
8                                                                                                               Acta Orthop Scand (Suppl 305) 2002; 73

The evidence-based medicine research community 
is increasingly recognizing that the translation 
of evidence into clinical practice is an important 
research agenda. This paper describes research 
methods related to transferring knowledge to dif-
ferent audiences: clinicians, consumers and policy-
makers. The iterative measurement loop (IML) 
described in 1987 (Tugwell 1987) highlights the 6 
steps of evidence-based research that leads to the 
translation of evidence into practice and re-evalu-
ation of the impact of evidence-based medicine 
(Figure 1). This paper describes research methods 
for assessing steps of the IML with the goal of 
improving knowledge translation and uptake of 
evidence-based medicine.

Evidence-based medicine has been de� ned as 
the process of systematically � nding, appraising, 
and using contemporaneous research � ndings as 
the basis for clinical decisions. Evidence-based 
medicine asks questions, � nds and appraises the 
relevant data, and harnesses that information for 
everyday clinical practice. Evidence-based medi-
cine follows four steps: formulate a clear clinical 
question from a patient’s problem; search the lit-
erature for relevant clinical articles; evaluate (criti-
cally appraise) the evidence for its validity and 
usefulness; implement useful � ndings in clinical 
practice (Rosenberg 1995)

The challenge of evidence-based medicine is 
to allow clinicians and consumers to quantify the 
impact of an intervention on individual patients. 
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The steps described in this paper facilitate the 
acknowledgment of patient values in evidence-
based decision making and the transfer of this 
knowledge to patients and clinicians.

Step 1: Burden of illness

The � rst step in the IML is to evaluate the burden 
of illness and assess the need for evidence-based 
tools. Arthritis and musculoskeletal disease are 
among the top 10 contributors to global burden of 
illness (World Bank Report 1996).

Step 2: Assessing effectiveness

To assess ef� cacy and toxicity in a clinical setting 
agreement on a core set of outcomes is essen-
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tial. The Outcome Measures in Rheumatology 
(OMERACT) conferences were initiated in 1987 
to help achieve international consensus on a core 
set of outcome measures. 

The OMERACT conferences assessed all 
available measures against the OMERACT Filter 
for validity, discriminate and feasibility (Boers 
1998). Each OMERACT conference consists of 
preconference mailouts and surveys that are used 
to gather opinions from the research community. 
At the conference, the focus is on small group dis-
cussion about areas of contention. The conferences 
end with interactive voting on consensus out-
comes. The � ve OMERACT conferences devel-
oped potential core sets for rheumatoid arthritis, 
osteoarthritis, osteoporosis, SLE, ankylosing 
spondylitis, longitudinal and observational stud-
ies and imaging criteria for rheumatology (Figure 

RCTs) are considered the highest level evidence 
for assessing ef� cacy in a clinical trial setting. 
However, there is increasing recognition that 
observational “real-life” studies are an important 
source of real-life safety and community effective-
ness. 

The Cochrane Collaboration was created to 
help clinicians, consumers and policy makers 
stay abreast of the latest literature by creating a 
database of up-to-date systematic reviews of all 
available controlled clinical trials. The Cochrane 
Musculoskeletal review group has now published 
over 50 systematic reviews of ef� cacy and toxicity 
of treatments for musculoskeletal disorders. These 
reviews can be used to rank-order treatments in 
terms of their effectiveness (Figure 3) (Tugwell 
2000).

The way in which evidence is presented affects 
the interpretation of results. A survey of physi-
cians found that presenting relative risks made an 
intervention appear more favourable. This survey 
of 100 physicians presented the effects of a choles-
terol-lowering drug as both absolute risk (prevents 
1 out of 71 people from having a heart attack) and 
as relative risk (33% fewer heart attacks with the 
drug). Of those surveyed, 88% chose to use the 
drug based on relative risk, but only 31% chose 
to use the drug when shown absolute risk (Oxman 
2000). 

One way tu handle to differences in interpreta-
tion is to show both relative and absolute risk 

OMERACT conferences
� OMERACT 1: WHO/ILAR core set for rheumatoid 
  arthritis trials 
� OMERACT 2: cost-effectiveness

� OMERACT 3: core sets osteoarthritis, osteoporosis; 
  psychosocial measures  
� OMERACT 4: core sets SLE, AS;

      core set for longitudinal & observational studies
      RA: response criteria, imaging

� OMERACT 5: Economics reference case, minimum 
      clinically important difference (MCID), Imaging, 
      Safety 

Summary of Cochrane Reviews of DMARDs

Swollen joint count – end of study-

Favours treatment  Favours control  

Drug

Cyclosporine
Cyclophosphamide
Etanercept
Antimalarials
IM Gold
Penicillamine
Methotrexate
Sulfasalazine
Leflunomide
Auranofin

0 0.5 1 1.5-0.5-1-1.5

Standardized mean difference & 95% C.I.

2). OMERACT has Task 
Forces which are working 
on achieving consensus 
for measurement of safety, 
assessment of minimal 
clinically important differ-
ence, quality of life and 
health economics. OMER-
ACT 6 (April 2002) had 
two modules: 1) Econom-
ics; and 2) Imaging/MRI.

To determine effective-
ness, both randomized 
controlled trials and obser-
vational “real-life” studies 
are needed . Randomized 
controlled trials (or system-
atic review of all available 

Figure 2. OMERACT conferences

Figure 3. Rank-ordering of disease-modifying anti-rheumatic drugs using Cochrane 
review estimates. 
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for all estimates of ef� cacy. Our group recently 
participated in the development of evidence-based 
clinical practice guidelines for selected rehabilita-
tion interventions. The evidence was identi� ed and 
synthesized using Cochrane Collaboration meth-
odology, then the results were presented as both 
relative percentage change and absolute change 
(Philadelphia Panel 2001) (Table 1). 

The Omeract Minimal Clinically important 
difference task force (Wells 2001) is working on 
de� ning methods for measuring outcomes that 
include relative, absolute and de� nition of state. 
This involves de� ning a ‘low disease activity state’ 
that can be considered as a goal for therapy. This 
target state would be de� ned by targets for each 
outcome or a set or core outcomes (eg number of 
tender joints, pain on VAS, ESR). This state could 
be used as a therapeutic goal and also as a discrete 
outcome in clinical trials (i.e. number of patients 
meeting the criteria for low disease activity). This 
topic has been discussed in workshop format at 
OMERACT 6.

Step 3: Assessing cost-effectiveness

Cost-effectiveness is increasingly important for 
regulatory approval of new, costly therapies for 
rheumatic diseases. It is essential to develop 
standards for economic studies in order to facili-
tate between study comparisons. The Omeract 
Economics Task Force is working towards devel-
oping a ‘reference case’ or standard methods for 
rheumatology economic studies (Gabriel 2001). 

The components of this reference case are: model 
horizon, duration of therapy, modeling beyond trial 
or therapy duration, synthesis of head to head data, 
outcome measures, valuation of health (includ-
ing QALYs), classi� cation of adverse events, 
discontinuation and compliance and therapeutic 
strategies vs single drugs. A draft version of this 
reference case was developed at a working meet-
ing in New York, February 2001 (Gabriel 2002). 
Omeract 6 (April 11–14, 2002) had a module on 
developing standards for economic studies. This 
module will focus on clinical outcomes and meth-
ods that are used to estimate the costs and bene� ts 
of rheumatology therapies. The goal is to allow 
greater comparability between different economic 
studies.

Step 4: Knowledge translation

Knowledge has been de� ned as information in 
the mind, in a context which allows it to be trans-
formed into action. Clinical recommendations are 
one way to incorporate evidence or knowledge 
into clinical practice. The development of recom-
mendations has evolved so that guidelines have 
been published on developing recommendations 
based on transparent, clear and rigorous methods 
(Shekelle 1999). 

Making evidence-based recommendations 
involves classifying both the strength of the 
evidence and the quality of the evidence avail-
able. Several methods have been developed for 
assessing the quality and strength of evidence 

Table 1. Presentation of both absolute and relative percentage change

Study Treatment  Outcome No of  Baseline  End of study  Absolute  Relative difference 
    group (scale) patients mean mean bene� t in change 
          from baseline

Frost 95 E: Strength,  Sensory  36 20.9 12.1 -5.30 (I)  -23% (I)
    stretch,  Pain     on 100 VAS
    aerobic exercises (0-100 VAS)   
    C: Control  35 25.6 22.1  

Hansen 93 E: Strength  Pain 44 5.0 4.1 -3.00 (I) on  -60% (I)
    exercises (0-9 VAS)    9 point Likert
    C: Control  28 5.0 7.1  

Risch 93 E: Strength,   Pain  31 3.4 2.9 -0.90 (I) on  -26% (I)
    stretch exercises (West-Haven     25 point scale
    C: Control Yale, 0-25) 23 3.7 4.1 
   
(I): indicates improvement better in treated group than control, negative or positive depending on anchors for the 
scales
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and presenting it to clinicians, policy-makers and 
consumers. 

The evidence-based BMJ books and Clinical 
evidence (www.clinicalevidence.org) use a 3 step 
rating system of A, B and C where A denotes 
evidence from a large RCT, systematic review 
or high quality “all or “none” cohort study (eg 
where all died/failed with conventional and some 
survived/succeeded; B denotes at least one high 
quality study of non-randomized cohorts who 
did/did not receive new therapy, high quality case 
control study or high quality case series; and C 
denotes opinions from experts (eg bench studies, 
� rst principles).

Another set of recent guidelines developed by 
our group for musculoskeletal disorders (Philadel-
phia Panel 2001) modi� ed the grading system of 
the Canadian Task Force on Preventive Medicine 
(Canadian Task Force 1986). This system grades 
both the quality of the evidence and the strength 
of the evidence (Table 2). In this system, the grade 
of recommendation re� ects the results as well as 
the quality of evidence on which this conclusion 
is based. For example, a grade A recommendation 
indicates that the intervention results in greater 
than 15% relative difference in change from 
baseline between treated and untreated groups, is 
statistically signi� cant and is based on high-level 
evidence from at least one randomized controlled 
trial.

The Ottawa Health Research Institute is a 
leader in developing consumer decision aids 
(www.ohri.ca). Work is ongoing to develop sys-
tems of explaining to consumers the quality of evi-

dence available. Cranney, O’Connor, Stacey and 
colleagues developed the “ribbons scale”, depicted 
in Figure 4. This rates evidence as “gold” (ran-
domized trials), “silver” (observational- weaker 
evidence) and “bronze” (expert opinion based on 
experience, knowledge of speci� c cases or reports) 
and “laboratory studies” (evidence that has not yet 
been tested in humans) (Figure 4).

Decision aids allow the target user (e.g. con-
sumer or clinician) to judge the bene� ts and 
risks based on the seriousness of the outcome, 
magnitude of treatment effect, precision of treat-
ment effect, risk of the target event, risk of serious 
adverse events and costs.  Decision aids allow the 
user to incorporate their values into the decision 
making process. Risks and bene� ts are presented in 
the way preferred by the target user. For example, a 
survey of 370 women taking HRT found that over 
60% of women preferred information about risks 
and bene� ts to be given as percentages (Michaud 
et al 1999). 

Ribbons: Example, alendronate

Cranney A, O’Connor A, Stacey D et al, Consumer decision aid for  
postmenopausal osteoporosis

1  Increase in bone density

1  Reduction in hip fracture
    risk

1  Reduction in spine 
    fracture risk

4–7 % over
2 years

40%

48%

8 / 8
studies

5 / 5
studies

6 / 6
studies

Gold #1

Gold #1

Gold #1

Figure 4. Ribbons scale example.

Table 2. Philadelphia Panel grading system for quality and strength of evidence

 Clinical importance Statistical  Study design
  signi� cance 

Grade A        >15% relative difference p<0.05 RCT (single or meta-analysis)
                      in change from baseline

Grade B        >15% relative difference p<0.05 CCT or observational (single or meta-analysis), with a 
                     in change from baseline  quality score of 3 or more the 5 point Jadad’s methodo-  
                       logic quality scale

Grade C+      >15% relative difference Not signi� cant RCT or CCT or observational     
                     in change from baseline  (single or meta-analysis)

Grade C        <15% relative difference Unimportant* Any study design
                     in change from baseline

Grade D        <0% (favours control)  Well-designed RCT with >100 patients
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“Making Choices: Hormones after Menopause” 
was one of the � rst Ottawa Health Research Insti-
tute decision aids. The risks and bene� ts are pre-
sented using � gures that depict the risk of events 
(Figure 5). This decision aid includes a patient 
worksheet that asks the user the give weights to 
their value of bene� ts and risks as well as to answer 
questions about who should make decisions and 
their current health practices and context. Sixteen 
decision aids developed by members of the Ottawa 
Health Decision Centre (OHDEC) are available on 
the OHRI website (www.ohri.ca).

The Cochrane Musculoskeletal Review Group 
is working with a very active consumer group 
to develop consumer lay summaries of all of the 
Musculoskeletal Cochrane reviews. These lay 

The Ottawa Ankle Rules are one example of 
a guideline that has been implemented with a 
structured approach to improve and assess its 
uptake by clinicians. The development team con-
ducted a use and attitudes survey to determine the 
need (N=1,831) (Stiell, McDowell et al. 1992), a 
regression approach to develop the Rules (N=750) 
(Stiell, Greenberg et al. 1992), implementation 
trial (N=2,342) (Stiell 1994), multicentre imple-
mentation (N=12,777) (Stiell 1995) and cost-effec-
tiveness analysis (Anis 1995). 

Steps 5 and 6: Monitoring and reassessment

To determine whether these methods of knowledge 
translation have been effective, the � fth and sixth 
steps of the IML need to be conducted, i.e. moni-

summaries follow the format of a 
structured abstract. The numerical 
risks and bene� ts are presented 
as percentage improvement to 
allow consumers to gauge the 
amount of bene� t they can expect 
with each therapy. These summa-
ries are available on the web at 
www.arthritis.ca.

Dissemination and implementa-
tion are the two most important 
steps if evidence-based guidelines 
and decision aids are to be trans-
ferred into daily use. Cochrane 
reviews of strategies to change 
physician behaviour have shown 
that mailed instructional material 
and lecture based CME are weak 
methods of changing behaviour. 
Targeting opinion leaders and 
using audit and feedback are 
moderately successful. The best 
methods of changing physician 
behaviour are using a reminder 
system, academic detailing and 
using more than one of the above 
approaches.  Several factors affect 
the likelihood of changing physi-
cian behaviour including: quali-
ties of the guidelines, the health 
care professional, practice setting, 
incentives, regulation, and patient 
factors. 

Figure 5. Hormone replacement therapy decision aid
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toring and reassessment. Outcomes for such evalu-
ation projects may relate to the process of care (e.g. 
use of hormone replacement therapy, prescribing 
patterns and use of radiography) or health care 
outcomes (e.g. fracture rates, cholesterol levels, 
costs). For example, an implementation study of 
the Ottawa Ankle Rules resulted in a 12% decrease 
in ankle radiography from 82.8% to 60.9% in 
community hospitals (Stiell 1995). Furthermore, a 
follow-up study of another implementation found 
that the reduced use of radiography was sustained 
after the implementation study (Verbeek 1997).

Conclusion

One of the greatest challenges for the development 
of evidence-based medicine is the continued devel-
opment of the friendly-front-end. This involves 
developing useable decision aids for different 
audiences. Towards this end, we are working on a 
BMJ book of evidence-based rheumatology. 

Methodology challenges include developing 
sound guidelines for the transfer of evidence-
based knowledge into practice and the translation 
of evidence that is easily understood and put into 
practice by our clinical colleagues, consumers and 
policy makers. Another challenge is the develop-
ment of rigorous methods for considering data 
from “real-life”, observational studies of clinical 
effectiveness.

One of the greatest challenges to improving the 
development of the research is to involve transdis-
ciplinary teams from the onset of the research from 
having consumers, clinicians, policy makers and 
health care decision makers at the table to eventu-
ally working with these target audiences in training 
initiatives that provide them with an environment 
where they are not only told results but actually 
taught to interpret and act upon these results and 
eventually turn evidence-based decision making 
into a reality for all.
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