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“IN GOD WE TRUST. ALL OTHERS 
MUST BRING DATA.”

W. Edwards Deming

https://www.goodreads.com/quotes/34849-in-god-we-trust-all-others-bring-data


Healthcare

Prior to 1990s

Intuition based Practice

1990s

Evidence-based Practice 

Chang & Lee. Beyond Evidence-based medicine. N Engl Med 2018 379;21
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Evidence-based Care

Impact

Evidence

01
02

03
04

Implementation

Dissemination
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Systematic 
Reviews 

Randomized 
Controlled 

Trials

Cohort Studies

Case-Control Studies 

Case series, Case Reports

Editorials, Expert Opinion 

Animal Research, Bench-top Research 

• levels of 

evidence

Clinical
expertise 

Patient 
preferences 

& needs
Evidence

Evidence-based Person-centered Practice
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Need to consider the 
totality of the 
evidence 

Systematic reviews
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What is a Systematic 
Review?

“A systematic review is a high-
level overview of primary 
research on a particular 
research question that tries to 
identify, select, synthesize and 
appraise all high-quality 
research evidence relevant to 
that question in order to answer 
it.”

Systematic review

RCT 
3

RCT 
1

RCT 
2

- Search

- Select

- Assess

- Synthesize
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• QUALITY OF 
SYSTEMATIC REVIEWS

SR ≈ 29,000
MA ≈ 9,000

Decent & 
Clinically 

useful
3%

Unpublished
20%

Redundant & 
unnecessary

27%Decent, but 
not useful

17%

Misleading, 
abandoned 

genetics
13%

Flawed beyond 
repair
20%

Ioannidis JPA. The Mass Production of Redundant, Misleading, and Conflicted Systematic Reviews 
and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514)
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Ioannidis JPA. The Mass Production of Redundant, Misleading, and Conflicted Systematic Reviews 
and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514) This Photo by Unknown Author is licensed under CC BY-NC

Healthcare in the 
current era: Evidence 
ecosystem: 

• Using global data to inform 
local practice guidance

http://www.debbest.com/2015/04/19/accepting-work-style-differences-supports-success-in-business-and-at-work/
https://creativecommons.org/licenses/by-nc/3.0/
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and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514)

Statements that include recommendations 
intended to optimize patient care that are 
informed by a systematic review of 
evidence and an assessment of the benefits 
and harms of alternative care options.

• Clinical Practice Guidelines

Institute of Medicine (IOM)
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What pulp therapies should we use to treat our 
patients? 

Panel ?

Treatment 
effect

(Benefits & 
harms) 

Certainty 
in the 

evidence

Patient 
values & 

preferences
Resource 
utilization Evidence

Systematic 
review
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Ioannidis JPA. The Mass Production of Redundant, Misleading, and Conflicted Systematic Reviews 
and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514)

Number-Needed-to-Treat (NNT)

• It is defined as the inverse of the absolute risk reduction
• The number of patients that need to be treated for one to 

benefit (prevent one failure) compared with a control in a 
clinical trial. 

Pulp exposures- caries excavation
• SCR versus NSCR: NNT 5

• SCR versus SWT: NNT 25
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Key concepts
• Estimate of treatment effect or risk of 

experiencing an outcome given an exposure

• Certainty of the evidence: How certain we are 
about the estimates when making a decision

Grading of Recommendations Assessment, Development
and Evaluation
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Interpreting Certainty in the Evidence
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Large Effect                                
High Certainty

Trivial/small effect                   
High Certainty 

Large Effect                              
Very Low Certainty

Trivial/small effect                   
Very Low Certainty

Evidence-based 
Recommendations
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Determinants of the strength of recommendation

Treatment 
effect

(Benefits and 
harms) 

Certainty of 
the evidence

Patient values 
and 

preferences
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Patients’ values and 
preferences

The evidence of the effects (benefits and harms) of an intervention must be interpreted in the context of patients’ 
values and preferences
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Ioannidis JPA. The Mass Production of Redundant, Misleading, and Conflicted Systematic Reviews 
and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514)

How can PVPs influence the direction of 
recommendations?

Population: Primary teeth with deep caries being treated by IPT
Intervention: Complete caries removal
Comparator: Selective caries removal
Outcomes: Overall long-term success, preventing pulp exposures, postoperative comfort, costs….

Scenario 1:

If panel focuses on overall success. 
It can recommend in favor of either 
selective or complete caries 
removal for IPT

Scenario 2:

If panel places a higher value on 
overall success AND preventing 
pulp exposures: It is likely to 
recommend against complete 
caries removal.

The workgroups assumptions regarding patient and societal values and 
preferences lead to opposing recommendations.
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Determinants of the strength of recommendation

Treatment 
effect

(Benefits and 
harms) 

Certainty of 
the evidence

Patient values 
and 

preferences

Resource 
utilization
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Ioannidis JPA. The Mass Production of Redundant, Misleading, and Conflicted Systematic Reviews 
and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514)

What is a recommendation?

• Clear and actionable statement formulated by a guideline panel to assist 
clinicians deciding the best course of action for patients

The sealant guideline panel recommends the use of sealants 
compared with nonuse in permanent molars with both sound occlusal 
surfaces and noncavitated occlusal carious lesions in children and 
adolescents∗

1 Written statement

2 Strength of recommendation: 
Strong

3 QoE or confidence in the 
effect estimates:

Moderate

ADA CPG on Sealants. JADA 2016

https://jada.ada.org/article/S0002-8177(16)30473-1/fulltext?_ga=2.8624498.617759908.1678042726-177093683.1648604351


Fissure 
Sealants
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and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514)

Sealant versus No-Sealant and Caries Incidence-
2-3 years

ADA/AAPD Report 2016

(1-Risk)X100  = (1-0.24)X100= 76%
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Josh Milee 2%80%

Relative effectiveness 
of fissure sealants 76% (RR 0.24) 76% (RR 0.24)

Treatment with 
sealants 80%  X  0.24= 

19.2%
2%  X  0.24= 0.48%

Absolute risk 
reduction

80%  - 19.2%=  

60.8%
2%  - 0.48%=  

1.52%

How do guideline panels use risk stratification to formulate 
recommendations?

High Risk Low Risk 

Recommendation 

NNT 2 100
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Ioannidis JPA. The Mass Production of Redundant, Misleading, and Conflicted Systematic Reviews 
and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514)

Griffin et al. Caries risk in formerly sealed teeth. JADA 2009; 140(4): 

415-423.



RR= 0.57  

RRR= 1 - 0.57= 43%  permanent teeth

How do we determine that Fluoride varnish is effective for a specific population?

Marinho VCC, Worthington HV, Walsh T, Clarkson JE. Fluoride varnishes for preventing dental caries in children and adolescents. Cochrane Database of Systematic Reviews 2013, Issue 7. 

NNT (High risk)  3 125NNT (Low risk)  



How do we determine that Fluoride toothpaste is effective for a specific population?

dos Santos AP, Nadanovsky P, de Oliveira BH. A systematic review and meta-analysis of the effects of fluoride toothpastes on the prevention of 
dental caries in the primary dentition of preschool children. Community Dent Oral Epidemiol. 2013 Feb;41(1):1-12

NNT (children, high risk scenario, 70%): 11 (95% CI 7–20)
NNT (children, medium risk scenario, 50%): 15 (95% CI 10–28)
NNT (children, low risk scenario, 20%): 37 (95% CI 26–59)



Dissemination

• Decision makers
• Provider level
• Community level
• Family level
• Child level



Dissemination

• Peer reviewed publications
• Textbooks

SOCIAL MEDIA
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IMPLEMENTATION
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and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514)

IMPLEMENTATION      
& IMPACT

National Quality Measures Clearinghouse (NQMC) Measures

Clinical 
Quality 

Measures

Process

Access

Outcome

Structure

Patient 
experience

https://www.ahrq.gov/gam/summaries/domain-framework/index.html#fig


40

Implementation

Sealants

Strategies (NNOHA):

1. Same Day Sealants
2. Prioritizing sealant placement
3. Develop Sealant workflows
4. Optimize workforce
5. Equipment & Materials
6. Treatment planning Sealants

Impact of ADA Guidelines?
https://www.nnoha.org/
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and Meta-analyses. The Milbank Quarterly, Vol. 94, No. 3, 2016 (pp. 485-514)

Sealant Research

Impact

Publications on Sealants 
(PubMed): 

1971- 2008:    2,727, Avg: 72.             

2008 - 2016:   1,113, Avg: 139

2016 to date:   742,  Avg: 123
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Evidence-based Care

Impact

Evidence

01
02

03
04

Implementation

Dissemination



Healthcare

Prior to 1990s

Intuition based Practice

1990s

Evidence-based Practice 

Next

Interpersonal medicine 

Chang & Lee. Beyond Evidence-based medicine. N Engl Med 2018 379;21
https://www.ibm.com/blogs/nordic-msp/in-god-we-trust-all-others-
must-bring-data/

That’s all good, but how do you do 
it?
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Interpersonal Care

Chang S, Lee T. Beyond Evidence-Based Medicine. NEJM 2018, 379; 21. 

TEACH
• Teach Evidence-based Care- didactic and experiential learning 

for skill acquisition

ANALYZE EVIDENCE
• Analyze evidence to develop guidance

MEASURE
• Measure processes and outcomes based on agreed metrics.

IMPACT & REFINE 
• Assess impact and refine protocols

INCENTIVES
• Identify incentives (financial and nonfinancial) for  interpersonal 

care
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Evidence

Subbiah V. The next generation of evidence-based medicine. Nat Med. 2023 Jan;29(1):49-58. 

Real World Data (RWD) 
Data generated from routine, standard care of 
patients (EHRs, Claims & billing data, patient-

generated data). It can include all research data 
including clinical trials.

Real-world ‘evidence’ (RWE) 
Evidence generated from RWD regarding the 

potential use of a product/intervention (benefits, 
harms, preferences)
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Subbiah V. The next generation of evidence-based medicine. Nat Med. 2023 Jan;29(1):49-58. 

Evidence-based deep medicine iceberg
The current evidence-based 
medicine pyramid represents 
the tip of the iceberg and 
barely provides shallow 
evidence to care for a generic 
patient. 

A deep synthesis and 
amalgamation of all 
available data is needed 
to achieve next-
generation, ‘deep’ 
evidence-based 
medicine.
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LIVING GUIDELINES

Frantsve-Hawley et al. Strategies for developing evidence-based clinical practice guidelines to foster implementation into dental practice. JADA 2022:153(11):1041-1052
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Artificial Intelligence in Healthcare
The Inconvenient  T ruth!

Aggregated healthcare data to produce powerful 
models
• automate diagnosis 

• enable an increasingly precision approach to medicine by 
tailoring treatments and targeting resources with maximum 
effectiveness in a timely and dynamic manner.  

AI innovations by themselves do not re-engineer the 
incentives that support existing ways of working

Costs, resources, regulatory factors, patient values and 
preferences

Most healthcare organizations lack the data infrastructure 
required to collect the data needed to optimally train 
algorithms to 

• “fit” the local population and/or the local practice patterns, a 
requirement prior to deployment that is rarely highlighted by current 
AI publications, and 

• interrogate them for bias to guarantee that the algorithms perform 
consistently across patient cohorts, especially those who may not 
have been adequately represented in the training cohort.

The inconvenient truth

Panch T, Mattie H, Celi LA. The "inconvenient truth" about AI in healthcare. NPJ Digit Med. 2019 Aug 16;2:77. 
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Conclusions

Personalized, pragmatic, evidence-based and 
patient-participatory care is needed. 

Standards of care and clinical trials are currently 
viewed in different realms; however, the overarching 
goal of both is to improve health outcomes.

The healthcare system should be integrated into an 
intuitive RWE-generation system, with clinical 
research and clinical care must go hand in hand.

Current paradigms must be continuously challenged 
by emerging technology and by all stakeholders.

“The illiterate of the 21st century will not be those who cannot read and write, but those who 

cannot learn, unlearn, and relearn. ”― Alvin Toffler 
Subbiah V. The next generation of evidence-based medicine. Nat Med. 2023 Jan;29(1):49-58. 
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Thank you!

Contact information
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