
10/29/18

1

Paul Tornetta III, MD
Professor

Boston Medical Center

Question Everything
(Critical Common Sense)

Disclosures!
• Publications:

¨ Rockwood and Green, Tornetta and Einhorn; Subspecialty series, Court-
Brown, Tornetta; Trauma, AAOS; OKU Trauma, ICL Trauma 1,2, 
Tornetta; Op Techn in Ortho Surg, OTA Slide project, 

¨ Journals:; JOT; Deputy editor, CORR, JAAOS, JBJS; Reviewer

• Research: 
¨ OTA, FOT, AIOD, DOD

• Consultant / Designer
¨ Smith and Nephew, Exploramed
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Common Sense

Common Sense

Common Sense
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In Childhood
• Are we there yet?
• Why…

¨ Is the sky blue?
¨ Don’t fish drown?
¨ Do birds fly?
¨ Do people operate on nondisplaced 

pelvic fractures?

School
• Taught to accept

• Told that there are correct 
answers

• Conform to established 
thoughts

Medicine
• Overload of information

• Accept established theories

• Facts

• Textbooks

• Journals 
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Doubting Thomas

Healthy Skepticism
• Challenge opinion
• Ask….

Goals
• Help patients

• Restore anatomy

• Return to function
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Do the Right Thing
• Best choice for each patient

¨ Available information

¨ Surgical skill

¨ Patient needs

Common Sense
• Available information

¨ Evaluation

¨ Flaws in what we think we know

• Surgical discipline
¨ Art

¨ Decision making

Hippocrates
“One must attend in medical 

practice not primarily to 
plausible theories, but to 
experience combined with 
reason”
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How You Look at It

Information
• Is there any?
• Plantar sensation
• Syndesmotic fixation
• Cubitus varus
• Pilon fractures
• All of “sports medicine”

Information
• Based on observation

• Hypothesis generation

• Hypothesis testing

• Objective evaluation of data

• Conclusions
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Galen
• Questioned how?
• Vivisections on primates

Lind 1747

Others
• Lister

¨ Mortality after amputation
¨ 1864-86: 46%
¨ 1867-70: 15%

• Hill
¨ Treatment of Tb
¨ Sealed envelopes, eligibility
¨ Independent evaluation
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Evidence
• Best available information
• Support clinical decisions
• “Evidence based medicine”
• Reality

¨ Be able to critically analyze what we hear, 
read, and see

¨ Apply to our patients’ specific needs

Hierarchy of Evidence

Randomized Trials

Prospective Cohort Studies

Retrospective Case Series

Case Control Studies

Opinion

Meta-analysis

Level 1

Level 2

Level 3

Level 4

Level 5

All Studies
• Classification used

• Evaluation of “union”

• Follow up percentage

• Outcome measures

• Clinical relevance
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Audige, et al
• 15% observer 

agreement
• Kappa = .23

Union
• Bhandari, et al

¨ Nonunion 2 - 12 months

¨ 45% always use criteria to 
evaluate

Followup
• Significant problem in trauma 

studies

• 20% is significant!!

• Case series 

• Comparative studies

100 Pts

76

80 Pts
=86
20 lost
=40
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Outcomes
• We assign values to scoring

• Motion?

• Alignment?

• Functional assessment?

• What matters to the patient?

Summed Scores
• Floor and ceiling effects

• Multiple components

¨ Subjective

¨ Objective

• Importance of all components?

Materials

Followup 51 mos (> 2 yr)
AOFAS, Maryland, SF36

47 5655
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Pain
AOFAS 83% - 86%

Maryland 80% - 86%

SF36 PCS 52% - 76%

SF36 MCS 18% - 36%

Regressing with ROM had no affect

So…
• Summed scores

¨ Combine outcome measures

¨ Relative weight “expert” based

• Overall assessment

• Comparative measure

• One factor may dominate

Error
• All studies have error
• Critical analysis necessary

¨ Appropriate question

¨ Appropriate population
¨ Selection bias
¨ Technique bias
¨ Outcomes measure
?
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Standard Evaluation
• Just like an x-ray

• Same method each time

• Systematic approach

Standard Evaluation
• Study design (RCT, series)
• Methodology

¨ Hypothesis (if there is one!)
¨ Population
¨ Intervention

• Outcomes assessed
• Results

Highest “levels”
• Comparative studies

• Specific types of error
¨ Beta

¨ Alpha

• Clinical relevance
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Statistics
• Boring

• Facilitate lies!

• Data can be manipulated to 
say anything! 

What do 
you want 

the result to 

be?

Randomization

• Balance

¨Known

¨Unknown

Hypothesis
• Basic element of any 

comparison study
• Clearly stated

¨ Usually a “null” hypothesis
¨ Assumption of NO difference

• Evaluated with as little bias as 
possible
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Example: Tibia Fx
• Reamed vs unreamed nailing

¨ Union (%)
¨ Time to union (weeks)

• Null hypothesis:
• There is no difference in the union 

rate or time between the groups

The “p” Value
• Probability

• Coin toss
¨ Heads 50% (p = .5)

¨ Heads twice 25% (p = .25)

¨ Heads ten times < 1/1000 (p<.001)

Populations….

n

Time to union



10/29/18

15

Sample

n

Time to union

Random Sample

n

Time to union

Random Sample

n

Time to union
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Confidence Limits

n

Time to union

95%

Comparison Samples

n

Time to union

Comparison Samples

n

Time to union
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Conclusions of RCT’s
Truth

Study

No True Difference
• Study samples are the same
• Study finds no difference

AB

Beta Error
• Study samples are the same
• The populations are different

BA



10/29/18

18

Beta Error (type 2)
• Concluding no difference when 

one does exist

BA
20%

Power
• Power (1-b)

¨ Strength of study
¨ Desire > 80%
¨ Determined by
• Effect size (difference / SD)
• Type 1 error rate
• Sample size

Power
• Related to “n”

BA
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Sample size

A

Sample size

A

Sample size

A
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Small Sample size
• Related to “n”

BA

Increase Sample size
• Related to “n”

BA

Increase Sample size
• Related to “n”

BA
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Power

• Should be built in at the 
beginning

• Can be evaluated post-hoc

Calculation of Power
• For continuous variables:

¨N= {[ (Za - Zb) s]/D}
• N=sample size
• Za=1.96, and 
• D= difference b/n treatments. 
• Standard deviation (s)

s2= [ (Ntreatment-1)( streatment)2 + (Ncontrol-1)( scontrol)2 ]/ Ntreatment-Ncontrol

• For dichotomous variables:
¨Zb= [ Ön/ 2s] D- Za

• s = ÖPT(1-PT) + PC(1-PC)/ 2 
• PT and PC= proportion of events

Power
• Very important concept!

• “No statistically significant 
difference”

• Need to demonstrate power is 
there!
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Lochner, et al
• 196 Studies 

¨ 79 Eliminated
¨ 43 Reported positive result

• 117 Studies underwent power 
analysis
¨ “No statistically significant difference”

b Error Rates

96.85%2.24%-99.9%21.31%19.66%
Secondary
n=127

90.61%2.24%-99.9%27.21%24.65%
Primary
n=213

TotalRangeSDAverageOutcome 
Type

Type II Error 
Rate (b)Power (1- b)

Example: Tibia Healing
Time To 
Healing
Control 
Group

Time to 
Healing

Treatment 
group

% Reduction 
in Time to 

healing

Number of 
patients 

needed per 
group

150 days 120 20% 16

150 days 135 10% 63

150 days 143 5% 289
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Example: DVT
PE Rate
Control 
Group

PE Rate
Treatment 

group

% Reduction 
in PE Risk

Number of 
patients needed / 

group

10% 8% 20% 3213

1% 0.8% 20% 35,001

0.1% 0.08% 20% 352,881

Example: planning
• Mortality in elderly trauma 

patients
¨ 423 Patients…4 centers
¨ Early fixation = 11%
¨ Late fixation = 18%
¨ To prove it…. >1500
¨ Can use this to plan future work

S
P
R
I
N
T
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Conclusions of RCT’s
Truth

Study

True Difference
• Study samples different
• P = 0.05
• 95% the difference is real

BA

Alpha Error
• Study samples different
• The difference is not real

AB
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Alpha Error
• Study samples different
• The difference is not real
• Confidence limits don’t overlap

AB

Alpha Error
• Chance of incorrectly concluding a 

difference exists

AB
5%

Alpha Error Rates
• 60 Orthopaedic journals
• 37% at risk for type 1 error

¨ Conclusion that there is a difference 
when there is not

¨ Primarily due to multiple evaluations 
• 20 endpoints
• 1 / 20 chance…..

¨ Fishing expedition
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16 outcomes tested

55%

Risk of Alpha Error

Bhandari, et al

Multiple Testing
• Set p = 0.05 (alpha level) 

¨ Assumes one outcome!
¨ 16 = 55% risk of alpha error

Bonferroni Correction= 0.05/16=0.003

New level of statistical significance!
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Assume the Best…
• Randomized

• Well powered

• True differences found

• Single outcome

Beware of Initial 
Appearances
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Even When “Significant”
• Can we trust the p value?

• Discreet outcomes

¨ Infection

¨ Union

¨ Number of Events

RRR= 59% 

12/135 vs 29/139 events

P=0.02  

Study Stability
• 12/135     vs    29/139 events

• 15/135    vs     26/139 events

RRR=40%, P=0.08
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�The healing of open fractures treated with 
reamed IM nails was not significantly improved 
by BMP-2�

March 2011

Total Events: 23 BMP vs 21 Controls (44 events) 

Study Stability
• Parisien, et al
• 198 Studies 769 outcomes
• <0.05 è ≥0.05

¨ 4 events, 6.8% of one arm

• >0.05 è ≤0.05
¨ 5 events, 9% of one arm

Clinical ‘Significance’
• Reaching statistical 

significance is not all!

• Must ask…does it matter?

• Clinically important

• Effect Size..
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Time to Union

BA
n

Time to union

A = 250 � 60 Days
B = 260 Days
10 / 60 = 0.16

P = .03

Clinically Relevant
• Effect size

¨ > 0.8 

• Relative risk reduction
¨ > 50%

• 76 RCT’s; 185 outcomes
¨ Effect size: 30% 
¨ RRR: 47%

Sung, Siegel, et al

Clinical Irrelevance
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Clinical Irrelevance

0.48m
m

Physical Function (SF-36)
Rx #1    vs    Rx #2

65 points          70 points 
(Max: 100pt)

p < 0.05

Clinical Relevance

Physical Function (SF-36)
Rx #1    vs    Rx #2

50 points          80 points 
(Max: 100pt)

p = .11

Clinical Relevance
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But…Important?
• No report of the 

actual difference
• Only statistical
• Need the real #’s 

to decide 
importance

12.114.8
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Hierarchy of Evidence

Randomized Trials

Prospective Cohort Studies

Retrospective Case Series

Case Control Studies

Opinion

Level 1

Level 2

Level 3

Level 4

Level 5

So…Do We Believe??

The Effect of Level I Evidence 
on Surgical Decision Making

Methods
• 2 Multicenter level one RCT’s
• Operative vs nonoperative
• > 2 years since publication
• Equal in quality
• Survey

¨ Knowledge of the article
¨ Practice modification
¨ Examples of patients 

?
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Operative

Non-Operative

Survey
• 19,574 Orthopaedic Surgeons

¨ 18,843 in U.S.
¨ 731 in Canada

• 1 of 2 Surveys
¨ Practice demographics
¨ Familiarity with RCT
¨ Change in practice
¨ 5 patient scenarios (fit into studies)
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Patients
• 20 male Division I athlete

• 35 male day laborer

• 50 male Orthopaedic Surgeon

• 40 male (BMI 35)

• 65 female (lives alone)

Clavicle Survey

• Of the 1,546 respondents
¨ Majority (64.8%) Non-academic
¨ 72.3% familiar with RCT
¨ Majority fixed 3 of 5 patients
¨ 64.6% increased operative treatment

Achilles Survey

• Of the 1,128 respondents
¨ Majority (64.2%) Non-academic
¨ 78% familiar with RCT
¨ Majority fixed 4 of 5 patients
¨ 32.4% increased non-op treatment



10/29/18

36

Only Nonop

31% !!

Influence?

Clavicle Achilles

58% 42%

Surgical Discipline
• Not all questions can be 

answered with RCT!!
¨ Surgical skill

¨ Learning curve

¨ Unethical

• Best available information
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Hierarchy of Evidence

Randomized Trials

Prospective Cohort Studies

Retrospective Case Series

Case Control Studies

Opinion

Level 1

Level 2

Level 3

Level 4

Level 5

Case Series
• Very valuable if….

¨ Same population

¨ Reproducible intervention

¨ High percentage f/u

¨ Outcome measures important

• Arthritis after acetabular ORIF

Acetabulum Fractures
• Best available information
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Prognosis

Mangled Extremity

Case Series
• Prognostic information

• Important for patients
• Guide decision making

¨ Population

¨ Reproducible

¨ Outcomes important
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So What’s Next??

So What’s Next??
• Collectively

¨ Consider the big questions

¨ Put egos aside

¨ Organize well designed trials

¨ Get real answers

¨ Benefit our patients

So What’s Next??
• Individually

¨ Question everything

¨ Listen to our patients carefully

¨ Consider better ways

• Tell everyone!!

?
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Our Responsibility
• Read and interpret
• Stay current!
• Act on REAL evidence

¨ Self appraisal

¨ Benchmarking

¨ Re-evaluation

Above All Else
• Surgery

¨ Art
¨ Science

• Make the best decision
• Each individual patient
• Don’t know the right choice

Individual Needs
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Orthopaedic Surgery
• Art
• Patients are all individuals
• Goals

¨ Return to function
• Healthy skepticism
• Look for better ways
• Prove that they are better!!

You Can Be Involved!
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Hippocrates
“One must attend in medical 

practice not primarily to 
plausible theories, but to
experience combined with 
reason”

Boston Medical Center


