frame of the loupes with an offset axle. This
leverage is directly supported by the bridge
of the nose, which becomes readily tender
at the end of the day. Helmets have been
proposed to overcome this problem, but the
system becomes more cumbersome, losing
part of its appeal (Fig. 8). In the case of the
microscope, the light generator is built-in.
Its variable intensity covers the different
light requirement as magnification varies
from low to high. For the most advanced
microscopes (Fig. 7), a powerful xenon
light is available, with its intensity varying
automatically with the magnification used.

Ergonomic advantage
Because of its more static design, the
microscope deters the operator or the patient
from constant positions shifts, and thus
forces the dentist into better management
of the ergonomic sequencing of their
work. But ergonomics are improved by
two fundamental aspects:
• When working under microscope the
dentist looks right in front of him/her,
and not at the operating field, and can
thus keep an upright position, getting
rid of all non-physiological curves of
his or her spine (Figs 1 and 5). Certain
high-end microscopes (Fig. 7) even
propose a variable focal length, allowing

the operator to assume an ideal posture
for the entire duration of the procedure
without having to worry about keeping
the operating field (and thus the patient)
at a specific distance from the lens.
Given the high prevalence of back pain
among the profession, this argument
alone would justify using the microscope
on a regular basis.
• Secondly, and chiefly, unlike loupes with
their converging optics, the optics of a
microscope are parallel, aligned with
the axis of vision at infinity (Fig. 9).
The eyes of the operator do not need
to converge or to accommodate; which
completely removes any strain from
them, even when using the highest
magnification. Where loupes eventually
generate eye fatigue, sometimes even
headaches, especially for the most
powerful of them, microscopes can take
the dentist to the end of the day with
perfectly relaxed eyes, while offering
the best vision possible in a comfortable
posture, favouring quality of care and
pleasure at work.

Practical advantage
Another advantage of the microscope over
loupes is its capacity to easily generate a
pre‑, per‑, and post-operative iconography
of the treatments. In fact, most models can
be equipped with either a camera or a video
camera of standard or high definition. These
tools allow the dentist to gather images, with
no interruption in the ergonomic stream of
their work (Figs 1 and 10) With the increasing
importance of imagery in dentistry for
medico-legal, as well as pedagogical
reasons, but also as a communication tool
with patients, colleagues, or laboratory
technicians, being able to collect those
images without interrupting the work flow
is an obvious financial and ergonomic
advantage.

Advantage in terms of impact at
patient level
Even though the microscope is more
expensive than loupes, it has an important
psychological impact on the patients, who

BRITISH DENTAL JOURNAL VOLUME 216 NO. 3 FEB 7 2014

associate it with greater competence, quality
of care and trust in their dentist (Table 1).
Therefore, it carries a marketing value that
will help promote the practice, thus indirectly
compensating for its cost.

CONCLUSION
The rational for the need of magnification
in dentistry now seems well understood
by dentists. Not only does magnification
potentially improve ergonomics and
diagnostics, but also endows the operator
with enhanced vision, allowing him or her
to use smaller instruments and much less
invasive procedures. This contributes to less
morbidity and more comfort for the patient.
Magnification even makes it possible to
consider certain treatment options that
would otherwise not have been feasible. If
loupes are still the magnification tool most
frequently used by dentists, the numerous
advantages of the much more powerful and
versatile microscope are worth the time and
energy required to master new techniques
and any practitioner will surely wonder how
they worked without it before!
The authors would like to thank Claudie DamourTerrasson, publishing director of the Groupe
Information Dentaire, Paris, France, for the
authorisation of the translation and publication of
the series in the BDJ, as well as Avijit Banerjee for
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