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Abstract

Introduction—Endodontic diagnostic tests are often used clinically to assess pulp status as a
basis for diagnosis and determination of whether root canal treatment (RCT) is indicated.
Response to cold and pain on percussion are two common tests, yet their validity in identifying
non-vital pulp in regular dental practice has not been reported.

Methods—We assessed the validity of cold and percussion tests to identify non-vital pulp in
teeth requiring RCT in a dental practice setting, performed by 46 general dentists and 16
endodontists in the National Dental Practice-Based Research Network. The influence of patient-,
tooth- and dentist-related characteristics was investigated. Observed bleeding from the pulp
chamber was the clinical reference. Sensitivity (SN), specificity (SP), overall test accuracy (TA),
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positive (PPV) and negative (NPV) predictive values, and likelihood and diagnostic odds ratios
(LR+, LR-, dOR) were calculated for each single test and the combined cold and percussion tests.

Results—708 patient-teeth were included. Cold test showed high validity to identify a non-vital
pulp status (SN 89%, SP 80%, TA 84%, PPV 81%, NPV 88%, LR+ 4.35, LR- 0.14, dOR 31.4),
while pain on percussion had lower validity (SN 72%, SP 41%, TA 56%, PPV 54%, NPV 60%,
LR+ 1.22, LR- 0.69, dOR 1.78). Combining the two tests did not increase validity, while
preoperative pain, medication intake, patient age and gender, and dentist training level affected test
validity significantly.

Conclusion—In regular dental practice, cold test exhibits higher validity to discriminate between
vital and non-vital pulp than does tooth percussion test.

Introduction

Deriving a correct endodontic diagnosis related to the status of pulp tissue is important in
guiding endodontic treatment planning. Determining whether the pulp tissue is vital (/e
blood circulation), or non-vital (Z.e., necrotic), is a key step in diagnosis because the options
for treatment differ. Renewed emphasis on the validity of practical procedures to
differentiate between these two pulp states is needed because recent research suggests that
preserving pulp vitality may be more attainable than previously thought (1, 2).

Studies examining diagnostic test validity are scarce, and usually examine selected samples
and a small number of subjects. A recent systematic review concluded that there was
insufficient evidence to determine the diagnostic accuracy of symptoms, signs and
diagnostic tests (e.g. pulp vitality tests and pain provocation) to determine the pulp status
and condition in teeth affected by deep caries, trauma or other types of injury (3). Cold
testing, defined as the responsiveness of pulpal sensory nerves to cold stimulus, has showed
fairly high sensitivity (usually >75%), with variable specificity (12-98%)(4-10). The
evidence for cold test validity has recently been rated as insufficient because published
studies have several limitations (3). Percussion pain or tenderness is generally interpreted as
a sign of apical inflammation. Since this is usually caused by bacterial infection of necrotic
pulp tissue, percussion tenderness may indirectly indicate a non-vital pulp. However,
percussion tenderness has also been reported in symptom-free vital teeth with deep caries
(11) and in symptomatic pulpitis (7), and it is conceivable that other mechanisms could
explain this, such as pulpitis-induced sensitization of pulp nociceptors (12). The validity of
percussion test to identify non-vital pulp has seldom been tested in studies designed to
reliably assess diagnostic accuracy, and is thus largely unknown (3).

The lack of high quality studies providing knowledge about the validity of diagnostic tests to
identify the pulp status is troubling because the decision to provide irreversible treatment is
based on the results of these tests (1, 7). To be valuable to the clinician, a test needs to
deliver accurate results under normal clinical conditions (13) Studies of diagnostic test
accuracy are designed to compare the results of a certain test, a.k.a. index test, to the “truth”
of whether disease is present or not, represented by results obtained with a gold standard,
a.k.a. reference standard. Examining validity under rigorous research conditions, with a
limited number of highly trained examiners and a standardized test protocol (14) is
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important to determine diagnostic accuracy with a high level of evidence, however the
generalizability to the use in regular clinical practice where the majority of patients receive
their care may be limited. In addition, studies examining the influence of tooth or patient
characteristics on validity are lacking.

A pragmatic study investigates the benefit of a procedure in routine clinical practice (15). To
address the gaps in knowledge regarding the effectiveness of diagnostic tests used in regular
dental practice, we employed a pragmatic design, aiming to (i) evaluate the validity of cold
and percussion testing to identify pulp status (/.e., vital or non-vital) and determine whether
the validity was modified by either (ii) combined testing or (iii) tooth-, patient- or dentist-
related characteristics.

Brief overview of the study

This research was conducted within the National Dental Practice-Based Research Network
(16, 17) (http://nationaldentalpbrn.org/). The present report is based on secondary analyses
of data originally collected. The original study was designed to prospectively assess
outcomes following root canal treatment (RCT), and details of study methods (18) and
outcomes (19-22) have been previously reported. In brief, 62 dentists (46 general
practitioners and 16 endodontic specialists) from 5 regions (Alabama/Mississippi, Florida/
Georgia, Minnesota, Oregon/Washington, and Denmark/Sweden) participated by collecting
observational data from endodontic patients in their practices. Prior to study initiation,
patients’ informed consent and regional and University of Minnesota ethical review board
approval was obtained. Participation was voluntary and declination to participate did not
impact care.

Patient eligibility and recruitment

Consecutive eligible patients were recruited by their dentist and inclusion criteria were: i)
age 19-70 years; and ii) having a permanent tooth requiring primary RCT (regardless of
endodontic diagnosis, symptoms, tooth type, restorative status, or jaw). Exclusion criteria
were: i) iatrogenic pulpal exposure (/.e., cases of carious pulp exposure were included); ii)
previous enrollment in the study (/.e., each patient could contribute only 1 tooth); iii)
obvious cognitive impairments (such as prior stroke with communication deficits, dementia,
mental disability); iv) inability to read, understand, and complete the questionnaire provided
in English (US regions) or Danish/Swedish (Scandinavian region); and v) anticipated
unavailability for six-month follow-up (criterion related to the objectives of the prospective
study).

Data collection

Timing—~Data collection was obtained via paper questionnaires in the dental office.
Questionnaires were completed by patients before treatment and placed in a sealed envelope
to conceal their responses from the dentist and staff. Dentists completed two separate
questionnaires, one before treatment (including the results of the index tests), and one
immediately after treatment (including the result of the reference test). The time from
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completion of the pre-operative questionnaire to making the intra-operative observation was
not standardized, but is estimated to 10-60 minutes based on routine practice. Data
collection forms are available online (http://nationaldentalpbrn.org/peer-reviewed-
publications.php).

Characterization—~Patient-reported data included demographic information, history of
index tooth pain including medications taken, presence of chronic body pain, fear about the
dental procedure (4 item; not at all to very much), and optimism regarding the result of the
procedure (4 item; very good to poor expectation) (Table 1).

Reference standard

The observation of bleeding pulp tissue in the pulp chamber upon initiation of the RCT was
interpreted as vital pulp (7.e., normal pulp, reversible pulpitis, or irreversible pulpitis), while
the definition of the disease state was the absence of bleeding in the pulp chamber,
interpreted as non-vital pulp (7.e., partially or totally necrotic pulp). All included teeth were
assessed using the reference standard. To assess the reference standard, a more stringent
standard was also applied and the results compared to evaluate for the presence of
systematic differences. This more stringent standard defined vital pulp as presence of
bleeding combined with absence of a radiolucency, and defined non-vital pulp as absence of
bleeding combined with presence of a radiolucency. The presence/abscence of periapical
radiolucency was determined by the dentist treating the patient, and noted in dentist’s
preoperative questionnaire.

Diagnostic (index) tests

We assessed two clinical diagnostic tests that are commonly used in practice: 1) non-
response to cold testing and 2) pain on tooth percussion; the tests were applied regardless of
the reason for RCT (see Figure 1). Consistent with regular clinical practice and pragmatic
studies, dentists did not receive specific instructions on how to perform or interpret the tests.
The order of applying the two diagnostic tests was not standardized, but both tests were
interpreted before treatment was initiated and the pulp visually inspected.

Measures of validity

Sensitivity (SN), specificity (SP), overall test accuracy (TA; the proportion of correctly
identified pulp states for each test), and positive (PPV) and negative (NPV) predictive values
assessed the validity of tests to identify non-vital pulp. To further evaluate the clinical
usefulness of the two tests, the positive (LR+) and negative (LR-) likelihood ratios and
diagnostic odds ratios (dOR) were calculated for the two tests separately and for the
combination of tests (13).

Subgroup assessment

The influence of patient-, tooth-, and dentist-related characteristics on the measures of
validity was also analyzed. Non-binary variables were dichotomized as follows: age: <50
years vs. =250 years; socio-economic status: yearly household income <$50,000 vs. =
$50,000; race/ethnicity: white non-Hispanic/Latino vs. other, tooth type: posterior (premolar
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or molar) vs. anterior (incisor or canine); fearfulness of dental appointment: fearful (very
much, quite a lot, or a little) vs. not fearful; and expectations of RCT outcome: fair to good
vs. very good.

Statistical Procedures

Results

Descriptive statistics (means, standard deviations [SDs], frequencies, proportions) were used
to examine patient characteristics. Pearson’s chi-square test analyzed differences for
categorical variables and Student’s t-test for continuous variables. Statistical significance
was assessed at p<0.05. Sensitivity and specificity with 95% confidence intervals (Cls) were
computed overall and for subgroups. Significant differences in SN and SP between groups
were defined as non-overlapping 95% Cls. For the total sample, 95% Cls were also
computed for predictive values, LRs and dOR. All analyses were performed using the Stata
SE v.14 (College Station, Tx).

A total of 708 patients, each with only one index tooth, were enrolled in the study. Using the
reference standard, 349 (49%) patient-teeth were identified as having non-vital pulp. The
application of the more stringent reference standard resulted in 536 patient-teeth being
classifiable as either vital or non-vital, with 242 (45%) non-vital pulps. Figure 1 depicts the
classification of patient-teeth by reference standard and diagnostic tests.

Patient characteristics

Patients with non-vital teeth to be treated were significantly older and more often men
(Table 1). If the tooth was non-vital, the patients were more frequently free of tooth pain at
the time of examination and the preceding week, and took pain medications less frequently.
In addition, non-vital teeth were more likely to be anterior teeth and in the maxillary arch.

Measures of validity

Single tests—Table 2 presents the SN, SP, TA, PPV, and NPV for each diagnostic test’s
ability to correctly identify non-vital pulp. Non-response to the cold test had the higher
sensitivity (89%) and specificity (80%). In 81% of cases, non-response to cold predicted a
non-vital pulp status; and in 88% of cases, response to cold predicted vital pulp. The
corresponding predictions based on percussion response were 54% and 60%, respectively.

When the more stringent reference standard was used, the test validity was very similar to
when the less stringent reference standard was used. The diagnostic test of non-response to
cold had sensitivity 93% (95% CI: 89-96%) and specificity 86% (95% CI 82-90%), while
pain on percussion had sensitivity 71% (95% CI: 65-77%) and specificity 46% (95% CI 40—
52%).

Combined tests—When the results of both tests were interpreted together, the added
information from percussion test to a positive cold test increased the specificity (85-94%)
but decreased the sensitivity (28—-61%). The overall test accuracy decreased, and combining
the two diagnostic tests did not improve the prediction of pulp status over cold test only
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(Table 2). The validity of the combined tests using the more stringent reference standard did
not differ considerably (data not shown).

Likelihood and odds ratios—Table 3 shows the likelihood ratios and diagnostic odds
ratio for each index test separately and for combined tests, along with pre- and post-test
probabilities for disease. Figure 2 shows how the probability of finding a non-vital pulp
shifts from the pre-test probability of 49% for both tests (equal to the sample prevalence)
after applying cold test (81% for LR+ and 12% for LR, figure 2a) and percussion test (54%
for LR+ and 40% for LR, figure 2b), respectively. The odds of a tooth with non-vital pulp
not responding to cold testing, compared to that it responds to cold, were >30 times higher
(dOR=31.4). For percussion test, the odds were 1.78 times higher that a tooth with non-vital
pulp was painful on percussion than that it was not. For combination of tests (cold non-
response and percussion pain, vs. other combinations), the corresponding odds were 9.35
times higher.

Subgroup assessment

Table 4 presents effects of various patient-, tooth-, or dentist-related characteristics on the
measures of validity for the diagnostic tests. For non-response to cold, the sensitivity was
significantly lower in patients with preoperative pain. The specificity was higher in patients
younger than 50 years, females, and in the group examined by endodontists.

For pain on percussion, the sensitivity was significantly higher and the specificity lower in
patients with tooth pain in the week preceding treatment and in patients who had taken
medications to relieve the pain, compared to those without preoperative pain and not taking
medications. The sensitivity was also higher in patients who experienced persistent pain
from the tooth. No other subgroup comparisons showed significant differences in test
validity.

Discussion

This is the first pragmatic study to examine the performance of clinical endodontic tests to
determine pulp status. We found that endodontic diagnostic tests performed by practicing
dentists performed similarly to the same tests performed in controlled research settings using
fewer patients and providers.

The cold test had good validity to distinguish a vital pulp from a non-vital pulp, correctly
identifying a large proportion of both the non-vital and vital pulps. In comparison, Petersson
et al. found a sensitivity of 83% and specificity 93% with direct inspection of the pulp as the
reference (9). The lower specificity in our study might be explained by differences in patient
age (50% of our patients were older than 50 years, compared to Petersson’s 31%).
Differences in testing technique/examiner are other possible explanations; we found higher
specificity when specialists did the testing in regular dental practice, and the other study
collected data in a university clinic using specialists or students supervised by specialists.
Other studies using different testing methodology and with histology as the reference
standard reported slightly lower sensitivity (68—78%)(4, 7, 23) and lower or similar
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specificity (70-81%)(4, 7, 23). In our study the procedure was not operationalized, and there
are no guidelines or general consensus favoring any specific cold testing method.

The validity of percussion test was lower compared to the cold test, correctly identifying
72% of non-vital and 41% of vital pulps. In comparison, Hasler and Mitchell found that 75%
of asymptomatic teeth with deep carious lesions but without histologic signs of pulpal
inflammation and 86% of teeth with moderate-to-severe pulpitis were tender to percussion,
indicating that percussion pain is a frequent finding in vital pulp cases and thus a poor
predictor of necrosis (11). Previous studies have reported sensitivity of tooth percussion in
the range 38-66% and specificity 68-92% (6, 7, 23), although in a systematic review all
studies were considered to have high risk of bias due to design flaws (3).

In textbooks, percussion tenderness is usually described as a characteristic of apical
periodontitis, assumed to mainly test inflammation-induced hypersensitivity (hyperalgesia or
allodynia) of sensory fibers outside the tooth (24, 25). However, periapical inflammatory
changes may occur also when the pulp is relatively superficially inflamed (4). Our clinical
reference standard did not rule out pulpal inflammation extending to the periapical tissues.
To exclude systematic error, we performed supplementary analyses using a more strict
reference standard, and found similar validity results with both standards. The clinical
implication is that in teeth with unknown pulp status, percussion pain should be regarded as
the clinical presentation of a decreased pain threshold with many possible explanations,
including reversible pulpal inflammation. In addition, teeth can become tender for reasons
unrelated to endodontic disease, such as hyperfunction (tooth grinding/clenching) (26, 27) or
sinusitis (28), persistent dentoalveolar pain disorder (PDAP; non-odontogenic pain) (29).
Thus, pain with percussion alone must not be interpreted as an indication that RCT is
necessary.

Combining cold and percussion tests did not improve prediction of pulp status. The
specificity was higher compared to cold testing, but the sensitivity was lower. Selzer found
that the same with the combination of cold and heat tests to identify necrotic pulp (23),
while no identified study reported the combination of cold and percussion tests.

Subgroup assessment

Presence of pain affected test validity. The sensitivity was lower when the patient reported
tooth pain the week before treatment. Non-vital teeth were significantly more likely to
respond to cold (false negative response; test failure to identify the disease state) if they were
painful than if they were free of pain. However, sensitivity was high (=85%) for both painful
and non-painful teeth, which means cold test identifies pulp necrosis reasonably well
regardless of pain status.

Age and gender affected the specificity of cold testing; in patients younger than 50 years,
vital teeth were more likely to respond to cold. This is consistent with the lifelong, slowly
progressing dentin production reducing the pulp space, and with intratubular mineralization
of dentin that may result in complete closure of tubules. We did not control for restoration
status, but it is likely that also presence of crowns or extensive restorations impairs
prediction because of tertiary dentin deposition (30). Specificity was also higher for
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endodontists than for general practitioners, conceivably corresponding to more experience
and/or specialized training. Endodontists and general practitioners might also differ in the
testing procedure (ée.g., testing with ice, CO, snow, or refrigerant spray) and in the
interpretation of the test results, but such differences were not assessed in this study and are
therefore speculative. No published studies comparing the validity of different cold testing
methods against a reference standard and no studies comparing endodontists versus general
practitioners could be identified. Future studies should explore the potential differences due
to testing method or level of training, with the ultimate aim to optimize training and the
outcome of diagnostic procedures.

Preoperative pain affected the validity of percussion testing even more, but in the opposite
direction. Sensitivity was higher and specificity lower for the percussion test in cases with
preoperative tooth pain. Thus, percussion testing performed better to identify non-vital pulp
in patients with preoperative pain. Inflammation-induced sprouting of pulpal afferents and
activation of silent nociceptors has been reported to lead to larger receptive fields and
increased reactiveness in the pulp but also in adjacent tissues (31), and could be a possible
explanation for the low specificity. Percussion test sensitivity was also higher in the group
experiencing pain for at least 3 months, which may suggest that similar to other chronic pain
conditions, central sensitization amplifies pain and plays a growing role with longer tooth
pain duration (32, 33).

Generalizability

The large sample included a wide range of patient, pain, and tooth characteristics, and many
examiners with different levels of education, which suggests good generalizability of the
results. All included teeth were pre-planned to undergo RCT, which means a potential risk of
spectrum bias. Teeth with overall poor prognosis were thus not included, which corresponds
well with the selection of teeth that normally undergo testing. We consider the external
validity reasonable, with the possible exception of testing of teeth after experiencing trauma.
Only one in ten teeth within this study was an anterior tooth and since traumatic injuries
almost exclusively affect incisors (34), it is thus likely that only a small proportion of the
RCTs were initiated because of dental trauma.

Study strengths and limitations

The major strength of this study is that it shows how diagnostic tests perform in regular
dental practice. Although tests were performed by a large number of clinicians, on many
teeth, and without specification of test procedure or interpretation of results, the validity of
test results corresponds well to findings in earlier studies under more controlled conditions.
Thus, the accepted interpretation of test results as the basis of decision-making seems valid.

The study reference standard was clinical, and any report of bleeding from the pulp chamber
qualified as vital pulp. The dentists were not specifically asked whether bleeding appeared
immediately on opening the pulp chamber, and not instructed how to rate multi-rooted teeth
with bleeding from one but not all canal orifices. This may have underestimated the sample
prevalence of pulp necrosis. Compared to studies using histology as the gold standard, we
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found generally higher test sensitivity, which might be due to reference standard
misclassification or differences in testing procedure, case selection or sample size.

Ours was a pragmatic study, thus the strict quality requirements for diagnostic accuracy
assessment (35) were not addressed and the results must be interpreted in the light of this.
One important limitation is that the index tests were performed by the same person who later
classified the tooth according to the reference standard. No blinding was attempted, but
participants were unaware that test results would be compared.

Future research considerations

Specific recommendations are presently lacking for the level of validity that should be
required of endodontic diagnostic tests to justify their clinical use. It may be useful to agree
on thresholds values for sensitivity and specificity that should be met for a test to be
considered valid, and to strive to provide guidelines on optimal test procedures.

Conclusions

In representative dental practices, the validity of endodontic diagnostic testing appears
similar to previously reported studies of diagnostic accuracy in restricted patient populations
and performed by few and selected examiners. Non-response to cold test, although a
measure of pulp sensory function rather than tissue vitality, appears to be well correlated to
clinically observed pulp non-vitality. Cold testing is thus likely to give valid information,
especially in younger individuals. Tooth percussion test appears less valid to assess pulp
vitality, and does not improve prediction of pulp vitality over cold testing when the tests are
combined. Test validity is relatively unaffected by patient- and tooth-related characteristics,
with the exception of preoperative tooth pain.
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Patients and teeth included in study

n=708
Y
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Index test 1: !
Pain on tooth percussion Index test 2:
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| - |
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Bleeding Bleeding Bleeding Bleeding
n=210 n=148 n=73 n=284
No bleeding No bleeding No bleeding No bleeding
n=250 n=99 n =307 n=38

Figure 1.
Flow chart describing the number of patients and teeth receiving index- and reference tests,

and the frequencies of test results.

The specific questions in the study questionnaires that were answered by the dentists after
performing the tests were:

Index test 1: “Did the tooth respond to cold testing? Yes/No”

Index test 2: “Was the tooth tender to percussion? Yes/No”

Reference standard: “Was bleeding present within the pulp chamber? Yes/No”
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a. Pre- and post-test probability for a non-vital pulp finding (prevalence 49%) before and

after applying cold test.
LR+=4.35

b. Pre- and post-test probability for a non-vital pulp finding (prevalence 49%) before and

after applying percussion test.
LR+=1.22
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Table 1

Patient- and tooth-related characteristics of the patients grouped by pulp status.

| Overall n=708 | Non-vital pulp status n=349 | Vital pulp status n=359 | P-value
Patient-Related Characteristics | | | |
Mean [SD]< age in years 47.8 [13.0] 50.5[13.2] 45.2[12.2] <0.001
Number missing 13
Female gender: n (%) 409 (58.6) 186 (45.5) 223 (54.5)
Male gender: n (%) 289 (41.4) 159 (55.0) 130 (45.0) 0.01
Number missing 10
Race/ethnicity: n (%)
White Non-Hispanic/Latino 603 (87.5) 299 (49.6) 304 (50.4) 0.35
Other 86 (12.5) 38 (44.2) 48 (55.8)
Number missing 19
Highest level of education completed: n (%)
<College degree 340 (48.6) 177 (52.0) 163 (48.0) 0.22
College degree or more advanced degree 359 (51.4) 169 (47.0) 190 (53.0)
Number missing 9
Chronic generalized pain: n (%) 205 (29.4) 102 (49.8) 103 (50.2) 0.91
No chronic generalized pain: n (%) 493 (70.6) 243 (49.3) 250 (50.7)
Number missing 10
Expectations of RCTZ outcome: n (%)
Very good 457 (97.7) 235 (51.4) 222 (48.6) 0.15
Fair/good 247 (2.3) 113 (45.7) 134 (54.3)
Number missing 4
Fearfulness of dental appointment: n (%)
A little fear or more 452 (64.3) 211 (46.7) 241 (53.3)
Not at all 251 (35.7) 136 (54.2) 115 (45.8) 0.06
Number missing 5
Medications for tooth pain taken: n (%) 416 (60.2) 190 (45.7) 226 (54.3) 0.01
No medication: n (%) 275 (39.8) 152 (55.3) 123 (44.7)
Number missing 17
Tooth-Related Characteristics
Maxillary tooth: n (%) 417 (58.9) 225 (54.0) 192 (46.0) <0.01
Mandibular tooth: n (%) 291 (41.1) 124 (42.6) 167 (57.4)
Number missing 0
Anterior tooth: n (%) 77 (10.9) 55 (71.4) 22 (28.6)
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Overall n=708 | Non-vital pulp status n=349 | Vital pulp status n=359 | P-value
Posterior tooth: n (%) 631 (89.1) 294 (46.6) 337 (53.4) <0.001
Molar 434 (68.8) 185 (42.6) 249 (57.4)
Premolar 197 (31.2) 109 (55.3) 88 (44.7)
Number missing 0
Preoperative tooth pain:
>1 day with >0 NRS? pain: (n%) 506 (73.4) 221 (43.7) 285 (56.3) <0.001
No preoperative pain: n (%) 183 (26.6) 119 (65.0) 64 (35.0)
Number missing 19
Tooth pain at examination: n (%)
None 248 (35.7) 147 (59.3) 101 (40.7)
Mild 204 (29.4) 95 (46.6) 109 (53.4) <0.001
Moderate 143 (20.6) 65 (45.5) 78 (54.5)
Severe 100 (14.4) 36 (36.0) 64 (64.0)
Number missing 13
Persistent tooth pain: n (%)
Pain =8h/day, =15 days/month and =3 months | 139 (19.9) 60 (43.2) 79 (56.8) 0.10
No persistent tooth pain 559 (80.1) 285 (51.0) 274 (49.0)
Number missing 10

JSD: standard deviation;

2
RCT: root canal treatment;

NRS: pain on 0-10 numeric rating scale. P-value from Pearson chi-square test (#test for mean age). Bold numbers indicate statistically significant

differences at the 5% level.
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Table 3

Predictive values and likelihood/odds ratios for single and combined diagnostic tests

LR+ (95%Cl) | LR-(95% CI) | dOR (95% CI)

Percussion pain 1.22 (1.09-1.36) | 0.69 (0.56-0.84) | 1.78 (1.30-2.43)
Non-response to cold 4.35(3.53-5.36) | 0.14 (0.11-0.19) 31.4 (20.6-48)

Percussion pain + non-response to cold | 4.22 (3.24-5.50) | 0.45(0.39-0.52) | 9.35 (6.49-13.50)

The positive (LR+) and negative (LR-) likelihood ratios and the diagnostic odds ratio (dOR) for the single tests non-response to cold and pain on
tooth percussion, and the two tests combined to detect non-vital pulp. Reference standard was absence of bleeding within the pulp chamber
(prevalence 49%,; total A= 702)
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