Estimating the sound intensity
reaching the cochlea
as a result of dental drilling
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Background

* Potential risk from dental drilling
 NIHL and/or tinnitus
* Bone conducted sound energy

* Air conducted sound intensity of a dental drill
* 65-80 dBA
e 86-115 dB SPL



Objective

“The aim of the study was to develop and test a method that provides
a reliable estimate of the amount of sound energy reaching the

cochlea via bone conduction in dental drilling.”



Methods

* Translational study

* Phase 1 — Method development

* Phase 2 — Proof-of-concept



Phase 1 — Method development
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Protocol summary

N o w

Find pure tone air conduction thresholds in both ears across the frequencies 250-4000 Hz.

Identify better hearing ear (test ear) based on the lowest hearing threshold averaged over
the 4 frequencies 500, 1000, 2000 and 4000 Hz.

Find un-occluded and occluded bone conduction thresholds in the test ear at frequencies
250—1000 Hz.

Calculate the occlusion effect.

Present masking sounds via the bone vibrator to the mastoid (testear).
Simultaneously, find masked (pure tone) air conduction thresholds in the ipsilateral ear.

Add the occlusion effect® to obtain the masked thresholds at frequencies 250-1000 Hz.

The masked thresholds will provide an estimate of the intensity level of the masking
sounds reaching the cochlea.

*Average occlusion effects from Dean and Martin (2000) were added to obtain the masked
thresholds: 16 db at 250 Hz, 10 dB at 500 Hz, 8 dB at 750 Hz and 6 dB at 1000 Hz.
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Results — Phase 1 (white noise @ 5o dB HL)
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Results — Phase 1 (recorded dental drill sound @ 50 db HL)
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Phase 2 — Proof-of-concept
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Phase 2 — Proof-of-concept
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Results — Phase 2 (actual dental drill sound)

Median@askedfThresholdsjdBML)@ DentalDrilling Range: 75-110 dB HL
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Conclusions

* Simple and reliable method
* Estimates of masked thresholds
* Bone conducted white noise
* 250-4000 Hz

* Recorded dental drill sound
* Lower masked thresholds
* Less acoustic energy at <8ooo Hz
* Bone vibrator frequency response and accompanying limitations

e Actual dental drill sound

» Above safe sound levels of 85 dBA
* Risks of potential damage to the cochlea over prolonged duration of exposure



Challenges & Limitations

Phase 1

* Input level sensitivity between the CD player and the audiometer
* MP3vs WAV format

* Resulted in lower masked thresholds for the recorded dental drill sound

* Frequency response range of bone vibrator

* 250-4000 Hz

* Dental drill frequency spectrum in the high frequencies
* Limited output of the audiometer below -10 dB

* Occlusion effect calculations
 Dean and Martin (2000)



Challenges & Limitations

Phase 2

* Patients were anxious & fearful during the surgery

* Might not have paid attention or detected the ‘just-audible level’ of the
pure tone until it was at a supra-threshold level

* Resulted in elevated estimates of the drill sound intensity

* Pure tone at 3000-8000 Hz perceptually harder to detect in the
background of high frequency drill sound

* Exogenous factors

* Variations in tooth & jaw bone compositions of each patient, duration of
drilling, amount of force & pressure applied on the surgical site
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