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Abstract

The purpose of this project was to develop an invasive
index to: 1) compare the treatments recommended by dentists
for the occlusal surfaces of molars; 2) compare the invasive
index score of each tooth with the extent of the carious lesion
as determined by electrical resistance and histological exami-
nation; and 3) compare the relative extent of the total crown
destruction resulting from the carious lesion and the cavity
preparation.

Twenty dentists examined 19 extracted permanent molar
teeth using a #23 explorer and selected the most appropriate
treatment from the following options: no treatment (score 0),
occlusal sealant (score 1), preventive resin (score 2), occlusal
amalgam (sc.ore 3). The invasive index scores determined for
each dentist and each tooth were compared using an analysis
of variance. The electrical conductivity of each tooth was
measured with an electronic caries detector (Vanguard~M ).
Electrical resistance scores were compared to the invasive
index scores and to a histological examination.

The results demonstrate that the invasive index is a useful
means to compare treatments recommended by different
dentists. The invasive index suggests there is considerable
variation among dentists in the treatment they recommend
for occlusal surfaces. Electrical resistance testing did not
provide helpful information for treatment planning of ques-
tionably carious occlusal surfaces.

Introduction

The clinical diagnosis of early pit and fissure caries
along with the development of new materials has cre-
ated a dilemma for dentists who treat children. The
occlusal surfaces of the permanent molars are the sur-
faces most likely to become carious in children 5-17
years of age (Miller et al. 1981). Since these teeth must
last for the patient’s lifetime, an early accurate diagnosis
followed by appropriate treatment has important rami-
fications for the patient’s long-term dental health. New

developments in diagnostic instruments and restora-
tive materials have implications for the management of
occlusal carious lesions.

A recent study (Weerheijm et al. 1989) suggests that
due to the changing picture of occlusal caries, the clini-
cal diagnosis of pit and fissure caries has become even
more difficult. The traditional use of visual assessment
of the appearance of the enamel and tactile evaluation
with an explorer (Radike 1972) remain imprecise at best
(Rock 1987; Weerheijm et al. 1989). The size and shape
of the explorer, the force applied and the judgment of
the examiner all influence the diagnosis (Houpt et al.
1985). An additional diagnostic tool, based on the fact
that electrical conductivity increases in demineralized
enamel, is currently available (VanguardTM, Massachu-
setts Mfg. Corp: Cambridge, MA, 1984; White et al.
1978). Clinical studies suggest that the Electronic Caries
Detector (Vanguard) is superior to the explorer based 
the three criteria of sensitivity, specificity and consis-
tency (White et al. 1981). An in vitro correlation has been
demonstrated between the electrical resistance and the
extent of the carious lesion. Radiographs provide mini-
mal diagnostic information in the detection of occlusal
caries (Flaitz et al. 1986). However, bite-wing radio-
graphs may be of some benefit in the individual clinical
examination (Weerheijm et al. 1989). The use of slides 
the occlusal surfaces to aid in the diagnosis of questiona-
bly carious teeth also has been advocated (Weerheijm et
al. 1989). Transillumination for caries detection appears
more helpful for proximal rather than occlusal surfaces
(Rock 1987). Another approach to caries diagnosis
currently under investigation is the use of lasers
(Bjelklagen et al. 1982). At the present time at the clinical
level, in spite of technological experimentation, the
diagnosis of pit and fissure caries is most frequently
made on the basis of a mirror, light, and explorer exami-
nation.
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The traditional options for managing occlusal cari-
ous lesions include either providing no treatment or
placing an occlusal amalgam restoration. Providing no
treatment increases the risk of allowing a carious lesion
to progress to the point of extensive destruction of the
tooth. Placing an amalgam restoration is invasive and
requires cutting sound as well as diseased tooth struc-
ture to establish proper resistance and retention, while
eliminating the caries susceptible pits and fissures
(Meiers and Jenden 1984). Removal of sound tooth
structure may increase the long-term possibility of pulp
damage or cusp fracture (Houpt et al. 1986).

Acid etch resin bonding procedures, including oc-
clusal sealants and composite resin/sealant restora-
tions, have expanded the options available for treating
occlusal carious lesions. Sealants have been shown to be
effective in preventing carious lesions in sound pits and
fissures (Mertz-Fairhurst et alo 1984). Sealants also may
be of value in treating questionable and even carious
occlusal surfaces without mechanical invasion of sound
tooth structure (Handelman et al. 1986; Mertz-Fairhurst
et al. 1986). Composite resin/sealant restorations re-
quire minimal tooth preparation and therefore are less
invasive than traditional occlusal amalgam restora-
tions. Composite resin/sealant restorations have been
employed successfully to treat occlusal lesions (Simon-
sen 1980).

Despite the fact that dentists have an additional
diagnostic instrument and a range of treatment proce-
dures of varying invasiveness available, there is little
information as to how dentists might employ these
options to manage occlusal carious lesions. The pur-
pose of this project was to develop and use an invasive
index to:

1. Compare the treatments recommended by a group
of dentists for the occlusal surfaces of molar teeth

2. Compare the invasive index score of each tooth
with the extent of the carious lesion as determined
by electrical resistance and histological examina-
tion

3. Compare the relative amount of crown destruction
resulting from the combination of the carious le-
sion and the cavity preparation required for vari-
ous types of restorative procedures.

Method

Nineteen extracted permanent molar teeth were se-
lected to provide a typical clinical spectrum of occlusal
conditions ranging from apparently sound to extensive
occlusal caries. The teeth were assigned random num-
bers and mounted on a board to simplify handling.
Twenty dentists examined each of the extracted teeth
using a #23 explorer. The dentists included recent
graduates, dentists with several years experience, gen-

eral dentists and pediatric dentists. All the dentists
treated children and employed the treatment options
included in the study in their practice. The dentists were
to assume each tooth was a first permanent molar in a 7-
year-old patient. The instructions to the dentists were to
recommend treatment for the occlusal surface of each
tooth from the following options:

1. No treatment (score = 0)
2. Occlusal sealant (score = 1)
3. Preventive resin restoration (score = 2)
4. Occlusal amalgam restoration (score = 3).

By calculating the mean of the scores an invasive index
was determined for each dentist and for each of the 19
teeth. Comparisons were made of the invasive indices
of the dentists and of the teeth using an analysis of
variance.

The electrical conductivity of each tooth was meas-
ured with an electronic caries detector (Vanguard) es-
sentially as described by Flaitz et al. (1986). Three
examiners independently scored each of the teeth with
the electronic caries detector. The mean of the three
electrical resistance scores was calculated for each tooth
and compared to the mean invasive index score.

Finally each tooth was sectioned through the appar-
ently carious area and examined under a dissecting
microscope at 2x magnification. Each tooth was scored
as follows:

1. No caries (score = 0; Group A)
2. Enamel caries short of the DEJ or discoloration of

the dentin without obvious enamel lesion, (score 
1; Group B)

3. Enamel and dentinal caries (score = 2; Group C).

Results

The mean invasive index scores for each dentist
based on the treatments recommended for the 19 teeth
ranged from 1.2 to 2.3. The invasive index of each
dentist is shown in Fig 1 (see next page).

The standard deviation for the treatments recom-
mended by the examining dentists was used as a meas-
ure of treatment variability and is shown in Fig 2 (see
next page). The standard deviation ranged from 0.6 to
1.35.

Table 1 (see next page) reports the mean invasive
index and the standard deviation of the teeth by histo-
logical group. The means ranged from 0.875 for the teeth
with no evidence of caries (Group A); 1.660 for those
teeth with enamel caries short of the DEJ, or with discol-
oration of the dentin without obvious enamel lesions
(Group B), to 2.531 for the teeth with enamel and denti-
hal caries (Group C). The differences between the mean
invasive indices of the histological groups was signifi-
cant (P <.001) as determined by a Mann-Whitney rank
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Fig 1. The mean invasive index score for each of the 20 dentists.

TABLE 1. Invasive Index by Histology Group

Group N Average Standard Deviation

A 6 0.875 0.108
B 5 1.660 0.479
C 8 2.531 0.614

sum test. This statistical test was used rather than a
traditional analysis of variance because of the unequal
variances in the histology groups.

The electrical resistance score for each group is
shown in Table 2. The mean electrical resistance ranged
from 0.611 for the sound teeth (Group A) to 3.200 for the
teeth with enamel caries or discolored dentin (Group B)
to 8.5~3 for the teeth with enamel and dentin caries
(Group C).

The association between the electrical resistance and
the invasive index is shown in Fig 3. The electrical
resistance scores obtained by each tooth are plotted by
histological group in Fig 4 (see next page).

Discussion
The invasive index scores of the individual dentists

ranged from 1.2 to 2.3, indicating that there was consid-
erable variation in the treatment recommended for the
occlusal surfaces of the teeth. The standard deviation of
the invasive indices provides insight regarding the
variation of treatments recommended by each dentist.

TABLE 2. Electric Resistance by Histology Group

Group N Average Standard Deviation

A 6 0.611 0.772
B 5 3.200 2.193
C 8 8.583 0.850
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Fig 2. The standard deviation of the mean invasive index for
each dentist.

A low standard deviation indicates that a dentist recom-
mended a limited range of treatment (i.e., tends to use
one treatment) whereby a larger standard deviation
indicates that a dentist recommended a broader range of
treatment options. The two-way analysis of variance
demonstrates a highly significant difference (P <.0001)
in the invasiveness of the treatments recommended by
the dentists. Therefore, some dentists limited them-
selves to one or two treatment options (i.e, no treatment
or an occlusal amalgam), while others employed the
entire spectrum including sealants and preventive res-
ins.

Examination of the cross sections of each tooth under
a dissecting microscope confirmed that the electrical
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Fig 3. The association between the electrical resistance scores
and the invasive index.
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Fig 4. The electrical resistance scores plotted by histological
group.

resistance score increased as the extent of the carious
lesion progressed. This is in agreement with the find-
ings of Flaitz et al. (1986). The microscopic examination
also confirmed that more invasive treatments generally
were recommended as the extent of the carious lesion
increased.

The standard deviation of the invasive index for each
group revealed that the dentists were most likely to
agree on the treatment when the occlusal surfaces were
sound. The small standard deviation suggests that
dentists tended to recommend either no treatment or
sealants for the sound occlusal surfaces. The larger
standard deviations for Groups B and C indicate that
there was substantial variability in the treatments rec-
ommended for the questionable and carious occlusal
surfaces. Some dentists recommended only amalgam
restorations for these teeth while other dentists em-
ployed a wide spectrum of options including sealants,
preventive resins, and occlusal amalgam restorations.

The electrical resistance scores were less variable in
Groups A and C (Table 2) where the clinical situation
was clearer. Where there is ambiguity of caries (Group
B) the electrical resistance scores are more variable
(Bartlett’s test, P < .04). As expected, the mean electrical
resistance score increases with more extensive carious
involvement as indicated by the histology groups (P 
.001) using the Mann-Whitney rank sum tests.

The correlation between the mean invasive index of
a tooth and its average electrical resistance score was
high (r = 0.85, Fig 3). However, the correlation was
weakest in the group with questionable occlusal sur-

faces (Group B). The mean invasive index in Group 
ranged from 1.0 to 2.5 which indicates a wide range of
treatment recommendations were made for this group
of teeth. In Group B, the clinical diagnosis of an occlusal
carious lesion was inconsistent, or the dentists varied
widely in their philosophy of treatment for these le-
sions.

In these teeth, the electrical resistance scores were
most consistent at each end of the diagnostic spectrum
(Fig 4), where it is of little value because the diagnosis 
clear. An electrical resistance score of 0 or I was associ-
ated with a histologically sound tooth while a score of 8
or greater was associated with extensive caries. Scores
between 2 and 8 were associated with varying degrees
of caries penetration but histological evidence of caries
was present in each tooth. Therefore, a wide range of
electrical resistance scores was associated with the clini-
cal picture presented by questionably carious occlusal
surfaces. Thus, the electrical resistance scores provided
little additional information for the clinician.

A limitation of this study is that the dentists were
asked to make treatment decisions on isolated teeth
without benefit of information such as fluoride environ-
ment, oral hygiene status, and reliability of the patient.

Conclusions
The results of this study suggest that the invasive

index is a useful means of comparing the relative extent
of crown destruction resulting from the carious lesion
and the treatment provided. This index provides a
relative standard for comparison of the treatments rec-
ommended by various dentists. The range of responses
suggests that dentists differ widely in their approaches
to the management of occlusal surfaces. The larger the
invasive index score the greater the loss of tooth struc-
ture to caries and operative procedures. The implica-
tion for young patients is a weakened tooth that is likely
to require repeated restoration with increasing loss of
tooth structure. Conversely, low invasive index scores
represent conservation of tooth structure in the young
patient. While all treatment options carry inherent risks
of over- or undertreatment, the less invasive treatments
increase the life expectancy of the tooth in most situ-
ations. For the young patient receiving routine dental
care, the treatment of choice appears to be removal of
minimal tooth structure to eliminate caries along with
placement of a conservative restoration.

Future studies could employ the invasive index to
assess differences in treatment philosophy between
groups of practitioners in a more clinical environment.
The development of new and less invasive restorative
treatment options compels dentists to assess their clini-
cal practices to determine if they are providing appro-
priate treatment options for their patients.
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Electrical resistance testing did not provide helpful
information for treatment planning for questionably
carious occlusal surfaces.
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Patient turnoffs

It’s easy to establish good will with your patients, but just as easy to break down the positive

relationship you’ve established. Dynamic Dental Strategies, an ADA marketing newsletter, lists eight
common patient turnoffs:

1. Talking about, not to, the patient. Especially true of children, but affecting adults as well, this

tendency on the part of the dental team makes the most important person--the patient--feel left out.

2. Ignoring the patient at the reception desk. The patient should be greeted by the receptionist on

the way in, as well as on the way out. Furthermore, the patient should not have to wait to pay or schedule

the next appointment.

3. Forgetting that the patient can see and hear practically everything happening in the dental office.

If you need to discuss practice management problems with the staff, hold these discussions in private, not

in the operatory.

4. Gossiping in front of the patient. Don’t talk about other patients-~or other staff members--in front

of patients. They’ll wonder what you say about them when they leave!

5. Not answering the phone promptly. Patients expect you to be organized and ready to receive
phone calls.

6. Forgetting the patient’s name--or misspelling it.
7. Failing to inform before you perform. A considerable amount of anxiety on the patient’s part can

be avoided if he or she understands the next step before it happens.

8. Sending mixed signals on fees and payment options. If the back office and the front office send

the patient different messages, the entire office lacks credibility.
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