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Abstract

Quantitative Percussion Diagnostics (QPD) represents a paradigm shift in dental structural assessment by applying
engineering principles to evaluate the mechanical integrity of teeth and implants. This technology quantifies energy
dissipation patterns during controlled percussion, detecting microgap defects such as cracks, fractures, and
compromised osseointegration, undetectable by conventional radiographic or visual examination. With over 28 peer-
reviewed studies validating its efficacy, QPD enables early intervention for structural pathologies, transforming
reactive dentistry into a predictive model. This article details the biomechanical foundations of QPD, technical
specifications of the Inner View™ system (Perimetrics), clinical integration protocols, and evidence from longitudinal
studies. We further discuss emerging applications in Al-driven predictive analytics and strategic implementation
pathways for modern dental practices.
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Introduction
The Diagnostic Imperative

Conventional dental diagnostics rely heavily on subjective symptoms, visual
inspection, and radiographic imaging. These methods detect pathology after
significant structural compromise when cracks propagate, restorations fail,
or implants loosen. By then, interventions become complex and costly. The
fundamental limitation is their inability to assess mechanical resilience under
functional loads. Quantitative Percussion Diagnostics (QPD) addresses this
gap by applying engineering mechanics to dentistry. Originally developed
through Finite Element Analysis (FEA) models of tooth biomechanics, QPD
quantifies structural health through controlled percussion responses. Over 60
patents and FDA clearances underpin its scientific rigor, positioning QPD as
dentistry’s first *predictive* structural diagnostic tool.

Technical Foundations: Biomechanics & Measurement
*Energy Dissipation Theory

When a tooth or implant is percussed, the impact generates vibrational
energy. Structurally sound sites exhibit elastic deformation, returning most
energy rapidly. Pathologies cracks, debonded interfaces, or weakened
periodontal ligaments create anelastic responses where energy dissipates as
heat or micro-movements. QPD quantifies this via the Loss Coefficient (LC):
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**math
LC =\frac{\Delta E} {E_{\text{total}}} \times 100\% """

where *AE* is dissipated energy and *E _total* is total impact energy. Higher
LC values indicate pathology.

*InnerView™ System Architecture
The FDA-cleared InnerView™ system (Perimetrics) comprises:

- Percussion Handpiece: Delivers calibrated forces (0.2—0.5 N) with a 3mm
tip.

- Triaxial Accelerometer: Captures acceleration profiles at 10 kHz
resolution.

- Processor: Generates Energy Return Graphs (ERGs) and computes two key
metrics:

- Mobility Index (MI): Peak ERG amplitude (correlates with overall
stability).

- Normalized Fit Error (NFE): Deviation from ideal ERG curve shape
(indicates microgaps).
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| Metric | Healthy Range | Pathologic Range| Clinical Significance |
| Mobility Index | <35 | >51 | Indicates overall looseness/implant mobility |
| NFE | <0.04 [>0.04 | Suggests cracks, cement failure, or interfacial defects |

Table 1: Diagnostic Interpretation of QPD Metrics
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Clinical Integration: Workflow & Validation
*Protocol for Daily Practice

- Baseline Mapping: During hygiene visits, perform full-mouth QPD scans
(60 seconds) to establish structural fingerprints.

- Symptom Triage: For pain of unknown origin, compare ERGs of suspect
teeth against baselines and contralateral teeth.

- Restorative Verification: Post-restoration, confirm NFE <0.04 to ensure
defect resolution.

- Implant Monitoring: Track MI annually; values >35 suggest declining
osseointegration.

*Evidence from Clinical Studies

- Crack Detection: In 60 restored sites, QPD identified 51 sites with NFE
<0.04 post-treatment. Sites with persistent NFE >0.04 showed recurrent
decay or fractures at 6-year follow-up.

- Implant Stability: Rat femurs with inhibited osseointegration (via MMP
inhibitors) showed LC values 27% higher than controls (*p*=0.001),
corroborated histologically.

- Restorative Failure Prediction: A 22-year-old female with MI=65 on tooth
#30 had undetected pulpal floor fracture. Post-restoration, MI dropped to 19,
stabilizing at 21 after 6 years.

| Method | Crack Sensitivity | Implant Loosening Specificity | Early Detection Capabilit |
| Radiography | 18% | 45% | Limited |

| Tactile Feel | 32% [61% | Moderate |

| QPD | 94% | 89% | High |

Table 2: Comparative Diagnostic Accuracy

Advanced Applications & Future Directions
*Al-Driven Predictive Analytics
Machine learning algorithms analyze ERG "fingerprints" to:

- Differentiate Defect Types: Vertical cracks vs. cement failure vs. periapical
lesions.

- Risk Stratification: Sites with NFE >0.06 and MI >45 have 17% higher risk
of catastrophic fracture within 12 months.

- Automated Monitoring: Cloud-based comparison of serial ERGs detects
subtle changes invisible to clinicians.

*Multi-Diagnostics Integration
Combining QPD with:
- CBCT: Correlates structural weaknesses with 3D bone morphology.

- Thermal Imaging: Identifies inflamed sites with abnormal blood flow +
high NFE.

- Occlusal Analysis: Links premature contacts with elevated MI in specific
quadrants.

Implementation Strategy
Technology Adoption Roadmap

-Training: 1-hour CE modules on percussion angle standardization (critical
for reproducibility).

-Billing: Use CDT code D9999 (unspecified diagnostic) with NFE/MI
documentation.

3.Patient Engagement: Show ERG comparisons to demonstrate "hidden"
pathologies, increasing case acceptance by 40%.

*Economic Considerations
- Cost: $8,500 for the InnerView™ system.

- ROL: 15-minute QPD assessment generates $120-$150 (average 3x
production gain per hygienist).
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Conclusion

QPD transcends dentistry’s historical reliance on static imagery by
quantifying dynamic biomechanical responses. Its integration enables
preemptive interventions, stabilizing cracks before propagation, tightening
crowns before debondment, and monitoring implants before failure. With
ongoing Al integration and FDA clearances for new algorithms (e.g., NFE
for microgap quantification), QPD is poised to become the standard of care
for structural diagnostics. As Dr. Cherilyn Sheets emphasizes: "We are no
longer flying blind into structural failures".
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