
Statistics with Registry Data
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Learning Objectives

The participants will:
• Understand basic statistical methods and principles in 

order to assess the validity of studies in the literature
• Discuss various statistical techniques as they apply to our 

population based studies
• Understand the potential limitations and applications of 

statistical methods when conducting or reviewing clinical 
studies
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A Jumping Off Point
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Total Joint Registries: Hips
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Total Joint Registries: Knees
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Registry Data: Variables

Demographics: Age, Gender, Race/Ethnicity
Comorbidities: Diabetes, types of Arthritis
Patient Characteristics: BMI
Surgeon, Site, Region, Op Date 
Follow-up Time
Outcomes: Revision, Infection, DVT
Procedure Characteristics: Prophylaxis, Fixation 
Implant Characteristics: Cup Category, Bearing 

Surface, Femoral Component



7

Registry goals

1) Monitor revision, failure, and rates of key complications 
(e.g., infection, venuous thromboembolic disease such 
as blood clots and embolism, and mortality)

2) Identify patients at risk for poor clinical outcomes 
following TJA

3) Identify the most effective techniques and implant 
devices (best practices and implant constructs)

4) Track implant usage and costs
5)  Monitor and support implant recalls and advisories in 

cooperation with FDA
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Improving Care and Survival Analysis

For first three goals (monitor revisions, 
identify patients at risk, identify best 
practices), analyze :

1.who gets a revision 
2.who gets one sooner rather than later 

and
3. take account of how long everybody else 

has gone without a revision
Best method: survival analysis
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Two Versions of SA: KM and PH

• Univariate survival analysis 
relation of a single variable to outcome
graphically: Kaplan-Meier curves

• Multivariate survival analysis
can look at how any number of risk factors 
work together
most widely used: Proportional Hazards 
regression (=PH regression, Cox regression)
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Kaplan-Meier Curves

One variable -> subgroups
Survival curve for each subgroup -- each time 

point shows chance person in the subgroup 
would go that long without outcome

Statistically test: subgroups have different survival 
experience?

Non-parametric – no assumptions or models 
needed
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Example: TKA 2009 – Age Group
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Terminology

• Event: Occurrence of outcome under study, e.g., 
a revision.

• Censoring: Observation for that event ending 
without one having occurred. When revision is 
the outcome, a case would be censored when 
the patient dies or ends their KP membership, for 
example.

• Failure=Having an event
• Survival=Going without failure
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Example Data

OpDate RevDate LftKP DthDate
1 1-Jan . 1-Apr .
2 1-Feb . 1-Jun .
3 1-Feb 1-Mar . .
4 1-Mar 1-May . .
5 1-Feb 1-Sep . .
6 1-Dec . . 1-Jul
7 1-Mar . 1-May .
8 1-Mar 1-Apr 1-May .

0 1 2 3 4 5 6 7 8 9
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K-M Curves: Numerator and Denominator

0 1 2 3 4 5 6 7 8 9
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Generating the K-M Curve
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Example: TKA 2009 – Age Group
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Multivariate Survival Analysis

Univariate: only that risk factor 
p-value, direction

Multivariate: look at all risk factors together
p-value, direction, magnitude of relative risk (hazard)

No necessary connection:
From univariate result, can’t get 

1) magnitude 
2) statistical significance 
3) direction 

of multivariate result
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Univariate Risk Factors: Knee

Variable Comparison Groups 
   Log-Rank 

P Value** 
Patient   
Age Group  <55/>=55 yrs old <0.001 
ASA Category          1&2/>=3/Unknown <0.001 
BMI  Category < 35/>=35/Unknown <0.001 
Diabetes  Yes/No <0.001 
Primary Diagnosis  Osteoarthritis/Other <0.001 
Gender  Male/Female <0.001 
Hospital   
Region   0.013 
Hospital Volume Small:<50; Medium:50-199; Large:200> 0.606 
Surgeon Volume Small:<10; Medium:9-49; Large:50> annual cases 0.607 
Implant   
Fixation (Cement) Cemented/Cementless/Hybrid  0.013 
Platform Type Rotating/Fixed <0.001 

Bearing Surface* 
Cocr on X-link/Cocr on Conventional/ 

Cocr-Oxi on Constr/Oxi on Conventional 0.570 
Total 12  

        * Categories with no revisions excluded 
**Log rank test compares survival curves between 2 or more groups of the same variable. P Values <0.05 
indicate difference in survival between comparison groups 
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Multivariate Risk factors: Knee

0 1 2 3
A g e :  < 6 5  v s  > = 6 5  y r s  o ld * * *

A S A  > = 3  v s  A S A  1 & 2 *

F e m a le  v s  M a le  ( n s )

B M I :  > = 3 5  v s  < 3 5  ( n s )

P r im a r y  D ia g n o s is :  O t h e r  v s
O s t e o a r t h r i t is  ( n s )

D ia b e t e s  ( Y e s  v s  N o ) *

R e g io n a l  V a r ia t io n * *

F ix a t io n :  H y b r id  v s
C e m e n t e d  ( n s )

F ix a t io n :  U n c e m e n t e d  v s
C e m e n t e d  ( n s )

P la t f o r m :  R o t a t in g  v s  F ix e d
( n s )

P la t f o r m :  C o n s t r a in e d  v s
F ix e d  ( n s )

S u r g e o n  V o lu m e  ( < 3 0  v s
> = 3 0 )  ( n s )
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Proportional Hazards regression

Multivariate survival analysis: 
other techniques available

Why is PH regression so popular? 
No need to assume any particular form of distribution 

for survival times
The price you pay: 

just get relative risks
Actually, can get an estimate of absolute risks, but: 

extra work, and must specify particular point in time    
and values for all covariates
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Proportional Hazards (Risks)
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Missing Data

KNEES (N=52386) HIPS (N=29744)
Gender 2      <0.1% 4      <0.1%
ASA 1263 2.4% 769 2.6%
Age 8      <0.1% 4      <0.1%
BMI 10454 20.0% 6603 22.2%
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Missing Data in Registry Studies: Techniques

Bias? Other problems?
Older methods:

Complete case analysis; available case analysis;  
last observation carried forward (LOCF)

Better: single imputation
Much better: multiple imputation
Can produce valid results: unbiased and correct 

representation of uncertainty
Bottom line: studies must say what they did about missing 

data; worst – just ignore 
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A Hierarchy of Evidence

From Petrie, A. Statistics in orthopaedic papers, J Bone Joint Surgery [Br] 2006, 88-B(9): 1121-1136.
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Dimensions of Quality

• Dimensions of quality explored by different scales*
• Scale and study                No. of levels      Study design  Quality of conduct    
• Canadian Task Force, 1990       4                      X    
• US Preventive Services Task Force, 1996 

5        X    
• AHCPR, 19921                           5                      X 
• Guyatt et al., 1995                      6                      X    
• Eccles et al, 1996                       6                      X    
• Hadorn et al, 1996                      7                      X      X   
• Ball et al, 1997                          10                    X                              X    
• Liddle et al, 1997                        5                      X    X    
• Jovell et al, 1997                        9                      X    X   
• AHCPR = Agency for Health Care Policy and Research.  

• *An “X” indicates an area explored; a blank space indicates it was not addressed by 
the study.

• West J Med. 2001 April; 174(4): 262–265. 
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JBJS Levels of Evidence

Levels of Evidence for Primary Research Question  

Types of Studies 
 

 

Therapeutic 
Studies—
Investigating the 
Results of 
Treatment 

Prognostic 
Studies—
Investigating 
the Outcome 
of Disease 

Diagnostic 
Studies—
Investigating a 
Diagnostic Test 

Economic 
and Decision 
Analyses—
Developing 
an Economic 
or Decision 
Model  

 

 
Level I 1. Randomized 

controlled trial  
    a. Significant 
difference  
    b. No 
significant 
difference but 
narrow 
confidence 
intervals  
2. Systematic 
review 2 of Level-
I randomized 
controlled trials 
(studies were 
homogeneous) 

1. Prospective 
study 1  
2. Systematic 
review 2 of 
Level-I 
studies 

1. Testing of 
previously 
developed 
diagnostic 
criteria in series 
of consecutive 
patients (with 
universally 
applied 
reference "gold" 
standard)  
2. Systematic 
review 2 of 
Level-I studies 

1. Clinically 
sensible 
costs and 
alternatives; 
values 
obtained 
from many 
studies; 
multiway 
sensitivity 
analyses  
2. 
Systematic 
review 2 of 
Level-I 
studies 

 

Level II 1. Prospective 
cohort study 3  
2. Poor-quality 
randomized 
controlled trial 
(e.g., <80% 
follow-up)  
3. Systematic 
review 2  
    a. Level-II 
studies  
    b. 
nonhomogeneous 
Level-I studies 

1. 
Retrospective 
study 4  
2. Study of 
untreated 
controls from 
a previous 
randomized 
controlled 
trial  
3. Systematic 
review 2 of 
Level-II 
studies 

1. Development 
of diagnostic 
criteria on basis 
of consecutive 
patients (with 
universally 
applied 
reference "gold" 
standard)  
2. Systematic 
review 2 of 
Level-II studies 

1. Clinically 
sensible 
costs and 
alternatives; 
values 
obtained 
from limited 
studies; 
multiway 
sensitivity 
analyses  
2. 
Systematic 
review 2 of 
Level-II 
studies 
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JBJS Levels of Evidence, cont.

 
Level 
III 

1. Case-control 
study 5  
2. Retrospective 
cohort study 4  
3. Systematic 
review 2 of Level-
III studies 

 1. Study of 
nonconsecutive patients 
(no consistently applied 
reference "gold" standard)  
2. Systematic review 2 of 
Level-III studies 

1. Limited 
alternatives and 
costs; poor 
estimates  
2. Systematic 
review 2 of 
Level-III studies 

 

Level 
IV 

Case series (no, or 
historical, control 
group) 

Case 
series 

1. Case-control study  
2. Poor reference standard 

No sensitivity 
analyses  

Level 
V 

Expert opinion Expert 
opinion 

Expert opinion Expert opinion  

 

1. All patients were enrolled at the same point in their disease course (inception cohort) 
with 80% follow-up of enrolled patients.  
2. A study of results from two or more previous studies.  
3. Patients were compared with a control group of patients treated at the same time and 
institution.  
4. The study was initiated after treatment was performed.  
5. Patients with a particular outcome ("cases" with, for example, a failed total 
arthroplasty) were compared with those who did not have the outcome ("controls" with, 
for example, a total hip arthroplasty that did not fail). 
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Observational Data vs. Experimental

• RCTs as “the gold standard”
• The price of gold: 

what size needed? 
External validity

• Causal modeling with observational data: 
1: propensity scores
2: instrumental variables

• Size of registries; registries as populations
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