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What is a systematic review?

• The application of a systematic methodological 
approach to limit bias in the acquisition, critical 
appraisal and synthesis of relevant studies on a 
specific topic

• May or may not include statistical pooling of 
outcome data (meta-analysis)



Why do systematic reviews?

• Limit bias associated with narrative reviews

• Treatment effects reported by clinical trials are 
often imprecise. Pooling improves precision

• Can explore for differential effects across 
subgroups.

What are some 
reasons you can 
come up with?



Narrative Review
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My Double-Blind Clinical Trial



What Features Define a Systematic 
Review?



1. A Sensible Research Question

• “We…conducted a systematic review and meta-
analysis of randomized controlled trials to determine 
the effect of LIPUS on bone fractures, with a focus on 
patient-important outcomes, in particular functional 
recovery.” 



2. A Comprehensive Search Strategy

• Two reviewers independently identified relevant RCTs, 
in any language, by a systematic search of CINAHL, 
EMBASE, MEDLINE, HealthSTAR, and the Cochrane 
Central Registry of Controlled Trials 

• Search terms: (fracture healing or bony callus or bone 
remod* or fracture*, closed or fracture*, open) AND
(ultrasonic therapy or ultrasonography)

• Bibliographies, contact with device manufacturer.



Eligibility Criteria
• Eligible trials met the 

following criteria: (1) 
random allocation of 
patients to LIPUS or 
a control; (2) 
inclusion of patients 
presenting with any 
form of bone 
fracture

• kappa=0.81



3. Risk of Bias Assessment*

• Concealment of allocation
• Blinding
• Loss to follow-up

* Author contact for any areas of uncertainty 



Risk of Bias Assessment
• Trial was described as “double-blind”

• Subtle differences in the treatment and sham devices suggest blinding may 
have been compromised



4. Exploration for Between-Study Differences

• We examined heterogeneity using both a chi-squared 
test and the I2 statistic

• We generated three a priori hypotheses to explain 
variability between studies: 

• fracture location
• Type of bone lesion
• technical specifications and application of trial ultrasound 

devices. 



Study Quality



Results
• All 13 RCTs reported surrogate outcomes 

(6 we could pool) The narrative 
review missed 
11 of 13 RCTs



Results

The higher 
quality evidence 

shows no 
evidence of 

benefit



Conclusions
• Narrative Review:

• “[There is] overwhelmingly positive clinical data supporting low-intensity 
pulsed ultrasound as a treatment for fracture repair”

• Systematic Review:
• “Evidence for the effect of low intensity pulsed ultrasonography on healing of 

fractures is moderate to very low in quality and provides conflicting results. 
Although overall results are promising, establishing the role of low intensity 
pulsed ultrasonography in the management of fractures requires large, 
blinded trials, directly addressing patient important outcomes such as return 
to function.”

18



Consider Another Review
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Dealing with Continuous Outcomes…
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Pain, 15cm VAS 
Pain, 100mm/10cm VAS 
Pain, VAS, 101-point scale 
Pain, VAS, 11-point scale 
Pain, VAS, 10-point scale 
Pain, 10-point scale 
Pain, 6-point scale 
Pain; 5-point scale 
Pain, 4-point scale 
Pain, VAS, scale not defined
Pain, scale not defined 
Arthritis Self-Efficacy Scale (ASES); Pain subscale
Arthritis Impact Measurement Scale-2 (AIMS2); Pain subscale
Arthritis Impact Measurement Scale (AIMS); Pain subscale
Numeric Rating Scale; 101-point scale (NRS) 
McGill Pain Questionnaire 
McGill Pain Questionnaire; Present pain intensity subscale 
McGill Pain Questionnaire; Sensory pain subscale 
McGill Pain Questionnaire; Pain rating index 
McGill Pain Questionnaire-Short Form 
McGill Pain Questionnaire-Short Form; Present pain intensity subscale 
McGill Pain Questionnaire-Short Form; Sensory pain subscale 
Multi-dimension Pain Inventory (MPI) 
Multi-dimension Pain Inventory; Pain intensity subscale 
Daily Pain, 21-point scale 
Daily Pain, 11-point scale 
Short Form-36; Bodily pain subscale 
Pain during previous week, 100mm/10cm VAS 
Pain during previous week, 21-point scale 
Pain during previous week; 5-point scale 
Pain during previous week; Global rating, Therapist-rated 
Overall Pain; 10-point scale 
Pain at Rest; 100mm/10cm VAS 
Pain at Rest; 10-point scale 
Average Pain; 100mm/10cm VAS 
Highest Pain; 100mm/10cm VAS 
Pain During Movement; 100mm/10cm VAS 
Pain During Movement; 10-point scale 

Regional Pain Scale 
Comprehensive Psychopathological Rating Scale; Aches and pains 
Chronic Pain Experience Inventory 
Present Pain Intensity Rating Scale 
Health Assessment Questionnaire; Pain Intensity 
Multidimensional Health Assessment Questionnaire; Pain subscale
Pain; Gracely scale, 21-point scale 
Achiness, VAS (0-100) 
Muscle Pain, 7-point scale 
Post Sleep Questionnaire; Pain, 7-point scale 
Nottingham Health Profile; Pain 
Muscular Pain 
Pain Intensity, scale not defined
Pain Intensity, composite of 2 items from the McGill Pain 
Questionnaire 
Generalized Pain, 10-point scale 
Specific Pain, 10-point scale 
CNS Dysfunction Questionnaire; Pain subscale 
Brief Pain Inventory (BPI); Pain severity, 10-point subscale 
Lower body pain intensity, 100mm/10cm VAS 
Upper body pain intensity, 100mm/10cm VAS 
Pain relief; 6-point scale 
Pain; Therapist-reported 
Comprehensive Psychopathological Rating Scale (CPRS); Pain subscale
Pain; Composite of 10cm VAS, AIMS and McGill Pain Questionnaire
Maastricht Utility Measurement Questionnaire; Pain, 5-point scale 
Pain intensity in last month, Percentage scale  
Pain intensity - Morning till breakfast, Percentage scale 
Pain intensity - Breakfast till lunch, Percentage scale 
Pain intensity - Lunch till dinner, Percentage scale 
Pain intensity - Dinner till bedtime, Percentage scale 
Pain intensity - Before falling asleep, Percentage scale 
Pain intensity - During everyday activities, Percentage scale 
Clinician’s Pain Score 
Polyalgia, 4-point scale; Clinician-reported 
Euroqol-5D (EQ-5D); Pain/discomfort subscale  
Severity of Pain, Ache and Stiffness, 7-point scale 
Morning aching (presence of) 



Pooling Continuous Data
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The pooled effect on 
pain relief, vs. placebo, 
was:

SMD –0.60, 
95% CI –0.69 to –0.50

Less than 20% of the 531 
physician respondents could 
correctly interpret a 
weighted mean difference 
for pain relief.



The Impact of Patient 
Heterogeneity on the SMD

When patients 
are very similar

When patients 
are different



Risk of Bias
• All trials were at risk of bias for at least 1 domain:

• 53% adequately generated their randomization sequence
• 50% adequately concealed allocation
• 88% blinded patients
• 88% blinded caregivers
• 87% blinded data collectors
• 85% blinded outcome assessors
• 6% included a blinded data analyst
• 24% had less than 20% missing outcome data
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Do We Need to Rate Down for RoB? 
• Two approaches:

• YES - best evidence synthesis

• Not Always
• Subgroup analysis may explain heterogeneity
• If so, we can restrict presentation to studies not effected by risk of bias
• If LTFU or other RoB features do not provide systematically different Tx effects, we can 

assume the risk of bias was not realized
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Exploring Heterogeneity
• We looked at all RCTs that explored an oral or transdermal opioid vs. 

any non-opioid comparator for chronic non-cancer pain

• Subgroup analyses & meta-regression:
• risk of bias (on an item-by-item basis), 
• enriched enrollment vs. non-enrichment trials, 
• receipt of disability benefits/litigation vs. not,
• parallel vs. cross-over trial design, 
• type of clinical condition,
• reported vs. converted change scores for treatment effects,
• length of follow-up, 
• opioid dose, or
• combination opioid and acetaminophen products vs. opioids alone.
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Length of Follow-up
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Test of 
interaction, 

p=0.04



Clinical Condition Subgroups
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Test of 
interaction, 

p=0.45



Clinical Condition Subgroups
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Test of 
interaction, 

p=0.18



Clinical Condition Subgroups
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Test of 
interaction, 

p=0.13



Summary of Subgroup Analyses
• Change score reported vs. converted (p=0.11)
• Length of follow-up (less than 3mo vs. 3+mo) (p=0.04)
• Neuropathic vs. non-neuropathic (p=0.13)
• Adequate randomization (p=0.37)
• Allocation concealment (p=0.99)
• Blinding of patients (NA, 79/80 blinded)
• Blinding of healthcare providers (p=0.96)
• Blinding of outcome assessors (p=0.38)
• Blinding of data analysts (p=0.36)
• Parallel vs. cross-over (p=0.24)
• Enriched enrollment vs. not (p=0.52)
• Opioid alone vs. combination product (p=0.73) 31

Will you rate 
down for RoB?



Multiple meta-regression
Factor No. of studies coefficient 95%CI P-value

Lower limit Upper limit

Neuropathic 
vs. not

univariable

76

-0.076 -0.174 0.022 0.127

multivariable -0.050 -0.147 0.046 0.303

Length of 
follow-up

univariable 0.006 0.002 0.010 0.006

multivariable 0.005 0.001 0.009 0.014
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Which 
subgroup 

effect is more 
believable?
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• 1 of 42 favors placebo

• 35 of 42 (83%) overlap 
with the pooled effect

0% to 40%: might not be important;

30% to 60%: may represent moderate 
heterogeneity;

50% to 90%: may represent substantial 
heterogeneity;

75% to 100%: considerable heterogeneity

Will you rate 
down for 

heterogeneity?

• [X] quality evidence from 42 RCTs 
that followed patients for ≥3 months 
(16,617 patients) found that opioids 
were associated with a reduction in 
pain vs. placebo (WMD -0.69 cm on 
a 10 cm VAS for pain, 95%CI -0.82 to 
-0.56; MID is 1cm)

• Modelled RD for achieving the MID 
is 12%, 95%CI 10% to 14%



Conclusions
• Systematic reviews have important advantages over narrative reviews

• However, systematic reviews can be done well or poorly – and even if 
done well can present results in a way that challenges interpretation:

• Did they ask a sensible research question?
• Was their literature search comprehensive & reproducible?
• Did they properly assess risk of bias among individual studies?
• Did they explore inconsistency, and try to explain heterogeneity?
• Was the magnitude of effect important?

• Overall rating of quality of evidence (GRADE)
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