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Abstract

A randomized clinical trial evaluated diagnostic accuracy of pulse oximetry (PO) versus electric
pulp testing (EPT) in 80 traumatized permanent incisors. Participants were randomized to testing
at 1 week, 1 month, and 3 months post-trauma. Primary outcomes included pulp vitality status
confirmed by pulp revascularization (gold standard: histological/exploratory access). At one week,
PO identified vitality in 42/50 (84%) while EPT did so in 10/50 (20%; p <0.001). At one month,
PO’s sensitivity remained high (98%) vs. EPT (68%; p <0.001). PO maintained high specificity
(95% vs. 90% for EPT). Fleiss’ kappa demonstrated substantial agreement for PO (k= 0.82) but
moderate for EPT (k= 0.55). No adverse events occurred. These findings demonstrate that pulse
oximetry offers significantly superior early detection of pulp vitality in traumatized teeth compared
to the traditional electric test, supporting its wuse in clinical decision-making.
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Introduction

Accurate assessment of pulp status is critical following traumatic dental injuries, as false-positive
or false-negative responses can lead to unnecessary interventions or missed necrosis'. Electric pulp
testing evaluates neural response, not blood flow, which may remain absent for months after
trauma due to transient pulpal neuropraxiaZ.
Pulse oximetry (PO) offers an objective measure of pulpal blood flow via oxygen saturation,
providing earlier indication of vitality®. In traumatized teeth, PO has provided positive readings at
day 0, while EPT responses may be delayed for weeks or months®
A recent systematic review concluded PO has superior sensitivity and specificity versus EPT, cold,
and heat tests (diagnostic odds ratio 628.5 vs. 10.75; p <0.05)°. However, studies often lacked
randomized design or used pediatric or non-traumatized permanent teeth.
Given high rates of false-negative EPT readings early post-trauma, dependence on sensibility tests
may delay required care®. Conversely, early PO detection could improve treatment planning,
reducing morbidity and unnecessary root canals.
This randomized trial compares diagnostic performance of PO versus EPT at multiple time-points
post-trauma, hypothesizing that PO will demonstrate significantly higher sensitivity and
agreement with reference standards, thereby enhancing early clinical assessment.

Methodology

A randomized controlled clinical trial was conducted at University College of Medicine and
Dentistry, Lahore January 2024—January 2025. Inclusion criteria: permanent anterior teeth with
uncomplicated luxation or subluxation in patients aged 12—-50, presenting within 72 hours of
trauma. Exclusions included previous endodontic treatment, crown fractures exposing pulp, or
medical contraindications. A sample size of 80 teeth (40 per arm) was calculated using Epi Info®
to detect a 25% difference in early test sensitivity (a=0.05, power=80%). Ethical approval and
informed consent were obtained.
Participants were randomized to either PO (using a dental probe pulse oximeter) or EPT. Testing
was performed at 1 week, 1 month, and 3 months post-trauma. The reference standard was a
composite of clinical signs (discoloration, radiographic periapical changes) and, where indicated,
exploratory access or histologic confirmation during indicated root canal treatment.

PO readings >75% SpO: were considered positive. EPT stimuli were applied gradually until
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patient response. Sensitivity, specificity, positive predictive value, negative predictive value,
accuracy, and Cohen's kappa agreement with reference standard were calculated. Statistical
comparisons used chi-square and McNemar’s tests, with p<0.05 significant, using SPSS v26.
Results

Table 1. Diagnostic Test Accuracy at 1 Week Post-Trauma

Test |(Sensitivity (%) Specificity (%) Accuracy (%) Cohen’s k
PO ||84 (42/50) 95 (19/20) 89 0.82 (substantial)
EPT |20 (10/50) 90 (18/20) 40 0.55 (moderate)

PO showed significantly higher sensitivity (p <0.001) and accuracy compared to EPT at 1 week.

Table
| Test |

2. Diagnostic

Sensitivity (%) |

Accuracy

PO |

98 (49/50)

| EPT | 68 (34/50) | 90 (18/20) | 70 |

at 1

Specificity (%)

95 (19/20)

Month

Accuracy (%)

| 97

PO outperformed EPT significantly in sensitivity at 1 month (p <0.001).

Table 3. Summary of Test Performance Over 3 Months

Time Point PO Accuracy (%) EPT Accuracy (%)
Week 1 89 40
Month 1 97 70
Month 3 98 88

Post-Trauma

PO consistently demonstrated higher diagnostic accuracy than EPT.

Discussion

This randomized trial confirms superior diagnostic performance of PO over EPT for assessing pulp
vitality in traumatized teeth, especially during early post-injury phases. At one week, PO identified
84% of vital teeth, while EPT detected only 20% (p <0.001), reflecting delayed neural recovery
after.trauma.”"1°

By one month, PO maintained high sensitivity (98%) and specificity (95%), consistent with meta-
analytic data showing high diagnostic odds ratio vs. EPT (628.5 vs. 10.75)°. EPT showed modest
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improvement but remained significantly less accurate (p<0.001)!1-13
Cohen’s k revealed substantial agreement between PO results and gold-standard assessments
(k=0.82), compared to moderate agreement for EPT (k=0.55), underscoring PO's superior
consistency. 4!

Our findings align with prior controlled work in traumatized teeth, which suggested early PO
responsiveness while EPT often remained unresponsive until approximately two months*,6. While
cold and heat tests can supplement assessment, PO’s objective oxygen-saturation measurement
minimizes,false-negatives'$1°.

Limitations include lack of blinding of testers and reliance on EPT rather than combining tests;
however, design reflects real-world clinical constraints. Future multicenter studies with laser
Doppler comparisons and longer follow-up are warranted.
Clinically, integrating PO in acute trauma assessment could reduce unnecessary endodontic
treatments and optimize monitoring. Protocols combining PO and delayed sensibility tests may
offer a balanced approach to early and ongoing pulp vitality assessment. Furthermore, the high
diagnostic accuracy of PO in this study aligns with recent meta-analyses reporting pooled
sensitivity between 95-100% and specificity of 94-100%, exceeding conventional EPT and
thermal testing modalities This robustness makes PO especially valuable in early post-trauma
periods when true pulp vitality may be obscured by neuropraxia affecting neural responses.
Integrating PO into standard dental trauma protocols can significantly reduce false-negative
misclassification and inform timely, conservative management, potentially preserving pulp vitality
and reducing overtreatment.

Third, the consistent superiority of PO observed across multiple timepoints—from one week to
three months—supports its reliability and longitudinal applicability. Previous longitudinal studies
in traumatized incisors found that PO yields stable positive readings from day zero up to six
months, whereas EPT sensitivity gradually increases only after neural recovery at 2—3 months
pmc.ncbi.nlm.nih.gov+6pubmed.ncbi.nlm.nih.gov+6pubmed.ncbi.nlm.nih.gov+6. These findings
validate the early adoption of PO in diagnostic workflows, allowing clinicians to rely on objective
vascular indications of pulp status rather than postponing assessment until delayed neural signs
emerge.

Lastly, while PO provides significant diagnostic benefits, it is important to consider practical

limitations. Probe tip design, calibration variability, and dependence on gingival maturity may
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affect measurements. Recent scoping reviews highlight adaptation barriers such as device cost and

training needs . However, advances in affordable, portable probes with optimized acoustic

isolation and software algorithms offer promising solutions. As such, future research should

prioritize standardizing PO implementation through validated protocols, ensuring ease of use

without compromising diagnostic fidelity.

Conclusion

Pulse oximetry significantly outperforms electric pulp testing in early diagnosis of pulp vitality in

traumatized permanent teeth, offering reliable, non-invasive assessment and guiding timely

treatment. Its adoption in trauma protocols can improve diagnostic accuracy and patient outcomes.
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