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ulse oximetry is a noninvasive method of measuring
ascular health by evaluating oxygen saturation. This
tudy evaluated the efficacy of a new custom-made
ulse oximeter dental probe in comparison with the
lectrical and thermal tests for assessing pulp vitality.
ensitivity, specificity, negative predictive value, and
ositive predictive value for each test were calculated
y comparing the test results with the actual pulpal
tatus, as evaluated by direct visual inspection. The
ensitivity of the pulse oximeter was found to be
.00, as compared to 0.81 with the cold test and
.71 with the electrical test. The specificity of the
ulse oximeter was 0.95, as compared to 0.92 with
he cold and electrical pulp tests. Thus, the custom-
ade pulse oximeter dental probe is an effective,

ccurate, and objective method of evaluating pulp
itality. (J Endod 2007;xx:xxx)
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Fhe assessment of pulp vitality is a crucial diagnostic procedure in the practice of

endodontics. Conventionally, the dentist has relied on tests that depend on the
atient’s perceived response to a stimulus as well as the dentist’s interpretation of that
esponse. These methods include thermal stimulation (as in the case of heat or cold
pplication), electric stimulation, or direct dentin stimulation (test cavity).

A major shortcoming with the present pulp testing methods is that they indirectly
onitor pulp vitality by measuring neural response, not vascular circulation. Stimula-

ion of nerve fibers is not the ideal method to determine vitality status. Thus, vascular
upply, not innervation, is the most accurate determinant for assessing pulp vitality (1,
, 3, 4). As a result, teeth that have temporarily or permanently lost their sensory
unction (e.g., teeth damaged by trauma) will be nonresponsive to these tests. However,
hey may have intact vasculature (5, 6). Moreover, the nervous tissue, being highly
esistant to inflammation, may remain reactive long after the surrounding tissues have
egenerated. Therefore, thermal and electrical tests may give false-positive responses if
nly the pulp vasculature is damaged (2). Further, all these tests have the potential to
roduce an unpleasant and occasionally painful sensation, and inaccurate results may
e obtained (3).

Recent attempts to develop a method for determination of pulpal circulation have
nvolved the use of laser Doppler flowmetry, dual-wavelength spectrophotometry, and
ulse oximetry. Although laser Doppler flowmetry has met with some success in medical
pplications, its use in dentistry has been hampered by the sizeable expense, lack of
eproducibility, and sensitivity of the device to motion (7). Dual-wavelength spectro-
hotometry has been examined in the laboratory setting; it detects the presence of
emoglobin, not the circulation of blood (8).

The pulse oximeter is a noninvasive monitoring device widely used in medical
ractice to record blood oxygen saturation levels during the administration of intrave-
ous anesthesia, using finger, foot, or ear probes. It was invented by Takuo Aoyagi, a
iomedical engineer working for the Shimadzu Corporation in Kyoto, Japan, in the early
970s (9). Pulse oximetry is a completely objective test that directly measures blood
xygen saturation levels, requiring no subjective response from the patient. It is based
n principles of spectrophotometry (10) and optical plethysmography.

The sensor consists of two light-emitting diodes (LEDs); one transmits red light
640 nm) (Fig. 1, a), and the other transmits infrared light (940 nm) (Fig. 1, b). The
EDs transmit red and infrared light through a vascular bed, such as a finger or an ear,
o a receiving photodetector (Fig. 1, c). Oxygenated hemoglobin and deoxygenated
emoglobin absorb different amounts of red and infrared light. The pulsatile change in

he blood volume causes periodic changes in the amount of red and infrared light
bsorbed by the vascular bed before reaching the photodetector. The relationship
etween the pulsatile change in the absorption of red light and the pulsatile change in

he absorption of infrared light is analyzed by the pulse oximeter to determine the
aturation of arterial blood (11, 12).

Earlier studies by Schnettler and Wallace (13) reported a correlation between
ulp and systemic oxygen saturation readings using a modified pulse oximeter ear
robe on a tooth. They recommended its use as a definitive pulp vitality tester. Kahan
t al. (14) designed, built, and tested a reflectance tooth probe using a Biox 3740
ximeter. Pulse wave readings from the teeth were found to be synchronous with
eadings from the finger probe, but not consistently. They concluded that the accuracy
Evaluation of a New Pulse Oximeter Dental Probe 1
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f the commercial instrument was disappointing, and in its present
orm, it was not considered to have predictable diagnostic value (14).

The pulse oximetry equipment consists of a pulse oximeter mon-
tor (POM) (Fig. 1, d), which gives the digital display of oxygen satura-
ion values, connected to a pulse oximeter sensor (POS) (Fig. 1, e),
hich is designed to anatomically conform to the area where oxygen

aturation values are to be assessed, e.g., ear, finger, or toe sensor. The
OS is held in place with a sensor holder (Fig. 1, f) to ensure accurate
daptation of the sensor in the area being assessed.

The critical requirement of using pulse oximetry in dentistry is that
he sensor should conform to the size, shape, and anatomical contours
f teeth. The sensor holder should also keep the LED and the photore-
eptor as parallel as possible to each other so that the photoreceptor
ensor receives the light transmitted through the tooth. Moreover, the
ensor holder should ensure firm placement of the sensor on the tooth
o obtain accurate measurements.

Taking into consideration the preceding requirements, the objec-
ives of our study were, first, to design and build a custom-made dental
OS holder that would facilitate the use of a commercially available
ultisite POS in determining the vitality of permanent teeth; and second,

o compare the accuracy of the customized dental probe with thermal
nd electrical pulp tests by calculating the sensitivity, specificity, and
egative and positive predictive values for these tests.

Materials and Methods
Eighty single-rooted incisors, canines, and premolars requiring

ndodontic therapy were selected for the study. Eighty patients were
nvolved, as the sample was restricted to one tooth per patient. Before
he tests were performed, the patients were appraised of the procedures
nd aim of the experiment. A signed informed consent form was ob-
ained from each patient.

igure 1. Mechanism of the dental pulse oximeter. (a) Light-emitting diode em
c) Photodetector. (d ) Pulse oximeter monitor. (e) Pulse oximeter sensor. (f
eoxygenated hemoglobin; SpO2, oxygen saturation of arterial blood.
5
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The accuracy of a pulp vitality testing device is based not only on its

bility to identify teeth that are diseased, but also on accurately identi-
ying teeth free of disease. Hence, the test group in this study was com-
rised of both vital and nonvital teeth requiring endodontic therapy. The

nclusion criteria for these teeth were as follows:

1. Single-rooted teeth requiring endodontic therapy, in order to
eliminate false-positive responses in multirooted teeth.

2. Teeth otherwise normal but requiring intentional endodontic
therapy due to prosthodontic considerations such as overdenture
abutments or supraerupted teeth.

3. Teeth with deep carious lesions with history, clinical, and radio-
graphic changes indicative of irreversible pulpal changes.

All the vitality tests were done prior to the start of the endodon-
ic therapy. Three blinded operators assessed the vitality status of
he test teeth, each using one of the pulp vitality testing devices. The
rder of testing was first the electrical pulp test, followed by pulse
ximetry, and then the cold test, with a time lag of 30 minutes
etween each test.

For the electrical test, the Parkell pulp vitality tester (Parkell
lectronics Division, Farmingdale, NY) was used. The contralateral

ooth was used as control. If the current required to gain a response
rom the test tooth was the same as needed to excite the control, the
ulp of the test group was considered normal, and was recorded as
positive response. The pulp of the test group was considered to be
egenerating when much more current was required to gain a re-
ponse compared to the control, and was recorded as a negative
esponse. Lack of response was also recorded as a negative re-
ponse. Two readings were taken for each tooth, with an interval of

ed light at 660 nm. (b) Light-emitting diode emitting infrared light at 940 nm.
om-made pulse oximeter sensor holder. HbO2, oxygenated hemoglobin; HbR,
itting r
) Cust
minutes, and the average was recorded.

JOE — Volume xx, Number x, Month 2007
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For pulse oximetry testing, the following equipment was used:

1. A Nellcor 5th generation OxiMax 550 pulse oximeter (Tyco
Healthcare Group LP, Pleasanton, CA) was selected, as it can
detect motion and wrong placement of sensors. The “Sensor Mes-
sage” feature of the OxiMax system examines the information
available from the sensor, and uses a proprietary algorithm to
evaluate parameters programmed into the memory chip of the
particular sensor being used and current signal characteristics
coming from the patient (15).

2. A Nellcor OxiMaxTM Dura–Y D-YS multisite oxygen sensor
(Tyco Healthcare Group LP) was selected, as the dimensions of
this sensor were smaller than the mesiodistal dimensions of hu-
man permanent dentition.

3. A POS holder (patent pending) for the abovementioned sensor
was designed and custom made to ensure accurate placement
and adaptation of the sensor on human permanent teeth. This
assembly of the existing POS adapted to the custom-made sensor
holder is termed the pulse oximeter dental probe (PODP).

The PODP was placed on the teeth to be tested (Fig. 2). The probe
as placed in such a way that the light would travel from the facial to the

ingual surfaces through the middle of the crown. The values were
ecorded after 30 seconds of monitoring each tooth. The pulse oximetry
alue for a particular tooth was taken as a positive response if it was
ithin the range of 75 to 85% oxygen saturation. Any value below 75%
as taken as a negative response. The normal range for oxygen satura-

ion values was determined by another study completed by our group,
hich compared results using this customized PODP with finger satu-

ation values (16). That study demonstrated two things:

1. The oxygen saturation values for human permanent teeth using
the customized PODP were in the range of 75 to 85%.

2. The oxygen saturation values for teeth (75– 85%) were lower
than for fingers (98%), possibly due to diffraction of the infrared
light by the enamel prisms and dentin.

The thermal test studied was the cold application test. The test
onsisted of soaking a cotton pellet with 1,1,1,2-tetrafluoroethane
Endo ice® refrigerant spray, Coltène/Whaledent Inc., Mahwah, NJ)
nd placing it on the middle third of the facial surface of the tooth to be
ested. A tooth was rated as having no response to cold if the patient felt
o sensation after two 15-second applications at 2-minute intervals.

After the completion of pulp vitality testing, the pulp chamber was

igure 2. Pulse oximeter dental probe placed on patient’s tooth.
pened in all the test teeth, and the pulp status was registered as either

OE — Volume xx, Number x, Month 2007
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ital or necrotic by direct visual inspection (17). On opening the pulp
hambers in the 80 tested teeth that were in need of endodontic treat-
ent, it was observed that 42 pulps were necrotic (no bleeding, pulp

issue destruction) and 38 pulps were vital (bleeding from pulp tissue).
his gave a disease prevalence of 52%.

The number of true positive, false positive, true negative, and false
egative test results was calculated for each method, as compared to

he assessment made on clinical visual examination. Based on this, the
ensitivity, specificity, and positive and negative predictive values were
alculated for each method.

Results
The cold test identified 34 of the 42 necrotic pulps as necrotic,

hereas 8 teeth with necrotic pulps gave a sensitive reaction. Of the 38
eeth with vital pulp in need of endodontic treatment, the cold test
dentified 35, wheras 3 of the vital pulps did not react to cold.

The electrical test identified 30 of the 42 necrotic pulps as ne-
rotic, whereas 12 teeth with necrotic pulps gave a sensitive reaction. Of
he 38 teeth with vital pulp in need of endodontic treatment, the elec-
rical test identified 35 teeth as sensitive, whereas 3 were identified as
onsensitive.

The pulse oximetry test identified all of the 42 necrotic pulps as
ecrotic. Of the 38 teeth with vital pulp in need of endodontic treatment,

he pulse oximetry test identified 36, whereas 2 of the vital pulps did not
eact to pulse oximetry.

On the basis of these findings, the sensitivity, specificity, and pos-
tive and negative predictive values were calculated for each test method
Table 1).

The accuracy rate was 86% for the cold test, 81% for the electrical
est, and 97.5% for the pulse oximetry test.

Discussion
A perfect diagnostic test would always be positive in the presence

f disease and negative in the absence of disease. The extent to which a
est correctly classifies patients defines its accuracy. The concepts of
ensitivity, specificity, and positive and negative predictive value have
een developed to characterize test accuracy and to compute the ben-
fits of test usage.

Because the calculations are based on a comparison of the test
esults and “true” disease status, identification of this true disease status
ecomes an important part of the evaluations. This assessment of the
efinitive disease or health status usually refers to a definitive diagnosis
ttained by biopsy, surgery, long-term follow-up, or any other standard
17). Petersson et al. (17) assessed the definitive disease status of the
ulp in teeth requiring endodontic therapy by direct visual inspection of

he pulp and evaluated the sensitivity, specificity, and positive and neg-
tive predictive values of heat and cold application and electrical pulp
ests. Many studies on pulp vitality (sensitivity) testing have dealt with the
recision of the thermal and electrical pulp tests (17, 18). However, no
tudy to date has evaluated the accuracy of pulse oximetry testing.
ence, the present study was designed to test the accuracy of pulse
ximetry in comparison with thermal and electrical pulp tests by calcu-

ating their sensitivity, specificity, and predictive values.

ABLE 1. Sensitivity, specificity, positive predictive value (PPV), and negative
redictive value (NPV) for the cold test, electrical test, and pulse oximeter test

Test Sensitivity Specificity PPV NPV

Cold 0.81 0.92 0.92 0.81
Electrical 0.71 0.92 0.91 0.74
Pulse oximeter 1.00 0.95 0.95 1.00
Evaluation of a New Pulse Oximeter Dental Probe 3
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For pulse oximetry testing, a Nellcor OxiMax Dura–Y D-YS multi-
ite oxygen sensor was selected, as the dimensions of this sensor (4 �
mm) were suitable to be employed on human teeth. A customized

older was designed and fabricated to provide a stable relationship
etween the sensor elements and the tooth. This allowed the main-
ainence of a constant path length for the light emitted from the LED and
eceived by photoreceptor sensor, thus enabling accurate readings.

Sensitivity denotes the ability of a test to detect disease in patients who
ctually have the disease (18). Thus, sensitivity of a pulp vitality test indicates
he test’s ability to identify nonvital teeth. It is defined as a ratio, the number
f persons with a positive test result who have the disease divided by the
umber of tested persons with the disease (18). A test with a sensitivity of
.80 has an 80% chance of returning positive results when persons with the
isease are tested. In the current study, the sensitivity of the pulse oximeter
as 1.00, as compared to the cold test (0.81) and the electrical pulp test
0.71). Thus, there is a 100% chance of returning positive results when
ersons with the disease are tested with the pulse oximeter, as compared to
1% with the cold test and 71% with the electrical pulp test. This finding is
f great diagnostic importance, as this implies that the pulse oximeter is a
efinitive and accurate tool for identifying nonvital teeth.

Specificity, conversely, describes the ability of a test to detect the
bsence of disease (18). Thus, specificity of a pulp vitality test indicates
he test’s ability to identify vital teeth. It is defined as a ratio, the number
f patients with negative test results without the disease divided by the
umber of tested patients without the disease (18). A test with a speci-
icity of 0.90 has a 90% chance of returning negative results when
erformed on persons without the disease. The specificity of the pulse
ximeter was 0.95, as compared to the cold test (0.92) and the electric
ulp test (0.92). Thus, there is a 95% chance of returning negative
esults when persons without the disease are tested with the pulse
ximeter, as compared to 92% with the cold test and 92% with the
lectrical pulp test. The lower specificity of the pulse oximeter (95%)
ould be attributed to the physical limitations of pulse oximetry. For
ulse oximetry to be accurate, normal arterial blood flow is required.
hen arterial pulsatile blood flow is low, pulse oximetry measurements

re unobtainable. This occurs during hypovolemia, hypothermia, and
ntense peripheral vasoconstriction (high-dose phenylephrine HCl)
11). Apart from these medical conditions, the authors hypothesize that
he pulse oximeter might have a lower specificity in cases where the
oronal pulp is undergoing calcific changes. This could be in cases with
istory of trauma, deep restorations, or physiological conditions such
s aging. In such cases, radicular vital pulp with coronal calcification
an potentially cause a false-negative response.

Positive predictive value is the probability that the positive test result
ctually represents a disease-positive person. Negative predictive value is the
robability that a person with a negative test result is actually free of disease
18). In the evaluation of the predictive values of the different vitality test
gents, it is important to consider the prevalence of the disease that the test
s supposed to disclose, because the predictive values change with the prev-
lence of the disease (17). The predictive values found in our study were
ased on a disease prevalence of 52%. The study by Petersson et al. (17),
hich also reports on predictive values of cold and electrical pulp tests, uses
disease prevalence of 39% only for the calculations. Thus, the predictive

alues between these two studies cannot be directly compared.
The negative predictive value for the pulse oximeter was 1.00, as

ompared to 0.81 for the cold test and 0.74 for the electrical pulp test.
hus, when tested with the pulse oximeter, it is very likely that the
atients who have a negative test result are indeed disease negative.
ositive predictive value for the pulse oximeter was 0.95, as compared
o 0.92 for the cold test and 0.91 for the electrical pulp test. Thus, there
s a 95% chance that patients who are test positive with the pulse oxime-
er may, in fact, be free of disease.
Gopikrishna et al.
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Conclusion
This in vivo study showed that the custom-built PODP is an effec-

ive, accurate, and objective method of determining the vitality of per-
anent teeth. On comparing the accuracy of the PODP with thermal and

lectrical pulp tests, it was found that the probability of a negative test
esult representing a vital pulp was 81% with the cold test, 74 % with the
lectrical test, and 100% with the pulse oximeter. The probability of a
ositive test result representing a necrotic pulp was 92% with the cold

est, 91% with the electrical test, and 95% with the pulse oximeter.
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