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ABSTRACT 

Symptomatic spinal disorders affect a large proportion of the population 

and are associated with substantial morbidity, social burden, and 

economic impact. Spine surgery interventions can provide excellent 

results in carefully selected patients whose symptoms fail to improve with 

non-operative management, but an evidence-based approach is 

paramount to optimize outcomes and rigorous standards of health 

research methodology are critical to avoid misleading conclusions. This 

thesis aimed to investigate and apply modern innovations in health 

research methodology to the field of spine surgery. It consists of seven 

chapters divided between three sections: randomized controlled trials, 

observational studies, and systematic reviews and meta-analyses. By 

applying the findings of each chapter, clinicians, researchers, and other 

evidence users can advance the credibility of future research and enhance 

the care of patients with spinal disorders. 
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INTRODUCTION 

Symptomatic spinal disorders affect a large proportion of the population 

and are associated with substantial morbidity, social burden, and 

economic impact [1–5]. Spine surgery interventions can provide excellent 

results in carefully selected patients whose symptoms fail to improve with 

non-operative management, but an evidence-based approach is 

paramount to optimize outcomes [6–8]. Publication rates of clinical 

research in spine surgery have increased dramatically in recent decades 

[9–14] and this progress has led to important advances in knowledge, 

surgical skills, and patient care, but many important gaps remain. 

Rigorous standards of health research methodology are critical to avoid 

misleading conclusions and inform clinical practice [6,12,15,16].    

 

This principal objective of this thesis was to investigate and apply modern 

innovations in health research methodology to the field of spine surgery.  

In doing so, it aimed to advance the credibility of future research, support 

the clinical practice of spine surgeons, and optimize the care of patients 

with spinal disorders. This thesis consists of seven chapters divided 

between three sections: randomized controlled trials, observational 

studies, and systematic reviews and meta-analyses.  
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Chapters 1 and 2 address health research methodology issues related to 

randomized controlled trials in spine surgery. Chapter 1 presents a 

systematic survey that determined the robustness of statistically significant 

results from RCTs of spine surgery interventions according to the Fragility 

Index, which is the minimum number of patients in a trial whose status 

would have to change from a nonevent to an event to change a 

statistically significant result to a non-significant result [17]. This chapter 

advances current knowledge by showing that statistically significant results 

in spine surgery RCTs are frequently fragile, that the addition of only a 

small number of outcome events can completely eliminate significance, 

and that Fragility Index values are often eclipsed by losses to follow-up. 

We conclude that readers should exercise caution when interpreting the 

findings from RCTs with low Fragility Index values.  

 

Chapter 2 presents a Users’ Guide to the interpretation and application of 

randomized controlled trials that address surgical and other non-

pharmacological therapies [15]. Because surgical and other non-

pharmacological therapies require clinicians to develop and maintain 

procedural expertise, and because blinding in randomized controlled trials 

of such therapies is often challenging, their critical appraisal raises unique 

issues. These issues have not been previously applied to a conceptual 

framework suitable for clinicians to understand. This Users’ Guide, in 
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addressing these issues, discusses the importance of remote 

randomization systems, blinding, sham-controlled trials, split-body trials, 

expertise-based trials, and mechanistic versus practical trials. 

 

Chapters 3 and 4 address health research methodology issues related to 

observational studies in spine surgery. Chapter 3 presents a propensity 

score-matched cohort study from a Canadian multi-center spinal cord 

injury registry to evaluate methylprednisolone for the treatment of patients 

with acute spinal cord injuries [18]. This chapter advances current 

knowledge by considering how patients’ neurological levels of injury and 

the baseline severity of their impairments might be important prognostic 

factors and it discusses potential strengths and limitations of using 

propensity score matching in comparison to other approaches.  

 

Chapter 4 presents a scoping review performed to identify knowledge 

gaps and direct future research in the complex field of spinal deformity 

surgery [13]. This chapter demonstrates the dominance of observational 

studies in spinal deformity research and highlights that although there 

exists a broad body of research to guide surgeons managing patients with 

scoliosis, higher-quality studies are necessary to specifically investigate 

surgical indications, surgical approaches, surgical techniques, and implant 

selection. Scoping reviews have not been implemented previously in the 
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spine surgery literature, so this chapter also discusses their utility and 

clarifies how they differ from systematic reviews and narrative reviews.   

 

Chapters 5, 6, and 7 relate to systematic reviews and meta-analyses in 

spine surgery. Chapter 5 used a methodological perspective to show how 

systematic reviews and meta-analyses have become increasingly popular 

in spine surgery but are frequently conducted and presented with limited 

credibility [12]. We discuss that researchers can improve future meta-

analyses through exhaustive literature searches, addressing possible 

explanations of heterogeneity, presenting results in a clinically useful 

manner, reproducibly selecting and assessing primary studies, addressing 

confidence in the pooled effect estimates, and adhering to reporting 

guidelines.  

 

Chapters 6 and 7 apply concepts from chapter 5 in meta-analyses of 

methylprednisolone for the treatment of patients with acute spinal cord 

injuries and intrawound vancomycin to prevent post-operative surgical site 

infections, respectively [19,20]. Chapter 6 complements work from chapter 

3 because it addresses the same clinical intervention and places our 

results in context of the totality of the literature.  
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Section I: Randomized Controlled Trials 
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Chapter 1 

 

The fragility of statistically significant findings from randomized 

trials in spine surgery: a systematic survey 
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findings from randomized trials in spine surgery: a systematic survey; 
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Clinical Study

The fragility of statistically significant findings from randomized trials
in spine surgery: a systematic survey

Nathan Evaniew, MDa,b,*, Carly Files, BSca, Christopher Smith, MSca,
Mohit Bhandari, MD, PhD, FRCSCa,b, Michelle Ghert, MD, FRCSCa,

Michael Walsh, MD, MSc, PhD, FRCPCb, Philip J. Devereaux, MD, PhD, FRCPCb,
Gordon Guyatt, MD, MSc, FRCPCb

aDivision of Orthopaedics, Department of Surgery, McMaster University, Hamilton, Ontario, Canada
bDepartment of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton, Ontario, Canada

Received 28 January 2015; revised 27 April 2015; accepted 1 June 2015

Abstract BACKGROUND CONTEXT: Randomized controlled trials (RCTs) are the most trustworthy
source for evaluating treatment effects, but RCTs of spine surgery interventions often produce dis-
cordant results. The Fragility Index is a novel metric to inform about the robustness of statistically
significant results.
PURPOSE: The aim was to determine the robustness of statistically significant results from RCTs
of spine surgery interventions.
STUDY DESIGN/SETTING: This was a systematic survey.
PATIENT SAMPLE: The sample included RCTs of spine surgery interventions.
OUTCOME MEASURES: The Fragility Index is the minimum number of patients in a trial whose
status would have to change from a nonevent to an event to change a statistically significant result to
a nonsignificant result. Events refer to the occurrence of any dichotomous outcome, such as success-
ful fusion, incident fracture, adjacent segment degeneration, or achievement of a certain functional
score. A small Fragility Index indicates that the statistical significance of a result hinges on only a
few events, and a large Fragility Index increases one’s confidence in the observed treatment effects.
METHODS: We systematically reviewed a database for evidence-based orthopedics and identified
all the RCTs that reported at least one positive outcome (ie, p!.05). Two reviewers independently
assessed eligibility and extracted data. We used the Fisher exact test to compute Fragility Index val-
ues and multivariable linear regression to evaluate potential associated factors.
RESULTS: We identified 40 eligible RCTs with a median sample size of 132 patients (interquar-
tile range [IQR] 79–208) and a median total number of outcome events for the chosen outcome of
31 (IQR 13–63). The median Fragility Index was two (IQR 1–3), which means that adding two
events to one of the trial’s treatment arms eliminated its statistical significance. The Fragility Index
was less than or equal to three events in 75% of the trials, and was less than or equal to the number
of patients lost to follow-up in 65% of the trials. Fragility Index values correlated positively with
total sample size (r50.35; p!.05). When adjusted for losses to follow-up and risk of bias, increas-
ing Fragility Index values were associated only with increasingly significant reported p values
(p!.01).
CONCLUSIONS: Statistically significant results in spine surgery RCTs are frequently fragile.
The addition of only a small number of outcome events can completely eliminate significance.
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http://dx.doi.org/10.1016/j.spinee.2015.06.004
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Surgeons, researchers, and other evidence users should exercise caution when interpreting the find-
ings from RCTs with low Fragility Index values and applying these results to patient care. ! 2015
Elsevier Inc. All rights reserved.

Keywords: Spine surgery; Randomized controlled trials; Outcomes; Statistical significance; Fragility Index; Clinical
epidemiology

Introduction

The most trustworthy results for addressing the impact
of treatment effects and establishing causality come from
rigorously conducted and adequately powered randomized
controlled trials (RCTs), but RCTs of spine surgery inter-
ventions often provide discordant results [1]. Although
each of study quality, sample size, and conflicts of interest
have been previously explored as potential associated fac-
tors, little attention has focused on the importance of the
number of outcome events in each arm [2–6]. Trials with
small numbers of outcome events are at risk of producing
implausibly large treatment effects, particularly when their
sample sizes are also small [7,8].

The Fragility Index was recently developed as a
novel metric to describe the robustness of statistically
significant results, and it is intended to complement p
values and 95% confidence intervals (CIs) [9]. The
Fragility Index for a given study is defined as the minimum
number of patients in the trial group with fewer outcome
events whose status would have to change from a nonevent
to an event to change a statistically significant result to a
nonsignificant result. Events refer to the occurrence of
any dichotomous outcome, such as successful fusion,
incident fracture, adjacent segment degeneration, or
achievement of a certain functional score. A small Fragility
Index indicates that the statistical significance of a result
hinges on only a few events, and a large Fragility Index
increases one’s confidence in the observed treatment
effects.

For example, consider an RCT in which 100 patients
with symptomatic spinal stenosis were randomized to either
surgical treatment with a minimally invasive interspinous
spacer or conventional open decompression [10]. In this tri-
al, 13 patients in the interspinous spacer group underwent a
subsequent reoperation in comparison to three patients in
the conventional open decompression group. This differ-
ence was statistically significant (p5.04), but it would have
been completely insignificant if just two additional patients
in the conventional open decompression group had also
undergone a reoperation (p5.07). Thus, the Fragility Index
for this outcome is two events.

Investigators can apply the Fragility Index to any dichot-
omous outcome in a 1:1 parallel design RCT, and its appli-
cation does not require specialized statistical expertise. In
their review of 399 randomized trials from high-impact
medical journals, Walsh et al. [9] reported a median Fragil-
ity Index of eight events; 24% percent of the included trials

had a Fragility Index of three or less, and 53% had a Fra-
gility Index less than the number of patients lost to fol-
low-up.

Given that many trials in spine surgery are characterized
by small sample sizes and few events [5,6,11], our primary
objective was to determine the robustness of statistically
significant results in RCTs of spine surgery interventions
by systematically applying the Fragility Index. Our secon-
dary objective was to identify potential factors associated
with the Fragility Index.

Methods

Eligibility criteria

We performed a systematic survey of RCTs of spine sur-
gery interventions published from January 2009 to Septem-
ber 2014. We included all trials that reported in their
abstract at least one statistically significant dichotomous
outcome (ie, p value!.05 under a null hypothesis that no
difference existed or a 95% CI that excluded a null value),
were randomized according to a 1:1 parallel two-arm
design, and examined a preoperative, intraoperative, or
postoperative intervention in patients undergoing spine
surgery.

Identification of studies

We identified potential trials using a systematic database
for evidence-based orthopedics [12]. The database search
strategy includes search terms that identify relevant RCTs
published in orthopedic surgery journals, neurosurgery
journals, and general medical journals without any lan-
guage restrictions (Appendix 1). The database search
strategy is executed at the beginning of each month using
MEDLINE, and its contents have been kept updated from
January 1, 2009 onward. We queried the database on
September 11, 2014, and two reviewers independently
screened the titles and abstracts of all studies using piloted
electronic forms. Reviewers resolved discrepancies through
discussion of the rationale for their decisions.

Assessments of risk of bias and data extraction

Two reviewers independently assessed trial-level risk of
bias and extracted study outcome data using piloted elec-
tronic forms. Risk of bias was assessed using the Cochrane
Collaboration Risk of Bias tool [13], which includes items

2189N. Evaniew et al. / The Spine Journal 15 (2015) 2188–2197
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for each of: sequence generation; allocation concealment;
blinding of surgeons, patients, and outcome assessors; los-
ses to follow-up and missing data; selective outcome re-
porting; and other bias, such as expertise bias [5,14].

For each included RCT, we extracted outcome data for
one statistically significant dichotomous outcome that was
identified from the abstract. For trials that reported more
than one eligible outcome in their abstracts, we chose the
primary outcome whenever possible, and otherwise chose
the most patient-important secondary outcome according
to the Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach for distinguish-
ing between outcomes that are critical for decision
making, important but not critical, or of low importance
[15].

Extracted data for each outcome included: journal
name; publication year; funding source; sample size for
each arm; losses to follow-up for each arm; number of
events for each arm; reported p value or 95% CI; statistical
test used; and whether outcomes were primary or secon-
dary, composite, adjusted, or time-to-event. We also re-
corded the 2013 Thomson Reuters Journal Impact Factor
and the most recent Science Citation Index for each trial.
The Science Citation Index is a metric of citation fre-
quency that reflects the cumulative number of citations to

source items indexed within the Web of Science Core Col-
lection [16].

Application of the Fragility Index

We calculated the Fragility Index for each outcome
using two-by-two contingency tables according to the
method described by Walsh et al. [9]. We first recalculated
the p value for each outcome using the two-sided Fisher
exact test. We then iteratively added events to the group
with the smaller number of events while subtracting
nonevents to keep the total number of patients constant.
The smallest number of additional events required to obtain
a p value equal to or greater than .05 represented the
Fragility Index.

Statistical analysis

We report discrete variables as counts or proportions,
normally distributed continuous variables as means with
standard deviations, and skewed continuous variables as
medians with interquartile ranges (IQRs). We quantified in-
terobserver agreement for the reviewers’ assessments of
study eligibility using the Cohen kappa coefficient and
interpreted kappa values according to Landis and Koch
as: 0, poor; 0.01 to 0.20, slight; 0.21 to 0.40, fair; 0.41 to
0.60, moderate; 0.61 to 0.80, substantial; and 0.81 to
1.00, almost perfect [17]. We used multivariable linear
regression to evaluate characteristics associated with great-
er fragility, with a logarithmic transformation applied to p
values. We evaluated direct correlations using the Pearson
correlation coefficient. All tests of significance were two-
tailed, and p values less than .05 were considered signifi-
cant. All analyses were performed using Microsoft Excel
(Microsoft, Santa Rosa CA, USA; 2011) and SPSS version
21 (IBM, Chicago, IL, USA; 2012).

Results

Study selection

Our database query yielded 2,335 potential studies.
Screening of titles and abstracts and review of full texts led
to the final inclusionof 40RCTsof spine surgery interventions
(Table 1; Fig. 1). Of the 2,295 excluded studies, 149 were not
randomized according to a 1:1 parallel design, and 203 had
statistically significant dichotomous outcomes but were not
related to spine surgery. Agreement between the two re-
viewers for eligibility was substantial (kappa50.70).

Characteristics of trials and outcomes

The median sample size of the included trials was 132
(IQR 79–208), and the median total number of losses to
follow-up was 5 (IQR 0–26; ie, 3.8% of the patients were
lost to follow-up across trials; Table 2). The median journal
impact factor was 2.4 (IQR 2.4–2.5), and the median

Context
The authors present their work regarding the fragility of
recent randomized controlled trials (RCTs) in spine sur-
gery. This study was performed as a systematic review
with 40 eligible studies with median samples of 132
patients.

Contribution
The authors found that, on average, an addition of only
two events to a trial’s treatment arm would result in a
change in statistical significance. The Fragility Index
was less than or equal to three events in 75% of the
RCTs, while it was less than or equal to the number of
patients lost to follow-up in 65% of the included trials.

Implications
The results presented here are valuable in that they show
why RCTs in spine surgery may not represent best avail-
able evidence in terms of translation and clinical effi-
cacy. Readers should recognize that the findings
presented in this work are limited to the 40 studies that
the authors’ considered, and certainly the study’s find-
ings have no implications for forthcoming RCTs that
have yet to be published.

—The Editors
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Table 1
Included randomized controlled trials; n540 trials

Authors Year Intervention Outcome
Sample
size

Total
events

Fragility
Index

Bai et al. [40] 2012 Electronic conductivity device
for pedicle screw placement in scoliosis

Pedicle perforation 694 62 21

Berg et al. [41] 2009 Total disc replacement versus lumbar fusion Outcome of totally pain-free 152 35 1
Bible et al. [42] 2013 Covered versus uncovered implant trays Implant contamination 105 10 1
Blasco et al. [43] 2012 Vertebral augmentation for osteoporotic

vertebral compression fractures
Fracture 125 25 0

Burkus et al. [44] 2010 Cervical disc arthroplasty versus anterior
cervical discectomy and fusion

Neurologic improvement
or maintenance

541 416 5

Chen et al. [45] 2013 Titanium versus polyetheretherketone cages
in cervical spondylotic myelopathy

Outcome of ‘‘excellent or good’’ 80 39 0

Cheng et al. [46] 2009 Posterior lumbar interbody fusion in spondylolisthesis Complications 138 6 1
Cheng et al. [47] 2011 Cervical disc arthroplasty versus anterior

cervical discectomy and fusion
Dysphagia 83 8 0

Coric et al. [48] 2011 Cervical disc arthroplasty versus anterior
cervical discectomy and fusion

Overall success (composite) 269 183 3

Dimar et al. [49] 2009 rhBMP-2 For instrumented posterolateral lumbar fusion Fusion 463 337 2
Engquist et al. [50] 2013 Surgery versus nonsurgical treatment of

cervical radiculopathy
Outcome of ‘‘better/much better’’ 68 47 1

Farrokhi et al. [51] 2011 Vertebral augmentation for osteoporotic
vertebral compression fractures

Fracture 82 7 0

Gauger et al. [52] 2009 Epidural analgesia after pediatric posterior spinal fusion Requirement of diazepam 38 24 2
Hart et al. [53] 2014 Allograft with bone marrow concentrate for

posterolateral lumbar fusion
Fusion 80 48 7

He et al. [54] 2014 Pedicle screw techniques for posterolateral lumbar fusion Adjacent segment degeneration 210 110 6
Hiller et al. [55] 2012 Acetaminophen after spine surgery in children

and adolescents
Pain score$6 36 20 0

Hurlbert et al. [56] 2013 rhBMP-2 For instrumented posterolateral lumbar fusion Fusion 207 127 39
Jiya et al. [57] 2009 Nonresorbable versus resorbable fusion devices Fusion 26 18 1
Kallmes et al. [58] 2009 Vertebral augmentation for osteoporotic

vertebral compression fractures
Crossover between interventions 131 41 14

Klazen et al. [59] 2010 Vertebral augmentation for osteoporotic
vertebral compression fractures

Further height loss 202 46 15

Korovessis et al. [60] 2013 Vertebral augmentation for osteoporotic
vertebral compression fractures

Leakage 185 16 0

L€ofgren et al. [61] 2010 Trabecular metal in anterior cervical
fusion for degenerative disease

Fusion 80 63 2

Murrey et al. [62] 2009 Cervical disc arthroplasty versus anterior
cervical discectomy and fusion

Secondary surgery 209 11 0

Nagahama et al. [63] 2011 Alendronate after posterior lumbar interbody fusion Fusion 40 29 1
Nandyala et al. [64] 2014 Silicate-substituted calcium phosphate versus rhBMP-2 Fusion 52 41 1
O’Neill et al. [65] 2014 Bupivacaine after iliac crest bone graft harvest Meeting expectations for surgery 40 28 2
Ohtori et al. [66] 2011 Local bone graft versus iliac crest bone graft Presence of pain 82 6 2
Phillips et al. [67] 2013 Cervical disc arthroplasty versus anterior

cervical discectomy and fusion
Overall success (composite) 416 240 1

Pitzen et al. [68] 2009 Cervical plating with dynamic versus rigid plates Implant complications 132 4 1
Putzier et al. [69] 2009 Allogenic versus autologous cancellous bone graft Fusion 44 13 1
Ringel et al. [70] 2012 Robot-assisted placement of lumbar and

sacral pedicle screws
Good screw position 298 266 2

Roh et al. [71] 2014 Palonosetron versus ramosetron for preventing
nausea and vomiting

Postoperative nausea and vomiting 196 115 3

Ruetten et al. [72] 2009 Full-endoscopic interlaminar approach for
lumbar lateral recess stenosis

Complications 192 8 1

Sasso et al. [73] 2011 Cervical disc arthroplasty versus anterior cervical
discectomy and fusion

Overall success (composite) 582 254 6

Sk€old et al. [74] 2013 Total disc replacement versus lumbar fusion Outcome of totally pain-free 152 41 5
Str€omqvist et al. [10] 2013 Interspinous process spacer versus decompression

for neurogenic claudication
Secondary surgery 100 16 2

Thalgott et al. [75] 2009 Frozen versus freeze-dried allograft in anterior
lumbar interbody fusion

Pseudarthrosis 50 7 1

Wu et al. [76] 2010 Computer-assisted placement of thoracic pedicle screws Pedicle perforation 176 18 3
Yang et al. [77] 2012 Vertebral augmentation and chemotherapy for

multiple myeloma fractures
Overall response (composite) 76 44 0

Zigler et al. [78] 2014 Cervical disc arthroplasty versus anterior cervical
discectomy and fusion

Secondary surgery 228 9 2
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Science Citation Index was 9 (IQR 2.5–20). Among the in-
cluded trials, sequence generation was at low risk of bias in
24 (60%), and allocation concealment was at low risk of
bias in 15 (38%). Investigators blinded surgeons in 5
(13%), patients in 6 (15%), and outcome assessors in 17
(43%; Table 3).

Of the 40 outcomes chosen, 23 (58%) were primary and
17 (42%) were secondary. Reported p values for each
outcome were less than .05 but greater than or equal to
.01 for 26 (45%), less than .01 but greater than or equal
to .001 for 9 (28%), and less than .001 for 5 (8%). Seven
outcomes (18%) were composites, one was based on a
time-to-event analysis, and none were adjusted. The
median total number of events for each outcome was 31
(IQR 13–63).

Fragility Index

The median Fragility Index for the 40 evaluated out-
comes was two events (IQR 1–3; Fig. 2), which means
that adding two events to one of the trial’s treatment arms
eliminated its statistical significance. Eight outcomes
(20%) had a Fragility Index of zero because they lost their

statistical significance when we initially recalculated their
p values using the two-sided Fisher exact test. All eight of
these were originally analyzed using a chi-square test.
The Fragility Index was less than or equal to three events
in 30 (75%) studies and less than or equal to the total
number of patients lost to follow-up for 26 (65%)
outcomes.

Table 4 summarizes the median Fragility Index values ac-
cording to subgroups based on outcome type, sample size,
number of events, losses to follow-up, funding, and p values.
Fragility Index values correlated positively with total

Fig. 1. Flow of articles through screening and reasons for exclusion. RCT,
randomized controlled trial.

Table 2
Characteristics of included randomized controlled trials; n540 trials

Characteristic Number of studies (%)

Year of publication
2009 11 (28)
2010 4 (10)
2011 6 (15)
2012 5 (13)
2013 8 (20)
2014 6 (15)

Journal
Spine 15 (38)
European Spine Journal 7 (18)
Journal of Neurosurgery: Spine 5 (13)
Journal of Bone and Joint Surgery 2 (5)
Other 11 (28)

Industry funding
Yes 12
No 17
Not reported 11

Table 3
Risk of bias of included randomized controlled trials; n540 trials

Item Yes (%) No (%) Unclear (%)

Was the allocation sequence
adequately generated?

24 (60) 1 (3) 15 (38)

Was allocation adequately
concealed?

15 (38) 3 (8) 22 (55)

Blinding surgeons: was
knowledge of the allocated
interventions adequately
prevented?

5 (13) 33 (83) 2 (5)

Blinding patients: was
knowledge of the allocated
interventions adequately
prevented?

6 (15) 20 (50) 14 (35)

Blinding outcome assessors:
was knowledge of the
allocated interventions
adequately prevented?

17 (43) 12 (30) 11 (28)

Were losses to follow-up
(missing outcome data)
accounted for?

34 (85) 4 (10) 2 (5)

Are reports of the study free
of suggestion of selective
outcome reporting?

39 (98) 0 1 (3)

Was the study free of any
other potential bias (such
as expertise bias)?

28 (70) 2 (5) 10 (25)

Fig. 2. Distribution of Fragility Index values from 40 trials. The median
number of patients whose status would have to change from a nonevent
to an event to change a statistically significant result to a nonsignificant re-
sult was 2 (IQR 1–3). IQR, interquartile range.
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sample size (r50.35; p!.05). However, when adjusted for
losses to follow-up and risk of bias, increasing Fragility In-
dex values were associated only with increasingly signifi-
cant reported p values (p!.01; Table 5). The median
Fragility Index of the five trials that reported p values less
than .001 was seven events (IQR 3–15). Fragility Index
values did not correlate significantly with journal impact
factors, cumulative citation rates, or any of the individual
component risk of bias items.

Discussion

Across 40 RCTs of spine surgery interventions, we
found that adding as few as two outcome events com-
pletely eliminated the statistical significance of the trial.
The number of events required to eliminate statistical sig-
nificance was less than or equal to the total number of pa-
tients lost to follow-up for 65% of outcomes and was

associated only with increasingly significant p values
when adjusted for sample size, losses to follow-up, and
risk of bias.

Strengths and limitations

Eight outcomes had a Fragility Index of zero events be-
cause they lost their statistical significance when we recal-
culated their p values using the two-sided Fisher exact test.
We recalculated p values using the two-sided Fisher exact
test for all outcomes to allow standardized assessments of
robustness independent of the statistical test chosen. The
Fisher exact test is an alternative to the Pearson chi-
square test for comparing proportions in a two-by-two con-
tingency table and is more conservative than the Pearson
chi-square test for most situations [18,19]. Moreover, the
Fisher exact test is valid for all sample sizes, and it is the
preferred approach when sample sizes are small or outcome
events are uncommon (as was the case for the trials in our
study).

We used an existing database of trials with a search
strategy limited to MEDLINE. Hopewell et al.[20] showed
that searching MEDLINE alone can miss up to 45% of eli-
gible trials in systematic reviews, and some experts recom-
mend the combination of MEDLINE, Embase, and the
Cochrane Central Register of Controlled Trials as a mini-
mum search requirement for most clinical questions [13].
However, the database search strategy specifically targeted
the four highest impact journals in spine research and the
highest impact journals in orthopedic surgery and general
medicine, and trials with larger sample sizes are most often
published in higher impact journals [21]. Given that we
demonstrated a correlation between sample size and Fragil-
ity Index, the potential exclusion of smaller trials from low-
er impact journals could have biased our results toward
higher Fragility Index values.

Our small number of included trials may have resulted in
underestimates of the potential associations between the
Fragility Index and trial characteristics. However, this
seems unlikely to be important given that our results are
consistent with earlier findings in the medical literature [9].

Relation to prior work

This study is the first to report Fragility Index values
from RCTs of spine surgery interventions. There are many
challenges to the design and conduct of RCTs in spine sur-
gery, and surgical trials in general have historically been
characterized by small sample sizes with few outcome
events [22]. We identified a median sample size of 132 pa-
tients and a median number of events per outcome of 31,
both of which are substantially smaller than the median
sample size of 682 patients and median number of events
per outcome of 112 that Walsh et al. [9] reported in their
analysis of 399 trials from high-impact medical journals.
Accordingly, we found a median Fragility Index of just

Table 4
Application of the Fragility Index across outcomes

Characteristic Median Fragility Index (IQR)

All outcomes (n540)
Primary outcomes (n523) 2 (1–6)
Secondary (n517) 1 (0–2)
Composite (n57) 2 (2–5)
Time-to-event (n51) 1 (1–1)

Total sample size
26 to 76 (n510) 1 (1–2)
80 to 131 (n510) 1 (0–2)
132 to 207 (n510) 2 (1–5)
209 to 694 (n510) 3 (2–6)

Total number of events
4 to 12 (n510) 1 (1–2)
13 to 29 (n510) 1 (0–2)
32 to 62 (n510) 3 (1–13)
63 to 337 (n510) 3 (2–5)

Losses to follow-up
!20% (n515) 3 (1–6)
$20% (n525) 1 (1–2)

Industry funding
Present (n512) 2 (1–7)
Absent (n528) 1 (1–3)

p Value
!.05 to .01 (n526) 1 (1–2)
!.01 to .001 (n59) 6 (2–8)
!.001 (n55) 7 (3–15)

IQR, interquartile range.

Table 5
Associations between characteristics of outcomes and Fragility Index. A
logarithmic transformation was applied to the p values

Variable Coefficient
95%
CI—lower

95%
CI—upper Significance

Losses to follow-up !0.02 !0.07 0.04 0.51
Risk of bias 0.75 !1.07 2.56 0.41
p Values !2.05 !3.19 !.90 !.01
Sample size 0.01 0.00 0.03 0.07

CI, confidence interval.
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two events (IQR 1–3), which is also lower than their re-
ported median Fragility Index of eight events (3–18).

Other investigators have considered the robustness of
statistical significance in RCTs using similar techniques.
Concepts similar to the Fragility Index were previously
published by Pocock in 1985 [23], Feinstein in 1990 [24],
and Walter in 1991 [25]. More recently, Tornetta III et al.
[26] incrementally added or subtracted events from one
group in their review of 118 RCTs and 80 observational
studies in the orthopedic fracture care literature. They
found that a median of four event changes (range: 1–340)
was required to lose significance, whereas a median of five
(range: 1–40) was required to make previously nonsignifi-
cant results significant. We suggest that the Fragility Index
as previously reported and defined is the preferable
approach because it allows total sample size to remain con-
stant, and it provides an intuitive metric than can be easily
understood by researchers and clinicians [9].

Implications

Trials that evaluate spine surgery interventions are often
interpreted using a hypothesis-testing framework in which
the null hypothesis is that there is no difference between
the interventions under investigation [1]. To demonstrate
superiority for an intervention, investigators commonly
attempt to disprove a null hypothesis using statistical tests.
Type-I errors, or ‘‘false-positives,’’ occur when investiga-
tors incorrectly find a difference that does not really exist,
and investigators must decide on the level of risk for mak-
ing a Type-I error that they are willing to accept. This level
of risk is conventionally set to be five times out of 100 (ie, p
values!.05 are used to establish ‘‘statistical significance’’).

Limitations of hypothesis testing and p values include
inabilities to inform the magnitude of treatment effects or
identify the ranges of plausible true values consistent with
the observed data [4,9,27]. The reporting of point estimates
with 95% CIs can overcome some of these limitations, but
even this approach does not fully address the concern that
trials with smaller sample sizes and fewer outcome events
may produce spurious inferences of benefit [9].

The robustness of many statistically significant results in
RCTs of spine surgery interventions is limited by small sam-
ple sizes and few outcome events. Surgeons, researchers, and
other evidence users should exercise caution when interpret-
ing the findings from these trials and applying these results to
patient care. Smaller p values aremore likely to occur in larg-
er studies with greater differences in rates of outcome events
between groups, and they may be a marker of increased
robustness, but our regression model demonstrated that a p
value difference of several orders of magnitude is required
to produce even a single unit change in Fragility Index values.
Widespread adoption of the Fragility Index could comple-
ment p values and 95%CIs to allow easy identification of tri-
als with less robust results.

Missing data threaten the validity of even the largest and
most rigorously designed RCTs [28]. Akl et al. found a me-
dian percentage of losses to follow-up of 6% (IQR 2%–
14%) in their review of 235 trials from high-impact jour-
nals, and higher losses have been observed in surgical trials
with trauma patients [28–30]. The analysis of trials with
missing data requires at least some non-verifiable statistical
assumptions, and even plausible assumptions can change
the interpretation of results [29–31]. Losses to follow-up
greater than the Fragility Index further suggest the need
for caution in making inferences from trials with
positive results; that the total number of patients lost to
follow-up exceeded the Fragility Index in 65% of outcomes
indicates that this need for additional caution is frequent
[28,32].

Further research is warranted to understand the potential
clinical impact and practical utility of the Fragility Index.
Surgeons can be confident that trials with increasing
Fragility Index values are more robust than trials with
lower values, but it remains unclear whether certain thresh-
olds of acceptable robustness exist [33]. The process of
translating perceptions about evidence from clinical trials
to changes in clinical practice remains complex and poorly
understood [34,35]. In this study, Fragility Index values
were not associated with impact factors or cumulative cita-
tion rates.

Further research is also required to understand how sam-
ple size calculations for future trials might best incorporate
Fragility Index estimations. Investigators should consider
that both the number of participants and the number of
events are relevant [7,36], but an investigators’ ability to
guard against a low Fragility Index in advance is limited.
Even a well-powered trial, if results happen to be on the
edge of statistical significance, will have a Fragility Index
at or near 1. Thus, we see the concept of fragility as one that
comes into play at the point of examining the results, rather
than at the stage of sample size calculation. Other
investigators have suggested that trials may require several
thousand participants and several hundred events to ad-
equately minimize the risk for spuriously positive or nega-
tive results [37].

Our finding of outcomes in which statistical significance
was eliminated on the basis of selecting an alternative stat-
istical test highlights the importance of conservative statis-
tical approaches, specifying the selection of statistical tests
a priori, and testing important statistical assumptions with
planned sensitivity analyses [38,39].

Conclusions

The statistical significance of results from RCTs in spine
surgery is frequently fragile because of relatively small
sample sizes with few outcome events. The Fragility Index
is a novel metric that informs the robustness of statistically
significant results. Surgeons, researchers, and other
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evidence users should exercise caution when interpreting the
findings from trials with low Fragility Index values and ap-
plying these results to patient care. Widespread adoption of
the Fragility Index could complement p values and 95%
CIs to help identify trials with less robust results, and it could
also help inform the potential importance of missing data.

Supplementary data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.spinee.2015.06.004.
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Appendix 1.  Database search strategy for MEDLINE (Jan 1, 2009 to Sept 11, 1!
2014).  2!
 3!

1. Algorithm for relevant specialty and subspecialty journals:  4!
 5!
1980:2012 [dp] AND (random* OR meta-analys* OR metaanalys*) AND 6!
("Arthroscopy" [ta] OR "BMC Musculoskelet Disord"[ta] OR "Eur Spine J" 7!
[ta] OR "Foot Ankle Int" [ta] OR "Hip Int" [ta] OR "J Am Acad Orthop Surg" 8!
[ta] OR "J Arthroplasty" [ta] OR "J Bone Joint Surg Am" [ta] OR "J Bone 9!
Joint Surg br" [ta] OR "J Hand Surg Am" [ta] OR "J Orthop Res" [ta] OR "J 10!
Orthop Sports Phys Ther" [ta] OR "J Pediatr Orthop B" [ta] OR "J Pediatr 11!
Orthop" [ta] OR "J Shoulder Elbow Surg" [ta] OR "J Trauma" [ta] OR 12!
"Knee" [ta] OR "Osteoarthritis Cartilage" [ta] OR "Phys Ther" [ta] OR 13!
"Spine (Phila Pa 1976)" [ta] OR "Spine J" [ta] OR "Acta Orthop" [ta] OR 14!
"Acta Orthop Scand" [ta] OR "Gait Posture" [ta] OR "injury" [ta] OR "J 15!
Orthop Trauma" [ta] OR "Clin Orthop Relat Res" [ta] OR "Int Orthop" [ta] 16!
OR "J Neurosurg Spine" [ta] OR "Am J Sports Med" [ta] OR "Knee Surg 17!
Sports Traumatol Arthrosc" OR"Am J Knee Surg" [ta] OR "J Knee Surg" 18!
[ta] OR "J Hand Surg Br" [ta]) 19!

 20!
2. Algorithm for relevant general medical journals:  21!

 22!
1980:2012 [dp] AND (random* OR meta-analys* OR metaanalys*) AND 23!
("Ann Intern Med" [ta] OR " BMJ" [ta] OR "JAMA" [ta] OR "Lancet" [ta] OR 24!
"N Engl J Med" [ta] OR "Arch Intern Med" [ta] OR "CMAJ" [ta] OR 25!
"Cochrane Database Syst Rev"[ta]) 26!

 27!
3. Algorithm for relevant supplementary keywords:  28!

 29!
(1980:2012 [dp] AND (randomi* OR meta-analys* OR metaanalys*) AND 30!
english [la] AND ((fracture* OR arthroplast* OR arthriti* OR joint OR 31!
orthopaed* OR orthoped*) NOT rheumat*)) NOT ("Arthroscopy" [ta] OR 32!
"BMC Musculoskelet Disord"[ta] OR "Eur Spine J" [ta] OR "Foot Ankle Int" 33!
[ta] OR "Hip Int" [ta] OR "J Am Acad Orthop Surg" [ta] OR "J Arthroplasty" 34!
[ta] OR "J Bone Joint Surg Am" [ta] OR "J Bone Joint Surg br" [ta] OR "J 35!
Hand Surg Am" [ta] OR "J Orthop Res" [ta] OR "J Orthop Sports Phys 36!
Ther" [ta] OR "J Pediatr Orthop B" [ta] OR "J Pediatr Orthop" [ta] OR "J 37!
Shoulder Elbow Surg" [ta] OR "J Trauma" [ta] OR "Knee" [ta] OR 38!
"Osteoarthritis Cartilage" [ta] OR "Phys Ther" [ta] OR "Spine (Phila Pa 39!
1976)" [ta] OR "Spine J" [ta] OR "Acta Orthop" [ta] OR "Acta Orthop 40!
Scand" [ta] OR "Gait Posture" [ta] OR "injury" [ta] OR "J Orthop Trauma" 41!
[ta] OR "Clin Orthop Relat Res" [ta] OR "Int Orthop" [ta] OR "J Neurosurg 42!
Spine" [ta] OR "Am J Sports Med" [ta] OR "Knee Surg Sports Traumatol 43!
Arthrosc" OR "Am J Knee Surg" [ta] OR"J Knee Surg" [ta] OR "J Hand 44!
Surg Br" [ta] OR"Ann Intern Med" [ta] OR " BMJ" [ta] OR "JAMA" [ta] OR 45!
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!

!

"Lancet" [ta] OR "N Engl J Med" [ta] OR "Arch Intern Med" [ta] OR "CMAJ" 1!
[ta] OR "Cochrane Database Syst Rev"[ta]) 2!

 3!
4. Algorithm for relevant non-surgical specialty and subspecialty 4!

journals   5!
 6!
((("J Physiother"[Journal] OR "Ann Phys Rehabil Med"[Journal] OR "PM 7!
R"[Journal] OR "Eur J Phys Rehabil Med"[Journal] OR "J Pediatr Rehabil 8!
Med"[Journal] OR "Dev Neurorehabil"[Journal] OR "Disabil Rehabil Assist 9!
Technol"[Journal] OR "J Neurol Phys Ther"[Journal] OR "J Rehabil Med 10!
Suppl"[Journal] OR "J Geriatr Phys Ther"[Journal] OR "J Rehabil 11!
Med"[Journal] OR "Phys Ther Sport"[Journal] OR "Neurorehabil Neural 12!
Repair"[Journal] OR "Ortop Traumatol Rehabil"[Journal] OR "Pediatr 13!
Rehabil"[Journal] OR "J Bodyw Mov Ther"[Journal] OR "Physiother Res 14!
Int"[Journal] OR "Man Ther"[Journal] OR "Occup Ther Int"[Journal] OR 15!
"Scand J Occup Ther"[Journal] OR "Disabil Rehabil"[Journal] OR "J Sport 16!
Rehabil"[Journal] OR "J Back Musculoskelet Rehabil"[Journal] OR "J 17!
Occup Rehabil"[Journal] OR "Phys Med Rehabil Clin N Am"[Journal] OR 18!
"Physiother Theory Pract"[Journal] OR "Pediatr Phys Ther"[Journal] OR 19!
"Am J Phys Med Rehabil"[Journal] OR "Clin Rehabil"[Journal] OR "Adv 20!
Clin Rehabil"[Journal] OR "Rehab Manag"[Journal] OR "J Hand 21!
Ther"[Journal] OR "J Rehabil Res Dev Clin Suppl"[Journal] OR "J Rehabil 22!
Res Dev"[Journal] OR "Phys Occup Ther Pediatr"[Journal] OR "J Orthop 23!
Sports Phys Ther"[Journal] OR "Int J Rehabil Res"[Journal] OR "Int 24!
Rehabil Med"[Journal] OR "Rheumatol Rehabil"[Journal] OR "Prog Phys 25!
Ther"[Journal] OR "Rheumatol Phys Med"[Journal] OR "Scand J Rehabil 26!
Med"[Journal] OR "Am Correct Ther J"[Journal] OR "Phys Ther"[Journal] 27!
OR "Aust Occup Ther J"[Journal] OR "Aust J Physiother"[Journal] OR 28!
"Arch Phys Med Rehabil"[Journal] OR "Am J Phys Med"[Journal] OR "Ann 29!
Phys Med"[Journal] OR "Physiotherapy"[Journal] OR "Am J Occup 30!
Ther"[Journal] OR "J Assoc Phys Ment Rehabil"[Journal] OR "J 31!
Rehabil"[Journal] OR "Can J Occup Ther"[Journal])) AND ((random* OR 32!
meta-analys* OR metaanalys*)))  33!

 34!
!35!
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ABSTRACT    
 
Background: 
Because surgical and other non-pharmacological therapies require 
clinicians to develop and maintain procedural expertise, and because 
blinding in randomized controlled trials of such therapies is often 
challenging, their critical appraisal raises unique issues.  
 
Findings: 
Risk of bias of trials of non-pharmacologic therapies increases if 
investigators fail to rigorously conceal allocation and, where possible, to 
ensure blinding of those involved in the trial. Variability in clinicians’ 
expertise can also increase bias and lead to important limitations in 
applicability. This Users’ Guide, in addressing these issues, reviews the 
use of remote randomization systems, blinding, sham-controlled trials, 
split-body trials, expertise-based trials, and mechanistic versus practical 
trials.  
 
Conclusion and relevance: 
Consideration of risk of bias and applicability issues will allow clinicians to 
make optimal use of trials addressing surgical and other non-
pharmacological therapies.  
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CLINICAL SCENARIO    

You are an orthopaedic surgeon seeing a 65-year old woman with a 

displaced fracture of her right proximal humerus. Her injury occurred 

earlier in the day, when she tripped on a staircase and fell onto an 

outstretched hand. She did not suffer any other associated injuries, does 

not smoke, and has no serious medical comorbidities that would preclude 

surgery. Her fracture involves the surgical neck and greater tuberosity of 

her dominant proximal humerus, and each fragment is displaced 

approximately one centimeter.  

 

You have treated many patients like this non-surgically, but the patient 

tells you she has a friend who suffered a similar fracture and did well after 

an operation. The patient’s question brings to mind a notification you 

recently received on your mobile device for the Proximal Fracture of the 

Humerus Evaluation by Randomization (PROFHER) trial; you let the 

patient know you will get back to her very shortly after reviewing the latest 

evidence on the matter.1 As you pull up the report, you wonder if there are 

any special issues to which you should attend when reviewing a 

randomized controlled trial (RCT) addressing a surgical or other non-

pharmacological therapy.   

 

INTRODUCTION    
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Although research to evaluate surgical and other non-pharmacological 

therapies has historically been dominated by non-randomized 

observational studies, increasing awareness that randomization reduces 

bias by ensuring similar distributions of prognostic factors in the 

intervention and control groups has led to a marked increase in the 

conduct of RCTs of such therapies.2–4 This positive development raises 

new issues: trials of surgical and other non-pharmacological therapies 

present special challenges in understanding and applying their results to 

patient management.5–7 

 

Many of these challenges arise because - in contrast to pharmacological 

treatments – interventions such as surgical procedures, interventional 

cardiology or radiology procedures, cognitive behavioral therapy, 

rehabilitation therapy, occupational therapy, chiropractic, and acupuncture 

rely on procedural expertise. In comparing alternative non-pharmacologic 

interventions, variability in procedural expertise between the intervention 

and control groups can therefore influence outcomes and result in 

spurious inferences.8–10 Critical appraisal of RCTs of non-pharmacological 

interventions also requires addressing the frequent lack of blinding, which 

may be unavoidable, and even if possible is typically much more 

challenging than in RCTs of drug therapies.11,12 
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This User’s Guide to the Medical Literature presents a practical approach 

to assessing RCTs addressing surgical or other non-pharmacological 

therapies using the three-step approach of our Users’ Guides: assessment 

of risk of bias, results, and application to patient care (Box 1). Most of 

these issues apply to all RCTs; this article highlights those that are specific 

to surgical or other non-pharmacological interventions (Table 1).  

 

HOW SERIOUS IS THE RISK OF BIAS?   

Previous Users’ Guides have considered whether allocation was 

concealed, patients were similar with respect to known prognostic factors, 

blinding was implemented, follow-up was complete, patients were 

analyzed in the groups to which they were randomized, and whether 

investigators avoided early stopping for benefit.4,13–16 For RCTs of surgical 

or other non-pharmacological therapies, allocation concealment and 

blinding each warrant further discussion, and the expertise with which the 

study interventions were administered presents a unique issue requiring 

consideration.   

 

Did the intervention and control groups start with the same 

prognosis? 

Randomization, if successful, creates groups with a similar likelihood of 

experiencing the outcomes of interest (i.e. a similar prognosis). Allocation 
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concealment describes the extent to which individuals responsible for 

enrolling patients were unaware of and could not influence the study arm 

to which the randomization schedule assigned patients.11 Concealment 

refers not to the process of creating the randomization schedule, nor to the 

methods of blinding used to maintain prognostic balance as a study 

progresses, but rather to safeguarding the implementation of the 

randomization process. Trials with inadequate methods of allocation 

concealment may overestimate treatment effects, and trials of surgical 

procedures frequently implement methods that are less secure.6, 20 

 

To understand concealment, consider an RCT in which patients with 

appendicitis were randomly allocated to receive open or laparoscopic 

appendectomies, and the laparoscopic procedure but not the open 

procedure required the attending surgeons’ presence in the operating 

room.17 Resident physicians, responsible for recruiting and enrolling 

patients, obtained the treatment assignments from sealed envelopes. The 

residents were typically eager to perform procedures independently and 

more often familiar and confident with open rather than laparoscopic 

appendectomy. In this trial, experienced residents did not require 

supervision for open procedures, but all residents required supervision for 

laparoscopic procedures.   
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When patients required surgery during the night, residents who were 

reluctant to call in their attending staff held up the envelopes to the light 

until they found one that contained an open procedure. In the morning, the 

next eligible patients were allocated according to the envelopes that were 

passed over (D. Wall, written communication, June 9, 2000). If the patients 

who presented overnight were sicker or the care they received without the 

attending surgeons’ presence was inferior, the lack of concealment would 

have biased the results in favour of the laparoscopic procedure.4,18  

 

This example illustrates the vulnerability of RCTs of surgical or other non-

pharmacological therapies to lack of concealment.3,4,6,20,21 In a typical 

blinded pharmacological trial, study drugs are packaged and labelled 

before they are sent to each participating center, independent of the 

research coordinators who enrol patients. This arrangement prevents the 

coordinators from knowing which medication the next patient will receive, 

and thus secures the randomization sequence. In order to corrupt the 

sequence in a pharmacological trial, the coordinators would have to obtain 

the central randomization sequence and unblind the packaged 

medications. As the appendectomy example illustrates, circumventing 

randomization is far easier in non-pharmacological trials that implement 

envelopes (or other even less secure methods) for concealment. 
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Investigators of non-pharmacologic RCTs can ensure allocation 

concealment by using remote web-based and 24-hour central telephone 

randomization services that require individuals who are enrolling patients 

to contact an independent source.11 Each contact is logged, and treatment 

assignments for each patient are provided only after eligibility has been 

confirmed. Although sealed, opaque, and sequentially numbered 

envelopes are preferable to envelopes that are unsealed, translucent, and 

not numbered, they remain vulnerable to tampering and are therefore less 

secure than remote randomization systems.  

 

Randomization may fail to do its job of creating prognostic balance 

through bad luck (chance), or through failure to conceal allocation. Either 

way, one can appraise the success of randomization by examining the 

distributions of the baseline characteristics in the intervention and control 

groups, usually presented in the first table of results.  Clinicians can be 

reassured when the known prognostic factors are similar – and be 

legitimately concerned if they are not.  

 

Was prognostic balance maintained as the study progressed? 

Blinding is the process of withholding information about treatment 

assignments from groups of individuals who could introduce bias if they 

gained this information after patients were randomized.22 Investigators can 
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blind pharmacological therapies easily using placebo medications; 

placebos are, however, often not possible for surgical or other non-

pharmacological therapies, leaving blinding challenging to implement. 

Lack of blinding is a particularly serious concern when, as is often the 

case in non-pharmacological RCTs, investigators focus on outcomes that 

are subjective (such as pain, function, quality of life, and satisfaction).3,12 

 

There are six groups of individuals who should ideally be blinded in RCTs: 

participants, healthcare providers, data collectors, outcomes assessors, 

data analysts, and the investigators responsible for interpreting the results 

(Table 2).13,23 In trials of surgical or other non-pharmacological therapies, 

it is sometimes possible to blind the participants and some health care 

personnel, but almost never possible to blind the surgeons or other 

clinicians who administer the treatments. With careful planning it may be 

possible to blind the data collectors, is usually possible to blind outcome 

assessors, and always possible to blind data analysts and those 

interpreting the results.12,24 

 

For example, consider the ReCharge trial, in which 239 participants were 

randomly allocated to undergo surgical implantation of an active vagal 

nerve block device or a sham device to determine the effect of reversible 

intermittent intra-abdominal vagal nerve blockade on morbid obesity.25 The 



 
Ph.D. Thesis – N. Evaniew; McMaster University – Health Research Methodology	

	

	 28 

surgeons could not be blinded to the procedures that they were performing 

and the patients might have become unblinded by asking their surgeons 

which operation they had, so interaction between the surgeons and 

participants was limited post-operatively and blinded staff conducted 

patient follow-up.  

 

Trials of non-pharmacological procedures can also implement 

independent blinded Central Adjudication Committees (CACs) to evaluate 

outcomes.26 CACs typically consist of three or more experts who, blinded 

to allocation, assess anonymized outcome data according to pre-defined 

criteria.27 

 

Participants in RCTs of surgical or other non-pharmacological therapies 

can sometimes be blinded using standardized wound coverings, digitally 

altered radiographs, or split-body designs (Supplement 1). This is much 

easier, however, when the comparisons are between alternative but 

similar interventions (such as one surgical approach versus another, or 

one physiotherapy approach versus another) than when the control is a 

non-surgical intervention or standard of care.28–31  

 

For outcomes that are subjective, placebo effects from surgical 

interventions or other non-pharmacological interventions (such as, for 
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instance, acupuncture) are often substantial.32–35 Moreover, rituals, 

stressors, and environmental cues associated with admission, preparation, 

anesthesia, and recovery can heighten placebo effects associated with 

surgery because they may lead patients to have greater expectations for 

benefit.36 

 

Sham-controlled RCTs can control for the placebo effect of surgery by 

ensuring that neither intervention or control patients know whether they 

have undergone the surgical procedure.36 Sham surgical procedures might 

seem to expose participants to unreasonable harms without promise of a 

direct benefit, but participants who receive sham treatments may not only 

experience substantial placebo effects but also receive additional 

monitoring, imaging, or clinic visits beyond standard practice.31 Sham-

controlled RCTs are most effectively implemented by ensuring the relevant 

clinical community feels unsure about the relative effects of intervention 

and control, minimizing risk, obtaining informed consent, and avoiding 

ongoing active deception.35–38 

 

In the ReCharge trial, participants assigned to the sham vagal nerve block 

device experienced similar operations as those in the active device 

treatment group because both procedures required similar standard 

laparoscopic techniques and general anaesthesia, both involved 
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identification and dissection of the anterior and posterior vagus nerves, 

and both involved implantation of a similarly-sized subcutaneous device 

on the thoracic side wall.25 Participants in the active device group 

experienced significantly greater weight loss than participants in the sham 

device group, but the sham device group nonetheless experienced three-

fold greater weight loss than was predicted, which suggests the influence 

of substantial placebo effects.  

 

In summary, in non-pharmacological RCTs, data analysts and those 

interpreting results can always be blinded, outcome assessors can usually 

be blinded, and patients and data collectors can sometimes be blinded, 

particularly if investigators have used sham procedures. When blinding is 

not possible or not undertaken, excluding placebo effects as an 

explanation of apparently positive results may not be possible.   

 

The extent to which concern about placebo effects undermines trial 

credibility is a matter of judgment and will differ according to 

circumstances. For instance, if the outcome is mortality, placebo effects 

are much less of a concern than if the outcome is subjective symptoms. 

 

Were the groups prognostically balanced at the study’s completion? 
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As is the case for RCTs of pharmacological interventions, one can be 

increasingly confident that the treatment groups were prognostically 

balanced at the completion of a trial when follow-up was complete, 

patients were analyzed in the groups to which they were randomized, and 

the trial was not stopped early because of apparently large treatment 

effects.15,16,39 

 

Were the interventions administered with similar expertise? 

RCTs of surgical or other non-pharmacological therapies are at unique risk 

for additional bias due to potential differences in the expertise with which 

the interventions were administered. Differential expertise bias occurs 

when expertise is systematically greater in one treatment over the 

other.8,40–42 Not only may clinicians be more experienced and skilled in 

performing an experimental or control intervention, but their conscious or 

subconscious investment in the superiority of one procedure over the 

other may lead to differential administration of effective co-interventions 

(i.e. administration of antibiotics, wound care, or early mobilization). 

 

For example, consider an RCT in which 206 participants with ventral 

incisional hernias were randomly allocated to undergo laparoscopic or 

open hernia repair.43 This trial involved multiple surgeons from 10 

participating hospitals, each of whom was considered “experienced and 
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dedicated” and performed both procedures. If the surgeons in this trial had 

greater skill or investment in performing open rather than laparoscopic 

incisional hernia repair (perhaps as a result of their training and 

experience), we would expect differential expertise bias to favour the open 

procedure. The results showed longer operative times, higher rates of 

perioperative complications, and higher rates of recurrence in the 

laparoscopic group. Whether the results would have been similar if 

potential bias due to differential expertise had been addressed (for 

instance, by randomizing patients to surgeons who did only open hernia 

repairs or those who did only laparoscopic hernia repairs, what we call an 

expertise-based RCT design8) remains uncertain. 

 

Indeed, use of such an expertise-based design in which patients are 

randomized to surgeons experienced and invested in the experimental 

treatment or to surgeons experienced and invested in the control 

treatment is the best way to guard against differential expertise bias. For 

example, consider The Coronary Artery Bypass Grafting (CABG) Off or On 

Pump Revascularization Study (CORONARY) in which 4752 participants 

were randomly allocated according to an expertise-based design between 

a group of surgeons who preferred a novel beating-heart technique (off-

pump CABG) or a group of surgeons who preferred a conventional 

cardiopulmonary bypass technique (on-pump CABG).44,45 To minimize 
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possible confounding due to a learning curve, the trial included only 

surgeons who had completed at least 100 cases with their preferred 

procedure. To minimize the potential for differential local co-interventions, 

such as post-operative wound care or rehabilitation protocols, each 

participating centre had both off-pump and on-pump surgeons available.  

 

RCTs that compare surgical interventions to non-surgical procedural 

interventions, such as trials of surgery versus physiotherapy, are 

expertise-based by definition because the surgeons do not administer the 

physiotherapy and the physiotherapists do not administer the surgery. 

Trials that compare surgical procedures against pharmacological 

interventions are also expertise-based by definition because the 

administration of pharmacological interventions does not rely on 

procedural expertise. 

 

Box 2 presents the conclusions of the risk of bias assessment for the 

PROFHER trial. 

 

WHAT ARE THE RESULTS? 

In discussing interpretation of results, previous Users’ Guides have 

discussed composite endpoints, and non-inferiority trials.13,46–49 These 

issues are equally relevant to RCTs of surgical or other non-
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pharmacological therapies, and we will not address them in this article.  

We will, however, review the most basic considerations: measures of 

effect, and measures of precision. 

 

When considering the magnitude of a dichotomous (yes or no, e.g. dead 

or alive) treatment effect, relative measures of association can be 

misleading.50 For instance, a relative risk reduction of 50% sounds 

impressive. Indeed, it would be impressive if it reflected a reduction in 

death or surgical complications from 40% to 20% (a risk difference or 

absolute risk reduction of 20%). It might also, however, represent a 

reduction from 2% to 1% (a 1% risk difference) that may, in context, be 

trivial. Therefore, clinicians should also look for risk differences or its 

inverse, the number needed to treat (100/20 or 5 when the risk difference 

is 20%; 100/1 or 100 when the risk difference is 1%) to understand the 

magnitude of effect.13,51   

 

For continuous outcomes, clinicians must decide whether observed 

treatment effects are likely to be sufficiently large to justify changes in 

management given any foreseeable harms or costs.49,52 When outcomes 

are measured using instruments unfamiliar to clinicians (e.g. score on a 

quality of life instrument) such decisions may be extremely challenging. 

Knowing the minimally important difference (the smallest difference that 
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patients would consider important) is likely to be very helpful in interpreting 

the results.13 

 

When considering precision, clinicians should look for confidence intervals 

– 95% confidence intervals are typically reported. Clinicians should look to 

the upper and lower boundaries of confidence intervals to discern the 

largest and smallest possible treatment effects that, given the results, 

remain plausible.13,51  

 

Box 3 presents considerations in understanding results from the 

PROFHER trial. 

 

HOW CAN I APPLY THE RESULTS TO PATIENT CARE? 

In order to apply the results from an RCT to patient care, one must 

consider the extent to which a trial is applicable.  The setting of the trial, 

the methods of selecting the trial participants, the characteristics of the 

participants, differences between the trial protocol and routine practice, the 

chosen outcome measures, the duration of follow-up, and the observed 

adverse effects can all influence applicability.53,54 A given trial could be 

perfectly applicable for some clinicians and their particular patient 

encounter, yet of limited applicability for others.  
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Clinicians can be confident applying trial results when their patients are 

similar to study patients in factors such as age or severity of illness.13,14 

Because true subgroup effects (that is, modification of effect by factors 

such as age, sex, comorbidity, or illness severity) are rare, the best 

approach to interpretability is to consider whether there are any compelling 

reasons not to apply the results to one’s own patients: most often, the 

answer will be no.55,56 In addressing applicability, clinicians should also 

address the extent to which all patient-important outcomes were 

considered and whether the observed treatment benefits were likely to be 

worth any potential harms or costs (Box 1).57 

 

Were the study interventions similar to interventions in my setting?  

For RCTs of surgical or other non-pharmacological therapies, applicability 

also depends on the extent to which the study interventions are similar to 

interventions in one’s own setting. Variability in individual clinicians’ 

expertise can affect their ability to achieve results from trials in their own 

practice. For instance, consider a trial demonstrating that a novel surgical 

procedure conducted by surgeons already experienced in the new 

procedure appears superior to the standard. For a surgeon who has never 

used anything but the standard, training (potentially extensive) would be 

required before we could be confident that surgeon could achieve results 

demonstrated in the trial.  
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Consider the Asymptomatic Carotid Artery Surgery (ACAS) trial, in which 

1662 participants with asymptomatic carotid artery stenosis were randomly 

allocated to carotid endarterectomy surgery or optimal medical risk factor 

management. This trial found that carotid endarterectomy surgery 

significantly reduced the overall risk of stroke or death from 11.0% to 

5.1%.58 However, this trial selected a group of surgeons who had 

established very low peri-operative complication rates, lower than that 

found elsewhere in the literature (and likely lower than what one might 

anticipate in many routine clinical practices).53,59,60 This difference in peri-

operative complications is great enough that it would be likely to reduce, or 

even reverse, any possible benefit.53 

 

This example highlights how a trial can be useful for addressing one 

question, but not at all useful for addressing an apparently similar, but 

actually fundamentally different question. One may ask: what is the effect 

of a procedure, delivered by those most expert, in comparison to the 

competing management strategy? Alternatively, one may ask: what is the 

effect of the procedure when undertaken by the level of expertise one 

might expect in most communities?  
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An RCT addressing the first question might be considered a mechanistic 

or explanatory trial that addresses the impact of an intervention 

administered under ideal testing circumstances.10 An RCT addressing the 

second question might be considered a practical or pragmatic trial that 

bears directly on health care decisions in practice. Whether a trial is 

mechanistic or practical may also depend on your perspective: if you are 

in a community of surgeons with exceptional expertise, the first and not 

the second trial may be practical from your point of view.   

 

The Appendicitis Acuta (APPAC) trial illustrates the mechanistic versus 

practical perspective.61,62 In this trial, 530 participants with uncomplicated 

acute appendicitis were randomly allocated to receive either early 

appendectomy or a standardized regimen of antibiotic treatment and 

followed for one year. Of 257 participants in the antibiotic treatment group, 

15 underwent appendectomy during their initial hospitalization because 

the surgeons suspected progressive infection, perforation, or peritonitis.  

 

From a mechanistic perspective that seeks the impact of surgery versus 

medical management, this trial might be considered problematic because 

some patients allocated to antibiotics underwent appendectomy. If, 

however, the real-world options are immediate surgery versus a wait-and-

see approach in which one holds off surgery indefinitely if patients 
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improve, but only temporarily if they do not, this trial is eminently practical 

(and thus extremely helpful).  

 

Clinicians considering the applicability of the APPAC trial must also 

consider whether the non-operative antibiotic regimen (three days of 

intravenous ertapenem followed by seven days of oral levofloxacin and 

metronidazole) was similar to the regimen that they would use in their own 

practice and whether all patient-important outcomes were considered, 

including long-term complications of surgery.   

 

The mechanistic versus practical perspective is particularly important 

when interpreting trials of behavioral interventions, which include activities, 

techniques, or strategies that target biological, cognitive, emotional, 

interpersonal, social, or environmental mediators.63 Trials of behavioral 

interventions frequently implement complex strategies to ensure optimal 

administration of the interventions (treatment fidelity), such as video or 

audio-recording treatment sessions, verbatim treatment protocols, regular 

conferences to review study cases, and continued re-training.64   

 

For example, consider an RCT in which 135 participants with chronic 

migraine headaches were randomly allocated to receive cognitive 

behavioral therapy or headache education in addition to standardized 
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medications.65 Before starting the trial, an expert clinical psychologist with 

expertise in pain management trained the clinicians who administered the 

interventions and directed them to use structured treatment manuals. 

During the trial, clinicians’ treatment sessions were recorded using 

audiotapes and reviewed quarterly by an independent evaluator with a 

checklist of required topics. If the clinicians’ treatment accuracy fell below 

80%, study personnel provided formal re-training.  

 

At the end of this trial, both cognitive behavioral therapy and headache 

education had been delivered with high treatment fidelity (mean accuracy 

scores of 94.5% and 96.9%, respectively). One may see this as 

impressive and admirable, but without training by an expert psychologist, 

structured treatment manuals, and recording of audiotapes with 

subsequent feedback, will it reflect administration of the intervention in 

clinical practice? If the answer – as we suspect is the case – is very likely 

to be that it will not, the applicability of the trial is seriously jeopardized. 

 

Clinicians must therefore consider whether the interventions delivered in 

the trial were similar to those of their own setting. If resource-intensive 

strategies do indeed substantially increase treatment fidelity, and if those 

strategies will not be in place in the community, then the intervention 

tested will certainly differ from that implemented in regular clinical practice. 
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Clinicians must then wait for a practical rather than a mechanistic trial for a 

definitive demonstration of the impact of the intervention in the real world. 

 

Box 4 presents issues of applicability and the resolution of our clinical 

scenario. 

 

CONCLUSIONS 

Surgical and other non-pharmacological therapies require clinicians to 

develop and maintain procedural expertise. RCTs of surgical and other 

non-pharmacological therapies present unique methodological concerns in 

part related to the possibility of differential expertise, and the relative 

expertise of trial practitioners versus those in your community. Further, 

failure to apply rigorous methods to achieve allocation concealment and 

innovative approaches to implement blinding may introduce serious risk of 

bias. Consideration of these issues will allow clinicians to make optimal 

use of trials addressing surgical and other non-pharmacological therapies. 

Clinicians should proceed with increasing confidence when interpreting 

trials with less risk of bias and greater applicability, and increasing caution 

for trials with greater risk of bias and questionable applicability. 
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Box 1: Users’ Guides approach to a randomized controlled trial 

addressing a surgical or other non-pharmacological therapy 

HOW SERIOUS IS THE RISK OF BIAS? 

Did the intervention and control groups start with the same prognosis? 

• Was allocation concealed? * 

• Were patients in the treatment and control groups similar with 

respect to known prognostic factors? 

Was prognostic balance maintained as the study progressed? 

• Were participants, healthcare providers, data collectors, 

outcomes assessors, data analysts, and/or those interpreting 

results blinded? * 

Were the groups prognostically balanced at the study’s completion? 

• Was follow-up complete? 

• Were patients analyzed in the groups to which they were 

randomized? 

• Was the trial stopped early for benefit?  

Were the interventions administered with similar expertise? *  

WHAT ARE THE RESULTS? 

How large was the treatment effect? 

How precise was the estimate of the treatment effect? 

HOW CAN I APPLY THE RESULTS TO PATIENT CARE? 

Were the study patients similar to my patient?  
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Were the study interventions similar to interventions in my setting? *  

Were all patient-important outcomes considered? 

Are the likely treatment benefits worth the potential harms and costs? 

*Includes issues specific to trials of surgical or other non-pharmacological 

therapies. 



 
Ph.D. Thesis – N. Evaniew; McMaster University – Health Research Methodology	

	

	 52 

Box 2: Using the Guide - How serious is the risk of bias? 

In the PROPHER trial, 250 participants with displaced proximal humerus 

fractures were randomly allocated to either surgical or non-surgical 

treatment.1 A computer program generated the randomization sequence 

and allocation concealment was achieved using independent remote 

randomization with randomly varied blocking. The participants in the 

intervention and control groups were similar with respect to their known 

prognostic factors except that there were more smokers in the non-

surgical group (32% versus 19%).  

 

The participants, healthcare providers, data collectors, outcome 

assessors, and data analysts were not blinded in this trial, but complete 

follow-up data were available for 92% of the participants, the participants 

were analyzed in the groups to which they were randomized, and the trial 

was not stopped early for benefit.  

 

Those allocated to surgery received internal fixation or humeral head 

replacement according to the preferences and familiarity of the 

participating surgeons and then received supervised post-operative 

physiotherapy in inpatient, outpatient, or community settings. Those 

allocated to non-surgical care received a sling or hanging bandage for as 

long as necessary followed by supervised physiotherapy.  
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You conclude that that this trial is at low risk of bias with two exceptions: 

the results could be biased if either surgery or physiotherapy has a strong 

placebo effect on subjective outcomes, or if those who evaluated the 

outcomes were biased toward one treatment or the other. Still, the trial is 

sufficiently credible that you continue on to the results.  
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Box 3: Using the Guide - What are the results? 

The primary analysis of PROPHER compared Oxford Shoulder Scores 

between the surgical and non-surgical groups over two years of follow-up. 

The Oxford Shoulder Score is a continuous outcome that measures 

shoulder-related function, and five points was considered to be a minimally 

important difference. Secondary outcomes included Short-Form 12 (SF-

12) scores, complications, and late interventions. Investigators conducted 

sensitivity analyses to evaluate the impact of missing data, to control for 

potential confounding due to the differing proportion of smokers in each 

group, and to explore possible clustering across the participating centers.  

 

There were no significant differences between the groups for Oxford 

Shoulder Scores and the 95% confidence intervals (CIs) excluded a 5-

point difference over two years (mean difference of 0.75 points in favor of 

the surgical group; 95% CI −1.33 to 2.84; p=0.48). There were also no 

significant differences in in SF-12 scores (mean difference of 1.77 points 

in favor of the surgical group; 95% CI -0.84 to 4.30; p=0.18), or rates of 

shoulder-related complications (30 in the surgical group versus 23 in the 

non-surgical group; risk difference 6%, 95% CI -5% to 15%; p=0.28). The 

rates of secondary surgery (11 versus 11) and serious adverse events (28 

versus 28) were identical. Unadjusted and adjusted analyses yielded 

similar results. 
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Box 4: Using the Guide - How can I apply the results to patient care? 

You review the tables presenting baseline characteristics, and note that 

the patients in PROFHER were very similar to your patient with respect to 

age, sex, injury mechanism, and fracture pattern. You therefore find no 

compelling reason to doubt applicability to your patient.  

 

The report states that most of the surgeries (83%) involved open reduction 

and internal fixation with locking plates, and that the operations were 

performed by attending surgeons (82%), supervised senior residents 

(12%), or independent fellows and senior residents who had immediate 

access to an attending surgeon if required (6%). Based on your training 

and experience, you are confident that you would offer a similar procedure 

and perform it with similar competence.  

 

On the other hand, the report also states that the physiotherapists 

provided a mean of 10 one-on-one sessions to each group, with a focus 

on restoring function and encouragement for additional home exercises. 

The proportions of participants who received education, exercises, 

stretching, soft-tissue techniques, and other modalities were similar 

between groups, as were the numbers of patients who performed 

additional home exercises (109 in surgical group versus 103 in non-

surgical group). You are familiar with the practice of the physiotherapists in 
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your community and you are aware that they typically provide similar 

regimens to those in the trial for the surgical and non-surgical groups, so 

you believe that their care is unlikely to differ in an important way.  

 

You conclude that this trial provides practical information about the effect 

of surgical versus non-surgical treatment applicable to your patient 

encounter. You return to your patient and discuss the results. The patient 

asks about anaesthetic and surgical complications, and you acknowledge 

that while rare, these are a possibility. After considering the lack of benefit 

with surgery and the potential risks for morbidity or serious harms, your 

patient – despite the experience of her friend - decides to proceed with 

non-surgical management. You provide her with a referral to an 

experienced physiotherapist and you make an appointment to see her for 

follow-up.   
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Table 1. Feasibility of methodological considerations for trials of 

surgical or other non-pharmacological therapies  

 
N/A = not applicable 
*In the absence of a sham-control design, blinding of outcome assessors, data analysts, and/or 
those responsible for interpreting results 
**Split-body design would be feasible for interventions that can be randomized between two 
homologous body parts within the same person  

Examples Feasibility of methodological considerations 
 

 Remote 
randomization 

Blinding* Sham-control 
design 

Split-body 
design 

Expertise-
based design 

Mechanistic 
versus 
practical 
interpretation 

Surgery Yes1 
 

Yes44 Yes25 Yes66 Yes44 Yes61 

Interventional 
cardiology 

Yes67 Yes67 Yes68 N/A Yes69 Yes67 

Interventional 
radiology 

Yes70 
 

Yes70 Yes71 Yes** Yes70 Yes70 

Cognitive 
behavioral therapy 

Yes65 
 

Yes65 Yes72 N/A Yes73 Yes65 

Rehabilitation 
therapy 

Yes74 
 

Yes75 Yes76 Yes** Yes75 Yes75 

Occupational 
therapy 

Yes77 
 

Yes78 Yes79 N/A Yes78 Yes77 

Acupuncture 
 

Yes80 
 

Yes80 Yes80 Yes** Yes81 Yes80 
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Table 2. Groups of individuals that can potentially be blinded in a 

randomized controlled trial.13,23 

 

Group Aim(s) to blind 
Participants To minimize bias due to placebo effects, differential 

use of effective co-interventions, influence on patient 
reports, selective reporting of symptoms, or 
differential loss to follow-up. 

Healthcare 
providers 

To minimize bias due to differential administration of 
the study interventions or effective co-interventions.  

Data collectors To minimize bias due to encouragement during 
performance testing, or variable frequency, timing, 
and recording during data collection.  

Outcomes 
assessors 

To minimize bias due to decisions about whether 
participants have had an outcome of interest, or 
differential interpretations of subjective outcomes.  

Data analysts To minimize bias during decision-making about 
analytic strategies, patient withdrawals, post hoc 
analyses, selection of time points, and other 
statistical issues.  

Those interpreting 
results 

To minimize bias during the presentation and 
interpretation of results.   
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SUPPLEMENT 

Supplement 1. Split-body randomized controlled trials 

Patients who require surgical or other non-pharmacological therapies on 

paired body parts present a unique opportunity to minimize bias. In split-

body trials, two homologous body parts within the same person are 

randomly allocated to receive the experimental or the control 

interventions.82–84 Patients in these trials act as their own controls, which 

facilitates that each treatment group starts with the same prognosis. To 

the extent that the initially apparent effects of the interventions are similar, 

split body designs can also facilitate blinding of participants and outcome 

assessors. Investigators have successfully used split-body trials to 

maintain prognostic balance for many oral, ocular, and extremity surgery 

interventions.30,82,85,86 

 

For example, consider an RCT in which investigators compared computer-

navigated total knee arthroplasty to non-navigated knee arthroplasty in 64 

knees from 32 participants with bilateral osteoarthritis.66 Each participant 

underwent simultaneous bilateral knee surgery using the computer-

navigated technique on one side and the conventional technique on the 

other. The participants and outcome assessors were easily blinded 

because the wounds, dressings, and radiographic appearances of the 

implants were indistinguishable. 
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Section II: Observational Studies 
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Chapter 3 

 

Methylprednisolone for the treatment of patients with acute spinal 

cord injuries: a propensity score-matched cohort study from a 

Canadian multi-center spinal cord injury registry 

 

 

Reprinted from Journal of Neurotrauma; 32(21); Nathan Evaniew, 

Vanessa K. Noonan, Nader Fallah, Brian K. Kwon, Carly S. Rivers, Henry 

Ahn, Christopher S. Bailey, Sean D. Christie, Daryl R. Fourney, R. John 

Hurlbert, A. G. Linassi, Michael G. Fehlings, Marcel F. Dvorak, and The 

RHSCIR Network; Methylprednisolone for the Treatment of Patients with 

Acute Spinal Cord Injuries: A Propensity Score-Matched Cohort 

Study from a Canadian Multi-Center Spinal Cord Injury Registry; Pages 

1674-83; Copyright 2015; Published by Mary Ann Liebert, Inc.  
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Methylprednisolone for the Treatment
of Patients with Acute Spinal Cord Injuries:
A Propensity Score-Matched Cohort Study

from a Canadian Multi-Center Spinal Cord Injury Registry

Nathan Evaniew,1 Vanessa K. Noonan,2,3 Nader Fallah,2,3 Brian K. Kwon,3 Carly S. Rivers,2 Henry Ahn,4,5

Christopher S. Bailey,6 Sean D. Christie,7 Daryl R. Fourney,8 R. John Hurlbert,9 A.G. Linassi,10

Michael G. Fehlings,5,11 Marcel F. Dvorak,3 and The RHSCIR Network

Abstract

In prior analyses of the effectiveness of methylprednisolone for the treatment of patients with acute traumatic spinal cord
injuries (TSCIs), the prognostic importance of patients’ neurological levels of injury and their baseline severity of
impairment has not been considered. Our objective was to determine whether methylprednisolone improved motor
recovery among participants in the Rick Hansen Spinal Cord Injury Registry (RHSCIR).
We identified RHSCIR participants who received methylprednisolone according to the Second National Spinal Cord
Injury Study (NASCIS-II) protocol and used propensity score matching to account for age, sex, time of neurological exam,
varying neurological level of injury, and baseline severity of neurological impairment. We compared changes in total,
upper extremity, and lower extremity motor scores using the Wilcoxon signed-rank test and performed sensitivity analyses
using negative binomial regression.
Forty-six patients received methylprednisolone and 1555 received no steroid treatment. There were no significant dif-
ferences between matched participants for each of total (13.7 vs. 14.1, respectively; p = 0.43), upper extremity (7.3 vs. 6.4;
p = 0.38), and lower extremity (6.5 vs. 7.7; p = 0.40) motor recovery. This result was confirmed using a multivariate model
and, as predicted, only cervical (C1–T1) rather than thoracolumbar (T2–L3) injury levels ( p < 0.01) and reduced baseline
injury severity (American Spinal Injury Association [ASIA] Impairment Scale grades; p < 0.01) were associated with
greater motor score recovery. There was no in-hospital mortality in either group; however, the NASCIS-II methylpred-
nisolone group had a significantly higher rate of total complications (61% vs. 36%; p = 0.02)
NASCIS-II methylprednisolone did not improve motor score recovery in RHSCIR patients with acute TSCIs in either the
cervical or thoracic spine when the influence of anatomical level and severity of injury were included in the analysis.
There was a significantly higher rate of total complications in the NASCIS-II methylprednisolone group. These findings
support guideline recommendations against routine administration of methylprednisolone in acute TSCI.

Key words: methylprednisolone; motor score; neurological recovery; propensity scored-matched; spinal cord injury

1Division of Orthopaedics, McMaster University, Hamilton, Ontario, Canada.
2Rick Hansen Institute, 3University of British Columbia, Vancouver, Canada.
4St. Michael’s Hospital, Toronto, Ontario, Canada.
5University of Toronto Spine Program, 11Division of Neurosurgery, University of Toronto, Ontario, Canada.
6Division of Orthopaedic Surgery, Western University; London Health Services Centre, London, Ontario, Canada.
7Division of Neurosurgery–Halifax Infirmary, Dalhousie University, Halifax, Nova Scotia, Canada.
8Department of Surgery, 10Department of Physical Medicine and Rehabilitation, University of Saskatchewan, Saskatoon, Saskatchewan, Canada.
9University of Calgary Spine Program, Calgary, Alberta, Canada.

ª Nathan Evaniew, Vanessa K. Noonan, Nader Fallah, Brian K. Kwon, Carly S. Rivers, Henry Ahn, Christopher S. Bailey, Sean D. Christie, Daryl R.
Fourney, R. John Hurlbert, A. G. Linassi, Michael G. Fehlings, Marcel F. Dvorak, and The RHSCIR Network 2015; Published by Mary Ann Liebert, Inc.
This Open Access article is distributed under the terms of the Creative Commons Attribution Noncommercial License (http://creativecommons.org/
licenses/by-nc/4.0/) which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and the source
are credited.

JOURNAL OF NEUROTRAUMA 32:1674–1683 (November 1, 2015)
DOI: 10.1089/neu.2015.3963

1674



 
Ph.D. Thesis – N. Evaniew; McMaster University – Health Research Methodology	

	

	 63 
 

Introduction

Traumatic spinal cord injuries (TSCIs) affect up to 500,000
people worldwide each year, and their high morbidity is

associated with substantial individual and societal burden and
socioeconomic impact.1,2 Patients with TSCIs often experience
devastating neurological impairments, and they frequently require
complex long-term multidisciplinary care.3,4 Total health care costs
related to TSCIs exceed $10 billion annually in the United States
alone, and lifetime per person direct and indirect costs can exceed $3
million.5,6 TSCIs most commonly affect young males and result from
road traffic accidents, but recent reports also highlight their in-
creasing incidence in older adults as a result of low-energy falls.2,7–9

The identification of novel interventions to reduce the morbidity
of TSCIs is an urgent ongoing research priority.3,10 Methyl-
prednisolone is a corticosteroid that was proposed to inhibit the
inflammatory cascades contributing to secondary spinal cord
damage after TSCIs, but its clinical utility remains controver-
sial.11,12 Considerable debate has centered on the validity of results
from the landmark Second National Spinal Cord Injury Study
(NASCIS-II), which was published in 1990.11,13,14 In NASCIS-II,
487 patients with acute TSCIs were randomized to an initial bolus
of 30 mg/kg of methylprednisolone followed by an infusion of
5.4 mg/kg per h for 23 h versus either naloxone or placebo.

The primary analysis among the 487 patients enrolled within
12 h in NASCIS-II failed to demonstrate a significant neurological
benefit in the 162 patients randomized to methylprednisolone.
However, a secondary analysis of 65 of these patients who received
methylprednisolone within 8 h of injury suggested that this sub-
group experienced improved neurological recovery at 6
months.13,15 Critics of NASCIS-II highlight the limited credibility
of subgroup testing, the potential importance of losses to follow-up,
the small magnitude of observed treatment effects, and the arbitrary
nature of an 8-h threshold.14,16–19 Advocates discuss a lack of
otherwise high-quality evidence and cite indirect support elsewhere
in the literature.15,20

The use of methylprednisolone has decreased dramatically in
many centers, but some clinicians still report a belief in its efficacy
or concerns about medical-legal pressure.21–25 Potential harms
include increased risks for respiratory, urinary tract, and wound
infections, hyperglycemia, gastrointestinal hemorrhage, steroid-
induced myopathy, and all-cause mortality.17,26,27 Early critical
reviews of the NASCIS studies recommended that methylpred-
nisolone administration not be considered a ‘‘standard of care’’
for acute TSCI, but rather, a treatment option. More recently, the
2013 ‘‘Guidelines for the Management of Acute Cervical Spine
and Spinal Cord Injuries’’ recommended against the routine ad-
ministration of methylprednisolone for the treatment of acute
TSCIs.28–30

Recent evidence from the Rick Hansen Spinal Cord Injury
Registry (RHSCIR) suggests that the prognostic importance of
patients’ neurological level of injury in combination with the
baseline severity of their neurological impairments may have been
previously overlooked.3 Controlling for the joint distribution of
these two variables in TSCI research might increase the likelihood
of detecting true treatment effects while simultaneously avoiding
spurious or misleading results.31 In this study, our primary objec-
tive was to determine whether the NASCIS-II regimen of methyl-
prednisolone started within 8 h of injury improved motor recovery
in comparison with no steroid treatment among RHSCIR patients
with acute TSCIs. Our secondary objectives were to consider the
effect of patients’ neurological level of injury and the baseline

severity of their neurological impairments on motor recovery, and
to compare rates of complications between groups.

Methods

Study design

We performed a propensity score-matched cohort study using
patient data that were prospectively collected in RHSCIR. RHSCIR
is an ongoing multi-center observational study of patients with
acute TSCIs who are admitted to major trauma centers and ac-
companying rehabilitation centers in Canada.32 There are currently
31 participating study sites in the RHSCIR network, which are
located across 16 cities from 9 out of 10 Canadian provinces. This
article’s primary objective was specified a priori during the de-
velopment of RHSCIR, along with several other research objec-
tives.32 Each participating site obtained local Research Ethics
Board or Institutional Review Board approval prior to enrolling
patients and collecting data.

Participants

Patients were eligible for this study if they were 18 years of age
or older and they presented to a participating site following an acute
TSCI. Patients with non-traumatic etiologies of SCI such as in-
fection, neoplasm, iatrogenic, or acute vascular causes were ineli-
gible, but no exclusions were made on the basis of age, sex, medical
co-morbidities, associated injuries, or planned treatment. Accord-
ing to the RHSCIR protocol, approximately 265 data elements were
collected during participants’ pre-hospital, acute, and rehabilitation
phases of care. Further descriptions of the RHSCIR data elements,
procedures, governance structure, and patient privacy and confi-
dentiality framework are available elsewhere.3,32,33

We used the RHSCIR database to identify all patients from May
2004 to March 2014 who received either the NASCIS-II regimen of
methylprednisolone started within 8 h of their acute injury or no
steroid treatment. Patients who received regimens of methylpred-
nisolone other than NASCIS-II, patients who received steroids
other than methylprednisolone, and patients whose steroid status
was indeterminate were excluded. Patients who received the
NASCIS-II regimen followed by an additional 24 h of methyl-
prednisolone were included.15

The indications for NASCIS-II methylprednisolone were not
standardized across the participating sites, and patients could have
received NASCIS-II methylprednisolone at RHSCIR acute care
sites or at non-participating community hospitals prior to being
transferred to an RHSCIR acute care site.

Data sources

Motor function scores were measured by trained physicians,
nurse practitioners, or physiotherapists according to the Interna-
tional Standards for Neurological Classification of Spinal Cord
Injury (ISNCSCI).34 ISNCSCI total motor scores (TMS) can range
from 0 (absent motor function) to 100 (intact motor function) and
comprise component upper extremity motor scores (UEMS; range
0–50), and lower extremity motor scores (LEMS; range 0–50). We
considered patients’ baseline motor scores to be those obtained on
their admission to acute care and we considered patients’ final
motor scores to be those obtained at the time of their discharge to
the community from acute care or inpatient rehabilitation.31 Each
ISNCSCI record was processed through a customized electronic
algorithm that maintained consistency and high quality.32

We also retrieved the following variables from the RHSCIR
database for each patient: age, sex, Body Mass Index, Glasgow
Coma Scale and Injury Severity Score at admission, injury mech-
anism, Charlson Comorbidity Index,35 whether or not patients
underwent surgery, and RHSCIR study site. These data elements
were collected by trained research personnel and entered into
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standardized local RHSCIR databases before being exported to the
RHSCIR national office for centralized quality checks.32 Missing
or ambiguous data were reconciled with local research coordina-
tors, hospital health records, and medical chart abstraction when-
ever possible.

We collected rates of in-hospital mortality, urinary tract infec-
tions (UTIs), pneumonias, decubitus ulcers, deep vein thrombosis
or pulmonary embolism, surgical site infections, and sepsis using
International Classification of Diseases, 10th Revision (ICD-10)
codes from the Canadian Institute for Health Information’s Dis-
charge Abstract Database.36

Statistical analysis

We used 1:1 propensity score matching based on logistic re-
gression to match patients who received NASCIS-II methylpred-
nisolone with controls who received no steroid treatment. To
control for potential confounding, we matched according to varying
neurological level of injury (cervical: C1–T1, or thoracic: T2–L3)
and baseline severity of neurological impairments (ISNCSCI ASIA
Impairment Scale A, B, C, or D), as well as age, sex, and time from
injury to first neurological examination (<72 h, 72 h to one week,
greater than one week, or unknown).3,37–39

Jitter plots and propensity histograms were used to verify the
distribution of propensity scores in each group. Sensitivity analysis
were performed to control for any residual imbalance by (i) com-
paring the matched groups while adjusting for the matched vari-
ables using negative binomial regression; and (ii) comparing the
NASCIS-II methylprednisolone group against the full cohort of
unmatched potential controls while adjusting for the same variables
and RHSCIR site using negative binomial regression.40 Goodness

of fit was confirmed using the Akaike information criterion and the
Bayesian information criterion.

Discrete variables are reported as counts or proportions, nor-
mally distributed continuous variables as means with standard
deviations (SD), and skewed continuous variables as medians with
interquartile ranges (IQR). We used parametric tests for data with
normal distributions and non-parametric tests for data without
normal distributions.3,31 We compared unmatched groups with the
independent samples t test using Levene’s test to assess the equality
of variance or the Mann-Whitney U test, and matched groups with
the paired t test or the Wilcoxon signed-rank test. We used Pear-
son’s v2 or Fisher’s exact test for categorical data depending upon
the number of the sample in each cell. Direct correlations were
evaluated using Pearson’s correlation coefficient.

Participants with missing data were excluded from each analysis
and imputations were not performed.18,41 Extreme outliers were
removed from each group when comparing lengths of stay. All tests
of significance were two-tailed and p values of less than 0.05 were
considered significant. All analyses were performed using R 3.1
(CRAN: the Comprehensive R Archive Network at http://cran.r-
project.org/), Excel 2011 (Microsoft Corp., Redmond, WA), and
IBM SPSS Version 22, 2012 (SPSS Inc., Chicago IL).

Results

Participants

There were 2009 patients with acute TSCIs who consented to
RHSCIR enrollment and were discharged to the community from
acute care or inpatient rehabilitation (Fig. 1). Of these, we excluded
318 because their steroid administration status was indeterminate,

FIG. 1. Flow of participants in the RHSCIR and selection of patients for propensity score matching. MPS, methylprednisolone;
RHSCIR, Rick Hansen Spinal Cord Injury Registry.
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72 because they received dexamethasone, 5 because they received
non-NASCIS-II methylprednisolone, and 14 because they received
steroid regimens that were not further specified. In total, 46 con-
secutive patients were included who received the NASCIS-II reg-
imen of methylprednisolone within 8 h of their acute injury, 5 of
whom received the NASCIS-II regimen followed by an additional
24 h of methylprednisolone. There were 1555 included patients
who received no steroid treatment.

Of the 46 patients who received NASCIS-II methylprednisolone,
20 were enrolled between 2004 and 2006, 25 between 2007 and
2010, and one was enrolled between 2011 and March 2014.
NASCIS-II methylprednisolone was initiated at least once at 7 of
the 18 acute care RHSCIR sites, but 25 of the 46 patients who
received NASCIS-II methylprednisolone did so at a non-RHSCIR
community hospital prior to being transferred to a RHSCIR site.
These patients received their NASCIS-II methylprednisolone prior
to their baseline neurological examinations, which were performed
upon arrival at the RHSCIR site.

Baseline characteristics

There were no significant baseline differences between the group
of patients who received NASCIS-II methylprednisolone (n = 46)
and the cohort of potential controls who received no steroid treatment
(n = 1555) except that those who received NASCIS II methylpred-
nisolone had a significantly longer time from injury to first ISNCSCI
examination (median 72 vs. 56 h, p = 0.01; see Table 1).

Propensity score matching

Two of the 46 patients who received NASCIS-II methylpred-
nisolone were excluded from the matched analysis because they
had incomplete motor score outcome data. The remaining 44 were
matched in a 1:1 ratio with controls who received no steroid
treatment. The propensity score distributions within each group
were similar (Fig. 2), and there were no significant differences in
the proportions of patients with each combination of neurological
level (cervical/thoracic) and ASIA Impairment Scale (A, B, C, or
D), or any of the other baseline characteristics (Table 2). The me-
dian interval from injury to baseline neurological exam was 44 h
(IQR 152) in the matched NASCIS-II methylprednisolone group
and 31 h (IQR 170) in the matched no steroids group ( p = 0.47),
whereas the median interval from injury to final neurological exam
was 127 days (IQR 142) in the matched NASCIS-II methylpred-
nisolone group and 117 days (IQR 138) in the matched no steroids
group ( p = 0.78). Surgery was performed in 91% of the matched
NASCIS-II methylprednisolone group and 82% of the matched no
steroids group ( p = 0.29).

Motor score recovery

There were no significant differences in motor recovery between
the matched NASCIS-II methylprednisolone group and the mat-
ched no steroids group for each of TMS ( p = 0.43), UEMS
( p = 0.38), and LEMS ( p = 0.40; see Fig. 3). Patients in the matched
NASCIS-II methylprednisolone group experienced a mean TMS
recovery of 13.7 points (SD 15.6), compared with 14.1 points (SD
21.6) for patients in the matched no steroids group. The mean
UEMS recovery was 7.3 points (SD 8.4) in the matched NASCIS-II
methylprednisolone group and 6.4 points (SD 12) in the matched no
steroids group, and the mean LEMS recovery was 6.5 points (SD
10.7) in the matched NASCIS-II methylprednisolone group and 7.7
points (SD 12.5) in the matched no steroids group.

There was also no significant difference in motor recovery when
we performed sensitivity analyses to compare the matched groups
while adjusting for the matched variables using negative binomial
regression (Table 3), or when we compared the NASCIS-II meth-
ylprednisolone group against the full cohort of unmatched potential
controls (n = 1555) while adjusting for the same variables and
RHSCIR site (Table 4). When analyzing cervical and thoracic in-
juries separately, the methylprednisolone group and the matched
groups had near identical mean motor score recovery. Using the
Mann-Whitney U test to compare cervical patients treated with
methylprednisolone versus matched patients and thoracic patients

Table 1. Characteristics of Patients Who Received
NASCIS-II Methylprednisolone or No Steroid Treatment

Characteristic
NASCIS-II

MPS (n = 46)
No steroids
(n = 1555) P value

Age: mean (SD) 45.9 (16.6) 45.0 (18.6) 0.82
Male sex: n (%) 38 (82.6) 1211 (77.9) 0.45
Injury to first neurological

exam, hours: median (IQR)
72 (154) 56 (172) 0.01a

Injury to final neurological
exam, days: median (IQR)

142 (96) 124 (100) 0.17b

ASIA Impairment Scale: n
A 21 536 0.82
B 6 152
C 8 264
D 11 384

Neurological level: n
Cervical 32 796 0.39
Thoracic 14 458

Neurological level and
ASIA Impairment Scale: n
Cervical 0.97b

A 12 260
B 4 87
C 6 173
D 10 253

Thoracic
A 9 243
B 2 56
C 2 72
D 1 76

High-energy: n (%)
High 21 (45.7) 791 (50.9) 0.16
Low 25 (54.3) 685 (44.1)
Unknown 0 79 (5.1)

Treated with surgery: n (%)
Yes 42 (91.3) 1247 (80.2) 0.13
No 4 (8.7) 230 (14.8)
Unknown 0 78 (5)

Injury to time of surgery,
h: median (IQR)

31.5 (39.75) 29 (41) 0.95c

Glasgow Coma Scale:
mean (SD)

14.3 (2.7) 14.1 (5.9) 0.08

Body Mass Index: mean (SD) 26.7 (5.6) 26.1 (5.7) 0.47
Injury Severity Score:

mean (SD)
25.2 (12.1) 27.2 (12) 0.31

Charlson Comorbidity
Index: mean (SD)

0.19 (0.46) 0.2 (0.63) 0.71

aP value reported using categorical value.
bMann Whitney U test was used.
cPatients treated without surgery were excluded.
ASIA, American Spinal Injury Association; IQR, interquartile range;

MPS, methylprednisolone; NASCIS-II, Second National Spinal Cord
Injury Study SD, standard deviation.
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treated with methylprednisolone versus matched patients revealed no
significant differences ( p = 0.65 for cervical, p = 0.69 for thoracic).

In the analysis of the full cohort of unmatched potential controls,
cervical rather than thoracic injury levels ( p < 0.01) and reduced
baseline injury severity (ASIA Impairment Scale A, B, C, or D;
p < 0.01) were each significantly associated with greater TMS re-
covery.

Complications and length of stay

The most common complications in either matched group were
urinary tract infections, decubitus ulcers, and pneumonias. None of
the patients in either group experienced in-hospital mortality and
there were no surgical site infections. The NASCIS-II methylpred-
nisolone group had a significantly higher rate of total complications
(61% vs. 36%; p = 0.02), but there were not significant differences in
the rates of specific complications between groups (Table 5).

Patients in the NASCIS-II methylprednisolone group experi-
enced a significantly shorter mean length of stay in acute care (34.4
days vs. 48.4 days; p = 0.02), but there were no significant differ-
ences in the lengths of stay at inpatient rehabilitation (106.7 vs.
117.9 days; p = 0.45) or the total lengths of stay, which is a com-
bination of the acute care and inpatient rehabilitation lengths (mean
143.6 days vs. 152.9 days; p = 0.28).

Discussion

Using data prospectively collected in the RHSCIR, we per-
formed a propensity-matched cohort study and found that the

NASCIS-II regimen of methylprednisolone started within 8 h of
injury did not improve motor recovery in comparison with no
steroid treatment in patients with acute cervical and thoracic TSCIs.
In a sensitivity analysis, cervical rather than thoracic injury level
and reduced baseline injury severity were each associated with
greater recovery. The NASCIS-II methylprednisolone group did
not demonstrate a difference in motor recovery in cervical or tho-
racic patients when analyzed separately, but the methylpredniso-
lone patients had a higher rate of total complications. There were no
differences between groups for the rates of individual complica-
tions or for total length of stay.

Strengths and limitations

RHSCIR is part of the Translational Research Program of the
Rick Hansen Institute, and it was created with the explicit purpose
of facilitating clinical research to improve patient outcomes. Each
data element was developed according to a priori research objec-
tives and was standardized to optimize quality and accuracy32;
ISNCSCI motor scores for this study were collected by trained
clinical research staff and were verified using a customized elec-
tronic algorithm.42 Administration of the NASCIS-II bolus and
infusion of methylprednisolone were confirmed to begin within 8 h
of patients’ injuries, as per this protocol.

The timing of ISNCSCI examinations was not standardized, and
differences in timing could have introduced bias in the results.
Early baseline examinations risk confounding due to spinal shock,
and delayed baseline examinations risk missing early recovery. For

FIG. 2. Propensity histograms show the distributions of propensity scores among unmatched and matched patients who received
NASCIS-II methylprednisolone or no steroids. MPS, methylprednisolone; NASCIS-II, Second National Spinal Cord Injury Study.
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example, the median time from injury to baseline examination was
longer in the methylprednisolone group, and those patients who
received methylprednisolone prior to their baseline examinations
could have experienced some neurological recovery that was not
captured. Nonetheless, Marino and colleagues showed that delays
in baseline examinations are of minimal importance as long as they
are conducted within 7 days.43 Neurological improvement may

continue up to or beyond one year,44 but Pollard and Apple reported
that more than 70% of neurological recovery occurs before dis-
charge from rehabilitation.45

We identified only 46 patients who received the NASCIS-II
regimen of methylprednisolone within 8 h of their injuries since
2005. This sample size is small and may limit confidence in our
results, particularly the rates of complications. However, it is un-
likely to reflect selection bias because RHSCIR includes all of the
specialized acute care spine centers in Canada and methylpred-
nisolone use is known to have sharply declined.21,23 For compari-
son, it is worthwhile to note that the analyses of the NASCIS II
motor score improvements reported in a 2012 Cochrane Review
rely on only 65 patients who received the NASCIS II protocol
within 8 h.15 Our finding that the frequency of NASCIS-II meth-
ylprednisolone administration has decreased over time suggests
that the NASCIS-II protocol has fallen into widespread disfavor
in Canada.

Table 2. Propensity Score Matching of Patients
Who Received NASCIS-II Methylprednisolone

with Controls Who Received No Steroid Treatment

Characteristic
NASCIS-II

MPS (n = 44)
No steroids

(n = 44) P value

Matched variables
Age: mean (SD) 45.4 (16.2) 45.5 (16.6) 0.97
Male sex: n (%) 36 (81.8) 41 (93.2) 0.2
Injury to first neurological
exam, hours: median (IQR)

44 (152)a 31 (170) 0.47

ASIA Impairment Scale: n
A 21 19 0.90
B 6 5
C 7 7
D 10 13

Neurological level: n
Cervical 31 33 0.63
Thoracic 13 11

Neurological level and
ASIA Impairment Scale: n
Cervical 0.99b

A 12 11
B 4 4
C 6 6
D 9 12

Thoracic
A 9 8
B 2 1
C 1 1
D 1 1

Unmatched variables
High-energy: n (%)

High 19 (43.2) 20 (45.5) 0.51b

Low 25 (56.8) 22 (50)
Unknown 0 2 (4.5)

Treated with surgery: n (%)
Yes 40 (90.9) 36 (81.8) 0.29b

No 4 (9.1) 6 (13.6)
Unknown 0 2 (4.5)

Injury to time of surgery,
h: median (IQR)

33 (41) 33 (26.25) 0.96c

Glasgow Coma Scale:
mean (SD)

14.4 (1.7) 14.3 (2.7) 0.84

Body Mass Index: mean (SD) 26.9 (7.2) 26.7 (5.7) 0.86
Injury Severity Score:

mean (SD)
25.2 (12.1) 25.5 (10.2) 0.83

Charlson Comorbidity Index:
mean (SD)

0.19 (0.46) 0.3 (0.79) 0.93

Injury to final neurological
exam, days: median (IQR)

127 (142) 117 (138) 0.78

aThree observations were excluded as outliers (time > 512 h) for this
variable only.

bP values reported are based on Fisher’s exact test by applying Monte
Carlo estimation.

cPatients treated without surgery were excluded.
ASIA, American Spinal Injury Association; IQR, interquartile range;

MPS, methylprednisolone; SD, standard deviation.

FIG. 3. Early motor recovery for patients who received
NASCIS-II methylprednisolone(MPS; n = 44) compared with
matched controls who received no steroids (n = 44). P values are
from Wilcoxon signed-ranks tests. NASCIS-II, Second National
Spinal Cord Injury Study.

Table 3. Negative Binomial Regression Model
of Total Motor Score Recovery on Age, Sex, Body

Mass Index, ASIA Impairment Scale, and Level
of Injury among Matched Patients Who Received

NASCIS-II Methylprednisolone (n = 44)
or No Steroid Treatment (n = 44)

Variable Coefficient

95%
CI:

lower

95%
CI:

upper P value

Age - 0.01 - 0.03 - 0.00 0.08
Male sex - 0.04 - 0.81 0.80 0.99
BMI - 0.04 - 0.08 - 0.01 0.11
ASIA Impairment Scale A - 1.59 - 2.31 - 0.87 <0.01
ASIA Impairment Scale B 0.69 - 0.10 1.48 0.09
ASIA Impairment Scale C 1.17 0.46 1.88 <0.01
ASIA Impairment Scale Da - - - -
Cervical 1.08 0.52 1.65 <0.01
Thoracica - - - -
NASCIS-II MPS 0.04 - 0.44 0.52 0.87
No steroidsa - - - -

aReference value.
AIS, American Spinal Injury Association; BMI, Body Mass Index; CI,

confidence interval; MPS, methylprednisolone; NASCIS-II, Second
National Spinal Cord Injury Study.

Bolded values were statistically significant.

METHYLPREDNISOLONE FOR TRAUMATIC SCI 1679



 
Ph.D. Thesis – N. Evaniew; McMaster University – Health Research Methodology	

	

	 68 

We excluded 318 patients whose steroid administration status
was indeterminate because many of these patients received various
steroid preparations peri-operatively for off-label neuro-protective
indications, and we chose not to impute missing data in order to
avoid introducing extra variability.46 We also excluded patients
who received steroid regimens other than NASCIS-II methyl-
prednisolone in order to minimize confounding.47

Propensity score matching is an analytical technique that pairs
treated and untreated patients on the basis of their conditional prob-
ability of receiving an intervention according to a set of observed
co-variates.37,38 Propensity score matching is more efficient than
conventional multivariable regression when there are large differ-
ences in important prognostic characteristics between treatment
groups, but its validity depends on the appropriate selection of cov-
ariates, matching techniques, and methods of final data analysis.39

Our propensity scores controlled for patients’ neurological levels
of injury and the baseline severity of their impairments, but our small
sample precluded further differentiation according to high (C1–C4)

versus low (C5–T1) cervical injuries or thoracic (T2–T10) versus
thoracolumbar (T11–L2)injuries.3 We were also unable to control for
potential clustering due to local co-interventions at each RHSCIR
site because more than half of the patients who received NASCIS-II
methylprednisolone did so before arriving at a RHSCIR site. Pro-
pensity score matching cannot adjust for unknown confounders.48

Our approach to collecting complications data according to ICD-
10 codes from a national database is known to be at risk for under-
reporting, and ICD-10 codes may have been applied differently
across the sites. Street and associates showed that nearly twice as
many adverse events per person can be identified by prospectively
applying the Spine Adverse Events Severity System.36 Our use of a
composite endpoint for total complications was justified because
the component endpoints are likely to be of similar importance to
patients, occurred with similar frequency, and are likely to share
similar underlying biological plausibility.49,50

The time from injury to first neurological examination was
significantly longer in the group of patients who received NASCIS-
II methylprednisolone in comparison with the larger cohort of
potential controls who received no steroids, which may suggest that
the patients who received NASCIS-II methylprednisolone had
greater injury severity. However, we used propensity score
matching and negative binomial regression to control for this po-
tential confounder and the times from injury to first neurological
examination were not significantly different between the matched
group of patients who received no steroids. There were also no
significant differences between the matched groups for Injury Se-
verity Score, Glasgow Coma Scale, ASIA Impairment Scale, or
neurological level of injury.

We prospectively verified whether the patients who received
NASCIS II methylprednisolone did so within 8 h of their injuries,
but it is possible that the effect of NASCIS-II methylprednisolone
might further vary according to whether patients received it earlier
or later within 8 h of their injuries. In NASCIS-III, the 24-h regimen
of methylprednisolone begun within the first 3 h after injury was not
as effective if its initiation was delayed until between 3 and 8 h.26

Our study was not designed to investigate this issue, however, and
we did not collect exact timing data to explore it.

Surgical timing may be an important modifiable determinant of
the outcomes in the management of patients with TSCIs. Decom-
pression prior to 24 h was associated with improved neurological
outcomes among RHSCIR patients with ASIA B, C, or D cervical,
thoracic, or thoracolumbar injuries,31 and it was also associated
with improved outcomes in the Surgical Timing in Acute Spinal
Cord Injury Study (STASCIS).51 A multivariate analysis of the
STASCIS data suggested that methylprednisolone could have a
synergistic effect with early decompression, and the incidence of
wound infections among patients who received NASCIS-II meth-
ylprednisolone was lower in STASCIS than in the NASCIS-II
trial.52 However, STASCIS included only patients with cervical
SCIs, who were more likely to undergo anterior surgery rather than
posterior surgery, which may explain the reduced infection rates.20

It is unlikely that surgical timing was a confounder in our study
because the difference in the timing of surgery between the mat-
ched groups was not significant.

Relation to previous literature

Our results support a considerable body of literature that fails to
demonstrate a benefit attributable to methylprednisolone for neu-
rological functional recovery in patients with acute TSCIs, and our
study is the first to adjust for patients’ neurological level of injury

Table 4. Negative Binomial Regression Model of Total
Motor Score Recovery on Age, Sex, ASIA Impairment
Scale, Level of Injury, and Site among Unmatched

Patients Who Received NASCIS-II Methylprednisolone
(n = 44) or No Steroid Treatment (n = 1555)

Variable Coefficient

95%
CI:

lower

95%
CI:

upper P value

Age 0.00 0.00 0.01 0.05
Male sex 0.02 - 0.18 - 0.22 0.87
BMI - 0.00 - 0.01 0.01 0.77
ASIA Impairment Scale A - 0.45 - 0.68 - 0.22 <0.01
ASIA Impairment Scale B 0.82 0.56 1.08 <0.01
ASIA Impairment Scale C 1.13 0.96 1.3 <0.01
ASIA Impairment Scale Da - - - -
Cervical 0.96 0.77 1.15 <0.01
Thoracica

NASCIS-II MPS - 0.13 - 0.43 0.16 0.38
No steroidsa - - - -

aReference value.
AIS, American Spinal Injury Association; BMI, Body Mass Index; CI,

confidence interval; MPS, methylprednisolone; NASCIS-II, Second
National Spinal Cord Injury Study.

Bolded values were statistically significant.

Table 5. Rates of In-hospital Complications
for Patients Who Received NASCIS-II

Methylprednisolone Compared with Matched
Controls Who Received No Steroids

Outcome
NASCIS-II

MPS (n = 44)
No steroids

(n = 44) P value

Mortality 0 0 -
Urinary tract infection 11 9 0.61
Decubitus ulcer 6 2 0.27
Pneumonia 7 4 0.52
Deep vein thrombosis/

pulmonary embolism
2 0 0.49

Surgical site infection 0 0 -
Sepsis 1 1 -

Total 27 16 0.02

MPS, methylprednisolone; NASCIS-II, Second National Spinal Cord
Injury Study.
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and the baseline severity of their impairments.16,28,53,54 The orig-
inal NASCIS-I trial found no significant differences in motor re-
covery at 6 months among 330 patients who were randomized to
high- versus low-dose 10-day regimens of methylprednisolone,55

the primary analysis of NASCIS-II found no significant differences
in motor recovery at 6 months among 487 patients who were ran-
domized to a 24-h regimen of methylprednisolone versus either
naloxone or placebo,13 and the primary analysis of NASCIS-III
found no significant differences in motor recovery at 6 months
among 499 patients who were randomized to 24 h or methylpred-
nisolone, 48 h of methylprednisolone, or tirilazad.26 A secondary
analysis of 65 NASCIS-II patients who received methylpredniso-
lone within 8 h of injury found that this subgroup experienced
significantly improved sensory and motor recovery at 6 months.13

More recently, Chikuda and colleagues compared methylpred-
nisolone against no steroid treatment in a propensity-matched
analysis of their nationwide administrative database in Japan.56

They matched 824 pairs of patients with cervical SCIs and found
significantly higher rates of major complications including respi-
ratory complications, urinary tract infections, sepsis, gastrointes-
tinal bleedings, and pulmonary emboli in patients who received
high doses of methylprednisolone, as well as longer lengths of stay.
Their study did not specify whether lengths of stay included in-
patient rehabilitation, did not include motor scores, did not control
for levels or injury or severity of impairment, and did not verify that
all patients received the NASCIS-II regimen within 8 h of their
injuries. Three other small randomized trials and several earlier
observational studies have been previously reviewed.16,28,53,54

Implications

Evidence-based medicine describes the careful integration of pa-
tient preferences and clinician expertise with the best available ex-
ternal evidence to facilitate decision-making, and clinicians,
researchers, and other evidence users should consider the totality of
relevant evidence before applying results to patient care.57 Meta-
analyses are systematic reviews in which the results from similar
studies are combined using statistical tests to produce pooled treat-
ment effects, and they are powerful tools that can synthesize con-
flicting literature and evaluate bias. However, they require high
methodological credibility in order to avoid misleading conclusions.58

Bracken and Botelho and colleagues have each reported on
meta-analyses that evaluate the effect of methylprednisolone
against placebo in patients with TSCIs, but the conclusions from
these studies are conflicting and each is limited by poor methodo-
logical credibility.15,59 Neither ensured that the selection of studies
was reproducible, neither explored possible explanations for be-
tween-studies differences in results, and neither study addressed the
overall quality of the evidence or confidence in the pooled esti-
mates.58 According to the Grades of Recommendation, Assess-
ment, Development and Evaluation (GRADE) approach,
confidence in pooled effect estimates depends on study design, risk
of bias, imprecision, inconsistency, indirectness, publication bias,
and other factors.60 An updated independent meta-analysis could
help resolve any ongoing controversy, and the open release of in-
dividual participant data for this purpose would allow adjustments
for the prognostic importance of patients’ neurological levels of
injury and the baseline severity of their impairments.61–63

The clinical validation of novel interventions to treat patients
with acute TSCIs remains an urgent ongoing research priority.64,65

Randomized controlled trials are the most rigorous clinical research
studies for investigating treatment effects and establishing causal-

ity, but their design and conduct for interventions in patients with
acute TSCIs is challenging. The number of patients who might be
eligible for enrollment at individual institutions is surprisingly
small, and complex stratification is required to account for vari-
ability in baseline prognostic factors.3,10 Multi-center trials can
achieve sufficient power, but they require extensive coordination,
collaboration, and resources.66 Large observational studies can
overcome some of these challenges, but they must be also appro-
priately designed and implemented in order to minimize bias.48

The Joint Section on Spine and Peripheral Nerves of the
American Association of Neurological Surgeons and Congress of
Neurological Surgeons recommended against the routine admin-
istration of methylprednisolone for the treatment of acute TSCIs in
2013.28 Their guidelines highlight that methylprednisolone is not
approved by the Food and Drug Administration for use in TSCIs,
there is no Class I or Class II medical evidence supporting clinical
benefit, and there is Class I, II, and III evidence suggesting harmful
side effects including death. The Canadian Neurosurgical Society,
the Canadian Spine Society, and the Canadian Association of
Emergency Physicians have previously contributed to position
statements recognizing insufficient evidence to support the use of
high-dose methylprednisolone in acute TSCIs.21,29

Conclusions

NASCIS-II methylprednisolone started within 8 h of injury did not
improve motor score recovery in RHSCIR patients with acute cervical
or thoracic TSCIs. These findings support guideline recommendations
against its routine administration, and validate trends toward de-
creasing utilization. Clinicians, researchers, and other evidence users
should consider these results in the context of a considerable body of
evidence, and should recognize that patients’ neurological levels of
injury and the baseline severity of their impairments are important
prognostic factors that warrant further consideration.
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The surgical management of scoliosis: a scoping
review of the literature
Nathan Evaniew1*, Tahira Devji2, Brian Drew1, Devin Peterson1, Michelle Ghert1 and Mohit Bhandari1,2

Abstract

Background: Scoping reviews are innovative studies that can map a range of evidence to convey the breadth and
depth of a large field. An evidence-based approach to the wide spectrum of surgical interventions for scoliosis is
paramount to enhance clinical outcomes. The objectives of this scoping review were to identify critical knowledge
gaps and direct future research.

Methods: This study was completed according to the methodology of Arksey and O’Malley. Two reviewers
performed duplicate systematic screening of eligibility. Studies were classified according to patient age, scoliosis
etiology, outcomes reported, study design, and overall research theme.

Results: There were 1763 eligible studies published between 1966 and 2013. The literature focused on adolescents
(83% of studies) with idiopathic scoliosis (72%). There was a dominance of observational designs (88%), and a
paucity of randomized trials (4%) or systematic reviews (1%). Fifty six percent of studies were conducted in North
America, followed by 23% in Europe and 18% in Asia. Few high-level studies investigated surgical indications,
surgical approaches, surgical techniques, or implant selection. Patient important outcomes including function,
health-related quality of life, pain, and rates or re-operation were infrequently reported.

Conclusions: Current research priorities are to (1) undertake high-quality knowledge synthesis and knowledge
translation activities; (2) conduct a series of planning meetings to engage clinicians, patients, and methodologists;
and (3) clarify outcome reporting and strategies for methodological improvement. Higher-quality studies are specifically
needed to inform surgical indications, surgical approaches, surgical techniques, and implant selection. Engaging global
partners may increase generalizability.

Keywords: Scoliosis, Spinal deformity, Scoping review, Systematic review, Clinical epidemiology

Introduction
‘Scoliosis’ encompasses a heterogeneous group of coronal
and rotational spinal deformities that can affect patients of
any age. Adolescent idiopathic scoliosis alone is associated
with a substantial burden of health care utilization, but
costs are even higher for patients with congenital or neuro-
muscular etiologies [1-5]. Likewise, degenerative scoliosis
may affect up to 68% of adults greater than 70 years old
and is a frequent cause of pain and disability [6,7]. An
evidence-based approach to the wide range of surgical in-
terventions for scoliosis is paramount to enhance clinical
outcomes.

Knowledge translation is the dynamic and iterative process
of summarizing, disseminating, exchanging, and applying re-
search findings to improve patient outcomes and strengthen
health care systems [8]. Comprehensive systematic reviews
are the foundation of most knowledge translation activities,
but understanding very broad or complex topics can be chal-
lenging. Systematic reviews related to the surgical manage-
ment of scoliosis have been limited by narrow scope,
heterogeneity across the included studies, or insuffi-
cient primary evidence [2,5,9,10].
Scoping reviews are innovative studies that can map a

range of evidence to convey the breadth and depth of a
large field. Scoping reviews are also powerful tools to
guide ongoing knowledge synthesis and inform future
research [11]. In contrast to standard systematic reviews,
scoping reviews ask broader questions and do not perform
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detailed assessments of individual studies. Scoping reviews
also differ from narrative reviews in that they comprehen-
sively and reproducibly identify relevant articles in order
to minimize bias. Arksey and O’Malley’s six-stage frame-
work, which involves a systematic literature search, dupli-
cate screening of eligibility, and the identification of overall
research themes, is the foundation of modern scoping
review methodology [11,12].
This study is a scoping review that was performed to

synthesize the available literature reporting on the surgical
management of scoliosis. The objectives of this study were
to (1) identify critical knowledge gaps and (2) direct future
research.

Methods
Eligibility criteria
All therapeutic clinical studies examining the surgical
management of scoliosis were included. No restrictions
were placed for patient age, scoliosis etiology, or date of
publication. Studies of only non-surgical interventions
and non-therapeutic study designs such as economic,
prognostic, and diagnostic studies were excluded. Non-
clinical research studies such as cadaveric biomechanical
studies and basic science studies were excluded. Confer-
ence proceedings describing unpublished studies and
studies that were published in languages other than Eng-
lish or could not be retrieved in English full-text were
excluded. Narrative reviews and case reports of less than
5 patients were counted but excluded from the analysis.

Identification of studies
MeSH and EMTREE headings and subheadings were used
in various combinations to query MEDLINE and EMBASE
(up to June 6, 2013) in Ovid for potentially eligible articles
(ie. “scoliosis/su [surgery] AND surgical procedures,
operative/or orthopedics/su or spinal fusion/or general
surgery/”). The headings were supplemented with free
text to increase sensitivity (ie. “[scoliosis.ti,ab. OR
curv*.ti,ab.] AND [operation or operative or operate or
surgery or surgical).ti,ab.]”). The search strategy was
also adapted in PubMed (up to June 6, 2013) to search
for articles e-published ahead of print and not yet
indexed on Ovid.

Screening and data extraction
Two reviewers performed duplicate screening of all titles
and abstracts for eligibility using a piloted electronic
screening form (Distiller SR, Evidence Partners 2013,
Ottawa ON, Canada). All discrepancies were resolved
through consensus.
Patient age and scoliosis etiology were classified according

to the recommendations of the Scoliosis Research Society
Terminology Committee and Working Group [13]. Re-
ported outcomes were classified as radiological, functional,

pain, rates of reoperations, rates of complications, physical
exam outcomes, laboratory results, operative variables (such
as blood loss or operating time), or other. All applicable
classifications were recorded for each study. Total sample
size, year of publication, and primary country of were also
collected. The geographical distribution of studies was not
adjusted for population or research density within each
continent.

Study designs and levels of evidence
The two reviewers independently assessed study designs
using the Centre for Evidence-Based Medicine in Oxford
guidelines for therapeutic studies [14,15]. Higher quality
randomized controlled trials (RCTs) were classified as
Level I, while lesser quality RCTs and prospective non-
randomized controlled studies were classified as level II.
Retrospective controlled studies were classified as Level III,
and uncontrolled studies were classified as Level IV. Re-
viewers were not blinded to authors, publication informa-
tion, or any published level of evidence descriptions [16].

Literature themes
The two reviewers compiled a set of potential primary
study themes through discussion and consensus after
completing title and abstract screening [11]. The two re-
viewers then piloted the themes for face validity and
content validity using a sample of 50 included studies.
Minor revisions were made to clarify existing themes,
add additional themes, and document discriminatory cri-
teria for each theme. The single most relevant primary
theme for each included study was collected, recognizing
that some secondary themes would not be captured.
‘Levels’ described studies that reported on the selec-

tion of spinal levels for fusion; ‘Approaches and Stages’
described studies that reported on the effects of varying
surgical approaches, adjunctive peri-operative interven-
tions, or timing of consecutive procedures; ‘Implants
and Techniques’ described studies that reported on the
use of specific implant systems or varying surgical tech-
niques related to implants. ‘Indications’ described studies
that reported on the effect of an intervention in a spe-
cific or varying set of populations; ‘Grafts’ described
studies that reported on the effect of varying graft materials;
‘Blood’ described studies that reported on interventions to
minimize blood loss; ‘Infection’ described studies that re-
ported on interventions to prevent or treat infections; ‘An-
aesthesia’ described studies that reported on anaesthetic
agents or techniques; ‘Neuromonitoring’ described studies
that reported on neuromonitoring procedures and tech-
niques; ‘Analgesia’ described studies that reported on
methods to treat post-operative pain; ‘Rehabilitation’
described studies that reported on interventions re-
lated to rehabilitation in operatively treated patients;
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‘Psychological’ described studies that reported on in-
terventions to improve psychological outcomes.

Analysis
Inter-observer agreement for the reviewers’ assessments
of study eligibility was calculated with Cohen’s kappa co-
efficient of agreement [17]. Inter-observer agreement for
the reviewers’ assessments of levels of evidence was cal-
culated with the Intraclass Correlation Coefficient (IBM
SPSS Version 21; Chicago IL, 2012). Descriptive statis-
tics were used to summarize all other data. Discrete vari-
ables are reported as counts or proportions, normally
distributed continuous variables are summarized as means
with standard deviations, and skewed continuous variables
are summarized as medians with interquartile ranges.

Results
Search results
The search strategy identified 15913 potentially relevant
articles (Figure 1). Of these, 9313 were removed because
they were duplicate references to the same articles from
multiple databases. A further 1786 were excluded during
screening of titles and 1544 were excluded during
screening of titles and abstracts because they either did
not relate to surgery or they did not relate to scoliosis.
Of 3270 articles eligible for full text review, 618 were
excluded because they were narrative reviews, 424 were
excluded because they were case reports, 343 were ex-
cluded because they were not available as full-texts in
English, and 122 were excluded because they were not
relevant or were duplicates. In total, 1763 studies were

included for data extraction and further analysis. Agree-
ment between the two reviewers for eligibility was satisfac-
tory (kappa = 0.78).

Characteristics of included studies
Overall, 993 (56%) of the studies were conducted in
North America, followed by 413 (23%) in Europe and
320 (18%) in Asia (Figure 2). Twenty-three studies were
conducted by Australia and New Zealand together, and
only seven each were conducted in each of South America
and Africa. The total number of identified studies pub-
lished globally per year rose from just one in 1966 to more
than 130 in each of 2010, 2011, and 2012 (Figure 3a). Stud-
ies were most frequently published in Spine (711 studies),
European Spine Journal (167), Journal of Pediatric
Orthopaedics (142), Journal of Bone and Joint Surgery -
American Volume (99), and Clinical Orthopaedics and
Related Research (75).
The most frequently included age category was adoles-

cent (83% of studies) (Figure 4), and the most frequently in-
cluded etiology of scoliosis was idiopathic (72%) (Figure 5).
Patients with neuromuscular scoliosis were included in
28% of studies and patients with congenital scoliosis were
included in 17% of studies. Despite being a frequent cause
of pain and disability in older adults, patients with degen-
erative scoliosis were included in just 5% of the identified
studies [6,7]. More than one age category of patients was
applicable in 33% of studies, and more than one etiological
classification of scoliosis was applicable in 23% of studies.
Radiological outcomes were reported in 66% of studies,
rates of complications were reported in 62% of studies,
and rates of reoperations were reported in 27% of stud-
ies (Figure 6). Functional outcomes or health-related
quality of life were reported in just 20% of studies. The
median sample size across all studies was 42 (IQR 24
to 87).

Study designs and levels of evidence
There were 65 prospective randomized controlled trials
(4% of the included studies), 115 (7%) prospective non-
randomized controlled studies, 571 (32%) retrospective
controlled studies, and 983 (56%) uncontrolled studies
(case series). Despite a dramatic increase in the total
number of studies over time, the proportion of studies
that were randomized controlled trials remained low,
and has actually relatively decreased following a peak in
2004 (Figure 3b). There were 15 systematic reviews
(<1%) and 14 systematic reviews and meta-analyses
(<1%). Only three studies were classified as level I (<1%)
and only 116 were graded as level II (7%), while 585
were classified as level III (33%) and 1059 were classi-
fied as level IV (60%) (Figure 7). Agreement between
the two reviewers for levels of evidence was satisfac-
tory (ICC = 0.771).

Figure 1 Flow diagram depicting the screening and review of
potentially eligible articles.
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Literature themes
Studies most frequently investigated the effects of spe-
cific implants and specific surgical techniques (26%),
followed by approaches and staging (21%), and indica-
tions for surgery (21%) (Figure 8). Ten percent of studies
investigated the selection of spinal levels for fusion, 5%
investigated neuromonitoring, and 4% investigated strat-
egies to manage blood loss. Three percent investigated
anaesthesic management, 3% investigated bone grafts or
the use of bone graft substitutes, and 2% investigated
post-operative pain management. Only 35 studies (2%)
investigated the prevention or management of surgical
site infections, 32 (2%) investigated interventions to im-
prove psychological outcomes, and 17 (1%) investigated
post-operative rehabilitation.

Figure 2 Global distribution of clinical research reporting on the surgical management of scoliosis. Percentages reflect raw proportions
and are not adjusted for population or researcher density.

Figure 3 Temporal distribution of clinical research reporting on
the surgical management of scoliosis. (a) Total volume of clinical
research reporting on the surgical management of scoliosis over
time; (b) Ratio of randomized controlled trials (RCTs) to non-RCTs
since 2004 superimposed against the total volume of
clinical research.
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Of the 65 identified RCTs, 55 related to perioperative
surgical care rather than direct surgical considerations:
19 investigated anesthetic management, 13 investigated
strategies to manage blood loss, 13 investigated post-
operative pain management, and 5 investigated neuro-
monitoring. Four RCTs investigated surgical approaches
or staging, 4 investigated bone grafts, 3 investigated im-
plants or techniques, and 1 investigated the selection of
spinal levels for fusion. Overall, 61 of the 65 RCTs re-
ported on adolescent patients, and 60 reported on idio-
pathic curves. The median sample size of the RCTs was
36 (IQR 30 to 50), and the global distribution of RCTs
paralleled the overall global distribution shown in
Figure 2. Of the 14 meta-analyses, three each investi-
gated indications for surgery, approaches and staging,
implants and techniques, and psychological outcomes,
and one each investigated blood loss and post-operative
pain management.

Discussion
This study was a scoping review performed to summarize
the literature available to guide the surgical management
of scoliosis, identify critical gaps in current knowledge, and
direct future research. The majority of the identified litera-
ture focused on adolescent patients with idiopathic scoli-
osis. There was a clear dominance of uncontrolled studies,
and a striking paucity of RCTs. Few high-level studies in-
vestigated surgical indications, surgical approaches, surgi-
cal techniques, or implant selection. Patient important
outcomes including function, health-related quality of life,
pain, and rates or re-operation were infrequently reported.

Limitations
Of the 3270 studies identified for full-text screening, 343
full-texts could not be retrieved in English. Retrieving and
translating non-English studies for systematic reviews
can be technically prohibitive, but excluding them may
produce misleading or exaggerated findings, particularly
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when estimating the global distribution of research outside
of North America and Europe [18]. Fortunately, large RCTs
are most often widely available in high-impact English lan-
guage journals, and the 343 excluded studies represent only
approximately 10 percent of the eligible sample of studies.
In their study of 130 systematic reviews, Moher et al.
established that language restrictions in systematic reviews
of conventional interventions do not seem to produce
meaningful bias [18]. The relative lack of studies from
India and China may reflect a tendency to publish in jour-
nals not indexed in the search databases or it may reflect a

developing research infrastructure [19]. This issue high-
lights an opportunity to engage global partners in future
studies [20].
The thematic framework was developed ad hoc and the

identified domains have not been previously reported.
This study’s application of the scoping review framework
to the scoliosis literature was entirely novel, and the the-
matic domains were developed after reviewing all titles
and abstracts according to the Arksey and O’Malley
framework [11,12]. Themes, age, etiology, and reported
outcomes were not extracted in duplicate, but consensus

Figure 8 Illustrative plot of the primary research themes across studies reporting on the surgical management of scoliosis. The single
most relevant primary theme was selected for each study. The size of each circle is proportional to the number of studies for each primary
theme. The circle locations and colors are arbitrary.

Table 1 Research gaps and future research directions for the surgical management of scoliosis
Research gaps Future research directions

There are few focused systematic reviews relative to the extensive
scoliosis literature, reflecting a lack of emphasis on knowledge
synthesis and knowledge translation.

Knowledge synthesis: Perform a series of high-quality focused
systematic reviews examining important clinical questions.

There is a striking paucity of randomized controlled trials (RCTs), and
the existing RCTs are characterized by generally small sample sizes.

Knowledge translation: Use existing systematic reviews to inform a
series of evidence-based decision aids and preliminary clinical practice
guidelines.

Very few high-level studies have investigated surgical indications, surgical
approaches, surgical techniques, or implant selection.

Future RCTs: Conduct a series of surveys or planning meetings to
engage clinicians, patients, methodologists, and other knowledge users
in the design and conduct of future large RCTs.

Patient important outcomes such as function, health-related quality of life,
pain, and rates or re-operation have been infrequently reported in
comparison to radiological outcomes and rates of complications.

Ongoing scoping work: Clarify inconsistent outcome reporting and
identifying practical strategies for methodological improvement.
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meetings were used to document clear definitions and en-
sure consistency. Further, the themes were piloted by each
of the reviewers for face- and content- validity.

Implications for research
Critical knowledge gaps and directions for future re-
search are summarized in Table 1. The first priority is to
focus on knowledge synthesis and effective knowledge
translation in order to optimize the impact of existing
research. This scoping review identified 1763 relevant
articles; however, even with such a large number of pub-
lications, there were only 15 prior systematic reviews
and 14 prior meta-analyses. This scoping review can guide a
series of high-quality focused systematic reviews on clinically
important topics with identified robust data. Likewise, this
scoping review can also inform evidence-based decision aids
or preliminary clinical practice guidelines [11].
The second priority is to engage clinicians, patients,

methodologists, and other knowledge users in the design
and conduct of future large RCTs. A series of planning
meetings could clarify research questions, strengthen a
collaborative network, and optimize strategies for suc-
cessful potential funding applications. There were only
65 RCTs identified, and these trials were generally char-
acterized by small sample sizes. Less than one quarter of
these trials addressed primarily surgical research ques-
tions such as surgical indications, approaches, tech-
niques, or implant selection. Adequately powered large
RCTs of surgical interventions are challenging to con-
duct, but multiple trials over the last decade have dem-
onstrated their feasibility and potential clinical impact
[21,22], and the scoliosis literature already contains
many examples of multi-center collaborations [23].
The final priority is to clarify inconsistent outcome

reporting and identify practical strategies for methodo-
logical improvement. Radiological outcomes are critical
to understand deformity correction and technical suc-
cess, but it remains unclear whether particular radio-
logical outcomes are used consistently in the literature.
In addition, it is apparent that radiological outcomes
may not always correlate with patient reported function,
quality of life, or body image [24-26]. Observational
designs dominate the scoliosis literature, but they are
frequently prone to confounding bias, selection bias,
transfer bias, and recall bias [27]. Further research is
necessary to investigate whether methodological safe-
guards can minimize tendencies towards exaggerated
or misleading results [28].

Conclusions
There exists a broad and varied body of research to
guide the surgical management of scoliosis. Current re-
search priorities are to (1) undertake high-quality know-
ledge synthesis and knowledge translation activities; (2)

conduct a series of planning meetings to engage clinicians,
patients, and methodologists; and (3) clarify outcome
reporting and strategies for methodological improve-
ment. Higher-quality studies are specifically necessary
to evaluate surgical indications, surgical approaches,
surgical techniques, and implant selection. Future studies
may also consider engaging global partners to increase
generalizability.
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Review Article

Strategies to improve the credibility of meta-analyses in spine surgery:
a systematic survey
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Abstract BACKGROUND CONTEXT: Meta-analyses are powerful tools that can synthesize existing re-
search, inform clinical practice, and support evidence-based care. These studies have become in-
creasingly popular in the spine surgery literature, but the rigor with which they are being
conducted has not yet been evaluated.
PURPOSE: Our primary objectives were to evaluate the methodological quality (credibility) of
spine surgery meta-analyses and to propose strategies to improve future research. Our secondary
objectives were to evaluate completeness of reporting and identify factors associated with higher
credibility and completeness of reporting.
STUDY DESIGN: This study is based on a systematic survey of meta-analyses.
OUTCOME MEASURES: We evaluated credibility according to the Users’ Guide to the Medical
Literature and completeness of reporting according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses checklist.
METHODS: We systematically searched MEDLINE, EMBASE, and The Cochrane Library, and
two reviewers independently assessed eligibility, credibility, and completeness of reporting. We
used multivariable linear regression to evaluate potential associations. Interrater agreement was
quantified using kappa and intraclass correlation (ICC) coefficients.
RESULTS: We identified 132 eligible meta-analyses of spine surgery interventions. The mean
credibility score was 3 of 7 (standard deviation [SD], 1.4; ICC, 0.86), with agreement for each item
ranging from 0.54 (moderate) to 0.83 (almost perfect). Clinical questions were judged as sensible in
125 (95%), searches were exhaustive in 102 (77%), and risk of bias assessments were undertaken in
91 (69%). Seven (5%) meta-analyses addressed possible explanations for heterogeneity using a pri-
ori subgroup hypotheses and 24 (18%) presented results that were immediately clinically applica-
ble. Investigators undertook duplicate assessments of eligibility, risk of bias, and data extraction in
46 (35%) and rated overall confidence in the evidence in 24 (18%). Later publication year, increas-
ing Journal Impact Factor, increasing number of databases, inclusion of Randomized Controlled
Trials, and inclusion of non-English studies were significantly associated with higher credibility
scores (p!.05). The mean score for reporting was 18 of 27 (SD, 4.4; ICC, 0.94).
CONCLUSIONS: The credibility ofmany current spine surgerymeta-analyses is limited. Research-
ers can improve future meta-analyses by performing exhaustive literature searches, addressing
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possible explanations of heterogeneity, presenting results in a clinically useful manner, reproducibly
selecting and assessing primary studies, addressing confidence in the pooled effect estimates, and
adhering to guidelines for complete reporting. ! 2015 Elsevier Inc. All rights reserved.

Keywords: Meta-analysis; Systematic review; Spine surgery; Reporting; Credibility; Research methodology

Introduction

Meta-analyses are systematic reviews in which statisti-
cal tests combine the results from similar studies to produce
best estimates of the underlying treatment effects [1]. Pool-
ing multiple studies increases sample size, increasing both
the accuracy and precision of the results, and provides guid-
ance for clinical care. Meta-analyses also provide unique
opportunities to evaluate differences between studies and
detect publication bias and to direct future investigations
by identifying knowledge gaps.

Publication rates of spine surgery meta-analyses have in-
creased by approximately fivefold over the last 15 years, but
the methodological quality, also known methodological credi-
bility, with which they are being conducted has not been eval-
uated [2,3]. Along with transparent reporting, high
methodological credibility is necessary to avoid misleading
conclusions. Flawedmeta-analyses are at risk of compromising
clinical decisionmaking, and limitationshavebeendocumented
in a variety of other surgical and medical specialties [3–7].

Clinicians, researchers, and other evidence users may
evaluate the credibility of a meta-analysis by applying the
Users’ Guide to the Medical Literature [1,8]. According
to the Users’ Guide, the credibility of a meta-analysis de-
pends on the extent to which it addresses a sensible clinical
question, includes an exhaustive literature search, addresses
possible explanations of between-studies differences,
presents results in a clinically useful manner, reproducibly
selects and assesses primary studies, and addresses confi-
dence in the pooled effect estimates. Credibility is concep-
tually distinct from completeness of reporting, which
describes the extent to which authors comprehensively re-
port the items necessary for users to critically appraise
strengths and weaknesses. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
checklist is a 27-item guide that most major surgical and
medical journals have adopted by for this purpose [9].

Our primary objectives were to evaluate the credibility of
spine surgery meta-analyses and to propose strategies to im-
prove future research. Our secondary objectives were to eval-
uate completeness of reporting and identify factors associated
with higher credibility and completeness of reporting.

Methods

Eligibility criteria

We performed a systematic survey of all meta-analyses of
therapeutic interventions related to spine surgery published

since 1990. We defined meta-analyses as any summaries of
research that attempted to address a focused clinical question
in a systematic and reproducible manner and included a
quantitative synthesis to yield a best estimate of treatment ef-
fect [1,8]. We excluded systematic reviews that summarized
the available literature but did not include quantitative syn-
theses of results across studies. We included meta-analyses
that examined preoperative, intraoperative, or postoperative
interventions specific to patients undergoing spine surgery
and excluded meta-analyses that addressed relevant inter-
ventions in general orthopedic surgery or neurosurgery pa-
tients. We also excluded meta-analyses of nontherapeutic
research questions such as diagnostic and prognostic studies.

When meta-analyses were published in duplicate in The
Cochrane Database of Systematic Reviews and another
journal, we evaluated the Cochrane versions [10]. When
meta-analyses were published as updated versions of earlier
meta-analyses, we evaluated the most recent versions. We
excluded network meta-analyses, protocols of meta-
analyses that did not include results, and meta-analyses in
languages other than English [11,12].

Identification of studies

We systematically searched MEDLINE (1990 to
present), EMBASE (1990 to present), and The Cochrane
Library (no date limit) for articles published up to and in-
cluding June 6, 2014. We used MeSH and EMTREE head-
ings and subheadings in various combinations,
supplemented with free text and limited only to humans
and English (Appendix 1). We hand searched the reference
lists of the included meta-analyses, consulted with experts,
used an online database for evidence-based orthopedics
[13], and used the ‘‘related articles’’ feature in PubMed
to search for additional articles.

Assessments of eligibility and credibility

Two reviewers independently screened all titles and ab-
stracts for eligibility using a piloted electronic screening
form. All discrepancies were resolved by consensus
through a process that required reviewers to discuss the ra-
tionale for their decisions.

We assessed credibility according to theUsers’Guide to the
Medical Literature for systematic reviews and meta-analyses
[1,8]. The two reviewers independently evaluated seven issues:

(1) Did the meta-analysis explicitly address a sensible
question?
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Therapeutic clinical questions should have a clear focus
defined by specific elements. Research questions were con-
sidered sensible if across the range of Population, Interven-
tion, Comparison, and Outcomes consistent treatment
effects were plausible [14].

(2) Was the search for relevant studies exhaustive?

To be comprehensive, meta-analyses must seek to
identify all potentially eligible articles. Searches were con-
sidered exhaustive if they included MEDLINE, at least one
other electronic database, and at least one other resource
(ie, a third electronic database, hand-searching reference
lists, textbook bibliographies, specialized registries, and
so forth) [8,15,16].

(3) Was the risk of bias of the primary studies assessed?

Risk of bias assessments could have been study- or
outcome-specific and were considered adequate if they
used any formal instrument, such as the Cochrane Risk of
Bias tool for Randomized Controlled Trials (RCTs) or the
Newcastle-Ottawa Scale for observational studies [17,18].

(4) Did the meta-analysis address possible explanations
of between-study differences (statistical heterogene-
ity) in the results?

When multiple studies are combined in a meta-analysis,
there are always some variabilities in the results across stud-
ies. Some of these variabilities could be because of chance,
but it can also reflect important differences between the stud-
ies that limit confidence in the pooled results. Statistical het-
erogeneity quantifies the amount of variability that cannot be
explained by chance, and explanations of potential statistical
heterogeneity require subgroup testing according to hypoth-
eses that, ideally, were formulated a priori [19–21].

(5) Did the review present results that were ready for
clinical application?

Pooled relative measures of association and pooled con-
tinuous outcomes are often challenging to interpret, and, in
some instances, may be misleading [1]. Dichotomous out-
comes were considered ready for clinical application if
their presentation included any absolute measure of effect,
such as absolute risk reduction or number need to treat [22].
Continuous outcomes were considered ready for clinical
application if they referenced any patient-important effect
size, such as a minimal important difference [22,23].

(6) Were selection and assessments of studies
reproducible?

The systematic review process involves judgments that
may suffer from random errors. Selection and assessments

of studies were considered reproducible if assessments of
eligibility and risk of bias, and data extraction was all
performed in duplicate [7,24].

(7) Did the review address confidence in the effect
estimates?

Confidence ratings are important because they inform
evidence users about the quality of the evidence being used
to facilitate clinical decision making. Confidence in effect
estimates could have been addressed using the Grading of
Recommendations Assessment, Development, and Evalua-
tion (GRADE) approach or any other similar system [25].
All discrepancies were resolved by consensus.

Assessments of reporting and other data collection

The two reviewers independently evaluated each of the
included meta-analyses according to the PRISMA checklist
[9]. The two reviewers also extracted the following addi-
tional data using piloted forms: authors and affiliations,
year of publication, journal names, funding, clinical charac-
teristics (spinal level, spinal disorder, and intervention
under study), and methodological characteristics (types of
eligible studies, included studies, sample size, summary
statistics, direction of results, tests of heterogeneity, tools
used to assess risks of bias, and reproducibility). We also
recorded the 2013 Thomson Reuters Journal Impact Factor
and the most recent Science Citation Index for each meta-
analysis. The Science Citation Index is a metric of citation
frequency that reflects the cumulative number of citations
to source items indexed within the Web of Science Core
Collection [26].

Statistical analyses

We report discrete variables as counts or proportions,
normally distributed continuous variables as means with
standard deviations (SDs), and skewed continuous variables
as medians with interquartile ranges (IQRs). We quantified
interobserver agreement for the reviewers’ assessments of
study eligibility, each item in the Users’ Guide, and each
item in the PRISMA checklist using Cohen’s kappa coeffi-
cient, and we interpreted the kappa values according to
Landis and Koch as follows: 0 (poor), 0.01–0.20 (slight),
0.21–0.40 (fair), 0.41–0.60 (moderate), 0.61–0.80 (substan-
tial), and 0.81–1.00 (almost perfect) [27]. We quantified in-
terobserver agreement for the reviewers’ overall
assessments using the raw totals of satisfactory items for
each meta-analysis according to the intraclass correlation
coefficient (ICC).

We used multivariable linear regression to identify char-
acteristics associated with each of higher credibility and
completeness of reporting by treating the raw totals of sat-
isfactory items for each meta-analysis as continuous
dependent variables. We hypothesized a priori that each
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of publication year, Journal Impact Factor, Science Citation
Index, the inclusion of randomized controlled trials, the in-
clusion of unpublished studies, the inclusion of studies in
languages other than English, the searching of multiple da-
tabases, the presence of an author with a degree or affilia-
tion in epidemiology or biostatistics would be positively
associated with credibility and completeness of reporting
[3,5,28]. Given earlier research that demonstrated
industry-funded studies are more likely to describe positive
findings and more likely to report subgroup analyses that
have lesser credibility, we also included an a priori hypoth-
esis that industry funding could have a negative association
[29–32].

We evaluated direct correlations with the Pearson corre-
lation coefficient. All tests of significance were two-tailed,
and p values of less than .05 were considered significant.
All analyses were performed using Microsoft Excel (Santa
Rosa, CA, USA, 2011) and IBM SPSS, version 21
(Chicago IL, USA, 2012).

Results

Our results are summarized in Tables 1–3 and Figs. 1–3.
Further results are also available in Appendices 2–4.

Study selection

Our search strategy identified 2,166 potentially relevant
articles. Screening of titles and abstracts and review of full
texts led to the final inclusion of 132 spine surgery meta-
analyses (Fig. 1). Of the 2,034 excluded articles, 370 were
systematic reviews that did not involve quantitative synthe-
ses and 21 were meta-analyses that did not address thera-
peutic clinical questions. There were six duplicate
publications of eligible meta-analyses in both the Cochrane
Database of Systematic Reviews and another journals.
Agreement between the two reviewers for eligibility was
substantial (kappa50.70).

Characteristics of studies

The number of spine surgery meta-analyses published
per year increased over time from 0 in 1990 to 35 in
2013 (Fig. 2). Meta-analyses were most frequently
performed in China (52), the United States (37), The
Netherlands (11), the United Kingdom (9), and Canada
(5) (Fig. 3) and were most frequently published in Spine
(22), European Spine Journal (21), The Cochrane Data-
base of Systematic Reviews (13), Journal of Neurosurgery:
Spine (9), and PLoS One (7). The median journal Impact
Factor across all the included meta-analyses was 2.5
(IQR, 2.4–3.5), and the median Science Citation Index
was 5.5 (IQR, 1.0–18.8). The cumulative frequency of
meta-analysis publication in subspecialty journals for spine
surgery compared with nonsubspecialty journals over time
was similar (Appendix 2).

The median number of studies included in each meta-
analysis was 10 (IQR, 6–19), and the median number of
participants was 886 (IQR, 477–1,542). Sixty (45%)
meta-analyses included only RCTs, 30 (23%) included only

Table 1
Characteristics of spine surgery meta-analyses

Characteristics
Number of meta-analyses
(%), n5132

Spinal levels included
Cervical 55 (42)
Thoracic 47 (36)
Lumber 95 (72)

Spinal disorders included
Degenerative 97 (74)
Trauma 40 (30)
Deformity 19 (14)
Tumor/metastases 9 (7)
Infection 5 (4)
Other 7 (5)

Evidence included
Only RCTs 60 (45)
Only observational studies 30 (23)
RCTs and observational studies 43 (32)
Unpublished studies eligible 34 (26)
Non-English studies eligible 61 (46)

Number of databases searched
0 1 (1)
1 23 (17)
2 18 (14)
3 42 (32)
4 13 (10)
$5 35 (27)

Specific databases searched
MEDLINE 129 (98)
EMBASE 88 (67)
Cochrane 90 (68)
Other 59 (45)

Funding
Government 19 (14)
Institutional 8 (6)
Industry 6 (5)
None 46 (35)
Other 2 (2)
Not reported 51 (39)

RCT, randomized controlled trial.

Table 2
Clinical topics with multiple separate meta-analyses

Clinical topic
Number of meta-analyses
(%), n5132

Cervical disc arthroplasty 16 (12)
Vertebral augmentation 15 (11)
Pedicle screws 14 (11)
Lumbar fusion 11 (8)
Lumbar discectomy 8 (6)
BMPs 7 (5)
Antifibrinolytics 6 (5)
Cervical myelopathy 5 (4)
Burst fractures 5 (4)
Spine metastases 4 (3)
Other topics (#4 each) 45 (34)

BMP, bone morphogenic protein.
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observational studies, and 42 (32%) included both RCTs
and observational studies (Table 1). Ninety meta-analyses
(68%) included searches in three or more electronic data-
bases, and the most commonly searched databases were
MEDLINE (98%), The Cochrane Central Register of Con-
trolled Trials (68%), and EMBASE (67%). Authors in-
cluded unpublished studies in 34 (26%) and non-English
studies in 61 (46%). Authors conducted additional search
strategies, such as manually searching reference lists and
bibliographies or searching the databases of specialized

registries, in 101 (77%). There were several clinical topics
that were addressed in more than one published meta-
analysis, including cervical disc arthroplasty (16) [33–48],
vertebral augmentation (15) [49–63], and pedicle screws
(14) [64–77] (Table 2).

Credibility

The mean number of satisfactory Users’ Guide items in
each spine surgery meta-analysis was three of seven (SD,

Table 3
Methodological credibility of spine surgery meta-analyses

Users’ Guide for credibility of the systematic review and meta-analysis process
Number (%) of satisfactory
meta-analyses

Interobserver
agreement (kappa)

Did the review explicitly address a sensible clinical question? 125 (95) 0.83
Was the search for relevant studies exhaustive? 102 (77) 0.66
Was the risk of bias of the primary studies assessed? 91 (69) 0.67
Did the review address possible explanations of between-study differences in results? 7 (5) 0.56
Did the review present results that are ready for clinical application? 24 (18) 0.68
Were selection and assessments of studies reproducible? 46 (35) 0.54
Did the review address confidence in effect estimates? 24 (18) 0.80

Fig. 1. Flow of articles through systematic survey and reasons for exclusion.
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1.4; ICC, 0.86) (Table 3). Almost all authors (125%–95%)
addressed sensible clinical questions. Authors conducted
comprehensive searches in 102 (77%) and satisfactory risk
of bias assessments in 91 (69%), with the most commonly
used instrument being the Cochrane Risk of Bias Tool (52,
39%). Seven (5%) meta-analyses addressed possible explan-
ations of heterogeneity using a priori subgroup hypotheses.

Of 24 meta-analyses (18%) that presented results ready
for clinical application, minimal important differences were
reported in 12, number need to treats in 6, and absolute risk
reduction in 13. Duplicate assessments of eligibility were
performed in 88 meta-analyses (67%), duplicate assess-
ments of risk of bias in 78 (59%), and duplicate extraction
of data in 63 (47%); only 46 (35%) performed all three
steps in duplicate. Confidence in the effect estimates was
addressed in 24 of the meta-analyses (18%) and 21 (16%)
used the GRADE approach. The kappa coefficient for inter-
observer agreement for individual credibility items ranged
from 0.54 (moderate) to 0.83 (almost perfect).

In our multivariate linear regression model (Appendix 3,
adjusted R250.58), each of the following were significantly

associated with higher credibility (p!.05): increasing pub-
lication year, increasing Journal Impact Factor, increasing
number of databases, inclusion of RCTs, and inclusion of
non-English studies. Science Citation Index had a signifi-
cant negative association with study credibility based on
the User’s Guide items (p!.05) but not when adjusted for
Journal Impact Factor (p5.08).

Completeness of reporting

The mean number of satisfactory PRISMA items in each
spine surgery meta-analysis was 18 of 27 (SD, 4.4; ICC,
0.94) (Appendix 4). Under ‘‘Methods’’ section, 122
(92%) meta-analyses adequately reported eligibility crite-
ria, 117 (87%) reported information sources, and 97
(74%) reported study selection. Eighty meta-analyses
(61%) failed to adequately report their search terms or refer
to them in an Appendix, 91 (69%) failed to adequately re-
port how risk of bias across studies was assessed, and 127
(96%) failed to report whether risk of bias assessments was
study or outcome specific. Under ‘‘Results’’ section, 50
(38%) failed to adequately report risk of bias within indi-
vidual studies, 24 (18%) failed to adequately report the in-
dividual results of each included study, and 100 (76%)
failed to adequately report on risk of bias across studies.
Under ‘‘Discussion’’ section, study limitations were not ad-
equately reported in 28 (21%), and funding was not ad-
equately reported in 51 (39%). The kappa coefficient for
interobserver agreement for individual completeness of re-
porting items ranged from 0.19 (slight) to 0.91 (almost
perfect).

In our multivariable linear regression model (Appendix
3, adjusted R250.50), each of increasing publication year,
increasing Journal Impact Factor, increasing number of da-
tabases, inclusion of RCTs, and inclusion of non-English
studies were significantly associated with a higher

Fig. 2. Number of spine surgery meta-analyses published per year since
1990.

Fig. 3. Global distribution of spine surgery meta-analyses. Numbers indicate absolute counts of meta-analyses published from each continent and are not
adjusted for population or researcher density.
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completeness of reporting, and industry funding had a sig-
nificantly negative association (p!.05). The correlation be-
tween overall credibility and completeness of reporting
across all spine surgery meta-analyses was 0.79 (p!.01).

Discussion

In 132 eligible meta-analyses of spine surgery interven-
tions, we found that the mean number of satisfactory items
for credibility was 3 of 7 (SD, 1.4; ICC, 0.86) and the mean
number of satisfactory items for completeness of reporting
was 18 of 27 (SD, 4.4; ICC, 0.94). Each of more recent
publication, increasing Journal Impact Factor, increasing
number of databases, inclusion of RCTs, and inclusion of
non-English studies were associated with higher credibility
and completeness of reporting.

Strengths and limitations

Credibility is conceptually distinct from completeness of
reporting, but complete reporting is necessary to optimally
appraise credibility. Van Oldenrijk et al. [78] showed that
spine surgery RCTs frequently fail to report essential meth-
odological safeguards such as allocation concealment,
blinding, and adherence to the intention-to-treat principle,
but Devereaux et al. [79] showed in an observational study
of 105 RCTs that safeguards against bias in RCTs were
often adequate despite incomplete reporting. Chan et al.
[80] surveyed the authors of 43 orthopedic surgery RCTs
and identified that 28% to 40% of the trials had blinding
of relevant groups despite unclear reporting.

Thus, judgments regarding credibility in the presence of
incomplete reporting could have been flawed, but many of
the PRISMA items required for the assessments of the
User’s Guide items were adequately reported. Reporting
completeness was greater than 80% for each of objectives,
information sources, summary measures, and the results of
the risk of bias assessments. However, it was lower for the
items required to judge reproducibility, and PRISMA does
not evaluate whether authors reported a priori hypotheses to
explain heterogeneity or whether they reported confidence
in the overall estimates of effect. Although authors may
have tested subgroup hypotheses and omitted mention of
negative results from the publication, it seems unlikely that
they would have omitted positive subgroup findings or that
they would have performed but not reported confidence
ratings.

The Users’ Guide items and the PRISMA checklist were
not designed as scoring instruments and neither has been
validated for this purpose. We treated tallies of satisfactory
items for each instrument as continuous dependent varia-
bles, but this approach has not been formally tested. Mod-
erate to almost perfect interrater agreement for all seven
Users’ Guide items and high interrater overall agreement
support the merit of the chosen approach. The strong corre-
lation between the Users’ Guide and PRISMA scores

suggests that credibility and completeness of reporting
may not be distinct and that PRISMA might actually func-
tion as a credibility instrument for differentiating between
more and less credible reviews. On the other hand, from
a normative perspective, the Users’ Guide overall scores
highlight limitations, whereas the PRISMA scores suggest
much better performance.

The exclusion of meta-analyses in languages other than
English raises the possibility of language bias. Moher et al.
[12] evaluated 130 systematic reviews and concluded that
language restrictions did not appear to bias estimates of ef-
fect, but the generalizability of these findings to novel sur-
gical interventions and their applicability to credibility are
unknown. We selected the interval from 1990 to present be-
cause it corresponded with pioneering work in the use and
evaluation of meta-analyses and overlapped with earlier re-
search evaluating meta-analyses in orthopedic surgery
[3,4,81,82]. That there were no meta-analyses published
from 1990 to 1993 supports our choice.

The cumulative frequency of meta-analysis publication
in subspecialty spine surgery journals compared with non-
subspecialty spine surgery journals over time was similar,
which suggests that other factors might be more important
to explain the rise in publication rate. Potential factors
could include increasing emphasis on evidence-based med-
icine, increasing awareness of meta-analysis methodology,
increasing collaboration with biostatisticians, and increas-
ing availability of dedicated statistical software packages
for meta-analyses, but we did not investigate these factors
in our study.

Relation to previous work

Investigators have previously identified limitations in the
conduct and reporting of meta-analyses in other surgical
subspecialties [3–7]. In neurosurgery, Klimo et al. [83] used
the Assessment of Multiple Systematic Reviews instrument
and PRISMA and identified major deficiencies in search
strategies, study selection, data extraction, and assessments
of heterogeneity, publication bias, and study quality in 72
meta-analyses. Assessment of Multiple Systematic Reviews
has been widely used in the previous literature, but was not
used in this study because it does not produce reliably
quantifiable assessments, it does not account for modern in-
novations in meta-analysis methodology, and it does not
distinguish credibility from completeness of reporting
[1,84,85].

In orthopedic surgery, Dijkman et al. [3] compared 45
meta-analyses from 2005 to 44 meta-analyses from 2008 us-
ing the index of Oxman and Guyatt and found that up to
30% had major or extensive flaws. Similar findings were re-
ported by Sharma et al. [5] in their evaluation of 77 total
joint arthroplasty meta-analyses and Kowalczuk et al. [6]
in their evaluation of 22 femoroacetabular impingement
meta-analyses. Each of these studies suggested that adher-
ence to standardized checklists could potentially assist peer
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reviewers and journal editors, but none proposed strategies
to improve future studies, none evaluated credibility accord-
ing to the Users’ Guide, and none systematically examined
the spine literature.

Implications

The credibility of many current spine surgery meta-
analyses is limited, and surgeons should be cautious when
interpreting their results and applying them to the care of
their patients. The mean credibility score of spine surgery
meta-analyses was just 3 of 7 Users’ Guide items, which
may leave them at risk of producing misleading conclu-
sions. Although confidence ratings can specifically help
to inform surgeons about the quality of the evidence being
used for clinical decision making, only 18% of meta-
analyses addressed confidence in the pooled effect esti-
mates according to GRADE or a similar approach.

Adherence to the PRISMA checklist is important to en-
sure transparent reporting, but it does not include all items
necessary for high credibility. Researchers should also ad-
here to the Users’ Guide for credibility of the systematic re-
view and meta-analysis process (Table 4) and should
specifically consider performing sufficiently exhaustive liter-
ature searches, addressing possible explanations of heteroge-
neity, presenting results in a clinically useful manner,
reproducibly selecting and assessing primary studies, and ad-
dressing confidence in the pooled effect estimates [1,8]. Our

results suggest the advisability of ongoing education regard-
ing the process of systematic reviews and meta-analysis.

Further investigation is warranted to understand the po-
tential clinical impact of the observed deficiencies by com-
paring similar meta-analyses and engaging evidence users.
We identified several clinical topics that were addressed in
more than one published meta-analyses, including some
topics that had more meta-analyses than there are random-
ized trials [86,87]. Meta-analyses by different authors ad-
dressing the same topic frequently include different
primary trials [88,89], and these differences can produce dis-
cordant results [89,90]. In a review of eight meta-analyses,
Ford et al. [7] identifiedmissed eligible trials and errors in di-
chotomous data extraction that led to a$10% or more rela-
tive difference in treatment effects in five studies and a
change in the statistical significance in four studies.

Conclusions

Meta-analyses are powerful tools that can synthesize
existing research, inform clinical practice, and directly sup-
port evidence-based care. They can be profoundly impactful
when high-quality primary evidence and high-quality meth-
odology align, but the credibility of many current spine sur-
gery meta-analyses is limited. Researchers can improve the
credibility of future meta-analyses by performing
sufficiently exhaustive literature searches, addressing possi-
ble explanations of heterogeneity, presenting results in a

Table 4
Users’ Guide for credibility of the systematic review and meta-analysis process

Address a sensible clinical question
! Therapeutic questions should have a clear focus defined by specific PICO.
! It should be plausible that the intervention will have a similar effect across the selected range of patients, interventions or exposures, and outcomes.

Perform an exhaustive search for relevant studies
! MEDLINE, EMBASE, and the Cochrane Database may not uncover all eligible articles for many questions.
! Additional resources include trial registries, bibliographies, abstract presentations, contact with experts, and specialized registries.

Assess risk of bias of the primary studies
! Confidence in the pooled effect estimates depends on the safeguards against bias inherent in the primary studies.
! There are multiple strategies to assess risk of bias, and different study designs require different approaches.

Address possible explanations of between-study differences in results
! Inconsistent results may be because of varying characteristics of the populations, interventions, comparisons, outcomes, and designs of the
included studies.

! A small number of credible hypotheses to explain heterogeneity should be specified a priori and tested in subgroup analyses.
Present results that are ready for clinical application
! Relative measures of association and continuous outcomes and are often challenging to interpret and in some instances may be misleading.
! Dichotomous outcomes should be presented as absolute effects compared with baseline risks, and continuous outcomes should reference
patient-important effect sizes in familiar units.

Ensure that the selection and assessments of studies are reproducible
! The systematic review process involves judgments that are at risk of random and systematic errors.
! Two or more authors should independently perform each of eligibility assessments, risk of bias assessments, and data abstraction.

Address confidence in pooled effect estimates
! Confidence in the pooled effect estimates depends on study design, risk of bias, imprecision, inconsistency, indirectness, publication bias,
and other factors.

! The GRADE Working Group has developed a system that has been adopted by over 70 major health research organizations.
Report transparently according to the PRISMA checklist
! Quality of reporting is conceptually distinct from methodological credibility. It is the extent to which authors transparently report the items
necessary for users to critically appraise strengths and weaknesses.

GRADE, Grades of Recommendation, Assessment, Development, and Evaluation; PICO, populations, interventions, comparisons, and outcomes;
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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clinically useful manner, reproducibly selecting and assess-
ing primary studies, addressing confidence in the pooled ef-
fect estimates, and adhering to guidelines for transparent
reporting.

Supplementary data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.spinee.2015.05.018.
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Appendix 1 – Electronic search strategy for MEDLINE 
 
1 Spine or spinal).mp. [mp=ti, ab, sh, hw, tn, ot, dm, mf, dv, kw, nm, kf, px, rx, an, ui] 

2 spine.mp.  

3 (surgery or surgical or operation or operate).mp. 

4 surgery.mp.  

5 exp Spine/su 

6 (1 or 2) and (3 or 4) 

7 6 or 5 

8 exp meta-analysis/ 

9 meta-analysis.mp. 

10 exp systematic review/ 

11 systematic review.mp.  

12 8 or 9 or 10 or 11 

13 7 and 12 

14 limit 13 to english language 

15 limit 14 to yr="1990 -Current" 

16 limit 15 to humans 

 

 

 

 

 

 
 
 
 
!

 



 
Ph.D. Thesis – N. Evaniew; McMaster University – Health Research Methodology	

	

	 95 

APPENDIX 2 
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Appendix 3. Factors associated with methodological credibility and quality of 

reporting  

	

	
	

 Methodological credibility (Users’ guide)  Quality of reporting (PRISMA) 
Adjusted R-square = 0.58  Adjusted R-square = 0.50 

Standardized 
Coefficient 

P-value 95% CI  Standardized 
Coefficient 

P-value 95% CI 
lower upper  lower upper 

Year of publication 0.23 <0.01 0.03 0.15  0.39 <0.01 0.27 0.67 

Impact Factor 0.23 <0.01 0.06 0.24  0.19 <0.01 0.10 0.68 

Science Citation Index  -0.18 0.02 -0.02 0.00  -0.04 0.67 -0.03 0.02 

Number of databases 0.33 <0.01 0.13 0.31  0.22 <0.01 0.15 0.76 

Inclusion of RCTs 0.18 0.01 0.12 0.61  0.20 <0.01 0.48 2.10 

Inclusion of unpublished 
studies -0.05 0.50 -0.64 0.31  0.13 0.11 -0.28 2.84 

Inclusion of non-English 
studies 0.31 0.01 0.52 1.26  0.18 0.01 0.38 2.83 

Degree/affiliation in 
epidemiology or biostatistics -0.04 0.56 -0.53 0.29  -0.05 0.42 -1.88 0.80 

Industry funding -0.06 0.34 -1.26 0.43  -0.13 0.04 -5.64 -0.08 
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Appendix 4. Completeness of reporting of spine surgery meta-analyses 

!
!
!

Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) checklist 

Number (%) of satisfactory 
meta-analyses 

Inter-observer 
agreement (kappa) 

Title 
Title 88 (67) 0.91 

Abstract 
Structured summary 123 (93) 0.56 

Introduction   
Rationale 130 (99) 0.66 
Objectives 125 (95) 0.83 

Methods 
Protocol and registration 18 (14) 0.58 
Eligibility criteria 122 (92) 0.40 
Information sources 117 (87) 0.60 
Search 52 (39) 0.67 
Study selection 97 (74) 0.31 
Data collection process 82 (62) 0.32 
Data items 103 (78) 0.45 
Risk of bias in individual studies 5 (4) 0.91 
Summary measures 126 (96) 0.27 
Synthesis of results 97 (74) 0.45 
Risk of bias across studies 41 (31) 0.88 
Additional analyses 58 (44)  0.52 

Results 
Study selection 108 (82) 0.19 
Study characteristics 110 (83) 0.71 
Risk of bias within studies 82 (62) 0.68 
Results of individual studies 108 (82) 0.69 
Synthesis of results 101 (77) 0.69 
Risk of bias across studies 32 (24) 0.73 
Additional analysis 55 (42) 0.44 

Discussion 
Summary of evidence 24 (18) 0.64 
Limitations 104 (79) 0.55 
Conclusions 130 (99) 0.49 

Funding 
Funding 72 (55) 0.74 
!
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ABSTRACT 
Previous meta-analyses of methylprednisolone for patients with acute 
traumatic spinal cord injuries (TSCIs) have not addressed confidence in 
the quality of evidence used for pooled effect estimates and new primary 
studies have been recently published. We aimed to determine whether 
methylprednisolone improves motor recovery and is associated with 
increased risks for adverse events.  
 
We searched MEDLINE, EMBASE, and The Cochrane Library, and two 
reviewers independently screened articles, extracted data, and evaluated 
risk of bias. We pooled outcomes from randomized controlled trials (RCTs) 
and controlled observational studies separately and used the Grades of 
Recommendation, Assessment, Development, and Evaluation approach to 
evaluate confidence.  
 
We included four RCTs and 17 observational studies. Methylprednisolone 
was not associated with an increase in long-term motor score recovery 
(two RCTs: 335 participants, mean difference [MD] -1.11, 95% CI -4.75 to 
2.53, p=0.55, low confidence; two observational studies: 528 participants, 
MD 1.37, 95% CI -3.08 to 5.83, p=0.55, very low confidence) or 
improvement by at least one motor grade (three observational studies: 383 
participants, risk ratio [RR] 0.84, 95% CI 0.53 to 1.33, p=0.46, very low 
confidence). Evidence from two RCTs demonstrated superior short-term 
motor score improvement if methylprednisolone was administered within 
eight hours of injury (two RCTs: 250 participants; MD 4.46, 95% CI 0.97 to 
7.94, p=0.01; low confidence), but risk of bias and imprecision limit 
confidence in these findings. Observational studies demonstrated a 
significantly increased risk for gastrointestinal bleeding (nine studies: 2857 
participants, RR 2.18; 95% CI 1.13 to 4.19; p=0.02, very low confidence), 
but RCTs did not.  
 
Pooled evidence does not demonstrate a significant long-term benefit for 
methylprednisolone in patients with acute TSCIs and suggests it may be 
associated with increased gastrointestinal bleeding. These findings 
support current guidelines against routine use, but strong 
recommendations are not warranted because confidence in the effect 
estimates is limited.  
 
 
KEY WORDS  
methylprednisolone; spinal cord injury; systematic review; meta-analysis; 
motor score 
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INTRODUCTION   

Patients with acute traumatic spinal cord injuries (TSCIs) often experience 

severe loss of function and profoundly impaired quality of life, and the 

development of interventions to improve motor recovery is critically 

important.1,2 More than 500,000 people suffer acute TSCIs worldwide 

each year, and global prevalence is expected to increase.3–5  

 

In the landmark Second National Spinal Cord Injury Study (NASCIS-II), 

437 participants with acute TSCIs were randomized to an initial bolus of 

30 mg/kg of methylprednisolone followed by an infusion of 5.4 mg/kg per 

hour for 23 hours versus either naloxone or placebo.6,7 Although subgroup 

analyses suggested a small benefit attributable to methylprednisolone for 

motor recovery, other studies reported conflicting results and utilization 

has declined sharply in the last decade.8–12 Potential harms of 

methylprednisolone include risks for infections and gastrointestinal 

bleeding, potentially leading to increased mortality.1,13 Most current 

guidelines do not recommend routine administration of methylprednisolone 

for acute TSCIs.13–15   

 

Systematic reviews and meta-analyses are powerful tools that can 

synthesize conflicting literature and inform clinical practice, but they 

require rigorous methodology and must be frequently updated to avoid 
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misleading conclusions.16,17 New primary studies have been recently 

published and previous meta-analyses evaluating methylprednisolone for 

patients with TSCIs have not addressed confidence in the quality of the 

evidence used for the pooled effect estimates.1,8,18–20 Therefore, we aimed 

to determine whether methylprednisolone improves motor recovery and is 

associated with an increase in adverse events in patients with acute 

TSCIs in comparison to placebo or no treatment. 

 

METHODS    

We performed a systematic review and meta-analysis according to the 

methods of the Cochrane Handbook for Systematic Reviews of 

Interventions, and we report according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses statement.21,22  

 

Eligibility criteria 

We included all randomized controlled trials (RCTs) and controlled 

observational studies that compared methylprednisolone against placebo 

or no treatment in adult patients with acute TSCIs. Studies that reported 

exclusively on pediatric patients (less than 18 years of age) and studies of 

corticosteroids other than methylprednisolone were excluded. Studies that 

combined pediatric patients with adult patients were included. No 

exclusions were made on the basis of open versus closed injuries, 
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language, publication status, timing of outcome assessment, setting, or 

regimen of methylprednisolone.  

 

Identification of studies 

We searched MEDLINE (1946 to present), EMBASE (1974 to present), 

and The Cochrane Library (no date limit) on June 6, 2015 using MeSH 

and EMTREE headings and subheadings in various combinations, 

supplemented with free text (Appendix 1). We also reviewed reference 

lists from included studies and previous reviews, consulted with experts, 

and used the “related articles” feature in PubMed. To identify potential 

unpublished studies, we searched clinicaltrials.gov and reviewed annual 

conference proceedings from 2012 to present for the North American 

Spine Society, the Spine Society of Europe, and the Canadian Spine 

Society.  

 

Two reviewers (NE, EBC) independently screened all titles and abstracts, 

and then screened the full texts of potentially eligible studies for final 

inclusion. Studies in languages other than English were translated. All 

discrepancies were resolved by consensus. 

 

Data extraction  



 
Ph.D. Thesis – N. Evaniew; McMaster University – Health Research Methodology	

	

	 104 

The two reviewers independently evaluated risk of bias for each study 

using the Cochrane Collaboration’s Risk of Bias tool for RCTs and the 

Methodological Index for Non-Randomized Studies (MINORS) for 

observational studies, and all discrepancies were resolved by 

consensus.21,23  

 

We classified outcomes by consensus as critical, important but not critical, 

or of limited importance to patients and decision-makers, and we extracted 

data for those outcomes considered critical or important.21 Motor recovery 

and specific adverse events (mortality, sepsis, pneumonia, gastrointestinal 

bleeding, decubitus ulcer, urinary tract infection, venous 

thromboembolism, surgical site infection) were considered critical or 

important based on clinical significance and previous literature.24–26 

Sensory recovery, length of stay, hyperglycemia, and other outcomes 

were considered of limited importance. 

 

The two reviewers independently extracted the following data points using 

piloted electronic data forms: study design, first author, journal, year of 

publication, patient characteristics, surgical co-intervention and surgical 

timing, injury severity, sample size and losses in each group, duration of 

follow-up, methylprednisolone regimen, motor recovery outcomes, and 

adverse events. Scales for motor recovery outcomes included 
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International Standards for Neurologic Classification of Spinal Cord Injury 

(ISNCSCI) American Spinal Injury Association (ASIA) total motor scores 

(continuous), and improvement by one grade or more on the Frankel or 

ASIA Impairment Scale (AIS) (dichotomous).27 

 

We contacted authors and reviewed data reported in previous meta-

analyses for clarifications when needed.8 We estimated standard 

deviations (SD) for motor score improvement when necessary by imputing 

the median SDs for all patients that received the same treatment (steroids 

versus no steroids) from all studies that reported on the same outcome 

(motor score improvement).21 When studies investigated additional 

interventions, we extracted outcome data only for comparisons of 

methylprednisolone versus placebo or no treatment. 

 

Data synthesis  

We pre-specified that we would not pool data from RCTs with data from 

observational studies,21,28 and we pre-specified subgroup hypotheses that 

we would test to explain potential high heterogeneity: cervical versus 

thoracolumbar injuries; complete (AIS A) versus incomplete (AIS B/C/D) 

injuries; presence and timing of surgical co-intervention; and risk of 

bias.16,29–31 We also planned subgroup analyses for motor recovery 

outcomes including only studies in which methylprednisolone was 
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administered within eight hours of injury regardless of heterogeneity 

because of established clinical interest.1,8 We pooled motor recovery data 

at follow-up durations of six months or earlier (short-term) and greater than 

six months (long-term), and adverse event data at final follow-up from 

each study.1,6,24,30,32 We used the numbers of participants reported as 

followed-up at each specific time-point in each trial where possible. 

  

We used the Grades of Recommendation, Assessment, Development, 

and Evaluation (GRADE) approach to evaluate confidence in the pooled 

effect estimates.16,33 According to GRADE, data from randomized 

controlled trials are considered high quality evidence but can be rated 

down according to risk of bias, imprecision, inconsistency, indirectness, or 

publication bias. Data from observational studies are considered low 

quality evidence but can be rated up due to a large treatment effect, 

evidence of a dose–response relationship, or if all plausible biases would 

not undermine the conclusions. We rated down for imprecision if the 95% 

confidence intervals (CIs) failed to exclude benefit or harm and if the 

pooled sample would have been underpowered to detect the point 

estimate (Optimal Information Size criterion).34 We rated down for 

inconsistency if statistically significant heterogeneity could not be 

explained by our pre-specified subgroup hypotheses.35 
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Statistical analysis 

We quantified inter-observer agreement for the reviewers’ assessments 

using Cohen’s kappa and interpreted values according to Landis and Koch 

as: 0, poor; 0.01 to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60, moderate; 

0.61 to 0.80, substantial; and 0.81 to 1.00, almost perfect.36 We combined 

outcome data according to the inverse variance method using a random 

effects model.21 We report pooled estimates as mean differences (MD) 

with 95% CIs for continuous outcomes and risk ratios (RR) with 95% CIs 

for dichotomous outcomes. We constructed funnel plots to assess for 

publication bias, we quantified heterogeneity using the chi-squared test 

and the I2 statistic. We planned sensitivity analyses to test the importance 

of estimated data by omitting studies requiring estimation and to test the 

importance of losses to follow-up across a range of plausible assumptions 

about the nature of any losses.37 Tests of significance were two-tailed and 

p-values <0.05 were considered significant. All analyses were performed 

using IBM SPSS Version 21 (SPSS Inc., Chicago IL; 2012) and Review 

Manager 5.3 (The Nordic Cochrane Center, The Cochrane Collaboration, 

2014, Copenhagen, Denmark).  

 

RESULTS   

Included studies   
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Our search strategy identified 2062 potential articles, 82 of which we 

reviewed as full texts (Figure 1). Thereafter, we included four RCTs (n = 

548 participants)6,38–40 and 17 controlled observational studies (n = 

3967)16,19,20,41–54 that compared methylprednisolone to placebo or no 

treatment in adult patients with acute TSCIs. Inter-observer agreement 

was substantial for screening of titles and abstracts (kappa = 0.75) and 

almost perfect for review of full texts (kappa = 0.95). We used a previous 

meta-analysis8 to clarify motor scores for three studies6, 38, 39 and adverse 

events for one study.38 Contact with authors led to clarification of adverse 

events and quality assessment for one study.53   

 

Of the four RCTs, two compared the NASCIS-II regimen of 

methylprednisolone against placebo6,40 and two against no treatment38,39 

(Table 1). Two reported on motor score improvement at short-term follow-

up and two at long-term follow-up,7,39 and all four reported on at least one 

adverse event of interest. Three reported that all participants were treated 

within eight hours of their injuries and one reported that only 45% were 

treated within eight hours but had published subgroup data available.  

 

Of the 17 observational studies, 15 compared the NASCIS-II regimen of 

methylprednisolone against no treatment and two compared “high dose” 

methylprednisolone against no treatment (Table 1). Seven reported on 
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motor score improvement, of which five did so at short-term follow-up and 

two at long-term follow-up. Seven reported on improvement by one grade 

or more on the Frankel or ASIA Impairment Scale, including three at short-

term follow-up and two at long-term follow-up. One reported on motor 

grade improvement at the “time of discharge” and was pooled at short-

term follow-up and one did not report follow-up duration for motor recovery 

and was pooled at long-term follow-up. Fifteen observational studies 

reported on at least one of the adverse events of interest.  

 

Risk of bias 

All four RCTs were at unclear risk of bias for sequence generation, 

allocation concealment, and addressing incomplete outcome data, and low 

risk for selective reporting (Appendix 2). Two were at low risk and two 

were at high risk for blinding. None adequately reported loss to follow-up. 

One study was at high risk because there were a large number of 

unexplained post-randomization exclusions.  

 

Fifteen of the 17 observational studies were retrospective and five used 

historical rather than contemporary control groups (Appendix 2). None 

incorporated unbiased assessment of outcomes, 14 did not demonstrate 

similarity at baseline and only two performed adjusted analyses, 9 did not 
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specify consecutive patient enrolment, and 11 did not report losses to 

follow-up.  

 

Our funnel plots to detect publication bias were symmetric, but the small 

number of studies for each outcome limited interpretability (Appendix 3).21   

 

Motor recovery 

Methylprednisolone was not associated with a significant motor score 

improvement at short-term follow-up according to evidence from two RCTs 

(414 participants; MD 1.19, 95% CI -2.33 to 4.71, p=0.51; heterogeneity 

p=0.23, I2=30%; low confidence) and five observational studies (308 

participants; MD 3.04, 95% CI -2.81 to 8.90, p=0.31; heterogeneity 

p<0.05, I2=77%; very low confidence; Figure 2a). Methylprednisolone was 

also not associated with a significant motor score improvement at long-

term follow-up according to evidence from two RCTs (335 participants; MD 

-1.11, 95% CI -4.75 to 2.53, p=0.55; heterogeneity p=0.52, I2=0%; low 

confidence) and two observational studies (528 participants; MD 1.37, 

95% CI -3.08 to 5.83, p=0.55; heterogeneity p=0.26, I2=22%; very low 

confidence; Figure 2b). We rated down the quality of the evidence for 

motor score improvement to low for RCTs due to risk of bias and 

imprecision, and to very low for observational studies due to study design, 

risk of bias, and imprecision (Table 2). Heterogeneity among the 
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observational studies with short-term outcomes was resolved by including 

only those studies in which all patients received surgical co-intervention 

according to a pre-specified subgroup analysis (167 participants, two 

studies; MD -0.99, 95% CI -6.02 to 4.04, p=0.70; heterogeneity p=0.85, 

I2=0%; very low confidence).  

 

According to evidence from observational studies only, 

methylprednisolone was not associated with a significant improvement by 

one grade or more on the Frankel or ASIA Impairment Scale at short-term 

follow-up (675 participants, four studies; RR 1.27, 95% CI 0.75 to 2.17, 

p=0.37; heterogeneity p<0.05, I2=76%; very low confidence; Figure 3a) or 

long-term follow-up (383 participants, three studies; RR 0.84, 95% CI 0.53 

to 1.33, p=0.46; heterogeneity p=0.96, I2=0%; Figure 3b). Heterogeneity 

at short-term follow-up was not explained by our pre-specified subgroup 

hypotheses, so we rated down the quality of the evidence for 

inconsistency.  

 

According to evidence from RCTs, methylprednisolone initiated within 

eight hours of injury was associated with a significant motor score 

improvement at short-term follow-up (250 participants, two studies; MD 

4.46, 95% CI 0.97 to 7.94, p=0.01; heterogeneity p=0.81, I2=0%; low 

confidence), but not at long-term follow-up (177 participants, two studies; 
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MD 1.97, 95% -7.78 to 11.73, p=0.69; heterogeneity p=0.16, I2=50; low 

confidence; Appendix 4). According to evidence from observational 

studies, methylprednisolone initiated within eight hours of injury was not 

associated with a significant motor score improvement at short-term 

follow-up (275 participants, four studies; MD 4.48; 95% CI -2.49 to 11.45, 

p=0.21; heterogeneity p<0.05, I2=81%; very low confidence) or long-term 

follow-up (224 patients, one study; MD -1.80, 95% CI -8.79 to 5.19, 

p=0.61; very low confidence), and was not associated with a significant 

improvement by one grade or more on the Frankel or ASIA Impairment 

Scale at short-term follow-up (675 participants, four studies; RR 1.27, 95% 

CI 0.75 to 2.17, p=0.37; heterogeneity p<0.05, I2=76%; very low 

confidence) or long-term follow-up (368 participants, two studies; RR 0.86, 

95% CI 0.53 to 1.38, p=0.53; heterogeneity p=0.97, I2=0%; very low 

confidence). We rated down the quality of the evidence for motor score 

improvement when methylprednisolone was initiated within eight hours of 

injury to low for RCTs due to risk of bias and imprecision, and to very low 

for observational studies due to study design, risk of bias, and imprecision 

 

Adverse events 

Methylprednisolone was not associated with significantly increased risks 

for mortality, sepsis, pneumonia, decubitus ulcer, urinary tract infection, 

venous thromboembolism, surgical site infection, or total adverse events 
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according to pooled evidence from RCTs and observational studies (Table 

3 and Appendix 5). Evidence from observational studies suggested a 

significantly increased risk for gastrointestinal bleeding (2857 participants, 

nine studies; RR 2.18, 95% CI 1.13 to 4.19, p=0.02; heterogeneity p=0.17, 

I2=33%; very low confidence), but evidence from RCTs did not (444 

participants, three studies; RR 1.99, 95% CI 0.74 to 2.13, p=0.40; 

heterogeneity p=0.54, I2=0%). The quality of the evidence for all adverse 

events was rated down to low for RCTs due to risk of bias and 

imprecision, and to very low for observational studies due to study design 

and risk of bias (Table 2).  

 

Sensitivity analyses 

Our results were robust in sensitivity analyses to test the importance of 

estimated data (Appendix 6). Sensitivity analyses to test the importance 

of loss to follow-up were not performed because they were adequately 

reported only in five observational studies (Appendix 2).  

 

DISCUSSION 

According to evidence from RCTs and controlled observational studies, 

methylprednisolone did not significantly improve long-term motor score 

recovery or recovery by at least one motor grade in patients with acute 

TSCIs in comparison to placebo or no treatment. Limited data suggested 
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short-term motor score improvements if methylprednisolone was 

administered within eight hours of injury, but there was no significant 

benefit after more than six months. Evidence from observational studies 

suggested an association between methylprednisolone and an increased 

rate of gastrointestinal bleeding, but evidence from RCTs did not. The 

risks for other adverse events were not significantly different between 

groups. The quality of the evidence for all outcomes was low or very low, 

which means that confidence in the effect estimates is limited and the true 

effects may be substantially different. 

 

Limitations  

We included evidence from RCTs and evidence from controlled 

observational studies, and this approach risked trading off imprecise but 

unbiased estimates for precise but biased estimates.21 Statistical 

heterogeneity was minimal for most outcomes, but it is plausible that 

unreported differences in treatment decisions, administration of co-

interventions, timing of baseline neurological examinations, or methods of 

outcomes assessment could have introduced important variability.25,55,56 

For example, patients given methylprednisolone within eight hours of their 

injuries would be most likely to have had their baseline neurological exams 

performed within eight hours of injury whereas those who did not receive 

methylprednisolone may have been treated outside that window and had 
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their baseline examinations delayed. Differential timing of baseline 

examinations could therefore bias motor recovery outcomes in favor of 

methylprednisolone by creating a greater opportunity to recovery.1 

 

In order to avoid unacceptable error and misleading conclusions, we 

presented the effect estimates from RCTs and observational studies 

separately and we rated down confidence for each study design when risk 

of bias was unclear or high.21,33 Given that poorly designed or poorly 

executed RCTs can sometimes be more problematic than well-designed 

observational studies, our inclusion of both study designs provides readers 

a broader view of the literature.28,57  

 

Pooled effect estimates should ideally be interpreted in light of patient-

important effect sizes to facilitate clinical application, but it is unknown 

what magnitude of motor score improvement represents a minimal 

important difference (MID).16,55,58 A current multi-center trial of riluzole in 

TSCI has been powered to detect a nine-point difference59 and some have 

considered MIDs of up to 20 points.24 However, others have argued that 

even very small amounts of motor improvement may be meaningful or that 

importance may vary depending on the anatomical level and baseline 

severity of patients’ injuries or other contextual factors.29,55,60 We 

considered that even small differences could be important to patients, so 
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we conservatively rated down confidence when the 95% confidence 

intervals (CIs) failed to exclude any amount of benefit or harm, rather than 

rating down only if they failed to exclude certain thresholds of MID.34  

 

A multivariate analysis of 411 participants from The Surgical Timing in 

Acute Spinal Cord Injury Study (STASCIS) suggested potential 

confounding between methylprednisolone and timing of surgical 

decompression.61,62 We excluded this study because controlled outcome 

data were not reported. Although we proposed subgroup analyses based 

on surgical co-intervention to explain potential heterogeneity, surgical 

timing was infrequently reported and conventional meta-analyses are 

poorly equipped to statistically adjust for potential confounders. Access to 

participant-level data from the included studies could facilitate meta-

regression for this purpose.63  

 

Relation to previous literature  

Botelho et al. performed a systematic review and concluded that serious 

potential harms of methylprednisolone in patients with acute TSCIs 

outweighed small potential benefits,18 but Bracken performed a meta-

analysis and concluded that methylprednisolone improves motor recovery 

if started within eight hours.8 In comparison to Bracken’s findings, our 

point estimate for motor score improvement among all patients was 
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smaller at short-term follow-up and in the direction of harm rather than 

benefit at long-term follow-up; our confidence intervals indicate similar 

imprecision. Neither of these reviews ensured that the selection of studies 

was reproducible by using two or more reviewers, neither explored 

between-study differences in results with pre-specified subgroup 

hypotheses, and neither addressed confidence in their effect estimates.1,16 

Hurlbert et al. reported a systematic review performed for the 2013 Update 

of the Guidelines for the Management of Acute Cervical Spine and Spinal 

Cord Injuries and provided a level I recommendation against 

methylprednisolone.14,15 Their recommendation cited a lack of compelling 

evidence from RCTs or controlled observational studies to support clinical 

benefit and consistent evidence to suggest harm, including indirect 

evidence of increased mortality from an RCT of 10,008 participants with 

head injuries.64   

 

Our meta-analysis advances current understanding because it is the first 

to incorporate the GRADE approach for evaluating confidence in the 

pooled effect estimates. Confidence ratings are important because they 

inform evidence users about the quality of the evidence available for 

clinical decision-making by transparently integrating study design, risk of 

bias, imprecision, inconsistency, indirectness, and publication bias.16 The 

GRADE approach has been adopted by more than 70 major health 
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research organizations, including the Cochrane Collaboration, the World 

Heath Organization, and the American College of Physicians.33 

 

Our meta-analysis also advances current understanding because it 

includes recent studies not pooled previously, including two matched 

cohort studies that were at low risk of bias. Chikuda et al.’s report of 812 

pairs from a national administrative database in Japan is the largest 

controlled study of adverse events, and Evaniew et al.’s report of 44 

matched pairs from a national spinal cord injury registry in Canada was 

the first to adjust for potential confounding due to patients’ neurological 

level of injury and baseline severity of impairment.1,19 Other older but 

previously overlooked studies were also retrieved due to our broad search 

strategy and rigorous methodology.41,52,54 

 

Implications 

Our results support current guideline recommendations against routine 

administration of methylprednisolone for patients with acute TSCIs, but 

strong recommendations are not warranted.14,65 Guidelines panels must 

integrate confidence in effect estimates with the balance of desirable and 

undesirable consequences for alternative management strategies, 

estimated values and preferences of typical patients, and potential use of 

healthcare resources.66,67 Methylprednisolone did not provide significant 
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long-term benefit, but all of the 95% confidence intervals for motor 

recovery were compatible with benefit or harm, the effect estimates for 

gastrointestinal bleeding were conflicting, confidence for all outcomes was 

low or very low, and the values and preferences of typical patients are 

likely to be variable.68–70  

 

Further research could increase confidence in the effect estimates and 

clarify the influence of potential confounders or effect modifiers, but 

utilization of methylprednisolone has already declined sharply at many 

centers in the last decade and equipoise among individual clinicians may 

be lacking. Although some clinicians report belief in efficacy or 

medicolegal concerns, Hurlbert et al. found that more than 75% of 

Canadian spine surgeons do not prescribe methylprednisolone and 

Schroeder et al. found a 37% relative decrease in utilization among 

members of the Cervical Spine Research Society.9,10 The clinical burden, 

cost, and multi-center infrastructure required to conduct a well-designed 

trial may also be prohibitive.  

 

Conclusions 

Pooled evidence from multiple RCTs and observational studies does not 

demonstrate a significant long-term benefit for patients with acute TSCIs 

and suggests that methylprednisolone may be associated with increased 
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gastrointestinal bleeding. These findings support current guidelines 

against routine use, but strong recommendations are not warranted 

because confidence in the effect estimates is limited. Further research 

could increase confidence in the effect estimates and clarify the influence 

of potential confounders or effect modifiers.  
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TABLES 

Table 1. Included studies 

MPS = methylprednisolone; NR = not reported; NASCIS-II = Second 
National Spinal Cord Injury Study;  
AIS = ASIA Impairment Scale 
 

 

	
Table 1. Included studies 
MPS = methylprednisolone; NR = not reported; NASCIS-II = Second National Spinal Cord Injury Study;  
AIS = ASIA Impairment Scale 

Authors Year Size Follow-
up 

(months) 

Mean 
age  

(years) 

Males  
(%) 

Cervical  
(%) 

Open  
(%) 

Surgery  
(%) 

Complete  
(%) 

MPS 
regimen 

Within 8 
hours (%) 

Outcomes 

Randomized controlled trials 
Bracken et al.6–8 1990/ 

1992 
333 6, 12 NR 86 NR 1 99 62 NASCIS-II 45 Motor scores, adverse events 

Otani et al.38  
 

1994 117 6 NR NR NR NR NR NR NASCIS-II 100 Motor scores, adverse events 

Pointillart et al.39  2000 52 12 30 90 NR 0 NR 45 NASCIS-II 100 Motor scores, adverse events 

Matsumoto et al.40  2001 46 24 61 91 100 0 0 33 NASCIS-II 100 Adverse events 

Observational studies 
Prendergast et al.51  1994 54 2 36 80 NR 57 NR 46 NASCIS-II NR Motor scores, adverse events 

Gäbler et al.41  1995 144 >12 39 74 39 NR 100 42 NASCIS-II 100 Frankel >1, adverse events 

George et al.53  1995 145 <1 34 77 55 9 68 64 NASCIS-II NR Adverse events 

Gerhart et al.42 1995 278 NR NR NR 55 6 NR NR NASCIS-II NR Frankel >1 

Yokota et al.52  1995 38 <1 37 87 63 NR 61 NR NASCIS-II 100 Motor scores, adverse events 

Levy et al.43  1996 236 6 26 94 22 100 7 55 NASCIS-II 100 Frankel >1, adverse events 

Heary et al.44 1997 224 56 26 91 30 100 15 75 NASCIS-II 100 Motor scores, Frankel >1, 
adverse events 

Gerndt et al.45  1997 140 NR 32 77 56 0 77 NR NASCIS-II 100 Adverse events 

Pollard et al.46  2003 304 24 NR NR 100 NR 78 0 NASCIS-II NR Motor scores 

Tsutsumi et al.47  2006 70 6 51 89 100 NR NR 61 NASCIS-II 100 Motor scores, adverse events 

Suberviola et al.48  2008 82 <1 42 84 54 NR 21 54 NASCIS-II 100 Frankel >1, adverse events 

Ito et al.49  2009 79 3 58 80 100 NR 72 27 NASCIS-II 100 Motor scores,  
AIS >1, adverse events 

Aomar Millan et al.54 2011 96 6 36 79 NR NR NR 47 NASCIS-II 100 Adverse events 

Chikuda et al.19 2014 1624 <1 61 79 100 NR 23 NR "High-
dose" 

NR Adverse events 

Khan et al.20 2014 350 NR 44 76 68 NR 100 43 NASCIS-II 100 Adverse events 

Sribnick et al.50 2014 15 22 37 60 100 NR 100 60 "High-
dose" 

NR AIS >1, adverse events 

Evaniew et al.1 2015 88 4 45 88 73 NR 86 45 NASCIS-II 100 Motor scores, adverse events 
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Table 2. Summary of findings: methylprednisolone versus placebo or no 

treatment for patients with acute traumatic spinal cord injuries 

 

RCT = randomized controlled trial. OBS = observational study. MD = 

mean difference. RR = relative risk. 

 

 

	
Table 2. Summary of findings: methylprednisolone versus placebo or no treatment for patients with acute traumatic spinal cord injuries.  
RCT = randomized controlled trial. OBS = observational study. MD = mean difference. RR = relative risk. 
 

Outcome Follow-up Data 
source 

Number of 
participants 

Quality of evidence1  
(GRADE) 

Anticipated effects 

Motor score Short RCT 414  
(2 studies)6,38 

LOW 
Risk of bias, imprecision 

 

No significant difference between groups 
(MD 1.19; 95% CI -2.33 to 4.71; p=0.51). 

OBS 308  
(5 studies)1,47,49,51,52 

VERY LOW 
Study design, risk of bias, 

imprecision 

No significant difference between groups 
(MD 3.04; 95% CI -2.81 to 8.90; p=0.31). 

Long RCT 335  
(2 studies)6,39  

LOW 
Risk of bias, imprecision 

 

No significant difference between groups 
(MD -1.11; 95% CI -4.75 to 2.53; p=0.55). 

OBS 528  
(2 studies)44,46 

VERY LOW 
Study design, risk of bias, 

imprecision 

No significant difference between groups 
(MD 1.37; 95% CI -3.08 to 5.83; p=0.55). 

Improvement by ≥ 1 
Frankel/AIS grade 

Short OBS 675  
(4 studies)42,43,48,49  

VERY LOW 
Study design, risk of bias, 
imprecision, inconsistency 

No significant difference between groups 
(RR 1.27; 95% CI 0.75 to 2.17; p=0.37). 

Long OBS 383  
(3 studies)41,44,50 

VERY LOW 
Study design, risk of bias, 

imprecision 

No significant difference between groups 
(RR 0.84; 95% CI 0.53 to 1.33; p=0.46). 

Total adverse  
events2 

 

Up to 24 months RCT 595  
(4 studies)6,38,39,40 

LOW  
Risk of bias, imprecision,  

 

No significant difference between groups 
(RR 1.65; 95% CI 0.62 to 4.41; p=0.32). 

Up to 56 months OBS 3347  
(14 studies)1,19,20,41,43-

45,47-51,53,54, 

VERY LOW 
Study design, risk of bias  

 

No significant difference between groups 
(RR 1.23; 95% CI 1.00 to 1.52; p=0.05). 

	
1High quality: We are very confident that the true effect lies close to that of the estimate of the effect.  
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility 
that it is substantially different.  
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.  
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect 
2Composite of total adverse events: mortality, sepsis, pneumonia, gastrointestinal bleeding, decubitus ulcer, urinary tract infection, venous thromboembolism, 
surgical site infection.  
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Table 3. Adverse events 

 

RR = relative risk. Bolded results = statistically significant.  
 

 

 

	
Table 3. Adverse events 
RR = relative risk. Bolded results = statistically significant.  
 
Outcome Pooled effect estimate from  

randomized controlled trials 
Pooled effect estimate from  

observational studies 
Mortality RR 0.55; 95% CI 0.24 to 1.28; p=0.17 

484 participants (2 studies) 
RR 0.73; 95% CI 0.54 to 1.07; p=0.10 

2624 participants (10 studies) 
Sepsis RR 1.11; 95% CI 0.52 to 2.40; p=0.79 

444 participants (3 studies) 
RR 1.44; 95% CI 0.72 to 2.89; p=0.30 

2078 participants (5 studies) 
Pneumonia RR 1.26; 95% CI 0.74 to 2.13; p=0.40 

444 participants (3 studies) 
RR 1.19; 95% CI 0.74 to 1.91; p=0.47 

2689 participants (10 studies) 
Gastrointestinal bleeding RR 1.99; 95% CI 0.74 to 5.37; p=0.17 

444 participants (3 studies) 
RR 2.18; 95% CI 1.13 to 4.19; p=0.02 

2857 participants (9 studies) 
Decubitus ulcer RR 0.94; 95% CI 0.60 to 1.46; p=0.78 

379 participants (2 studies) 
RR 2.07; 95% CI 0.96 to 4.45; p=0.06 

218 participants (2 studies) 
Urinary tract infection RR 1.01; 95% CI 0.81 to 1.27; p=0.91 

444 participants (3 studies) 
RR 1.01; 95% CI 0.77 to 1.33; p=0.92 

2449 participants (8 studies) 
Venous thromboembolism RR 0.89; 95% CI 0.41 to 1.94; p=0.77 

333 participants (1 study) 
RR 1.10; 95% CI 0.60 to 2.00; p=0.76 

2232 participants (5 studies) 
Surgical site infection RR 2.11; 95% CI 0.81 to 5.49; p=0.13 

333 participants (1 study) 
RR 0.88; 95% CI 0.44 to 1.78; p=0.73 

839 participants (7 studies) 
Total adverse events1 
 

RR 1.65; 95% CI 0.62 to 4.41; p=0.32 
595 participants (4 studies) 

RR 1.23; 95% CI 1.00 to 1.52; p=0.05 
3347 participants (14 studies) 

 

1Composite of total adverse events: mortality, sepsis, pneumonia, gastrointestinal bleeding, decubitus ulcer, urinary tract infection, venous thromboembolism, 
surgical site infection.  
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FIGURES 

Figure 1. Flow of articles through the systematic review 
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Figure 2. Pooled effect estimates for motor score improvement with 

methylprednisolone versus placebo or no treatment 

(a) Short-term follow-up 

 

 

(b) Long-term follow-up 
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Figure 3. Pooled effect estimates for improvement by one grade or more 

on the Frankel or ASIA Impairment Scale with methylprednisolone versus 

placebo or no treatment  

(a) Short-term follow-up 

 

 

(b) Long-term follow-up 
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APPENDICES 

Appendix 1. Electronic search strategy 

1. Methylprednisolone/ or methylprednisolone.mp. 

2. Adrenal Cortex Hormones/ or corticosteroids.mp. 

3. Spinal Cord Injuries/ or spinal cord injury.mp. 

4. Spinal Injuries/ or Spinal Fractures/ or spine trauma.mp.  

5. (1 or 2) and (3 or 4) 

6. limit 5 to humans 
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Appendix 2. Risk of bias of included studies 

(a) Randomized controlled trials - Cochrane Collaboration’s Risk of 

Bias tool 

 

(b) Observational studies - Methodological Index for Non-Randomized 

Studies 

 

 

 

Appendix 2. Risk of bias of included studies 
 

(a) Randomized controlled trials - Cochrane Collaboration’s Risk of Bias tool 
 
Authors Year Sequence Allocation Blinding Data Reporting Other 
Bracken et al.  1990/1992 unclear unclear low unclear low low 
Otani et al.  1994 unclear unclear high unclear low high 
Pointillart et al.  2000 unclear unclear high unclear low low 
Matsumoto et al.  2001 unclear unclear low unclear low low 
 
 

(b) Observational studies - Methodological Index for Non-Randomized Studies 
 

Authors Year Clear 
objective 

Consecutive 
participants 

Prospective 
enrolment 

Clear 
outcomes 

Unbiased 
assessment 

Adequate 
follow-up 

Losses 
<5% 

Sample size 
estimation 

Adequate 
control 

Contemporary 
groups 

Baseline 
equivalence 

Statistical 
analysis 

Total 
score1 

Prendergast et al. 1994 2 0 1 2 0 2 0 0 2 1 0 1 11 
Gabler et al. 1995 2 0 1 2 0 2 0 0 2 1 0 1 11 
George et al.  1995 2 2 1 2 0 2 2 0 2 2 1 1 17 
Gerhart et al.  1995 2 1 1 2 0 0 0 0 2 2 0 1 11 
Yokota et al.  1995 2 2 1 2 0 2 0 0 2 2 0 1 14 
Levy et al.  1996 2 0 1 2 0 2 0 0 2 2 0 1 12 
Gerndt et al.  1997 2 2 1 2 0 2 0 0 2 1 2 1 15 
Heary et al.  1997 2 2 1 2 0 2 2 0 2 2 0 1 14 
Pollard et al.  2003 2 0 1 2 0 2 1 0 2 2 0 1 12 
Tsutsumi et al.  2006 2 2 1 1 0 2 0 0 2 2 1 1 14 
Suberviola et al.  2008 2 2 1 2 0 2 0 0 2 2 1 1 15 
Ito et al.  2009 2 2 2 2 0 2 0 0 2 1 1 1 15 
Aomar Millan et al. 2011 2 1 1 2 0 1 0 0 2 1 0 1 11 
Chikuda et al. 2014 2 0 1 2 0 2 2 0 1 2 2 2 17 
Khan et al. 2014 2 0 1 2 1 0 0 0 2 1 1 1 11 
Sribnick et al. 2014 2 0 1 2 0 2 1 1 2 2 0 1 14 
Evaniew et al. 2015 2 2 2 2 1 2 2 0 2 2 2 2 21 

 
1All items were scored as 0 (not reported), 1 (reported but inadequate) or 2 (reported and adequate) towards an ideal score of 24	
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Otani et al.  1994 unclear unclear high unclear low high 
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Matsumoto et al.  2001 unclear unclear low unclear low low 
 
 

(b) Observational studies - Methodological Index for Non-Randomized Studies 
 

Authors Year Clear 
objective 

Consecutive 
participants 

Prospective 
enrolment 

Clear 
outcomes 

Unbiased 
assessment 

Adequate 
follow-up 

Losses 
<5% 

Sample size 
estimation 

Adequate 
control 

Contemporary 
groups 

Baseline 
equivalence 

Statistical 
analysis 

Total 
score1 

Prendergast et al. 1994 2 0 1 2 0 2 0 0 2 1 0 1 11 
Gabler et al. 1995 2 0 1 2 0 2 0 0 2 1 0 1 11 
George et al.  1995 2 2 1 2 0 2 2 0 2 2 1 1 17 
Gerhart et al.  1995 2 1 1 2 0 0 0 0 2 2 0 1 11 
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Gerndt et al.  1997 2 2 1 2 0 2 0 0 2 1 2 1 15 
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Ito et al.  2009 2 2 2 2 0 2 0 0 2 1 1 1 15 
Aomar Millan et al. 2011 2 1 1 2 0 1 0 0 2 1 0 1 11 
Chikuda et al. 2014 2 0 1 2 0 2 2 0 1 2 2 2 17 
Khan et al. 2014 2 0 1 2 1 0 0 0 2 1 1 1 11 
Sribnick et al. 2014 2 0 1 2 0 2 1 1 2 2 0 1 14 
Evaniew et al. 2015 2 2 2 2 1 2 2 0 2 2 2 2 21 
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Appendix 3. Funnel plots to evaluate publication bias 

(a) Motor scores at short-term follow-up; long-term data were similar. 

SE = standard error; MD = mean difference 
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(b) Improvement by one grade or more on the Frankel or ASIA 

Impairment Scale at short-term follow-up; long-term data were 

similar. SE = standard error, RR = risk ratio 
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Appendix 4. Pooled effect estimates for methylprednisolone administered 

within eight hours of injury versus placebo or no treatment 

(a) Motor score improvement at short-term follow-up 

 

(b) Motor score improvement at long-term follow-up 

 

 



 
Ph.D. Thesis – N. Evaniew; McMaster University – Health Research Methodology	

	

	 140 

(c) Improvement by one grade or more on the Frankel or ASIA 

Impairment Scale at short-term follow-up 

 

(d) Improvement by one grade or more on the Frankel or ASIA 

Impairment Scale at long-term follow-up 
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Appendix 5. Individual study data for adverse events at final follow-up  
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Appendix 6. Sensitivity analyses to test the importance of estimated data 

(a) Motor score improvement at short term follow-up with results of 

study that required estimation of missing SDs (Ito et al., 2009) 

omitted 

 

(b) Motor score improvement at long term follow-up with results of 

study that required estimation of missing SDs (Heary et al., 1997) 

omitted 
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(c) Improvement by one grade or more on the Frankel or ASIA 

Impairment Scale at short term follow-up with results of study that 

reported follow-up as time of discharge (Gerhart et al., 1995) 

omitted 

 

(d) Improvement by one grade or more on the Frankel or ASIA 

Impairment Scale at long term follow-up with results of study that 

did not report follow-up duration (Gäbler et al., 1995) omitted 

 

 



 
Ph.D. Thesis – N. Evaniew; McMaster University – Health Research Methodology	

	

	 144 

Chapter 7 

 

Intrawound vancomycin to prevent infections after spine surgery:  

A systematic review and meta-analysis 

 

 

 

 

Reprinted from European Spine Journal; 24(3); Nathan Evaniew, Moin 

Khan, Brian Drew, Devin Peterson, Mohit Bhandari, and Michelle Ghert; 

Intrawound vancomycin to prevent infections after spine surgery: a 

systematic review and meta-analysis; Pages 533 to 542; Copyright 2014; 

with permission from Springer Science and Business Media.  

doi:10.1007/s00586-014-3357-0. 
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Abstract
Purpose Post-operative spine surgical site infections are

associated with substantial morbidity, mortality, and eco-

nomic burden. Intrawound vancomycin may prevent
infections after spine surgery, but recent studies have

reported conflicting results. The objectives of this sys-

tematic review and meta-analysis were to determine: (1) In
patients undergoing spine surgery, does the application of

intrawound vancomycin lead to reduced rates of post-

operative surgical site infections? (2) Are there differences
in the estimates of effect between observational studies and

randomized trials? (3) What adverse events are reported in

the literature?
Methods All published comparative studies of intra-

wound vancomycin in spine surgery were included. Two

reviewers independently screened eligible articles and
assessed study quality. Observational studies and random-

ized trials were pooled separately using a random-effects

model.
Results Eight observational studies and one randomized

controlled trial met the inclusion criteria. Across observa-

tional studies, the odds of infection with intrawound van-
comycin was 0.19 times the odds of infection without

intrawound vancomycin (95 % CI 0.08–0.47, p = 0.0003,

I2 = 52 %). The single randomized controlled trial pro-
duced a conflicting result (OR 0.96, 95 % CI 0.34–2.66,

p = 0.93). There were no adverse events attributable to

intrawound vancomycin. The quality of the evidence was
low or very low.

Conclusions There is a lack of high-quality evidence to

inform the use of intrawound vancomycin in spine surgery.
Surgeons should be cautious before widely adopting this

intervention and should be vigilant in monitoring for

adverse effects. Further investigation with additional ran-
domized controlled trials is justified.

Keywords Intrawound vancomycin ! Infection ! Spine !
Evidence-based medicine ! Randomized trials

Introduction

Post-operative surgical site infections (SSIs) are associated
with substantial morbidity, mortality, and economic burden

[1–3]. In spine surgery, SSIs are among the most common

acute complications and occur in up to 10 % of cases [4–
6]. Treatment frequently requires prolonged antibiotic

therapy, complex wound management, and multiple oper-

ations [4, 7, 8]. Patients’ function and health-related quality
of life are often dramatically impaired [4, 6, 9].
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‘‘Intrawound vancomycin’’, the application of topical

vancomycin powder prior to wound closure, may reduce
the incidence of post-operative surgical site infections

after spine surgery [10–12]. Approximately 24 % of

pediatric spine surgeons currently use intrawound vanco-
mycin, and both adult- and pediatric consensus-based

guidelines recommend that intrawound vancomycin be

routinely considered in cases with instrumentation, pro-
longed duration, or significant co-morbidities [13, 14]. It

is suggested to be both cost effective and free of systemic
complications [15, 16], but potential adverse effects

include pseudarthrosis, renal toxicity, and life-threatening

anaphylaxis [17–19].
Recent studies on intrawound vancomycin have reported

conflicting estimates of efficacy. Several observation

studies suggested large benefits, but at least one recent
randomized trial has failed to confirm these findings [10,

20, 21]. Some of the discrepancy may be due to the bias

inherent in observational designs, but it may also be due to
lack of precision. A previous systematic review examined

the use of intrawound vancomycin; however, this review

included non-spine procedures, did not examine study
limitations due to observational study designs, did not

estimate zones of clinical equivalence, and did not incor-

porate a methodological approach to describe the overall
quality of the literature [22, 23].

The objectives of this systematic review and meta-

analysis were to answer the following questions: (1) In
patients undergoing spine surgery for any indication, does

the application of intrawound vancomycin in comparison

to standard management lead to reduced rates of post-
operative surgical site infection? (2) Are there important

differences in the estimates of treatment effect between

observational studies and randomized trials? (3) What are
the adverse events associated with intrawound vanco-

mycin reported in the literature? The current study

examines the evidence from observational studies and
randomized trials separately, includes estimated zones of

clinically equivalent effect sizes, and incorporates the

Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) approach to summarize evi-

dence to describe the overall quality of the available

literature.

Materials and methods

This study was conducted according to the Cochrane

Handbook and the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement [24,

25]. Vancomycin is not FDA approved for intrawound SSI

prophylaxis in spine surgery. Intrawound use in this con-
text is unlabeled and investigational.

Eligibility criteria

Studies comparing intrawound vancomycin in spine sur-
gery against standard practice with the outcome of infec-

tion were eligible for inclusion. There were no restrictions

related to dose of vancomycin, use of instrumentation,
definition of infection, age, surgical indication, spinal

level(s), co-interventions, year of publication, or language.

Non-comparative studies and abstracts from conference
proceedings describing unpublished studies were excluded.

Identification of studies

Multiple strategies were used to identify potentially eligi-

ble studies. Following training with a professional health
sciences librarian, MEDLINE, EMBASE, and the Coch-

rane databases were systematically searched for articles

published up to and including December 4th, 2013. MeSH
and EMTREE headings and subheadings were used in

various combinations in OVID [i.e., ‘‘exp Vancomycin/

AND exp Spine/su (Surgery)’’] and supplemented with free
text to increase sensitivity [i.e., vancomycin.mp; (‘‘spine or

spinal).mp’’; ‘‘(surgery or surgical or operation or oper-

ate).mp’’]. The search strategy was adapted in PubMed to
search for articles e-published ahead of print. Consultation

with experts, hand-searching the reference lists of included

full-texts, and the ‘‘related articles’’ feature in PubMed
were all used to identify additional studies.

Screening and assessment of eligibility

Two reviewers with methodological and content expertise

independently screened all titles and abstracts for eligibil-
ity. All discrepancies were resolved by consensus through a

process that required reviewers to discuss the rationale for

their decisions. Duplicate articles were excluded. There
were no articles requiring translation. Reviewers were

blinded to author names, journal names, and year of

publication.

Assessment of methodological quality

The two reviewers independently graded the methodolog-

ical quality of each study. Observational studies were

evaluated with the Methodological Index for Non-Ran-
domized Studies (MINORS) [26]. MINORS has been

validated for the identification of excellent observational

studies, and has good inter-reviewer agreement, high test–
retest reliability, and strong internal consistency.

The randomized trial was evaluated with the Cochrane
Collaboration’s Risk of Bias tool [25]. The Cochrane Risk

of Bias tool separates judgments about risk of bias from

inadequate reporting of methodology. It evaluates each of

534 Eur Spine J (2015) 24:533–542
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selection bias, performance bias, detection bias, attrition

bias, reporting bias, and other nonspecific bias.

Extraction of data

Study data were extracted by one reviewer and verified by

the second reviewer. Final data (study design, sample size,

source of funding, mean age, gender, surgical indication,
spinal level, use of instrumentation, dose of intrawound

vancomycin, mean follow-up, and infection outcomes)
were entered into an electronic spreadsheet for analysis.

Statistical analysis

Inter-observer agreement for the reviewers’ assessments of

study eligibility was calculated with Cohen’s kappa coef-
ficient. Kappa values of [0.65 were considered adequate

[27, 28]. Inter-observer agreement for the reviewers’

assessments of methodological quality was calculated with
the Intraclass Correlation Coefficient (ICC). Kappa and

ICC were computed using IBM SPSS Version 21 (Chicago

IL, 2012).
Given significant methodological differences between

observational studies and randomized controlled trials [25,

29–32], it was decided a priori to pool the infection out-
come data from observational studies separately from the

infection outcome data from any randomized controlled

trials. Odds ratios were computed from the outcome data
for each study, weighted by sample size, pooled using the

Mantel–Haenszel method and a random-effects model, and

displayed with forest plots. Heterogeneity was quantified
with the I2 statistic [25]. A projected zone of clinical

equivalence was estimated assuming a 25 % risk reduction

in infections [33] and the control event rate generated from
the pooled observational data (3.7 %). Pseudarthrosis rates

in the study by Sweet et al. were compared using Fisher’s

exact test. Publication bias was examined by constructing a
funnel plot of all studies [25]. The forest plots and the

funnel plot were created with Review Manager 5.2

(Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2012).

GRADE quality assessment and summary of findings

The Grades of Recommendation, Assessment, Develop-

ment and Evaluation (GRADE) Working Group has
developed a system for grading the quality of evidence that

has been adopted by over 20 major health research orga-

nizations and The Cochrane Collaboration [25, 34, 35].
Data from randomized controlled trials were considered

high-quality evidence, but could have been rated down

according to risk of bias, imprecision, inconsistency,
indirectness, or publication bias. Data from moderate-

quality trials could have been rated up according to large

effect, dose–response, or if all plausible biases would not

undermine the conclusions. Data from observational stud-
ies were considered low quality, but could have been rated

up according to a large treatment effect or evidence of a
dose–response relationship. The evidence was graded by

two independent assessors and discrepancies were resolved

by consensus.

Results

Studies included

The electronic literature search identified 537 potentially

relevant articles: 450 from EMBASE, 79 from MEDLINE,

one from the Cochrane Database, and seven from PubMed.
Review of full-texts led to the exclusion of six articles and

the inclusion of two studies identified from reference lists.

Eight retrospective cohort studies and one randomized
controlled trial were included for final analysis, for a total

of 5,275 patients (Fig. 1). Agreement between the

reviewers for eligibility was satisfactory (kappa = 0.83,
95 % CI 0.66–0.99).

Study characteristics

All of the included studies were published within the last

3 years (Table 1). Sample size in the observational studies
ranged from 110 to 1,732, and reported mean follow-up

Fig. 1 Flow of articles through the systematic review

Eur Spine J (2015) 24:533–542 535
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ranged from 0.52 years to 3.44 years. The single random-

ized controlled trial had a sample size of 907 and a mean
follow-up of 1.03 years. All studies reported exclusively on

posterior surgery. Surgical indications included degenera-

tive diseases, trauma, deformity correction, tumor, and
other. Instrumentation was used in 4,743 patients (89 %).

Only one study reported industry funding (from spinal

implant manufacturers) [13].

Intrawound vancomycin

Dosing of intrawound vancomycin varied from 0.5 to 2.0 g

per patient, and descriptions about application were vari-
able. Caroom et al. [36] reported placing Gelfoam (Phar-

macia and Upjohn Co, Kalamazoo, MI) over exposed dura

before applying 1 g of vancomycin powder subfascially
along the bone graft and instrumentation, while Heller et al.

[37] reported that 0.5–2 g of powder was applied ‘‘directly

to the wound just prior to closure’’. Pahys et al. [38] stated
that 0.5 mg was ‘‘added to the wound’’. Martin et al. [21],

O’Neill et al. [11], Strom et al. (1) [39], and Tubaki et al.

[20] described placing powder directly on ‘‘muscle, fascia,
and subcutaneous tissues’’ while taking care not to expose

bone graft or dura. Strom et al. (2) [40] did not specify

whether dura or bone graft was exposed. Sweet et al. [41]
reported mixing 1.0 g of vancomycin powder with the bone

grafting material before applying an additional 2.0 g of

vancomycin power directly into the wound during closure.

Study quality and heterogeneity

MINORS scores ranged from 13 to 17 out of 24 (mean

14.0, 95 % CI 12.8–15.2) across the observational studies

(Table 2). All studies used at least some retrospective data,
three of the studies did not report whether patients were

enrolled consecutively, and seven used historical rather

than concurrent control groups. Only two studies included
a power analysis, one study reported an Odds Ratio or a

relative risk reduction, and none incorporated unbiased

outcomes assessment. Agreement between the two
reviewers for MINORS assessment was high (ICC = 0.92,

95 % CI 0.88–0.95).

Both reviewers graded the randomized controlled trial to
be at ‘unclear’ risk of bias. The trial reported acceptable

sequence generation, but unclear allocation concealment,

unclear blinding of participants or outcome assessors,
unclear completeness of data, unclear selective outcome

reporting, and unclear other sources of bias.

There was moderate-to-large heterogeneity across the
observational studies (I2 = 52 %) [32]. The funnel plot

was asymmetric and suggestive of publication bias (Fig. 2),

but the sample of only nine studies limits interpretability
[25].T
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Surgical site infections

Across the observational studies, 16 surgical site infections
were identified among the 1,933 patients who received

intrawound vancomycin (0.83 %), as compared to 91

among the 2,435 patients who did not (3.7 %). On the basis
of the pooled estimate, the odds of experiencing an infec-

tion with intrawound vancomycin was 0.19 times the odds

of experiencing an infection without intrawound vanco-
mycin (95 % CI 0.08–0.47, p = 0.0003, I2 = 52 %;

Fig. 3a).

In the single randomized controlled trial, 7 infections
were identified among the 433 patients who received in-

trawound vancomycin (1.6 %), compared to 8 among the

474 patients who did not (1.7 %). The odds of experiencing
an infection with intrawound vancomycin was 0.96 times

the odds of experiencing an infection without intrawound

vancomycin (95 % CI 0.34–2.66, p = 0.93, Fig. 3b).

Adverse events

All studies reported that there were no adverse events

attributable to intrawound vancomycin. There were no

reported cases of renal failure or anaphylaxis. Sweet et al.
[41] were the only group of authors to describe pseudar-

throsis rates, reporting three pseudarthroses in their intra-

wound vancomycin group (n = 911) as compared to four
in their control group (n = 821). There was no statistically

significant difference in the pseudarthrosis rate between the

two groups in this study (p = 0.714). Methods used to
investigate possible pseudarthroses were not described.

GRADE quality assessment and summary of findings

Both reviewers rated down the quality of the evidence from

the randomized trial from high to low quality based on (1)
unclear risk of bias and (2) imprecision due to the fragilityT
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associated with very few outcome events (Table 3) [42,

43]. The evidence from the observational studies was rated
as low quality by both reviewers on the basis of study

design [35]. The overall evidence for the estimated rates of

adverse events was initially considered low due to the
majority of studies being observational, and was further

Fig. 3 Forest plots showing pooled estimates of the effect of
intrawound vancomycin across a observational studies and b random-
ized controlled trials. Red lines project a zone of clinical equivalence

based on a 25 % relative risk reduction and a control event rate of
3.7 % (OR = 0.74)

Table 3 GRADE summary of findings (pooled outcomes)

Outcomes No. of
participants
(studies)

Follow-up

Quality of the evidence

(GRADE)

Anticipated effects

Time frame is up to 3 years

Odds ratio with intrawound vancomycin (95 % CI)

Infection prevention

Randomized
studies

907

(1 study)

12 months

!!@@

LOW due to risk of bias,
imprecision

The odds ratio of infection in the intervention groups was 0.96 (0.34–2.66),
which was not clinically significanta

Observational
studies

4368

(8 studies) up
to 3 years

!!@@

LOW due to study design

The odds ratio of infection in the intervention groups was 0.19 (0.08 to 0.47),
which was clinically significanta

Adverse events

All studies 5275

(9 studies)

up to 3 years

!@@@

VERY LOW

due to study design, risk
of bias, inconsistency

All studies reported no adverse events attributable to intrawound vancomycin.
There were no cases of renal failure or anaphylaxis. Sweet et al. reported 3
pseudarthroses in the intrawound vancomycin group (n = 911) compared to
4 in the control group (n = 821)

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the
estimate

Very low quality: We are very uncertain about the estimate
a Clinical equivalence was estimated assuming a 25 % risk reduction in infections [33] and the control event rate generated from the pooled
observational data (3.7 %)
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rated down to very low on the basis of risk of bias and

imprecision. According to the GRADE approach, low-
quality evidence indicates that our confidence in the effect

estimate is limited and that the true effect may be sub-

stantially different from the estimate of the effect [35].
Very-low-quality evidence indicates that we have very

little confidence in the effect estimate and the true effect is

likely to be substantially different from the estimate of
effect. Final assessments are presented in a GRADE sum-

mary of findings table with one row for each of the estimate
of infection prevention according to randomized trials, the

estimate of infection prevention according to observational

studies, and the overall estimate of rates of adverse events.

Discussion

The primary objective of this systematic review and meta-

analysis was to determine if the available evidence sup-
ports a benefit for intrawound vancomycin during spine

surgery for the prevention of post-operative SSIs. Sec-

ondary objectives were to determine whether there are
important differences in the estimates of treatment effect

between observational studies and randomized trials and to

summarize the adverse events associated with intrawound
vancomycin reported in the literature. The pooled estimate

from the eight observational studies indicated a statistically

significant reduction in odds of infection with the use of
intrawound vancomycin (OR 0.19, 95 % CI 0.08–0.47,

p = 0.0003); however, the single randomized control trial

failed to demonstrate any benefit (OR 0.96, 95 % CI
0.34–2.66, p = 0.93). Substantial study heterogeneity and

recurrent methodological weaknesses limit the validity of

these results and draw attention to the need for further
high-quality research. All studies reported that there were

no adverse events attributable to intrawound vancomycin.

Limitations

This study excluded at least two conference proceedings,
both of which reported a beneficial effect for intrawound

vancomycin [44, 45]. Their inclusion may have added to

the body of evidence favoring intrawound vancomycin, but
would have been unlikely to alter the major conclusions of

this study. A detailed search of non-peer reviewed litera-

ture was not performed and it remains equally possible that
abstracts for unpublished negative studies or forthcoming

randomized trials were not identified. Two future trials are

currently registered on ClinicalTrials.gov, but neither has
completed recruitment [46, 47]. Sensitivity analyses to

control for local co-interventions and surgical or patient

risk factors for infection were not possible due to variable
reporting and the small number of included studies.

Likewise, the optimal dosage and application technique of

intrawound vancomycin remain unknown. It is possible
that dosing should account for patient weight or the size of

their wound, and it has yet to be evaluated whether intra-

wound vancomycin has a role in anterior or lateral spine
approaches [39, 40].

The zones of clinical equivalence were constructed

using a 25 % risk reduction and a control event rate of
3.7 % pooled from the observational studies (control

n = 2435). The 25 % relative risk reduction was based on
the preferences of orthopedic trauma surgeons [33]. It may

not be a valid estimate of the preferences of spine surgeons,

but we are unaware of any similar data. Even if a smaller
treatment effect was considered, the randomized data

estimate is so imprecise that the conclusions of this meta-

analysis would not have changed. Including the data from
the single RCT (control infection rate 1.7 %, n = 474) in

the estimate of control event rate would only minimally

shift the zone of clinical equivalence and also not alter our
findings. A large survey of spine surgeons should be con-

sidered to elicit the preferred absolute and relative risk

reductions that would be considered clinically important in
future trials.

Implications for practice

Surgical site infections are associated with substantial

morbidity, mortality, and economic burden, and effective
strategies to prevent their occurrence are paramount [1–4].

All included studies in this review reported no adverse

effects attributable to intrawound vancomycin; however,
safety data are insufficient. Rare and potentially devastat-

ing outcomes such as pseudarthrosis, irreversible renal

toxicity, and life-threatening anaphylaxis may be possible
effects of this intervention. Basic science studies have

shown that vancomycin can inhibit osteoblasts in vitro [19,

48]. A recent case report described sudden and severe
circulatory compromise following the application of in-

trawound vancomycin in a 52-year-old female undergoing

vertebrectomy and reconstruction for metastatic bone dis-
ease [17]. Acute renal failure has been observed following

the use of vancomycin-laden bone cement in total joint

arthroplasty [18].

Implications for research

Evidence-based medicine is the process of judiciously

integrating best available evidence with patient values and

surgeon expertise to facilitate clinical decision making
[49]. Although well-designed observational studies occa-

sionally produce estimates of effect that are similar in

direction and magnitude to randomized controlled trials
[50, 51], observational studies with methodological
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weaknesses frequently do not [52, 53]. The medical liter-

ature contains many examples in which clinicians were
misled by observational studies, sometimes causing serious

harm [54]. For example, antiarrhythmic drugs are esti-

mated to have killed more Americans than those died in the
Vietnam war [54–56]. Similar data exist for estrogen

therapy thought to prevent coronary mortality [57–59],

arthroscopic lavage thought to relive pain in osteoarthritic
knees [60], and an intracranial-to-extracranial vascular

bypass operation thought to prevent strokes [61, 62].
All of the observational studies of intrawound vanco-

mycin in this review had significant methodological limi-

tations. Non-consecutive recruitment may have caused
selection bias, historical control groups may have been

confounded by unstandardized co-interventions, unequal or

unreported losses to follow-up may have cause transfer
bias, and attempts to determine infection outcomes retro-

spectively with varying definitions may have been limited

by recall bias. Participants, healthcare providers, outcome
assessors, data analysts, and manuscript writers were not

blinded in any of the studies, and the diagnoses of infection

may have been biased by knowledge of which treatment
was provided [63].

Patients in the control group of the single randomized

trial received a second-generation cephalosporin (ce-
furoxime) as intravenous prophylaxis, while most of the

patients in the control groups in the observational studies

received a first-generation cephalosporin (cefazolin).
Although antibiotic prophylaxis with cefuroxime is an

accepted standard of care at many institutions, second-

generation cephalosporins may be less effective against
gram-positive bacteria in comparison to first-generation

cephalosporins [64]. Patients in the randomized trial may

have been at higher baseline risk for surgical site infection
in comparison to patients in the observational studies.

Likewise, the single randomized trial was conducted in

India whereas all of the observational studies were con-
ducted in the United States. The authors of the randomized

trial did not report the manufacturer of the vancomycin that

was used, but patients in India may be more likely to
receive generic antibiotics [65]. Although generic vanco-

mycin may have similar pharmaceutical bioavailability as

the original drug, it may not be therapeutically equivalent
[66]. Varied antibiotic regimens or other co-interventions

may limit generalizability or contribute to study hetero-

geneity and should be standardized in future trials.

Conclusions

Based on the GRADE (Grading of Recommendations

Assessment, Development, and Evaluation) criteria [34],
this systematic review and meta-analysis found a lack of

high-quality evidence to inform the use of intrawound van-

comycin in spine surgery. Whether this intra-operative
technique reduces the risk of post-operative surgical site

infections remains controversial. Given the potential risks

for serious adverse events, surgeons should be cautious
before widely adopting this intervention. They should also be

vigilant in monitoring for harm. Further investigation with

additional randomized controlled trials would improve the
quality of evidence available to inform clinical practice.
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DISCUSSION 

This thesis aimed to investigate and apply modern innovations in health 

research methodology to the field of spine surgery. It consists of seven 

chapters that addressed topics related to randomized controlled trials, 

observational studies, and systematic reviews and meta-analyses. By 

applying the findings of each chapter, clinicians, researchers, and other 

evidence users can advance the credibility of future research and enhance 

the care of patients with spinal disorders. 

 

Chapter 1 presented a systematic survey to determine the robustness of 

statistically significant results from RCTs of spine surgery [17]. The 

Fragility Index is a novel metric to inform about the robustness of 

statistically significant results. This chapter was the first to report Fragility 

Index values after Walsh et al.’s original paper and the first to consider 

fragility of RCTs from a surgical specialty. Our findings will guide clinicians 

to exercise caution when interpreting RCTs with low Fragility Index values, 

but widespread adoption of the Fragility Index is necessary to practically 

help identify trials with less robust results and inform the potential 

importance of missing data. Future studies could focus on translating our 

findings to clinicians, researchers, reviewers, and editors. 
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We encountered several challenges understanding the practical utility of 

the Fragility Index. Clinicians can be confident that trials with increasing 

Fragility Index values are more robust than trials with lower values and 

that Fragility Index values ought to exceed numbers of participants lost to 

follow-up, but further work is necessary to determine whether certain 

thresholds of acceptability could be routinely adopted. Likewise, we 

discussed that investigators should recognize that both numbers of 

participants and numbers of events are relevant to power of their trials, but 

their ability to guard against low Fragility Index values in advance is limited 

because even well powered trials are at risk. Therefore, we concluded that 

the concept of fragility comes into play only at the point of examining 

results, rather than at the stage of sample size calculation.  

 

Chapter 2 presented a Users’ Guide to randomized controlled trials that 

address surgical or other non-pharmacological therapies [15]. The chapter 

is applicable to spine surgery even many of our examples though most of 

examples came from fields other because remote randomization systems, 

blinding, sham-controlled trials, split-body trials, expertise-based trials, and 

mechanistic versus practical trials are all critical to the design, conduct, 

and interpretation of trials of spine surgery interventions.  
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Chapter 3 presented a propensity score-matched cohort study to evaluate 

methylprednisolone for the treatment of patients with acute spinal cord 

injuries [18]. Our regression analyses may have been underpowered to 

detect significant associations due to high numbers of variables in each 

model and a relatively small sample size. Conventional rules of thumb 

recommend at least 10 observations per variable for linear regression and 

at least 10 events per variable for logistic regression [21]. We attempted to 

overcome this limitation by including multiple sensitivity analyses, the 

results of which were consistent with our primary analysis. We could have 

used iterative methods of model development to reduce numbers of 

variables, but these approaches risked ignoring our underlying clinical 

rationale. We were unable to control for potential treatment biases at each 

site because more than half of the patients who received 

methylprednisolone did so before arriving at a participating site.  

 

Chapter 4 presented a scoping review on the surgical management of 

scoliosis [13]. In their framework for scoping review methodology, Arksey 

and O’Malley suggested engaging diverse groups of multi-disciplinary 

knowledge users in order to understand practical needs and guide 

knowledge translation [22,23]. However, we developed our thematic 

framework ad hoc according to the expertise of two reviewers and our 

conclusions followed from only a descriptive analysis of the literature. 
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Although this study effectively identified important knowledge gaps and 

provides direction for future research, additional work is needed to directly 

involve knowledge users in the design and conduct of future studies.    

 

Chapter 5 presented strategies to improve the credibility of meta-analyses 

in spine surgery, most of which were applied successfully in chapters 6 

and 7 [12,19,20]. However, chapter 6 did not adequately present pooled 

estimates in terms that were ready for clinical application and chapter 7 

did not adequately explore heterogeneity among the observational studies. 

Neither limitation substantially affected confidence in the pooled effect 

estimates or materially affected our conclusions. Chapters 6 and 7 both 

advanced current understanding by considering estimates of effect from 

observational studies and randomized controlled trial separately, including 

data not previously pooled, and incorporating the Grading of 

Recommendations Assessment, Development, and Evaluation (GRADE) 

approach to evaluate confidence and summarize findings. 

 

More broadly, this thesis was limited to several specific health research 

methodology issues in spine surgery. There are many methodological 

issues and clinical questions that were not addressed, including for 

example those that relate to diagnostic and prognostic study designs, 

economic evaluations and health technology assessments, and guidelines 



 
Ph.D. Thesis – N. Evaniew; McMaster University – Health Research Methodology	

	

	 159 

development. These areas were beyond the scope of this thesis, but their 

exclusion does not limit the validity or importance of the work that was 

performed. In combination with the methodological issues addressed 

herein, I am confident that these areas will form the underpinnings of an 

impactful career applying health research methodology and conducting 

clinical research in spine surgery.  
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