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Twenty-year perspective of randomized controlled trials for surgery of
chronic nonspecific low back pain: citation bias and tangential knowledge
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Abstract BACKGROUND CONTEXT: After decades
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of clinical research, the role of surgery for chronic
nonspecific low back pain (CNLBP) remains equivocal. Despite significant intellectual, human, and
economic investments into randomized controlled trials (RCTs) in the past two decades, the role of
surgery in the treatment for CNLBP has not been clarified.
PURPOSE: To delineate the historical research agenda of surgical RCTs for CNLBP performed
between 1993 and 2012 investigating whether conclusions from earlier published trials influenced
the choice of research questions of subsequent RCTs on elucidating the role of surgery in the man-
agement of CNLBP.
STUDY DESIGN: Literature review.
METHODS: We searched the literature for all RCTs involving surgery for CNLBP. We reviewed
relevant studies to identify the study question, comparator arms, and sample size. Randomized con-
trolled trials were classified as ‘‘indication’’ trials if they evaluated the effectiveness of surgical
therapy versus nonoperative care or as ‘‘technical’’ if they compared different surgical techniques,
adjuncts, or procedures. We used citation analysis to determine the impact of trials on subsequent
research in the field.
RESULTS: Altogether 33 technical RCTs (3,790 patients) and 6 indication RCTs (981 patients)
have been performed. Since 2007, despite the unclear benefits of surgery reported by the first four
indication trials published in 2001 to 2006, technical trials have continued to predominate (16 vs.
2). Of the technical trials, types of instrumentation (13 trials, 1,332 patients), bone graft materials
and substitutes (11 trials, 833 patients), and disc arthroplasty versus fusion (5 trials, 1,337 patients)
were the most common comparisons made. Surgeon authors have predominantly cited one of the
indication trials that reported more favorable results for surgery, despite a lack of superior method-
ology or sample size. Trials evaluating bone morphogenic protein, instrumentation, and disc arthro-
plasty were all cited more frequently than the largest trial of surgical versus nonsurgical therapy.
CONCLUSIONS: The research agenda of RCTs for surgery of CNLBP has not changed substan-
tially in the last 20 years. Technical trials evaluating nuances of surgical techniques significantly
predominate. Despite the publication of four RCTs reporting equivocal benefits of surgery for
CNLBP between 2001 and 2006, there was no change in the research agenda of subsequent RCTs,
and technical trials continued to outnumber indication trials. Rather than clarifying what, if any,
indications for surgery exist, investigators in the field continue to analyze variations in surgical
technique, which will probably have relatively little impact on patient outcomes. As a result, clini-
cians unfortunately have little evidence to advise patients regarding surgical intervention for
CNLBP. � 2013 Elsevier Inc. All rights reserved.
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Introduction

The validity and benefit of clinical research depend on
addressing questions that need to be answered. Generation
of evidence depends on investigators’ decisions about pa-
tient population, outcomes, and comparator arms. Ideally,
such decisions are made rationally, after systematic review
of evidence from previous experimentation [1,2], although
there are numerous examples to suggest that such analysis
is not undertaken, and potentially unnecessary trials are
performed [3,4]. Trial funding sources may lead to system-
atic avoidance of potentially valuable head-to-head com-
parisons of proven therapies [5–7]. Conversely, much of
medicine relies on historical tradition, rather than rigorous
experimentation, and randomized controlled trial (RCT)
evidence of treatment effectiveness, even for the most fre-
quently performed interventions, is often still lacking. Such
accepted, but unproven, medical practices are frequently re-
versed when subjected to rigorous testing [8]; therefore,
evaluation of such popular practices is desirable from a so-
cietal perspective. It has been suggested that the reluctance
of practitioners to test the fundamental effectiveness of
their specialty’s treatments might limit the generation
of evidence on such topics [9] and lead to the generation
of ‘‘tangential’’ evidence [10].

Chronic nonspecific low back pain (CNLBP) has been
defined as ‘‘LBP persisting for at least 12 weeks, not attrib-
utable to a recognizable, known specific pathology (eg, in-
fection, tumor, osteoporosis, fracture, structural deformity,
inflammatory disorder [eg, ankylosing spondylitis], radicu-
lar syndrome, or cauda equina syndrome)’’ [11]. The fre-
quency and cost of diagnostic imaging and medical and
surgical therapies for this condition have risen dramatically
in recent decades, without a commensurate improvement in
population measures of outcome [12,13].

Surgical interventions, including fusion and disc arthro-
plasty, have been applied with the belief that abnormal inter-
segmental movement or degenerative pathology may be the
cause of CNLBP. However, diagnostic criteria are variable
[14], and lumbar degenerative changes are prevalent in the
asymptomatic population [15], making the validity of
this pathophysiologic concept uncertain. Rates of lumbar fu-
sion vary dramatically within the United States and among
countries, underscoring the uncertain indications for surgery
in current clinical practice [16,17]. Four RCTs published
between 2001 and 2006 compared lumbar fusion with nonop-
erative care [18–21]. Based on these results, recent systematic
reviews and clinical guidelines have indicated a limited role
for lumbar fusion in the treatment for CNLBP [11,22,23].

The tenets of evidence-based medical practice would
predict that these results would temper enthusiasm for
and reduce performance of surgery for CNLBP. On the con-
trary, lumbar fusion has been one of the most rapidly grow-
ing, commonly performed, and costly surgical procedures
in the United States, despite the absence of new indications
[24,25]. In light of this apparent lack of influence of
previous trials on clinical practice, we sought to determine
the effects of these trials on the subsequent research agenda
on this topic.
Methods

We searched for trials published in English indexed
in PubMed and Web of Science (last search September
2012) with the search strategy ‘‘lumbar fusion’’ OR ‘‘back
pain surgery’’ OR ‘‘lumbar instrument*’’ OR ‘‘disc
degen*.’’ We also searched ‘‘clinicaltrials.gov’’ and other
databases to identify unpublished or ongoing clinical trials.
We included RCTs that involved patients with CNLBP and
included a surgical intervention as a comparator arm. We
manually reviewed each article and excluded trials limited
to patients with spondylolisthesis or scoliosis. We also
checked the citation lists of systemic reviews and meta-
analyses on the same topics to make sure that all relevant
trials were included.

For each article, we recorded information on the authors,
year, journal, comparator arms, and sample size of the trial.
As a measure of recent relevance, we recorded the number
of times that publications from 2010 to 2011 (the most
recent two complete years before investigation) cited the
trials or their follow-up publications. We categorized trials
comparing surgical versus nonsurgical therapies as ‘‘indica-
tion’’ trials and those comparing different surgical tech-
niques, approaches, or adjuncts as ‘‘technical’’ trials.

Because the first four indication trials published in 2001
to 2006 [18–21] reported uncertain benefits of surgery, we
analyzed the number of indication and technical trials pub-
lished after 2006 to see what influence these trials had on
subsequent clinical research. We also used Web of Knowl-
edge to analyze citation frequency as a measure of the rel-
ative impact of the indication trials in particular. Given the
different years of publication, and thus the amount of time
available to accrue citations, we analyzed citations made
after January 2007, by which time these indication trials
had been published. We categorized the affiliation of citing
authors: if the primary or senior author of the citing publi-
cation had primary affiliation with a neurosurgery or ortho-
pedic surgery department, we considered the publication
to have a ‘‘surgeon author.’’ We also analyzed how sub-
sequent CNLBP surgical trials—published since January
2007—cited these initial four indication trials. Two investi-
gators performed all data extraction separately (NSA and
JPF), which was then checked by another investigator
(VB). The study had no outside funding.
Results

Altogether 39 RCTs were published involving surgery
for CNLBP [18–21,26–60] (Table). From these 39 RCTs,
6 trials compared operative versus nonoperative treatments
for CNLBP (indication trials) and 33 RCTs compared



Table

RCTs involving surgery for CNLBP

Study Year No. of patients Intervention

No. of citations

in 2010 and 2011

Zdeblick [26] 1993 124 Instrumentation 32

Thomsen et al. [27] 1997 130 Instrumentation 24

France et al. [28] 1999 71 Instrumentation 11

Diedrich et al. [29] 2001 40 Instrumentation 3

Fritzell et al. [18] 2001 294 Nonoperative versus surgery 84

Burkus et al. [30] 2002 279 Graft 77

Burkus et al. [31] 2002 46 Graft 35

Gibson et al. [32] 2002 69 Graft 9

Fritzell et al. [33] 2002 211 Instrumentation 67

Christensen et al. [34] 2002 148 Instrumentation 35

Madan et al. [35] 2003 55 Instrumentation 2

Brox et al. [19] 2003 64 Nonoperative versus surgery 44

Haid et al. [36] 2004 67 Graft 36

Sasso et al. [37] 2004 140 Instrumentation 9

Blumenthal et al. [38] 2005 304 Arthroplasty 185

Korovessis et al. [39] 2005 57 Graft 3

McKenna et al. [40] 2005 80 Instrumentation 8

Fairbank et al. [20] 2005 349 Nonoperative versus surgery 44

Jenis et al. [41] 2006 37 Graft 11

Kim et al. [42] 2006 167 Instrumentation 22

Brox et al. [21] 2006 60 Nonoperative versus surgery 25

Zigler et al. [43] 2007 237 Arthroplasty 50

Sasso et al. [44] 2008 67 Arthroplasty 7

Yee et al. [45] 2008 72 Device 2

Glassman et al. [46] 2008 102 Graft 23

Dai et al. [47] 2008 62 Graft 11

Putzier et al. [48] 2008 24 Graft 5

Berg et al. [49] 2009 152 Arthroplasty 14

Andersen et al. [50] 2009 107 Device 4

Thalgott et al. [51] 2009 50 Graft 4

Jiya et al. [52] 2009 26 Instrumentation 7

Rodr�ıguez-Vela et al. [53] 2009 30 MIS 5

Gornet et al. [54] 2011 577 Arthroplasty 0

Sys et al. [55] 2011 40 Graft 0

Wang et al. [56] 2011 79 MIS 0

Hellum et al. [57] 2011 173 Nonoperative versus surgery 4

Ohtori et al. [58] 2011 41 Nonoperative versus surgery 2

Ringel et al. [59] 2012 60 Instrumentation 0

Xue et al. [60] 2012 80 Instrumentation 0

RCT, randomized controlled trial; CNLBP, chronic nonspecific low back pain; Instrumentation, evaluating different methods of fusion; arthroplasty, com-

paring disc arthroplasty and fusion; device, evaluating the use of an external device (eg, brace, bone stimulator); graft, evaluating the use of various bone

grafts or bone morphogenic protein; MIS, evaluating minimally invasive techniques; nonoperative versus surgery, comparing surgical to nonoperative therapy.
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variations of surgical techniques (technical trials) (Fig. 1).
We did not detect any change in the research agenda after
the publication of the first four indication trials published
in 2001 to 2006. Despite that these first four indication tri-
als showed uncertain benefits of surgery, in the following
years from 2007 to 2012, technical trials have continued
to be more frequent than indications trials (16 vs. 2)
(Fig. 1). Of enrolled total 4,771 patients, 981 patients parti-
cipated in indication trials, whereas technical trials enrolled
3,790 patients (Fig. 2). Of the technical trials, types of
instrumentation (13 trials, 1,332 patients), bone graft mate-
rials and substitutes (11 trials, 833 patients), and disc
arthroplasty versus fusion (5 trials, 1,337 patients) were
the most common comparisons made.
The Table reports the combined citation counts arising
in 2010 to 2011 for all publications (primary or follow-up
reports) from a particular trial. Trials evaluating the use
of bone morphogenic protein [31,32], instrumentation
[33], and disc arthroplasty [38,43,61] were all cited more
frequently than the largest indication trial [20] comparing
surgical to nonsurgical care (Table). From 2007 to the pres-
ent, the study of Fritzell et al. [18] was the most frequently
cited indication trial. In particular, surgeon authors dispro-
portionately cited this study more frequently than other
trials, whereas nonsurgeon authors did not appear to have
any strong preference (Fig. 3). Also the 16 technical trials
preferentially cited Fritzell et al. [18] over any of the other
indication trials (5 vs. 0).



Fig. 1. Randomized controlled trials (RCTs) involving surgery for

chronic nonspecific low back pain (CNLBP). From 39 RCTs, 6 trials com-

pared operative versus nonoperative treatments for CNLBP (indication tri-

als) and 33 RCTs compared variations of surgical techniques (technical

trials). Between 1993 and 2006, four indication trials have been published

showing uncertain benefits of surgery. In the following years 2007 to 2012,

despite the ambiguous role of surgery in the management of CNLBP, tech-

nical trials have continued to be more frequent than indications trials.
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Discussion

We analyzed the research agenda with respect to surgery
for CNLBP. We note that there have been 39 RCTs invol-
ving lumbar fusion; yet, the vast majority has avoided a fun-
damental, and still controversial, question: is surgery
superior to nonoperative management? Patient selection
has been repeatedly cited as a reason for poor surgical
results; yet, there is no consensus regarding appropriate di-
agnostic workup or precise indications for surgery [14].
In the meantime, a plethora of trials have investigated tech-
nical nuances, and large trials to introduce disc replacement
have primarily compared it with fusion. It seems possible
that, as has been recently demonstrated with several popu-
lar interventions [62–65], neither procedure has benefits
beyond sham effects.

Randomized controlled clinical trials represent the high-
est level of evidence in clinical research. However, the
Fig. 2. Cumulative number of patients enrolled in indication versus technical tr

cation trials, whereas technical trials enrolled 3,790 patients.
practical value of a trial depends not only on its methods
but also on the relevance of the question that it attempts
to answer. Given that it is unclear who, if anyone, with
CNLBP should undergo surgery, defining surgical indica-
tions would seem to be the most pressing subject for further
trials, and further trials evaluating technical variations are
of limited value in this setting. In agreeing to submit a major
life decision (ie, surgery) to random chance, patients make
an immense sacrifice and face considerable psychological
uncertainty. Investigators undertaking indication trials
have made admirable efforts to answer these difficult ques-
tions. Hence, it befits all involved to pay particular attention
to these trials. However, it appears that results of these trials
are often either overlooked or cited selectively. Spine sur-
geons, in particular, appear prone to disproportionately
citing one trial with favorable results, despite a lack of me-
thodological superiority or difference in sample size [22].
Furthermore, surgeon authors of technical trials cite dispro-
portionately preexisting indication trials when reporting
results of RCTs focused on comparing surgical techniques.
This phenomenon has been shown to be present in other
subspecialties as well, such as the preferences and avoid-
ances in randomized trials of antifungal agents generating
a potentially biased clinical research agenda [5]. Recent
citation analysis suggests that, rather than being refuted
or criticized, scientific findings inconsistent with a popular
belief are simply ignored, as appears to be the case in this
instance [66]. Other citation analyses indicate that positive
findings [67] and publication in high-impact journals [68]
make citation more likely.

We also noted that technical trials rarely mention uncer-
tainty regarding surgical indications, one even going so far
to say that lumbar fusion represented a ‘‘standard of care’’
for patients who had failed nonoperative treatments [44].
Some might argue that a discussion of operative indications
is irrelevant in a trial of surgical techniques; however, if
a surgery does not first prove to have patient benefit, then
it is the technical variations that are irrelevant. Specialists’
ials. Of the total enrolled 4,771 patients, 981 patients participated in indi-



Fig. 3. Citation frequency of the first four indication trials published 2001

to 2006. Surgeon authors disproportionately cited the study of Fritzell et al.

[18] more frequently than other trials, whereas nonsurgeon authors did not

appear to have any strong preference.

1702 N.S. Andrade et al. / The Spine Journal 13 (2013) 1698–1704
objectivity in evaluating the effectiveness and appropriate-
ness of procedures that they themselves perform has been
a subject of interest [69–71].

It has also been noted that guidelines based on clinical
research findings do not necessarily translate into practice
[72], especially when such guidelines suggest the curtail-
ment of procedures [73,74]. Investigators and drug or device
companies have traditionally initiated most clinical trials,
although in 2009, the US Institute of Medicine released a list
of priority topics for comparative effectiveness research,
with the evaluation of treatment strategies for LBP being
among the highest [75]. It is notable that the major indica-
tion trials were government funded [18,20,57], whereas ma-
jor US trials of disc arthroplasty and fusion adjuncts have
been sponsored by device manufacturers [38,54]. It has been
shown that funded trials publish positive results more fre-
quently [76], a phenomenon identified as ‘‘funding-driven
bias’’ [77]. Bartels et al. [78] investigated financial disclo-
sures of authors involved in spine research and found that
authors with disclosed financial relationships significantly
less often published articles with neutral or negative conclu-
sions. As in other fields of medicine [79–82], the influence
of financial interests on research conclusions in spine sur-
gery appears to be substantial.

The most significant limitation of our analysis is that we
cannot know why some authors did or did not cite particu-
lar trials or why investigators chose to perform the trials
that they did. Citations are a limited indication of a particu-
lar work’s influence on subsequent authors’ thoughts, moti-
vations, and efforts. However, within the current system of
scientific publication, it is the most readily available and
explicit relationship of ideas and beliefs and has been the
most widely used method for such bibliometric analysis.
Publication bias may influence the availability of trial re-
ports, although this has never been investigated specifically
for spine surgery. The citation process may be subject to
technical error [83,84], but the type and magnitude of error
reported do not seem sufficient to influence results of our
analysis. Also citation analysis only represents the opinions
of published authors, a limited, albeit influential, fraction of
all practitioners. A direct survey [14], or national discharge
databases [17], might provide a broader sampling of sur-
geons’ beliefs on this topic.
Conclusions

The research agenda of RCTs for surgery of CNLBP has
not changed substantially in the last 20 years. Technical tri-
als evaluating nuances of surgical techniques significantly
predominate. Despite the publication of four RCTs report-
ing equivocal benefits of surgery for CNLBP between 2001
and 2006, there was no change in the research agenda of
subsequent RCTs and technical trials continued to outnum-
ber indication trials. Rather than clarifying what, if any, in-
dications for surgery exist, investigators in the field
continue to analyze variations in surgical technique, which
will probably have relatively little impact on patient out-
comes [78]. As a result, clinicians unfortunately have little
evidence to advise patients regarding surgical intervention
for CNLBP.
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