
October 2004, Vol. 70, No. 9 621Journal of the Canadian Dental Association

C L I N I C A L P R A C T I C E

In this series1–5 we have introduced a variety of statisti-
cal and epidemiologic methods for assessing diagnostic
tools and have demonstrated how these methods can be

applied to established and novel diagnostic technologies. In
the penultimate article5 we considered novel methods for
detecting and diagnosing demineralized dental tissues.
Although caries are still the primary focus of attention for
most general dentists, chronic periodontal diseases run a
close second. Tooth loss is less common now then in previ-
ous decades,6 but many patients still lose permanent teeth
due to periodontal conditions,7 treatment based on
perceived socioeconomic conditions (i.e., dentists are more
likely to suggest extractions to individuals in lower socio-
economic groups than those in higher groups),8 and root
decay.9 In the current paper we examine novel diagnostic
technologies for periodontal disease and other important
diagnostic dilemmas encountered by dentists.

A glossary, with concise definitions of terms, is available
for the entire series (see Appendix 1, Glossary of epidemi-
ology terms, at http://www.cda-adc.ca/jcda/vol-70/issue-
4/251.html).

Periodontal Diseases
Periodontal diseases are usually subdivided into 2 main

categories: gingivitis and periodontitis. Gingivitis is the
presence of gingival inflammation with no loss of connec-
tive tissue, whereas periodontitis is inflammation of the
periodontal tissues at a site where tissue loss has taken place.
Such tissue loss occurs where the collagen fibres separate
from the cementum, and the junction epithelium migrates
apically, with or without commensurable loss of tooth-
supporting alveolar bone. This situation illuminates a diag-
nostic obstacle — Should a site with attachment loss and
periodontal pocketing, but without active inflammation, be
considered as representing periodontitis? If the clinician
takes the stance that the disease must be active to be diag-
nosed as periodontitis, such a diagnosis could be made only
after documentation of additional attachment loss occur-
ring between 2 time points.10 For a new patient with peri-
odontal problems, this type of longitudinal diagnosis would
be impossible, yet the clinician would not want to delay
intervention until a second visit could be scheduled. It is
therefore prudent to diagnose as periodontitis any peri-
odontally involved sites exhibiting signs of inflammation.10
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The data usually collected during a routine clinical
examination include demographic, medical and social
details; dental history; periodontal probe measurements;
radiographic findings; and miscellaneous observations, such
as spontaneous gingival bleeding, plaque volume and bleed-
ing on probing.11

Enhancement of a Traditional Method —
Reliability of Probing

Periodontal probing, a commonly used technique,
provides the clinician with measurements of 2 important
variables: probing depth and loss of clinical attachment.
Probing depth is the distance from (usually) the gingival
margin to the base of the probeable crevice.10 Loss of clini-
cal attachment is measured from the cementoenamel junc-
tion to the base of the pocket. Relative attachment loss
(RAL) is measured from another fixed point such as a stent
and is not necessarily related to root length. RAL is, in
general, used to determine disease progression over a period
of time or within clinical trials comparing different inter-
ventions. For a fuller discussion of the methods currently
used to objectively quantify the progression of attachment
loss in periodontal disease, and for guidance in choosing

specific analytic frameworks, the reader is referred to the
excellent review by Beck and Elter.12

In addition to improvements in the analytic and
methodological aspects of measuring periodontal disease,
the use of electronic force-controlled probes is becoming
increasingly popular. Do such devices offer any diagnostic
improvement over conventional systems, such as the
Michigan O probe (Fig. 1)? A number of studies13 have
examined the repeatability, indicated by standard deviation,
of one the most popular force-controlled systems, the
Florida probe (Florida Probe Corporation, Gainsville, Fla.)
(Fig. 2), relative to that of conventional systems (Table 1).
It is important to mention that the Florida probe takes
measurements from the occlusal or incisal surfaces, and the
data generated therefore incorporate tooth height.

The studies have shown that for single site measure-
ments, the force-controlled probe offered no improvement
in accuracy over the conventional probe; however, when
each site was examined twice and a mean value determined,
error was significantly less with the Florida probe. With all
types of probes, an increase in pocket depth leads to an
increase in standard deviation. The Florida probe, however,
had greater resolution, with precision of 0.1 mm (the tradi-
tional probe allows resolution of only 1.0 mm). This greater
resolution also explains some of the reduction in repeatabil-
ity — higher resolution usually leads to greater opportuni-
ties for disagreement. The automated system used by the
force-controlled probes reduces, or eliminates, errors in data
entry. It is worthwhile to keep in mind that the 1996 World
Workshop in Periodontics developed a consensus paper
stating that automated recording and presentation of data
by force-controlled probes offered no diagnostic advantage
over conventional probes.17 It should also be noted that
force-controlled probes are considerably more expensive
than conventional probes.

Figure 1: A conventional probe is used to determine the depth of a
periodontal pocket. How accurate are these probes and does their
limited resolution reduce their diagnostic value?

Table 1 Repeatability of conventional and
force-controlled periodontal probesa

Repeatability (measured as SD [mm] 
of mean difference between 

duplicate measurements)

Florida, Florida,
Reference Conventional single pass double pass

Osborn and others14 0.81 1.15 0.44
Osborn and others15 0.62 0.82 0.63
Rams and Slots16 0.39 0.59 0.62

aAdapted from Jeffcoat and Reddy13

SD = standard deviation.

Figure 2: The Florida Probe. This electronic force-controlled probe
has a 100-times higher resolution than a conventional probe. Does
this increase translate into a useful diagnostic gain or does it simply
provide too much information?
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known as image registration.
Failure to obtain correct registra-
tion will confound the data, and
the resulting comparative image
will exhibit areas of difference that
are due to distortion rather than
disease progression or regression
(Figs. 3a and 3b). DSR13 can
detect change of as little as 1% to
5%,18 and bone change of 1 mg can
be identified with 87.8% sensitivity
and 100% specificity.19 The corre-
lation between measured and actual
mass was more than 94%,19 which
suggests that identification of
changes in density allow for close
correlation between measured and
actual mass.20

It is likely that as digital radiog-
raphy becomes more common in
dental practice, DSR will become a
useful tool for periodontal special-
ists and anyone who works with

populations in which the disease is highly prevalent.
Software that enables simple registration and colour-coded
analysis of the images, for example showing bone loss in
one colour and bone gain in another, should make the
system an effective way to motivate and educate patients.

Other Methods
In addition to enhancements to these 2 traditional

methods (probing and radiography), a number of addi-
tional diagnostic aids have recently become available,
including analysis of gingival crevicular fluid, DNA tests of
antigenic profiles, chairside tests for asparate aminotrans-
ferase (which is released from dead and dying host cells)
and neutrophil function assays. Although many of these
methods may eventually reach general practice, DSR will
remain the predominant technology in the detection, diag-
nosis and longitudinal monitoring of periodontal disease.
This technology may in fact become widespread in the near
future, such that many practitioners will require only
simple software updates to enable them to conduct such
analyses.

Other Advances in Nonperiodontal Diagnostic
Science

Dentists observe and treat a wide range of diseases,
abnormalities, pathoses and effects of trauma, and the
range of diagnostic approaches and devices that could be
used in management of these conditions continues to grow.
Each field of dentistry has a variety of techniques to assist
practitioners in detecting and diagnosing conditions of
interest. Many of these technologies are well established

Radiographic Developments
Digital radiography, discussed previously in this series,3

has been applied to periodontal diagnosis with great
success. Currently available technologies can discriminate
changes in bone mass of as little as 1 mg in the imaged
area.13 Whether or not such changes hold substantial clini-
cal relevance should not detract from the obvious advan-
tages that this technology affords. The ability to accurately
measure the effects of therapies in a chronic condition such
as periodontal disease is of great interest to those develop-
ing new treatments, as it permits a reduction in the number
of subjects, as well as time, required for clinical trials.

Many different methods of radiographic diagnosis exist,
each with its own resolution, reliability and accuracy.13

Radiographs are most commonly assessed by visual inter-
pretation, usually via transillumination. Studies suggest
that such interpretive radiology detects changes in bone
only after 30% to 60% of the mineral has been lost,
because of basic limitations in the technology, compounded
by factors such as the clinician’s experience, the method of
processing the film and image geometry.13

Digital subtraction radiography (DSR) can overcome
many of these potential limitations. The principle of DSR
is a comparison of 2 images by software that automatically
“subtracts” or deletes areas that are the same, leaving only
areas of discrepancy (e.g., alveolar bone height). The soft-
ware can apply quantitative measures and may even be able
to correct for skew and magnification (although such
systems usually require that the 2 images be identical in size
and orientation).13 These corrections constitute what is

Figure 3a: Standard radiograph. Figure 3b: Subtraction radiography showing
bone loss (white areas) that has occurred since
the last radiographic examination (Fig. 3a).
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and have been available to practitioners for quite some time
(e.g., staining with toluidine blue), whereas others are not
expected to be widely used until sometime in the distant
future (e.g., computed tomography for apical lesions). The
following is a brief review of some of the areas in which
diagnostic science is advancing.

Endodontic Therapies
Like periodontal researchers, endodontists are interested

in using DSR for a variety of tasks, including evaluation of
periapical healing after endodontic therapy21 and detection
of apical root resorption.22 In the assessment of root resorp-
tion, DSR analysis had a significantly better receiver oper-
ating characteristic value (ROC value of 1.00, or perfect)
than traditional radiography value (which had an ROC of
0.64). Resorption as low as 0.5 mm could be detected.22

Recent research examining the detection of apical lesions by
DSR found significant improvements in sensitivity over
traditional transilluminated views. The mean sensitivity
and specificity of the DSR system for detecting bone lesions
of all sizes were 87.9% and 85.2%, respectively. The corre-
sponding results for conventional radiographic images were
47.5% and 97.4%.23

The use of apex locators within endodontic practice is
now so ubiquitous that it cannot be considered an emerg-
ing technology, but researchers are still investigating ways to
improve accuracy, especially under moist conditions. Initial
in vitro research suggested that the resolution of apex loca-
tors would be ± 0.5 mm of the apex. However, the results
of contemporary in vivo trials are conflicting.24 There
appears to be little difference between the radiographically
measured and electronically determined apical position,
and the use of such devices cannot guarantee precise deter-
mination of the apical constriction.25 It seems that apex
locators should be selected with care. In a recent compari-
son of 2 common brands of apex locators (both frequency-

based), the mean distance from the apex was 0.19 mm for
one and 1.03 mm for the other.26 This study, which
employed teeth that were planned for extraction, had an in
vivo component and an in vitro histological assessment. 
A systematic evaluation of the diagnostic performance 
of some of the tools described in the present series1–5 would
be useful to aid clinical practitioners in their purchasing
decisions.

Advances in Implant Diagnostic Science
Dental implants are rapidly becoming an important

treatment option for partially and completely edentulous
patients. One diagnostic dilemma within implant dentistry
is the assessment of osseointegration and the determination
of the presence or absence of peri-implant bone defects.
Implant dentistry has used some tests that cannot on their
own be considered novel, yet their application in this field
is relatively new. The Periotest device (Medizintechnik
Gulden, Bensheim, Germany), originally designed to
provide a qualitative value for tooth mobility, is now being
used to assess osseointegration and the presence of patho-
logical bone loss on implant review (Figs. 4a and 4b).

Teerlinck and others27 have shown that the Periotest
device yields extremely reproducible (and hence reliable)
results for measurement of implant osseointegration, with
95% of measurements falling within a range of 1 unit on
the Periotest scale. They discovered that the degree of bone
apposition was closely related to the Periotest value (PTV).
In a 1997 study28 reporting Periotest data for a total of
1,182 Brånemark implants observed over an 8-year period,
the PTV provided an accurate measurement of initial
success, healing times and progress. The study also deter-
mined that a PTV of 9 or above indicated failure. This
threshold value has enabled earlier detection of failure,
often before the placement of expensive prostheses. Despite
these very encouraging results, others have reported that the

Figure 4a: The Periotest device. Figure 4b: The Periotest device is used to determine the stability of
the implants by measuring their dampening characteristics. Research
has shown that the device is of great value in detecting failed or failing
osseointegration.
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striking height and angle of the Periotest device can affect
the data obtained29 and have suggested that caution is
required in the interpretation of the PTV.

The vast majority of Periotest research, however,
endorses the use of this device for detection of nonradio-
graphically visible failure or for monitoring of bone 
remodelling. The device is currently available commercially
and, given the desire to reduce the number of radiographs
obtained after implant placement, may be of interest to
those involved in the surgical and prosthodontic aspects of
implant work.

Conclusions
This article is not intended to provide an exhaustive list

of dental diagnostic innovations; for example, it has not
covered the important area of diagnosis in oral medicine,
where the development of new systems for the detection of
premalignant lesions is a topic worthy of consideration.
Rather, we have presented an overview of some areas in
which diagnostic science is developing in dentistry today.

Through this series we have sought to empower the
reader by providing the basic tools to assess the value of
diagnostic tests, and we hope that these tools will lead to
changes in practice habits, by allowing clinicians to deter-
mine whether a certain test, such as a bitewing radiograph,
will really provide the information that he or she needs.
They may also assist clinicians who are considering the
purchase of a new diagnostic device. By accessing some of
the many online bibliographic databases, such as PubMed,
prospective purchasers can avail themselves of the applica-
ble research and, with an understanding of the attributes of
a diagnostic test as described in the present series of articles,
determine if the proposed tool will address the diagnostic
dilemma. In the years to come, we can look forward to tests
that can help us to identify active occlusal caries, measures
that will provide accurate quantitative information on
tooth wear and erosion, and perhaps endodontic tools that
will provide accurate, tridimensional working lengths.

Diagnosis is an essential part of what we, as clinicians,
do every day. By better understanding the principles behind
diagnostic science we can make informed diagnostic and
treatment decisions and thus better serve our profession
and our patients. C
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