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Why we should be excited about Dental AI?

https://online.stanford.edu/programs/artificial-intelligence-healthcare

https://www.alliedmarketresearch.com/artificial-intelligence-in-healthcare-market
Schwendicke and Krois 2022



A surge in Dental AI research!

Publications on "AI and Dentistry" since 2010

(Source: PubMed,
accessed: August 2022)

Overall, in 2019 PubMed 
lists 14,000 publications 
related to AI



AI-based medical applications are real!

By March 2020, 64 AI/ML 
based medical devices
and algorithms were 
approved by FDA (U.S. Food 
and Drug Administration)
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Topic group: Dental Diagnostics and 
Digital Dentistry (TG-Dental)

The International Telecommunication 
Union (ITU) and the World Health 
Organization (WHO) collaborate to 
establish an open group of experts to 
develop a generalizable benchmarking 
framework for health solutions based on 
artificial intelligence (AI), the ITU/WHO 
Focus Group on AI for Health (FG-AI4H).

Population 

Training dataset
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What is AI benchmarking?

“Evaluate performance based on the success of a model’s utility within 
some practical applications.” 
(Raji et al. 2021)

A dataset or sets of 
datasets (at least test 
data, sometimes also 
training data)

One or more metric(s) to 
summarize system performance 
over some set or sets of tasks as 
a single number or score. 

A task, which is a particular 
specification of a problem, as 
represented in the dataset.



Benchmarking – The AI researcher’s daily bread

Ke et al. 2021



Why is AI benchmarking for general 
applicability so hard?

The data problem The task problem
input space ßà output space

The metric problem

• Limited Scope – Ultimately closed 
systems

• Subjectivity – Embedded biases 
hinder neutral or universal datasets

• Ground truth establishment –
Complexity and difficulty of the clinical 
task yields noise and fuzziness in the 
labels/annotations
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• Limited Scope – Ultimately closed 
systems

• Subjectivity – Embedded biases 
hinder neutral or universal datasets

• Ground truth establishment –
Complexity and difficulty of the clinical 
task yields noise and fuzziness in the 
labels/annotations

• Inappropriate use 
– Uncritically chasing algorithmic 
improvement as measured by the 
metric
– Focusing on empirical and 
incremental work rather than 
hypothesis-based scientific inquiry
– Aggregate performance evaluation 
tells little about generalization or 
impact and hinders meaningful 
interpretation
– (Clinical) usefulness is not captured 
by the applied metrics



Alternative AI benchmarking techniques

• Systematic development of test items (test suites, 
audits, adversarial testing) 

• Output analysis and behavioural testing (error 
analysis, disaggregated analysis, counterfactual 
analysis) 

• Ablation testing
• Analysing model properties (energy consumption, 

memory requirements, stability in the face of 
perturbations to training data)

Tuesday, Sep 20, 1:20 – 2:40 (EEST)
Biomedicum, Lecture Hall 1 (Sali 1)



Conclusion

• The effective development of benchmarks is critical to progress of Dental AI research 
and to the value of Dental AI applications. 

• Benchmarking helps us to understand how Dental AI systems work—and how they 
don’t. 

• Raise awareness for the shortcomings of benchmarking results related to datasets, 
task design and the applied metric(s).

• Alternative AI benchmarking techniques should be further explored and leveraged 
when feasible.
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• Benchmarking helps us to understand how Dental AI systems work—and how they 
don’t. 

• Raise awareness for the shortcomings of benchmarking results related to datasets, 
task design and the applied metric(s).

• Alternative AI benchmarking techniques should be further explored and leveraged 
when feasible.

However, universal and neutral (dental) datasets don’t exist (yet), and current 
methods of benchmarking do not (yet) offer meaningful measures of general 
applicability.
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