
Operating microscopes are cele-
brating their 25th anniversary in den-
tistry. Initially resisted by endodontists
and mainstream dentists, there has been
a recent surge of interest in microscope-
enhanced dentistry. In endodontics, the
microscope is becoming standard equip-
ment (Figure 1).At a recent opinion leader’s
forum, the question was posed: “Should
microscopes be required for all endodon-
tic treatment?” This incredible swing in
endodontic opinion also is being felt in
general dentistry. As dental schools begin
to integrate the microscope into the cur-
riculum, two new frontiers in dentistry
will be realized: minimally traumatic den-
tistry and zero-defect dentistry.

This brief article discusses a change in
the endodontic-restorative protocol and
then highlights a clinical case that demon-
strates the tremendous advantage of ad-
vanced magnification when married with
other forward-thinking techniques. The
article concludes with an exploration of

the rationale and science of zero-defect
restorative dentistry, dentinal caries re-
moval, and finally a review of the science
of microscope-enhanced dentistry.

MODERN DECISION 
MAKING FOR THE
COMPROMISED TOOTH
Microscope-enhanced dentistry is chang-
ing the endodontic-restorative proto-
col, altering the thought process when
determining when to save or extract a
tooth. Microscopes offer additional meth-
ods for caries assessment and endodontic
therapy, moving the profession closer
to zero-defect restorative dentistry.

The decision to “extract or save” is a
constantly evolving art form. In micro-
scope-enhanced dentistry, the thought
process in the endodontic-restorative
protocol is often inversed. Rather than
“endodontics then restorative, it is often
restorative, then endodontics” as clini-
cians can assess the likely outcome and

use this information in decision-mak-
ing. Today’s finished case should be
sealed exquisitely, pleasing esthetically,
and accompanied by regenerated papil-
lae. With advanced magnification, the
additional visual information afforded to
the clinician with the benefit of shadow-
less, coaxial light combined with infinity-
corrected optics enhances the clinician’s
ability to create clean, caries-free margins,
which, in turn, can create an optimal
restorative seal. Clinicians also can assess
the actual invasion of the biologic width
and potential for healthy and esthetic
soft-tissue contours.1 For example, in
the case presented, caries removal, mar-
gin identification, and the potential for
papilla regeneration could be verified by
restorative investigation. “Restorative
investigation” is an important concept
that is defined as “the clinical practice of
prosthodontic disassembly, restoration
removal, caries excavation, microsurgi-
cal access, and tissue retraction; the goal
of which is to assess the true extent of
dental pathology combined concurrent
with the long-term restorative potential
of the tooth.” 2 Only after these issues
were deemed satisfactory was the pulp
chamber re-accessed and endodontic
therapy initiated. This evolution in triage
has the potential to become the standard
of care in the modern era of dentistry 

Case Report
The patient, a 56-year-old woman, was
vacillating between treatment plans for

her upper arch: a full immediate upper
denture or restorative reconstruction.
While the treatment for the lower arch was
proceeding, she began to experience pain
with the upper right central incisor (Figure
2). She had a class reunion that was a week
away. She desperately wanted to attend this
important function without pain and with
a smile that did not embarrass her.

Implants were not an option for the
upper arch for financial reasons. The
patient was faced with a decision of either
removing the tooth and receiving a tempo-
rary partial denture or initiating restora-
tive treatment combined with endodontic
therapy. The patient chose the latter be-
cause it allowed for retention of the tooth
as an interim treatment until a final deci-
sion was reached for the maxillary arch.

Figure 3 demonstrates the tooth after
caries removal was thought to be com-
plete. Although the dentin did not stain
with caries-indicator solution, in the
author’s experience the use of high mag-
nification to evaluate hardness is the ulti-
mate test of sound dentin. Magnification
(16x) revealed that gross caries was still
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Figure 1 The author at work with his 
microscope.

Figure 2 Preoperative view of deep caries on
mesial of upper right central incisor.

Figure 5 Complete caries removal confirmed
by scratch marks from a coarse diamond bur.
Softer, infected dentin does not exhibit this type
of surface texture (original magnification, 24x).

Figure 3 Initial caries removal. Application of
caries-indicator solution did not stain the dentin.
Extremely soft dentin often does not allow pene-
tration of the dye, creating a false negative caries
assessment (original magnification, 8x).

Figure 4 Soft dentin being teased with an
explorer (original magnification, 16x).
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present. Figure 4 demonstrates exploration
of the deepest layer of “noodle dentin.”
Final evaluation of the nuances of sound
dentin is demonstrated in Figure 5. A
coarse diamond can be used to assess
dentin because at 20x to 24x magnifica-
tion the scratches can be used as clues to
assess dentin hardness.3 Carr has shown
that the unaided eye cannot distinguish
between two lines that are closer togeth-
er than 200 µm.3 With the microscope,
20-µm assessment is possible.

To create an ideal embrasure form, a
Bioclear matrix (Bioclear, Tacoma, WA)
was used (Figure 6 and Figure 7). This
anatomically shaped matrix encourages the
papilla to regenerate.4 The composite was
cured, then shaped and polished. Modern
porcelain polishers, such as the Jazz™
series (SS White Burs, Inc, Lakewood, NJ) 
or DuFine™ (Clinician’s Choice, New
Milford, CT), yield a finish that is ab-
solutely breathtaking (Figure 8).

ZERO-DEFECT 
RESTORATIVE DENTRISTY
Caries removal is a fundamental task of
traditional dentistry. Although there are
many ways in which a clinician can assess
carious dentin, today’s most common
approaches include radiographs, caries-
indicator dye, spoon excavator or explor-
er tip (tactile hardness) tests, and laser
f luorescence detection.5,6

The presumption that healthy dentin
is “harder” is supported by extensive
research.7 The most predictable clinical
indicator of sound vs unsound dentin is
hardness.8 The Knoop hardness scale of
infected dentin ranges from 0 to 30, affect-

ed dentin from 30 to 70, and healthy dentin
from 70 to 90. Ideally, dentin removal
should be terminated once the affected
dentin has been reached, in the 40 to 50
Knoop hardness range. Microscopic evalu-
ation at extreme levels of magnification
provides additional visual information to
assess the texture and hardness of dentin
that can augment the traditional tactile
approach to dentin hardness.

Maintaining areas of affected dentin
that may be discolored will not compro-
mise the tooth-restoration complex.9

However, some studies have shown a
compromised long-term resin bond to
discolored, affected, and amalgam-con-
taminated dentin.10 In these cases, the
use of a glass-ionomer sandwich tech-
nique is an option, which can have a more
stable long-term bond (glass-ionomer–
dentin interface) to compromised dentin.11

Alternatively, an enhancement of other,
more predictable surfaces (ie, creating
longer enamel margins or dentinal
undercuts) could be used in lieu of a
glass-ionomer sandwich.

Dentin color is one of the least pre-
dictable indicators of sound dentin, ie
black, brown, and green dentin in previ-
ously restored teeth is often noncarious
and should not be removed.12 Conversely,
normal-colored dentin can be soft and
grossly infected but appear normal at
low magnification. In these cases, caries-
indicator dye often can give a “false nega-
tive” to stain uptake. In other words, the
dentin can have a normal color, and yet
be so soft that no absorption of caries-
indicator solution occurs. A study com-
paring different diagnostic approaches

to occlusal caries assessment found that
visual techniques without advanced mag-
nification were correct only 53% of the
time and caries-disclosing dyes were accu-
rate only 43% of the time.13 While laser
fluorescence can be very accurate,14 its use
in most practices is for initial diagnosis.
Use of such instruments such as a
DIAGNOdent (KaVo, Lake Zurich, IL) for
on-the-fly diagnosis during cutting of
the tooth is both impractical and non-
specific (a positive reading of 20 or above
indicates that caries is present but not pre-
cisely where the carious and noncarious
tooth structures are). In the case present-
ed, the dentin in Figure 2 was treated
with caries-indicator dye and had no
stain uptake. It is the author’s opinion
that without the microscope he could
have easily been lulled into a false sense
of security that caries removal was com-
plete. Leaving gross residual caries at the
margin areas contradicts many restora-
tive principles and could have doomed
this case to premature failure.

CLINICAL MICROSCOPES—
LUXURY OR NECESSITY?
The operating microscope is not just
simply higher magnification than ocu-
lars (loupes). It is better magnification.
Oculars have been very helpful and may
always have a role in dentistry, but the
optics are crude when compared to the
infinity-corrected optics of a stereoscop-
ic microscope (Figure 9 through Figure
12). When combined with the shadow-
less coaxial light source, they transform 
the clinician’s potential for accuracy of
nearly every aspect in the different disci-
plines in dentistry.

Increasing levels of magnification pro-
duce a squared, not linear, relationship to
visual acuity. In other words, a clinician 
working at 3.5x sees 10 times more visual
information; 10x magnification allows
100 times more information; and 20x
magnification allows 400 times the visual
information (see Table).15 Improved out-
comes from the use of magnification have
been well documented in the medical
literature, and scientific validation in den-
tistry is beginning to emerge.16-24

Many studies have shown that magni-
fication plays an important role in clini-
cal accuracy, such as the ability to access
and shape complex root canal anatomy.
In a compelling study, the use of a micro-
scope enabled the author, an endodon-
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Figure 6 and Figure 7 The anatomically shaped Bioclear matrix in position. The aggressive cervical
curvature encourages the static pressure and scaffold needed to stimulate the regeneration of the papilla.

Figure 8 Immediate postoperative view.The long,
infinity-edge margin allowed an ideal esthetic result.

Figure 9 Oculars (loupes) rely on convergent
vision that essentially requires an overlap of two
images. This form of magnification creates
increasing problems and eye strain as magnifica-
tion power increases. The clinical microscope
uses a more refined optical system.

Figure 10 8x convergent magnification with
loupes and a representation of the two images
that the brain receives as the eyes begin to focus.

Figure 11 Incomplete merging of the images
seen through a pair of loupes. Both Figure 10
and Figure 11 demonstrate the visual noise
(blurry periphery) of loupes optics.

Figure 12 The same case as Figure 10 and
Figure 11 seen with a clinical microscope at 24x
magnification featuring infinity-corrected optics.
There is no eye strain and no visual noise. For
advanced magnification, the microscope is a
superior and healthier choice.

Table: Magnification and Visual Information15

Magnification 1x 2x 4x 10x 16x 25x

Information Content 1x 4x 16x 100x 256x 625x

Picture Element 660 2,640 10,560 66,000 168,960 412,500
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tist, to improve his ability to find a fourth
canal system from 73% to 93% of maxil-
lary first molars.25,26 Other studies show
that the use of an operating microscope
can lead to less postoperative discom-
fort.27 In periodontics, the microscope
enhances the surgeon’s visual acuity,28

allowing better manipulation and more 
accurate suturing of the soft tissues.29

Low tissue trauma, excellent flap control,
and a micro-suturing technique that allows
primary wound closure may be responsible
for improved clinical success.30,31 Reduced
operator mistakes in endodontics have
been reported as a benefit of clinical mi-
croscopes.32 The ergonomics of the mi-
croscope clinician’s proper posture have
shown a remarkable reduction in back
pain and disability, a priceless benefit to
the practitioner, for that pervasive and
serious problem can destroy our health
and diminish the daily enjoyment of
our craft.33-35

CONCLUSION
Excellence in dentistry is both a choice
and a journey, and magnification can be a
powerful asset for those who seek absolute
clinical accuracy. The testimony of den-
tists who use the microscope daily in their
practices confirms its value. An over-
whelming majority affirms that it has
improved their clinical skills. The micro-
scope, with instantaneous magnification
from 2.5x to 24x, with no visual noise
and shadowless coaxial light, offers the
best means for achieving complete visual
information in dentistry. It can nurture
great confidence, healthier posture, and
better and surer hands for the clinician.
And in the end, the excellent visual infor-
mation it offers can help the dentist to
create more precise, more healthful, and
more esthetically pleasing dentistry.
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