
Evidence based medicine (EBM) is currently dominated by the randomized controlled trial (RCT). The addition 
of a placebo arm to the trial in hopes of further elimination of bias in the outcome gives it a higher 
position in the hierarchy of the levels of evidence, resulting in a higher grade of recommendation for its 

use and subsequent reimbursement. While such a model works well for medicinal treatments, it is inappropriate 
for determining the safety and efficacy of a device or a procedure. Using such a model to test a new device or 
procedure requires the addition of a sham procedure as an analog for the placebo. Along with the sham come all 
of the ethical implications of a nontreatment arm. 

This perspective discusses the formulation of the RCT and its inherent problems with randomization, blinding, 
and trial size when used to test devices and procedures. These issues are analyzed using recent trials to test verte-
broplasty (VP) and kyphoplasty (KP) as examples. The redefining of EBM, and its role in government programs that 
proclaim lofty goals of improved patient outcomes while they are actually focused on cost containment, is discussed 
in detail. The implications for our specialty are enormous as this methodology is increasingly used for reimburse-
ment of procedures such as VP and KP. Not only will this deleteriously affect any medical specialty employing 
devices or procedures, but its effect on patient care will likely be even more detrimental with delayed or limited 
patient access and delay or attrition in the development of new devices and procedures. 

This perspective acts as an introduction to papers both in this issue, in the upcoming issue of the journal, and to 
ideas forthcoming later this year. Any or all of these papers can be viewed as having a part to play in the ongoing 
controversies of EBM, forced utilization of RCTs, and the repercussions of negative trials.

It is essential to recognize the validity of non-RCT studies, randomized nonblinded trials, and observational 
outcomes-related research in the evaluation of devices and procedures. After all, good patient outcomes are the 
most important goal of any procedure and of any trial or study. A number of papers have demonstrated the equal 
validity of well-designed non-blinded trials and well-designed observational studies (with either cohort or case-
control design) relative to the RCT. Most importantly, as cost containment and regulation exert an ever-tighter hold 
on the medical profession, we need to take a very sober and sanguine view of how we judge our clinical research 
on procedures and devices. 

“Safety and efficacy.”  These are key words that we as 
physicians have always lived by. Before we can use a new de-
vice, or before we can perform a new procedure, the safety 
and efficacy of that device or procedure must be proven. 
The Food and Drug Administration  will not grant a license 
for device use, nor will an institutional review board  allow 
its use in a given institution until specific criteria have been 
met. How are safety and efficacy proven? Sadly, scientific 
methodology now seems to be “one size fits all.” The same 
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formula that is used to prove the safety and efficacy 
of a new drug—the RCT --is the same formula used to 
prove the safety and efficacy of a device or procedure. 
Allegedly, the best trials are randomized and blinded, 
to remove “bias” from the evaluation. The “better” the 
RCT, the higher is the level of evidence, and the higher 
will be the grade of recommendation for its use. This is 
EBM today. 

The Randomized Controlled Trial and 
Levels of Evidence

It is with this background that the current conflict 
over vertebral augmentation for osteoporotic vertebral 
compression fractures (OVCF) is discussed. The focus 
in this perspective will be on VP and KP as examples 
of the difficulties in using methodologies considered 
to represent current standards of EBM. There have 
been many trials and studies evaluating these two 
techniques. Hundreds, even thousands of case studies, 
case reports, case series, cohort studies, and nonran-
domized as well as randomized controlled studies have 
been performed. Most of these reports have been in 
support of VP and KP (1-17). But the studies that have 
received the most attention are the 2 negative, double 
blind, RCTs by Kallmes et al (19) and Buchbinder et al 

(18), published in 2009 in the New England Journal of 
Medicine, that concluded that VP was no better than 
a sham procedure in reducing pain from OVCF. Since 
the publication of these trials, the literature has been 
barraged with articles supporting and refuting the 
benefits of VP and KP (20-23). This article tennis match 
has occurred primarily because each study has inherent 
biases and flaws, depending upon how the clinical trial 
was structured. Much of this work has been done in an 
attempt to overcome bias in a testing system, the RCT, 
made for drugs, not devices and procedures. Why, if 
initially there was cumulative support for VP and KP, 
has so much controversy evolved regarding these pro-
cedures? The answer can be found by examining a hier-
archy of the levels of evidence, an example of which is 
demonstrated in Table 1 (24-26).

At the top of the list are Level 1 studies comprising 
systematic reviews or meta-analyses of well-designed 
RCTs, and RCTs with a high degree of statistical signifi-
cance which some authors refer to as high quality RCTs. 
The concept of “high quality” is related to the methods 
of data collection that the clinical trials use to eliminate 
bias, e.g., randomization and blinding (27). Randomiza-
tion and blinding are commonplace for the testing of 
a new drug. Randomization in creating both a treat-

Table 1. Levels of  evidence and grade definitions. 

1a Systematic reviews of randomized controlled trials (RCTs) with homogeneity
Grade A (high certainty net benefit is substantial) strong recommendation, high-quality evidence

1b Individual RCTs with narrow confidence interval
Grade A (high certainty net benefit is substantial) strong recommendation, moderate-quality evidence

2a Systematic reviews of cohort studies with homogeneity
Grade B (high certainty net benefit is moderate or moderate certainty that net benefit is moderate to substantial) weak recommendation, 
high-quality evidence 

2b Individual cohort studies and low-quality RCTs
Grade B (high certainty net benefit is moderate or moderate certainty that net benefit is moderate to substantial) weak recommendation, 
moderate-quality evidence

2c “Outcomes” research: ecologic studies
Grade B (high certainty net benefit is moderate or moderate certainty that net benefit is moderate to substantial) weak recommendation, 
low quality or very low quality evidence

3a Systematic reviews of case-control studies with homogeneity
Grade B (high certainty net benefit is moderate or moderate certainty that net benefit is moderate to substantial) weaker 
recommendation, higher-quality evidence

3b Individual case-controlled studies
Grade B (high certainty net benefit is moderate or moderate certainty that net benefit is moderate to substantial) weaker 
recommendation, moderate-quality evidence

4 Case series and poor-quality cohort and case control studies
Grade C (at least moderate certainty of  to be only a small benefit); USPSTF: offer on individual basis

5 Expert opinion
Grade D (moderate to high certainty that the service has no net benefit or that the harms outweigh the benefits); USPSTF: discourage the 
use of this service

Combination of Oxford Centre for Evidence-based Medicine and U.S. Preventive Services Task Force (USPSTF). {need to fix referencs.} 
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ment and a control group (with the addition of a pla-
cebo control group considered as an even higher study 
design) allows the treatment effect to be isolated and 
studied (28-30). Blinding allegedly removes the possibil-
ity of over- or underestimating the treatment effect or 
distorting the measuring parameters, which supposedly 
happens if either the patient or the treating clinician (in 
the case of VP and KP) knows which group they are in. 
We all are familiar with the scenario where a patient 
receives either the drug in question or a sugar pill (the 
placebo). If the patient doesn’t know which one they 
received, the study is blinded. If neither the patient nor 
the physician knows, the study is double blinded. Double 
blinding is considered to give the best results in EBM. 
Without blinding, and assuming the typical lack of equi-
poise (no preference for either treatment), the physician 
may produce bias toward his or her preferred treatment 
in numerous ways, including selection bias (31-33). The 
patient may produce selection bias if not blinded to the 
study arms (24). The unblinded patient may also bias the 
study outcome in an effort to please the physician. 

Problems with Blinding, 
Randomization, and Trial Size

There are significant arguments against both blind-
ing and randomization. One problem with blinding is 
the use of a placebo (34-36). There is no sugar pill for 
device testing or procedures, since either the patient or 
the physician can see the alternative device or its stig-
mata. Efforts to create a facsimile result in the use of a 
sham procedure or some other type of physical placebo 
(37,38). In the case of VP and KP is there really such 
a thing as a sham? Or must an alternative active con-
trol be used (39)? Since it is usually physicians who can 
distinguish the active from the inactive procedure, or 
the sham device from the real device, they are the ones 
faced with participating in deception or fraud. Many 
papers have been written that focus on the risk-benefit 
of invasive sham procedures, but underlying this topic 
are issues of morality, personal integrity, and ethics 
(40). Moral discomfort can occur when these sham 
procedures are viewed as unethical (41,42). Question-
ing whether something is deceptive or unethical opens 
a door for bias, in part because it affects the patient-
-physician relationship (43-45). Regrettably, the testing 
of a device or a procedure using a placebo or sham is 
difficult, even impossible, to perform, much like trying 
to fit a square peg into a round hole.

 Arguments against the use of placebo-controlled, 
randomized trials for devices and procedures are valid 

(46,47). Placebo control can produce devastating re-
sults, such as those that occurred in the 1998 PROACT I 
trial (intra-arterial tissue plasminogen activator versus 
saline in a blinded RCT) (48). That study was halted early 
because, in view of the severity of negative outcomes in 
the blinded control patients who received only saline, 
the trial was considered unethical. 

One problem with randomization concerns issues 
of generalization (49). Can a highly focused, random-
ized, placebo-controlled study be generalized to more 
diverse clinical settings? Randomization also produces 
problems in recruitment, study length due to difficulties 
in recruitment, and costs which can increase significantly 
as studies lengthen (50-52). Problems with recruitment 
create issues with study validity, in that a small number 
of patients  decreases the power of the study and there-
fore the impact of its outcome (53-55). Low-powered 
studies are frequently reported as negative studies, im-
plying that there is “no difference between the treat-
ment and the control” (56-62). However, low-powered 
studies are better seen as inconclusive because they are 
unable to detect small differences between the study 
arms that could be clinically significant (63).

The importance of this concept of statistical power 
can be seen in the June 2011 Technology Evaluation 
Center (TEC) assessment of VP and KP for OVCF (64). The 
TEC assessment reported that the most robust measure 
of clinical assessments is response or meaningful im-
provement. Beneficial effects of interest include relief 
of associated symptoms (e.g., pain) and improvements 
in the ability to function (i.e., activities of daily living). 
Relative to the Kallmes et al (19) and Buchbinder et 
al (18) trials, their conclusions were that these studies 
were underpowered in the most important measures, 
which were the secondary aims of the 2 studies. The Bu-
chbinder et al study (18) was felt to be underpowered 
in its primary outcome as well. Although the TEC assess-
ment did not report that the Kallmes et al trial (19) was 
underpowered in its primary outcome, other authors 
have raised this concern. The TEC assessment states that 
without adequate statistical power, it is not possible to 
determine if VP was effective or not, and the results 
of both studies should be interpreted as uncertain (64).

Interestingly, the TEC assessment also reports that 
the most informative outcome is the proportion of 
patients that respond. Pain is a continuous outcome 
and therefore the magnitude of improvement on an 
individual level is clinically meaningful. The Buchbinder 
et al trial (18) reported an improvement of 2.5 on the 
Visual Analog Scale (VAS) for overall pain, and it was 
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the VP patients who showed a more frequent meaning-
ful response at one month, 3 months, and 6 months. 
The TEC assessment reported that the Kallmes et al 
study (19) also showed a trend toward a higher clini-
cally meaningful improvement in pain at one month 
for the VP group. Additionally, the TEC assessment took 
notice that significantly more patients in the control 
group chose to cross over (leave their control arm for 
the alternative control arm) than in the VP group (43% 
versus 23%). This was not reflected in the Kallmes et 
al trial (19) primary outcome since the cross overs oc-
curred after the primary outcome assessment (64).

Since the publication of the Kallmes et al (19) and 
Buchbinder et al (18) trials, many articles have sought 
to expose the deficiencies in these 2 RCTs (39,50,65-
69). One glaring deficiency was the lack of nonsurgi-
cal controls. As a result, the FREE (Fracture Reduction 
Evaluation Trial) (69) and VERTOS II (10) trials, in efforts 
to compare current forms of treatment, utilized a non-
surgical medical group, i.e., medical management, as a 
control and compared this group of patients to those 
who received vertebral augmentation. Published results 
of the FREE and VERTOS II trials redeemed the tarnished 
reputation of KP and VP, respectively (10,70). However, 
although strict methodology was used in these trials 
and the data were detailed and critically evaluated, 
they were not blinded studies and so were judged by 
many using a levels of evidence hierarchy such as that in 
Table 1 to be Level 2 at best, which resulted in a grade 
of recommendation for their use as “B” (“probably use-
ful”) at best. Because the FREE (70) and VERTOS II (10) 
trials did not lend themselves to blinding, by definition 
they could not meet the requirements of “high quality” 
Level 1 research as currently defined. The Kallmes et al 
(19) and Buchbinder et al (18) trials were blinded, but 
as we will discuss, they were not free from bias, yet they 
are still considered Level 1 studies by most and their 
recommendations for use have been given the highest 
grade. What is the basis of this evidentiary mindset?

The Redefining of Evidence Based 
Medicine

At the foundation of this mindset is a distorted 
and manipulated version of EBM. What was the origi-
nal concept behind EBM?  In a 1996 article written by 
Sackett et al (71), the authors discuss the initial intent 
of the process. What EBM was intended to be was a 
conscientious, explicit, and judicial use of current best 
evidence in decisions about individual health care. Its 
intention was to integrate the proficiency and judg-

ment that individual clinicians acquire through clinical 
experience and practice with the best available exter-
nal evidence from systematic research (i.e., clinically 
relevant research). EBM was not intended to tyrannize 
clinical practices by forcing cookie cutter medicine 
upon them. Its intent was to respect the individual-
ity of patients, their situation, rights, and preferences, 
and to empower the clinician with the best available 
treatment options. External evidence was not intended 
to replace clinical expertise or the clinician’s ability to 
choose, based on the individual patient. In its original 
intent, EBM would not be restricted to randomized tri-
als and meta-analyses. Originally, EBM recognized that 
some medical questions can only be answered with 
nonrandomized trials. Some research would not and 
should not be able to conform to blinded controls (71).  

Somewhere along the way, the original intent was 
lost. Clouded in efforts to improve the statistical signifi-
cance of research, “scientists” reshaped EBM. During the 
course of creating and honing study designs and meth-
odologies created for drug therapy, statisticians, bioethi-
cists, epidemiologists, and other “scientific” researchers 
decided that variables such as bias could be minimized 
or eliminated in research on devices and procedures in 
much the same way it had been in pharmaceutical re-
search (72-74). Unfortunately, as it stands, we have im-
posed limitations that are being used as ammunition to 
reduce the clinical validity of studies. An inappropriate 
research model for drugs and devices has been elevated 
to the top of the hierarchy of EBM: the RCT (75). Because 
the revised form of EBM suits monetary and control 
purposes, the RCT has become the standard by which all 
research on drugs and devices is judged and by which 
medical and economic decisions are made.

Evidence-Based Medicine and the 
Government

The original intent behind EBM was not a financial 
one. The original intent was to provide the best health 
care available, regardless of cost (71). Despite this in-
tent, initial fears are coming to fruition that EBM could 
and would be hijacked by purchasers and managers 
(including governmental agencies), which leads to seri-
ous financial implications for product developers and 
manufacturers and the users of such goods (76). As we 
are seeing, EBM has gained momentum over the past 
20 years, and with this momentum EBM has spread like 
wildfire across the health care industry. In fact, EBM, 
comparative effectiveness research (CER) and guidelines 
(embodied in the Patient Centered Outcomes Research 
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Institute, [PCORI]) have become the cornerstones of the 
Affordable Care Act (ACA) and have become embed-
ded in multiple governmental agencies (77,78). CER is 
promoted as part of the Effective Health Care Program 
(EHCP) (79,80). This program funds individual research-
ers, research centers, and academic organizations  to 
work together with the Agency for Healthcare Research 
and Quality (AHRQ). The AHRQ’s job is to produce CER 
for clinicians, consumers, and policymakers. The AHRQ 
is the lead federal agency charged with improving the 
quality, safety, efficiency, and effectiveness of health 
care, and is one of 12 agencies within the Department 
of Health and Human Services. The AHRQ supports 
health services research that will hopefully improve 
the quality of health care and promote evidence-based 
decision making (81). The AHRQ created the Evidence-
based Practice Centers (EPCs) in 1997 (82). Their job is to 
perform in-depth reviews of existing evidence for the 
EHCP. In August 2012, 5-year contracts were awarded 
to 11 EPCs. One of the 11 EPCs is TEC, which was dis-
cussed earlier. Another EPC is the Oregon Health & 
Science University in Portland, OR, which is under the 
leadership of Roger Chou, MD, who led the efforts to 
produce evidence-based clinical practice guidelines for 
the American Pain Society (83).

How the research is graded, who decides on the 
grading system, who judges the research, how the re-
search is used, and linking it with cost-saving measures 
have tainted our ability to define proper treatment pro-
grams (84-86). The Centers for Medicare and Medicaid 
Services (CMS), an agency of the Department of Health 
and Human Services, along with the United Kingdom’s 
National Institute for Health and Clinical Excellence, 
reward physicians and institutions for their cost-saving 
measures, encouraging them to practice EBM and CER 
(87-89). The CMS will spend up to $1 billion over 3 years 
to evaluate and reward projects from across the coun-
try. Some of these projects will be designed to rapidly 
reduce Medicare, Medicaid, and the Children’s Health 
Insurance Program costs in outpatient and postacute 
settings through the Health Care Innovation Awards 
(89). The ACA seeks to decrease health care expendi-
tures not only through CER, but also by value-based 
purchasing, through Accountable Care Organizations 
and through Section 3403 of the ACA known as the 
Independent Payment Advisory Board (IPAB) (90). This 
is a 15-member panel of presidential appointees whose 
task will be to produce recommendations to hold down 
Medicare spending (91). 

Evidence-Based Medicine Will Affect 
Reimbursement

The fear is that the Independent Payment Advisory 
Board and other ACA changes will simply cut provider 
reimbursements to meet spending targets. The fear 
that these measures will all eventually lead to restricted 
access for some patients is apparently justified, as evi-
denced in a recent letter from California Anthem Blue 
Cross notifying providers that effective August 1, 2013, 
prior authorization of “high tech radiology,” and “pain 
management injections and procedures,” among other 
service categories, will be required before they can be 
provided to members enrolled in Medi-Cal, Managed 
Care, the Healthy Families Program, the Access for In-
fants and Mothers Program, and the Major Risk Medi-
cal Insurance Program (92). Is this the beginning of a 
2-tiered health care system supported by EBM?

Constructing guidelines based on an evidentiary 
scale created as an exclusion hierarchy for research sets 
up a situation where clinically relevant, valid research 
can be dismissed if it does not or cannot fit into Level 1 
requirements (93). Conversely, less valid or controversial 
research can be elevated to a higher level of evidence 
if it fits the criteria of Level 1 evidence, which has im-
plications for funding. As an example, the California 
Technology Assessment Forum has recently written a 
strongly worded paper recommending that funding 
of endovascular techniques for the treatment of acute 
stroke be halted after the publication of 3 highly con-
troversial negative articles (IMS-III, MR Rescue and Syn-
thesis Trials) (94). Efforts to decrease or eliminate reim-
bursement for the use of a device or the performance 
of an interventional procedure are major problems for 
practitioners of interventional treatments (95). Few, if 
any, practitioners will be spared. Complaints regarding 
the evidentiary hierarchy have been raised by numer-
ous groups, including, for example, the surgical spe-
cialties, dentistry, physical therapy, and interventional 
neuroradiology (38, 96-98). If we do not stand together, 
the injustices imposed on one of our specialties may 
eventually become the injustices imposed on all.

Evidence-based Medicine, 
Vertebroplasty, and Kyphoplasty

Where research falls on the evidentiary scale 
can affect funding and the survival of a product or a 
technique. Are VP and KP becoming collateral damage 
of EBM as a result? Several studies have reported an 
overall decline in these procedures with a more specific 

www.painphysicianjournal.com 	 E335

The Effects of Randomized Controlled Trials on Vertebroplasty and Kyphoplasty



(and significant) decrease occurring for VP, which de-
clined by 12.9% annually from 2006 to 2010 (99-102). 
Although KP utilization initially increased from 120 
/100,000 Medicare patients to 141 /100,000 from 2007 
to 2008, these numbers declined to 135 /100,000 in 
2009, with a further decrease to 121 /100,000 in 2010. 
Part of the reason for the decline in VP utilization may 
have been the result of the introduction of KP codes in 
2006; however, the published results of the Kallmes et 
al (19) and Buchbinder et al (18) trials are suspected to 
have played a significant role in the diminished utiliza-
tion of both VP and KP from 2009 to 2010 (103,104).

Despite the long history of positive clinical out-
comes research, national coverage by the CMS has not 
been established for VP and KP. While it is acknowledged 
that coverage by the CMS is decided on a state by state 
basis, the resistance to national coverage stems in large 
part from the belief that clinical outcomes research and 
RCTs without placebo controls are inferior (105,106). In 
their December 2011 article (106), authors Wulff, Miller, 
and Pearson seem disturbed that coverage wasn’t re-
scinded for VP in light of the negative Kallmes et al (19) 
and Buchbinder et al (18) trial results. They state that 
legal advice inside Medicare warned that the lack of 
precedent for reversing the long history of coverage for 
VP without new evidence of harms would invite a legal 
challenge (107). Could this be part of the reason that so 
many articles concerning a negative risk-benefit ratio 
for VP and articles referring to or studying potential 
harm from VP have emerged (108-110)? 

Wulff, Miller, and Pearson (106) express their 
hope that better evidence would be generated by CER 
through PCORI. They note that the Institute of Medi-
cine in 2009 compiled a list of invasive procedures set 
as priorities for CER, because invasive procedures are 
expensive, risky (as well as beneficial), and have gained 
widespread acceptance based primarily on observation-
al case series and uncontrolled clinical trials. This type 
of research is now considered as subject to biases lead-
ing to overstatement of clinical benefits, as opposed to 
the rigorous RCTs, performed as part of the evolving 
concepts of EBM which are the ruling academic ap-
proaches to medicine (107).

However, several articles disagree with this belief 
that observational studies are subject to biases leading 
to overstatement of clinical benefits (111-113). Concato 
et al (114) published their article in the New England 
Journal of Medicine in which they used published 
meta-analyses to identify randomized clinical trials and 
observational studies that examined the same clinical 

topics. They found that the results of well-designed ob-
servational studies (with either cohort or case control 
designs) did not systematically overestimate the mag-
nitude of the effects for treatment when compared 
with those in RCTs on the same topic (114). Articles 
such as these are disregarded by other authors when 
they recommend that insurers (starting with Medicare) 
should require more rigorous evidence on comparative 
effectiveness before unrestricted coverage is granted to 
new interventions. 

Authors such as Wulff, Miller, and Pearson (107) 
have recommended that insurers take the lead at inves-
tigating invasive procedures and exercise their power 
to require at least 2 high-quality randomized trials, 
at least one of which should include sham procedures 
in the control arm, before authorizing reimburse-
ment. They recommend that insurance coverage with 
evidence development be employed since they believe 
that the payment structure for clinicians in the United 
States is a problem. According to Wulff et al, “Doing 
more procedures reaps greater payment”(107) They 
have suggested changing the payment structure in the 
United States to increase the appreciation of EBM by 
clinicians. They have also suggested innovative pay-
ment incentives such as bundling of payments or global 
payments to Accountable Care Organizations (we are 
experiencing some of these payment processes now). 
They hope that PCORI will help with the interpretation 
and verification of negative studies. Their surprise that 
patients are still undergoing VP despite the negative 
trials is echoed by their surprise that women aged 40-
49 were still getting mammograms despite the USPSTF 
recommendations. They reminded their readers of the 
“firestorms” that occurred when the USPSTF tried to 
move away from universal coverage for breast can-
cer screening in women aged 40 - 49, and when the 
Agency for Health Care Policy and Research questioned 
whether spine surgery was necessary for uncomplicated 
low back pain (107). The implications of this and other 
articles on this subject appear to be that the firestorm 
of outcries following these recommendations were un-
justified backlashes from political and advocacy groups. 
It seems that government-supported research is fertile 
ground for statisticians, epidemiologists, bioethicists, 
and general internists with master’s degrees in public 
health. Comments have been made suggesting that 
breast cancer is a cancer of ageing. But these comments 
fail to inform the public that breast cancer in younger 
women tends to be more aggressive. In regard to the 
astonishment that VP is still being performed, what of 
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the active 78-year-old woman who suffers an OVCF that 
significantly alters her lifestyle?  If she only undergoes 
medical therapy, she is at risk for isolation, decondition-
ing, dependency, depression, thrombophlebitis, stroke, 
and pulmonary diseases such as emboli and infection. 
The opioids may make her nauseated and constipated 
so she may not eat. This is not an uncommon story. 
Morbidity and mortality risks are real life issues, not just 
statistics. There may be significant benefits from the 
expensive and risky interventions that evidence-based 
researchers, following their rigid methodologies, seek 
to end. 

In their articles, Drs. Kopans (115) and Zuurbier 
(116) point out serious errors on the part of the USP-
STF in its evidence-based research which has led to 
the effort to remove universal coverage for screening 
mammography in 40 – 49 year old women. One of the 
comments made by Dr. Zuurbier (116) pointed to the 
potential bias in the USPSTF’s 16 member panel, which 
included 4 members having affiliations with health care 
delivery entities like Kaiser Permanente and Blue Cross/
Blue Shield. She also indirectly questioned what creden-
tials these members have to qualify them as experts in 
breast cancer. Perhaps that is the type of question that 
should be asked of the members of all governmental 
health care agencies and panels. What qualifies these 
members to be experts on the devices, procedures, or 
services that their recommendations or lack thereof 
may bury? This question is essential considering that 
the thrust behind evidence-based health care is cut-
ting costs. “Experts” should have significant hands-on 
experience.

Dr. David Kallmes, whose INVEST trial was spon-
sored by the National Institutes of Health (NIH), and Dr. 
Franklin Miller, who works in the Department of Bio-
ethics at NIH, wrote an article (117) in which they argue 
that the critical response to the 2 placebo-controlled 
RCTs (the Kallmes et al (19) and Buchbinder et al (18) tri-
als) was due to physicians being “placebo reactors.” This 
is a psychological dynamic that reinforces the clinicians’ 
belief in the value of the procedure that they recom-
mend or administer and perceive as beneficial. A disso-
nance is created when clinical experience conflicts with 
trial results. The remedy to eliminate this perceived bias 
is to change the culture of medicine and to remove the 
“clinical mentality” of physicians by strengthening the 
culture of evidence-based procedural medicine. They 
believe that it is neither necessary nor desirable that 
the dissonance be resolved in favor of clinical experi-
ence (117). Evidently, physicians believing in what they 

do or recommend, believing that they do good rather 
than harm, and that they make a difference (117) are 
significant negatives in the world of RCTs and EBM. 

It is interesting that despite many positive random-
ized trials performed after the Kallmes et al (19) and 
Buchbinder et al (18) trials, these supportive articles 
did not have the same run of news headlines that the 
negative Kallmes et al and Buchbinder et al trials did. 
Could this be, in part, due to the activities of the Na-
tional Initiative for Promoting Evidence-Based Health 
Information, through which the EHCP disseminates 
research and related issues through media outreach, 
national partnership development, and online virtual 
centers (118)? 

Alleviation of Pain with 
Vertebroplasty and Kyphoplasty

Where does vertebral augmentation go from here?  
We can continue with the valid argument that needling, 
with or without lidocaine and bupivacaine, is not a pla-
cebo but rather is an active control. Some have even ar-
gued that this form of active treatment may be affect-
ing facetogenic pain rather than vertebral body pain, 
which could explain the rapid pain relief and the lack of 
statistically significant differences between patients in 
the Kallmes et al (19) trial in particular (39,119,120). But 
Kallmes, along with Brinkikji et al, rejected this theory 
in a follow-up trial (121). So, if we accept the validity 
of the Kallmes et al (19) and Buchbinder et al (18) trials 
and if we accept that a placebo was used, then we must 
understand what a placebo and the placebo effect are, 
since these trials have linked VP to a placebo with pla-
cebo effects. They are not the only studies to raise the 
possibility that a patient’s response to VP is due to the 
placebo effect. 

In the next issue of Pain Physician, Liu et al (122) 
performed a meta-analysis and systemic review of RCTs 
comparing pain reduction following VP and conserva-
tive treatment. They found that VP afforded greater 
long-term pain relief when compared with conservative 
treatment. Subsequently, the authors subdivided the 
conservative treatment group into sham procedures 
and nonoperative groups. VP continued to demonstrate 
significantly greater pain relief than the nonoperative 
group. However, there were no differences between VP 
and the sham injection groups. Although the authors 
discuss potential causes for this glaring discrepancy, 
they include in those causes the possibility that the 
sham procedure, as well as VP, achieve analgesia by 
means of a placebo response (122). 
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In this issue of Pain Physician, Saxena et al (123) 
discuss the importance of blinding for the reduction 
of bias and state that in view of the demonstration of 
outcome equivalence between the blinded augmenta-
tion and sham procedure patients in the Kallmes et al 
(19) trial, the placebo effect as a cause of the patients’ 
responses is suggested. Additional articles have raised 
this possibility.

Although postulating that the mechanism of ac-
tion of such a historically well-received procedure as VP 
could simply be the result of the placebo effect may be 
repugnant to some physicians, let us examine the con-
cept of placebo effect to see if it warrants consideration 
or disdain. Part of the confusion with the concept of 
placebo is the antiquated view that a placebo is an inert 
substance or procedure. Therefore, if it is inert it cannot 
elicit an effect. Through a great deal of research, the 
evidence has forced a shift in this mechanistic under-
standing of the placebo effect, steering progressive 
thinkers into recognition that the placebo effect is a 
genuine psychological phenomenon attributable to 
an overall therapeutic  context. To understand this, we 
must accept the concept that there are many placebo 
effects and that these can be broadly divided into neu-
robiological and psychological categories (41). 

Neurobiological mechanisms are under continu-
ous study and have incorporated the use of functional 
magnetic resonance imaging (fMRI)  and positron emis-
sion tomography scanning to help understand brain 
activation centers as can be seen with their use in the 
study of pain pathways (41,124-129). fMRI provides a 
window that permits the visualization of centers within 
the brain such as the diencephalon, hypothalamus, 
amygdala, anterior cingulate cortex (ACC) as well as the 
insular and prefrontal cortex (PFC) shown to be active 
in the mediation of placebo analgesia. These centers 
contribute to descending influences by eliciting inhibi-
tion or facilitation of nociceptive transmission via the 
brainstem during placebo analgesia. fMRI, illustrates 
decreased brain activity in the thalamus, insula and ACC 
(classic pain processing areas) and increased activity in 
the PFC and periaqueductal grey (PAG) during “an-
ticipation” of pain. The stronger the PFC activation, the 
greater the placebo induced pain relief and the greater 
the diminishment in neuronal activity. This correlates 
with the theory that prefrontal mechanisms trigger 
opioid release in the brainstem which influences the 
descending pain modulatory system thereby modulat-
ing pain during placebo analgesia (130). In their 2013 
article, Lee and Tracey (131) looked at activation within 

the primary somatosensory, insular and mid ACC re-
gions following reported pain, using an opioid (a fixed 
remifentanil dose) while modulating pain intensity via 
expectancy. The effects seen on fMRI were distinguish-
able because expectancy and remifentanil influenced 
different areas of the brain without significant interac-
tion. In addition, the analgesic onset effect of expec-
tancy occurred earlier than the onset of remifentanil. 

Of the many psychological mechanisms, the two 
most studied are expectancy, by both the patient and 
the physician, and conditioning (which are thought 
to occur in that order). Both can be modified by many 
factors. An example of a factor that affects patient ex-
pectation is the physician’s verbal cues. But, it is not just 
the patient’s expectations and conditioning that are 
important, it is also the physician’s. If we recognize that 
there are many psychosocial issues that surround the 
patient and the clinician, then perhaps we can employ 
these factors into facilitating and enhancing clinical 
practice through placebo effects. When discussed in 
this fashion, the placebo effect becomes a process of 
helping the patient to heal himself (132). 

The overall response to a treatment is the result 
of the treatment itself and the context in which the 
treatment is given (133). This important concept will 
be discussed later in terms of placebo efficacy versus 
specific efficacy. The treatment context, including the 
nature of the treatment and how it is administered, 
and the therapeutic interaction (the doctor-patient 
relationship, for example) comprise the treatment en-
vironment. Unfortunately, factors comprising the treat-
ment environment are complex (133). The physician as 
part of the treatment environment can play a positive 
or a negative role. For example, physician attitude and 
cues can produce an enhanced patient response or can 
diminish a patient response. The latter is considered a 
nocebo effect (i.e., a process where the patient’s condi-
tion worsens or doesn’t change with use of a substance 
or procedure that is known to be effective) (41). Could 
lack of enthusiasm or ambiguity by a Kallmes et al (19) 
trial physician produce a nocebo effect? This discussion 
points to ways a physician can inject bias into a blinded 
RCT, even though blinding was intended to negate bias.

If viewed as an interactive process, a placebo no 
longer seems inert. If we consider just the act of needle 
placement as producing a placebo effect, as researchers 
have done in respect to acupuncture, then in regards 
to VP, could the equivalent patient response to the VP 
needle and the sham needle be due to a similarity in 
treatment context (134)? If so, then where they differ is 
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in the treatment itself: i.e., the intra-osseous placement 
of cement. 

It is important to recognize the difference between 
placebo efficacy and specific efficacy. In the article, 
“Vertebroplasty and the Placebo Response,” (133), 
the authors purport that when the patient’s response 
is due to the treatment context and treatment ritual, 
placebo efficacy is being demonstrated. The patient’s 
response to the inherent pharmacologic or physiologic 
properties of the treatment refers to specific efficacy. 
The authors claim that because the VP and the sham 
intervention had equivalent pain reduction, VP has 
no specific efficacy. They then go on to question the 
legitimacy of VP. In the process of denying any spe-
cific efficacy VP might have, and relegating it to only 
placebo efficacy, they question VP’s cost effectiveness 
(105,106,135-137). To worsen the situation, they discuss 
all of the possible complications of VP, without giving 
the percentage of those that are clinically significant, 
and proceed to suggest that VP has an unfavorable 
risk-benefit ratio. They detail consequences of cment 
leakage (the most common complication), including 
the percentage of pulmonary emboli seen within the 
VERTOS II trial, but give only a glancing statement that 
the adverse effects have rarely been found to be of 
clinical significance (9,10,17,138). They bring up inci-
dent fractures; however, a cause and effect relationship 
of incidental fractures to VP has not been proven and 
remains controversial (2,139-143). All of this paints a 
negative risk-benefit ratio for VP.

If we accept that at least part of the initial patient 
response to VP is a placebo response, we do not have 
to limit the process by accepting that placebo response 
is the entire response.  What if VP is a 2-fold process? 
What if VP and KP produce both a short-term and a 
long-term response?  What if the initial short-term pa-
tient response to VP is at least partly due to a placebo 
effect (placebo efficacy)? As you will recall, follow-up in 
the Kallmes et al (19) trial was only for one month. The 
Buchbinder et al trial (18) was carried out primarily over 
3 and up to 6 months. But the FREE (70) and VERTOS II 
(10) trials demonstrated KP and VP, respectively, to have 
sustained effects out to one year.  Perhaps the demon-
stration of the specific efficacy of VP and KP requires 
time. Perhaps in the acute stage, healing after OVCFs 
is markedly enhanced by employing the placebo effect 
(144). Could this explain the dramatic decrease in pain 
following VP compared to natural healing? If the same 
treatment context is employed, this would also explain 
why the short-term studies comparing a sham injection 

and VP have similar patient responses (145,146). If it is 
possible that pain in the subacute to chronic stage of 
healing is due to factors not significantly affected by the 
placebo effect, then the cement deposition in KP and 
VP may be alleviating pain through a different mecha-
nism which would constitute specific efficacy for both 
procedures. Pain in this stage of healing may be the re-
sult of the inherent mechanical instability of a fractured 
vertebral body (147-149). Much research has been done 
to determine how the presence of polymethylmethac-
rylate (PMMA) affects the biomechanics of the affected 
vertebral body and its relationship to the remainder 
of the spine (150). In the normal healing process, most 
stages of healing benefit from stabilization (151-153). 
Doesn’t the infusion of cement into cancellous bone 
with its insinuation into fracture lines provide stabiliza-
tion as a form of internal fixation? Research has shown 
that PMMA infusion via VP and KP increases vertebral 
body stiffness which helps to redistribute loading pres-
sures within the spine. It helps to restore more normal 
intradiscal pressures, and in strengthening the centrum, 
it redistributes weight from the vertebral walls back to 
the centrum, helping to normalize force transmission. 
All of this could be looked upon as VP’s and KP’s specific 
efficacy, i.e., treatment. 

Although some articles have suggested that this 
increased stiffness is the source of incident fractures, 
this has not been proven (154). It has been shown that 
incident fracture risk is equal to or lower postprocedure 
when compared with the risk of incident fractures fol-
lowing nonsurgical treatment of an OVCF (108,155). 
Part of the more chronic pain may also be the result 
of injury to the paravertebral soft tissues (110). More 
research will be needed to fully understand the mecha-
nisms of pain and overall spine stability as they relate to 
vertebral augmentation. As new vertebral augmenta-
tion fillers with better bioavailability, mechanical effec-
tiveness, and osteoconductivity are developed, some of 
the present controversies may become moot (156,157).

Why All the Fuss? 
As will be discussed in the current issue of Pain 

Physician (158), osteoporosis continues to be one of the 
10 most important diseases in the world according to 
the World Health Organization. Greater than 75 million 
people in the US, Europe, and Japan are affected every 
year. More than 9 million fractures per year worldwide 
are attributed to osteoporosis with 4 - 5 million of those 
fractures occurring in the US and Europe. White women 
are at the greatest risk. Up to 22% of white women 
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in the US, ages 60 - 69, are affected. This percentage 
increases to 70% in white women 80 years of age or 
older. Although white women are primarily affected, 
men and women of all racial backgrounds are at risk. 

Studies on OVCF have demonstrated that pain re-
lief in augmented vertebral bodies equalizes to that in 
nonsurgical vertebral bodies with time. That assumes 
normal healing. We are all aware that many people suf-
fer chronic pain and disability after an OVCF. But even as-
suming a normal, natural (nonsurgical) healing process, 
it is the difference in quality of life offered by augmenta-
tion that is captured in real life. Much of this quality is 
due to restoration of back function. Koch and Greiner 
(159) evaluated patients treated with KP compared to 
those given nonsurgical medical care. These researchers 
found greater improvement in the European Quality of 
Life-5 Dimensions Scale and relevant improvement in the 
Roland-Morris Disability Questionnaire (RMDQ) for KP 
patients than for the nonsurgical group. Both of these 
tests are measurements of the quality of life. RMDQ is 
specific to back function. Earlier and improved reduction 
in pain and faster restoration of back function increase 
a patient’s positive lifestyle options, leads to quicker re-
entry into the patient’s social or usual life environment, 
and potentiates an active lifestyle. 

The mortality risk has been shown to increase al-
most as much as 9-fold following a vertebral fracture. 
In their article, Edidin et al (160) identified 858,978 
patients of which 119,253 underwent KP and 63,693 
underwent VP, while the rest were treated nonsurgi-
cally. Their results after close to 4 years of follow-up 
demonstrated that patients in the operated cohort had 
a higher adjusted (for covariates and comorbidities) sur-
vival rate of 60.8% compared with the nonoperated co-
hort rate of 50.0%. The operative cohort patients were 
37% less likely to die. The authors suggested that part 
of this difference in mortality after augmentation may 
be due to the patient’s improved pulmonary function. 
Death following vertebral compression fractures has 
been associated with pulmonary disease (161). Medi-
cal treatment alone promotes a sedentary lifestyle and 
can be a factor in the patient’s morbidity and mortality 
(162). A sedentary lifestyle can result in weight gain 
and obesity. Sedentary patients and those confined to 
bed rest are more susceptible not only to pulmonary 
disease and emboli, but also to cardiovascular disease, 
including stroke (163-165). Not all patients can or will 
use the back brace recommended for nonoperative 
medical treatment. Not all patients can tolerate opioids 
or other pain medications and some are adversely af-

fected by them, which includes becoming addicted to 
them (166,167). In view of the survival and quality of 
life statistics, how is extracting VP and KP from treat-
ment options justified when the overall risk of clinically 
significant complications is less than 1% (9,17)? Oddly 
enough, this epidemiologic data on the morbidity and 
mortality issues associated with OVCF is paid little at-
tention in the negative VP and KP articles.

Decreasing the Incidence of PMMA 
Leakage 

Given that there are significant benefits to KP 
and VP, research has been done to address the more 
common and alleged complications. In one of the ar-
ticles in this issue of Pain Physician (168), the issue of 
intravertebral pressure as a possible cause for PMMA 
leakage during both procedures is addressed. It has 
been thought that the formation of a cavity during KP 
reduces intravertebral pressure and may explain why 
the percent of PMMA leakage is usually lower for KP as 
compared with VP. However, this study demonstrated 
no significant difference in intravertebral pressures 
during all common phases of KP and VP. They found 
that pressures are highest for both procedures during 
PMMA instillation. The authors suggest that leakage 
and embolic phenomena may be most prone to oc-
cur during this phase. Studies are still inconclusive as 
to whether the higher viscosity of the partially cured 
PMMA in KP is a factor in decreasing the incidence of 
leakage (157). 

There are many factors to consider when choos-
ing KP versus VP. The choice used to depend on the 
specialty of the patient’s physician, since KP used to be 
performed primarily by surgeons and VP by radiologists 
(169). But as more and more interventional physicians 
have become comfortable with both procedures, pa-
tient preference, physician choice, cost, and comor-
bidities have become more important factors. If KP is 
chosen, is a unilateral or bilateral approach better? Two 
of the articles in the next issue of Pain Physician address 
this question (170,171). Both studies were performed 
as systematic reviews and meta-analyses of RCTs. Both 
studies found an equivalence of pain relief between 
the two approaches. Both found no significant differ-
ence in the incidence of PMMA leakage. These papers 
discuss differences in fracture reduction between the 
two approaches and the relevance of the differences 
in PMMA deposition. One of these articles offers sug-
gestions as to factors that may assist in the decision 
between a unilateral and a bilateral approach. 
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Vertebroplasty and Kyphoplasty for 
Metastatic Disease

Although we have concentrated on VP and KP, 
many of the issues we have touched upon could ap-
ply to the other uses of augmentation which include 
nonvertebral osteoplasty, use in symptomatic vertebral 
hemangiomas, as well as the use of augmentation in 
neoplastic vertebral disease (172-177). At the present 
time the use of augmentation in these conditions is not 
under as severe scrutiny as VP and KP in OVCF. In provid-
ing its readers with innovations in these procedures, 2 
studies are presented in this issue of Pain Physician and 
2 in the next issue. In their article, Sun et al (178) discuss 
an alternative approach to VP for metastatic disease at 
C2 where treatment options are limited. Anselmetti et 
al (179) discuss the use of the KIVA system as a unique 
and effective minimally invasive treatment option for 
patients with severe pain due to osteolytic vertebral 
metastases, while Otten et al (180) compare the Kiva 
system with kyphoplasty. Woo et al (181) discuss the 
use of VP as an option in the treatment of terminally ill 
patients with epidural and dorsal root ganglion meta-
static involvement who have not responded to conser-
vative therapy and who are not surgical or radiation 
therapy candidates.

In 2 of the last 3 papers to be discussed in this issue 
of Pain Physician, the authors give detailed discussions, 
each with a slightly different twist, on the controver-
sies involved between the major RCTs, meta-analyses, 
and systematic reviews of vertebral augmentation 
(158,182). One additional article also discusses the con-
troversies of the Kallmes et al (19) trial compared with 
their single-center findings (123). These articles bring us 
back full circle into the controversies of the Kallmes et 
al (19) and Buchbinder et al (18) trials. 

Other Controversial Issues Regarding 
the Kallmes and Buchbinder Trials

As stated at the beginning of this perspective, 
there have been many articles that have been pub-
lished questioning the results and methodologies of 
the Kallmes et al (19) and Buchbinder et al (18) trials. 
The following discussion is simply to remind the reader 
that no study is without bias and unintentional flaws. 
Some of the major controversial issues brought forth in 
the medical literature of 2010 that resulted from the 
analyses of the Kallmes et al (19) and Buchbinder et al 
(18) trials have already been discussed; others are as fol-
lows: (39,50,66-69,183)

Fracture Acuity
Fractures of mixed ages (from < 6 weeks up to one 

year) were used in the Kallmes et al (19) and Buchbinder 
et al (18) trials with an average age of fracture at 14.7 
weeks. Since fracture union usually occurs at approxi-
mately 8 weeks, roughly 75% of fractures in these trials 
were nonacute. Acute fractures (< 6 weeks) that do 
not respond to conservative care are those that usually 
receive recommendation for an augmentation proce-
dure. Subacute and chronic fractures do not respond to 
vertebral augmentation as dramatically as acute frac-
tures. Healing or partial healing may account for the 
small volumes of PMMA used in these trials (184,185). 
Otherwise, the volumes of PMMA were not sufficient.

Enrollment
By trial design few inpatients were included. As 

discussed earlier, the small number of patients affected 
the power of the studies. Both studies were not suf-
ficiently powered to evaluate their secondary outcomes 
or to evaluate subgroups of patients such as those 
with clefts that might have been more likely to show 
improvement.

The VAS score may have been set low with a wide 
range to overcome enrollment failures. VAS scores may 
not be as effective in assessing chronic pain as other 
forms of evaluation and, as mentioned, the majority of 
the fractures in these studies were nonacute (186).

Recruitment continued over an extended period 
of time (4.5 years for the Buchbinder et al [18] trial) 
with relatively few patients enrolled. In the Kallmes et 
al (19) trial, 1,812 patients were initially screened but 
only 131 were enrolled. Patient refusal was the most 
common reason. The Buchbinder et al (18) trial was 
described as a multi-center trial but 2 hospitals with-
drew early from the trial after only enrolling 5 patients 
each. One radiologist in one hospital performed 68% 
of the procedures. Despite using high volume centers 
for enrollment, Buchbinder et al (18) enrolled only 78 
patients. A total of 141 patients refused randomiza-
tion. In the Kallmes et al (19) trial, 85% of their patients 
from the US declined to participate. The severity of pain 
and degree of functional compromise for patients that 
refused was not reported, nor was the type of treat-
ment they received. Patients with severe pain would be 
unlikely to risk entering into the sham arm of the study. 
Shouldn’t the patient’s willingness to participate or 
the researcher’s decision whom to enroll be considered 
bias? 
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Control Groups
Were these sham procedures or alternative thera-

py?  The Kallmes et al (19) and Buchbinder et al (18) 
reports do not clearly confirm that the origin of the 
back pain was the OVCF. The significant difference in 
cross-over rates for the control group (43% vs. 12%) in 
the Kallmes et al (19) trial suggests patient dissatisfac-
tion with the sham procedure.

Outcomes
There is a lack of documentation as to the origin of 

the back pain pre- and postprocedure in the Kallmes et 
al (19) and Buchbinder et al (18) trials, as determined by 
physical examination. The inadequacy of only a phone 
call as postprocedure follow-up should have been ap-
parent to the research team.

Questions have been raised as to whether the 
difference in VAS pain score reduction between the 
Kallmes et al (19), Buchbinder et al (18), and VERTOS 
II trials was really as dissimilar as reports would have 
readers believe.

Other controversies regarding the Kallmes et al 
(19) trial to be brought forth in Pain Physician 2013:

Workers’ compensation 
The Kallmes et al (19) trial had a relatively high per-

centage of workers’ compensation patients compared 
to a typical tertiary academic institution (13% versus 
< 1%, respectively). Occupational status influences 
patient response to therapy. Patients getting workers’ 
compensation payments are more likely to have an un-
satisfactory surgical outcome (123).

Physical Examination
The lack of sufficiently detailed documentation 

of pre- and postprocedural physical examination in 
the Kallmes et al (19) trial has been noted, with these 
authors questioning the need for further research to 
document the validity of the need for a periprocedural 
physical examination (123).

Imaging
The Kallmes et al (19) trial used magnetic reso-

nance imaging or bone scans only for cases in which 
fracture age was in question. Advanced imaging was 
not uniformly incorporated into the patient’s proce-
dural workup (123).

Conclusions

It will be interesting to see the results of VERTOS 
IV which is being conducted as a double blind RCT with 
a sham control (64,187). Regardless of the outcome of 
VERTOS IV, the controversy will likely continue. The 
evolved form of EBM has infiltrated all walks of medi-
cine and medical education (188-191). Innumerable 
books have been written on the subject. Courses have 
been developed to educate epidemiologists, statisti-
cians, bioethicists, other nonphysician and physician re-
searchers in the concepts and study designs of the RCT. 

The need for well-designed research is not in ques-
tion. However, using research methodologies designed 
for drug therapies to evaluate devices and procedures 
is the problem. There might be fewer heated discus-
sions and fewer  therapies put at risk if procedures and 
devices were evaluated under their own statistically 
significant research conditions.

In these days when the economy is lean and fragile 
and shortages are rampant, quantity trumps quality, and 
rewards are extended for money-saving ventures seem-
ingly without an unbiased assessment of the fallout, we 
should re-evaluate the appropriateness of the current 
clinical trial design for devices and for both image-guid-
ed and open surgical procedures. The outcome of this 
evidentiary hierarchy affects guidelines, which affect rec-
ommendations and ultimately funding for trials as well 
as reimbursement for treatment. More importantly, the 
ramifications affect the patient’s right to choose and our 
right as healers to provide our patients with treatment 
options for the highest quality of care. This fight for VP 
and KP is only an example of the problems we face. 

Currently, health care has become a major battle 
ground. If we as clinicians lose control of health care, 
at what point will any treatment of the terminally ill, 
the elderly, and others with limited life spans or limited 
funds be considered cost ineffective? At what point 
might any device or procedure be labeled as having too 
high a risk/benefit ratio to justify the cost? It becomes 
very difficult to break an association between a proce-
dure or device and perceived risk once that linkage has 
been suggested, even if in error. Even more distressing, 
benefit is now in large part determined primarily by 
the RCT. Once labeled, recommendations are withheld, 
access is limited…is this the road we wish to travel? By 
designing investigative methodologies appropriate for 
procedures and devices, and revising the levels of evi-
dence scales accordingly, we can change our path. We 
have a square peg. We need a square hole.

Pain Physician: July/August 2013; 16:E331-E348

E342 	 www.painphysicianjournal.com



References

1.	 Galibert P, Deramond H, Rosat P, Le 
Gars D. Preliminary note on the treat-
ment of vertebral angioma by percu-
taneous acrylic vertebroplasty. Neuro-
chirurgie 1987; 33:166-168.

2.	 Kallmes DF, Jensen ME. Percutane-
ous vertebroplasty 1. Radiology 2003; 
229:27-36.

3.	 Do HM, Kim BS, Marcellus ML, Cur-
tis L, Marks MP. Prospective analysis of 
clinical outcomes after percutaneous 
vertebroplasty for painful osteoporot-
ic vertebral body fractures. AJNR Am J 
Neuroradiol 2005; 26:1623-1628.

4.	 Diamond TH, Bryant C, Browne L, 
Clark WA. Clinical outcomes after 
acute osteoporotic vertebral fractures: 
A 2-year non-randomised trial compar-
ing percutaneous vertebroplasty with 
conservative therapy. Med J Aust 2006; 
184:113-117. 

5.	 Gill JB, Kuper M, Chin PC, Zhang Y, 
Schutt R Jr. Comparing pain reduction 
following kyphoplasty and vertebro-
plasty for osteoporotic vertebral com-
pression fractures. Pain Physician 2007; 
10:583-590. 

6.	 Syed MI, Shaikh A. Vertebroplasty: A 
systematic approach. Pain Physician 
2007; 10:367-380.7.	  Afzal S, 
Dhar S, Vasavada NB, Akbar S. Per-
cutaneous vertebroplasty for osteo-
porotic fractures. Pain Physician 2007; 
10:559-563.

7.   Afzal S, Dhar S, Vasavada NB, Akbar S. 
Percutaneous Vertebroplasty for Osteo-
porotic Fractures. Pain Physician 2007; 
10:559-563

8.	 Ma XL, Xing D, Ma JX, Xu WG, Wang 
J, Chen Y. Balloon kyphoplasty versus 
percutaneous vertebroplasty in treating 
osteoporotic vertebral fractures: A ran-
domized controlled trial. BMC Muscu-
loskelet Disord 2008; 9:156. 

9.	 Lee MJ, Dumonski M, Cahill P, Stan-
ley T, Park D, Singh K. Percutaneous 
treatment of vertebral compression 
fractures: A meta-analysis of complica-
tions. Spine 2009; 34:1228-1232. 

10.	 Klazen CA, Lohle PN, deVries J, Jansen 
FH, Tielbeek AV, Blonk MC, Venmans 
A, van Rooij WJ, Schoemaker MC, Jutt-
mann JR, Lo TH, Verhaar HJ, van der 
Graaf Y, van Everdingen KJ, Muller AF, 
Elgersma OE, Halkema DR, Fransen H, 
Janssens X, Buskens E, Mali WP. Ver-
tebroplasty versus conservative treat-
ment in acute osteoporotic vertebral 
compression fractures (VERTOS II): 

An open-label randomized trial. Lancet 
2010; 276:1085-1092. 

11.	 Boonen S, Van Meirhaeghe J, Bastian L, 
Cummings SR, Ranstam J, Tillman JB, 
Eastell R, Talmadge K, Wardlaw D. Bal-
loon kyphoplasty for the treatment of 
acute vertebral compression fractures: 2 
year results from a randomized trial. J 
Bone Miner Res 2011; 26:1627-1637. 

12.	 Brodano GB, Amendola L, Martikos 
K, Bettuzzi C, Boriani L, Gasbarrini A, 
Bandiera S, Terzi S, Greggi T, Boriani S. 
Vertebroplasty: Benefits are more than 
risks in selected and evidence-based in-
formed patients. A retrospective study of 
59 cases. Eur Spine J 2011; 20:1265-1271. 

13.	 Goz V, Koehler SM, Egorova NN, Mos-
kowitz AJ, Guillerme SA, Hecht AC, 
Qureshi SA. Kyphoplasty and verte-
broplasty: Trends in use in ambulatory 
and inpatient settings. Spine J 2011; 
11:737-744. 

14.	 Han S, Wan S, Ning L, Tong Y, Zhang J, 
Fan S. Percutaneous vertebroplasty ver-
sus balloon kyphoplasty for treatment 
of osteoporotic vertebral compression 
fracture: A meta-analysis of randomised 
and non-randomised controlled trials. 
Int Orthop 2011; 35:1349-1358. 

15.	 Blasco J, Martinez-Ferrer A, Macho J, 
San Roman Manzanera L, Pomés Talló J, 
Carrasco Jordan JL, Monegal Brancós A, 
Guañabens Gay N, Peris Bernal P. Effect 
of vertebroplasty on pain relief, quality 
of life, and the incidence of new verte-
bral fractures: A 12-month randomized 
follow-up, controlled trial. J Bone Miner 
Res 2012; 27:1159-1166. 

16.	 Anselmett iGC, Marica S, Saba L, Muto 
M, Bonaldi G, Carpeggiani P, Marini 
S, Manca A, Masala S. Percutaneous 
vertebroplasty: Multi-centric results 
from EVEREST experience in large 
cohort of patients. Eur J Radiol 2012;  
81:4083-4086. 

17.	 Anderson PA, Froyshteter AB, Tontz WL. 
Meta-analysis of vertebral augmenta-
tion compared with conservative treat-
ment for osteoporotic spinal fractures. J 
of Bone Miner Res 2013; 28:372-382. 

18.	 Buchbinder R, Osborne R, Ebeling PR, 
Wark JD, Mitchell P, Wriedt C, Graves S, 
Staples MP, Murphy B. A randomized 
trial of vertebroplasty for painful osteo-
porotic vertebral fractures. N Engl J Med 
2009; 361:557-568. 

19.	 Kallmes DF, Comstock BA, Heagerty 
PJ, Turner JA, Wilson DJ, Diamond TH, 
Edwards R, Gray LA, Stout L, Owen S, 

Hollingworth W, Ghdoke B, Annesley- 
Williams DJ, Ralston SH, Jarvik JG. A 
randomized trial of vertebroplasty for 
osteoporotic spinal fractures. N Engl J 
Med 2009; 361:569-579. 

20.	 Lambert RGW, Golmohammadi K, Ma-
jumdar SR, Jones A, Buchbinder R, Dhil-
lon SS, Owen R, Homik J, Kallmes DF, 
Siminoski KG. Percutaneous vertebro-
plasty for osteoporotic vertebral com-
pression fractures. (Protocol) Cochrane 
Database of Systematic Reviews 2007; 
1:CD006349. 

21.	 Rousing R, Andersen MO, Jespersen 
SM, Thomsen K, Lauritsen J. Percutane-
ous vertebroplasty compared to conser-
vative treatment in patients with painful 
acute or subacute osteoporotic vertebral 
fractures: Three-months follow-up in a 
clinical randomized study. Spine 2009; 
34:1349-1354. 

22.	 Staples MP, Kallmes DF, Comstock BA, 
Jarvik JG, Osborne RH, Heagerty PJ, Bu-
chbinder R. Effectiveness of vertebro-
plasty using individual patient data from 
two randomised placebo controlled tri-
als: Meta-analyses. BMJ 2011; 343:d3952. 

23.	 Kallmes DF, Comstock BA. Commen-
tary; No comparison conservative man-
agement of painful spontaneous osteo-
porotic compression fractures is the way 
to go. Spine J 2012; 12:1006-1007.

24.	 Glaros S. All evidence is not created 
equal: A discussion of levels of evidence. 
Phys Ther 2003; 11:42-47. 

25.	 OCEBM Levels of Evidence Working 
Group. The Oxford 2011 levels of evi-
dence. Oxford Centre for Evidence-Based 
Medicine. http://www.cebm.net/index.
aspx?o=5653

26.	 U.S. Preventive Services Task Force 
(USPSTF). Grade definitions after July 
2012. http://uspreventiveservicestask-
force.org/U.S. Preventive Services Task 
Force > Methods and Processes > Grade 
Definitions 

27.	 Stanley K. Design of randomized 
controlled trials. Circulation 2007; 
115:1164- 1169. 

28.	 Kallmes DF, Buchbinder R, Miller FG. 
Randomised controlled trials using in-
vasive control interventions should be 
included in Cochrane Reviews [edito-
rial]. The Cochrane Library 2011; 13:12.

29.	 Miller FG. The randomized controlled 
trial as a demonstration project: An eth-
ical perspective. Am J Psychiatry 2009; 
166:743-745. 

30.	 Miller FG. The rationale for placebo-

The Effects of Randomized Controlled Trials on Vertebroplasty and Kyphoplasty

www.painphysicianjournal.com 	 E343



controlled trials: Methodology and 
policy considerations. Am J Bioeth 2009; 
9:49-50.

31.	 Lilford RJ, Jackson J. Equipoise and the 
ethics of randomization. J R Soc Med 
1995; 88:552-559.

32.	 Freedman, B. Equipoise and the ethics 
of clinical research. N Engl J Med 1987; 
317:141-145.

33.	 Miller FG, Brody H. What makes place-
bo-controlled trials unethical? Am J Bio-
eth 2002; 2:1-7.

34.	 De Craen AJM, Kaptchuk TJ, Tijssen JGP, 
Kleijnen J. Placebos and placebo effects 
in medicine: Historical overview. J R Soc 
Med 1999; 92:511-515.

35.	 Kaptchuk TJ, Shaw JK, Conboy LA, Kelley 
JM, Csordas TJ, Lembo AJ, Jacobson EE. 
“Maybe I Made Up the Whole Thing.” 
Placebos and patients; experiences in a 
randomized controlled trial. Cult Med 
Psychiatry 2009; 33:382-411.

36.	 Lenrow DA, Chou LH. Randomized 
controlled trials in interventional spine: 
Perils and pitfalls. Pain Physician 2003; 
6:83-87.

37.	 Miller FG, Kaptchuk TJ. Sham proce-
dures and the ethics of clinical trials. J R 
Soc Med 2004; 97:576-578.

38.	 Campbell AJ, Bagley A, Heest AV, James 
M. Challenges of radomized controlled 
surgical trials. Orthop Clin N Am 2010; 
41:145-155.

39.	 Lotz JC. Trials of vertebroplasty for ver-
tebral fractures. N Engl J Med 2009; 361: 
2097-2100.

40.	 Emanuel EJ, Miller FG. The ethics 
of placebo-controlled trials—a mid-
dle ground. N Engl J of Med 2001; 
345:915-919. 

41.	 Finnis DG, Kaptchuk TJ, Miller FG, 
Benedetti F. Placebo effects: Biologi-
cal, clinical and ethical advances. Lancet 
2010; 375:686-695.

42.	 Horng S, Miller FG. Is placebo sur-
gery unethical? N Engl J Med 2002; 
347:137- 139.

43.	 Brody H, Miller FG. The internal moral-
ity of medicine: Explication and applica-
tion to managed care. J Med Philos 1998; 
23:384-410.

44.	 Miller FG. Striking the right balance in 
research ethics and regulation. Am J Bio-
eth 2010; 10:65. 

45.  Miller FG. The Ethical Challenges of Human 
Research: Selected Essays. Oxford Univer-
sity Press, New York, 2012.

46.	 Smith GCS, Pell JP. Parachute use to 

prevent death and major trauma related 
to gravitational challenge: Systematic 
review of randomised controlled trials. 
BMJ 2003; 327:20-27. 

47.	 Horwitz RI. Complexity and contradic-
tion in clinical trial research. Am J Med 
1987; 82:498-510.

48.	 Zoppo GJ, Higashida RT, Furlan AJ, Pes-
sin MS, Rowley HA, Gent M. PROACT: 
A phase II randomized trial of recom-
binant pro-urokinase by direct arterial 
delivery in acute middle cerebral artery 
stroke. Stroke 1998; 29:4-11.

49.	 Bellomo R, Bagshaw S. Review evi-
dence-based medicine: Classifying the 
evidence from clinical trials – the need 
to consider other dimensions. Care 
2006; 232:1-8. 

50.	 Baerlocher MO, Peter L, Munk PL, Liu 
DM. Clinical utility of vertebroplasty: 
Need for better evidence. Radiology 
2010; 255:669-674. 

51.	 Dickinson K, Bunn F, Wentz R, Edwards 
P, Roberts I. Size and quality of ran-
domised controlled trials in head injury: 
Review of published studies. BMJ 2000; 
320:1308-11. 

52.	 Prentice R. Ethics and sample size - 
another view. Am J Epidemiol 2005; 
161:111-112. 

53.	 Halpern SD. Adding nails to the coffin of 
underpowered trials. J Rheumatol 2005: 
32;2065-2066. 

54.	 Keen HI, Pile K, Hill CL. The prevalence 
of under-powered randomized clini-
cal trials in rheumatology. J Rheumatol 
2005; 32:2083-2088. 

55.	 Vickers AJ. Underpowering in random-
ized trials reporting a sample size calcu-
lation. J Clin Epidemiol 2003; 56:717-20. 

56.	 Freiman JA, Chalmers TC, Smith H Jr, 
Kuebler RR. The importance of beta, 
the type II error and sample size in 
the design and interpretation of the 
randomized controlled trial: Survey of 
71“negative” trials. N Engl J Med 1978; 
299:690-694. 

57.	 Chung KC, Kaliainen LK, Spilson SV, 
Walters MR, Kim HM. The prevalence of 
negative studies with inadequate statis-
tical power: Analysis of the plastic sur-
gery literature. Plast Reconstr Surg 2002; 
109:1-6. 

58.	 Bedard PL, Krzyzanowska MP, Tannock 
IR. Statistical power of negative ran-
domized controlled trials. J Clinical On-
cology 2007; 25:3482-3487. 

59.	 Breau RH, Carnat TA, Gaboury I. Inade-
quate statistical power of negative clini-

cal trials in urological literature. J Urol 
2006; 176:263-266. 

60.	 Demange MK, Fregni F. Limits to clini-
cal trials in surgical areas. Clinics (San 
Paulo) 2011; 66:159-161. 

61.	 Dimick JB, Diener-West M, Lipsett PA. 
Negative results of randomized clini-
cal trials published in the surgical lit-
erature: Equivalency or error? Arch Surg 
2001; 136:796-800. 

62.	 Hebert R, Wright S, Dittus R, Elasy T. 
Prominent medical journals often pro-
vide insufficient information to assess 
the validity of studies with negative re-
sults. J Negat Results Biomed 2002; 1:1. 

63.	 Halpern SD, Karlawish JHT, Berlin JA. 
The continuing unethical conduct of 
underpowered clinical trials. JAMA 
2002; 288:358-62. 

64.	 TEC Evaluation Center. Percutaneous 
vertebroplasty or kyphoplasty for verte-
bral fractures caused by osteoporosis. 
TEC Evaluation Program 2011; 25:1-54.

65.	 Eeric Truumees E, Frey ME, Moshirfar A, 
Miller S, Mroz TE, Vives MJ, Zaman FM. 
Vertebral body augmentation: Time for 
reassessment? Current Concepts 2010; 
May-June:13-20.

66.	 Clark W, Lyon S, Burnes J. Trials of verte-
broplasty for vertebral fractures. N Engl J 
Med 2009; 361:2097-2100. 

67.	 Baerlocher MO, Munk PL, Liu DM. 
Commentary on: Trials of vertebroplas-
ty for vertebral fractures. N Engl J Med 
2009; 361:2097-2100. 

68.	 Clark WA, Burnes JP, Lyon SM. Vertebro-
plasty for acute osteoporotic fractures- 
position statement from the Interven-
tional Radiology Society of Australasia. J 
Med Imaging Radiat Oncol 2011; 55:1-3.

69.	 Bono CM, Heggeness M, Mick C, Wat-
ters WC 3rd; North American Spine So-
ciety. Newly released vertebroplasty ran-
domized placebo-controlled trials: A tale 
of two trials. Spine J 2010; 10:238-240. 

70.	 Wardlaw D, Cummings SR, Van 
Meirhaeghe J, Bastian L, Tillman JB, 
RanstamJ, Eastell R, Shabe P, Talmadge 
K, Boonen S. Efficacy and safety of bal-
loon kyphoplasty compared with on-
surgical care for vertebral compression 
fracture (FREE): A randomized con-
trolled trial. Lancet 2009; 373:1016-1024. 

71.	 Sackett DL, Rosenberg WMC, Muir Gray 
JA. Evidence-based medicine: What it is 
and what it isn’t. BMJ 1996; 312:71-79. 

72.	 Bono CM, Ghiselli G, Gilbert TJ, Kreiner 
DS, Reitman C, Summers JT, BaisdenJL, 

Pain Physician: July/August 2013; 16:E331-E348

E344 	 www.painphysicianjournal.com



Easa J, Fernand R, Lamer T, Matz PG, 
Mazanec DJ, Resnick DK, Shaffer WO, 
Sharma AK, Timmons RB, Toton JF. An 
evidence-based clinical guideline for 
the diagnosis and treatment of cervical 
radiculopathy from degenerative disor-
ders. Spine J 2011; 11:64-72. 

73.	 Brody H, Miller FG, Bogdan-Lovis E. 
Evidence-based medicine: Watching out 
for its friends. Perspect Biol Med 2005; 
48:570-584. 

74.	 Moher D, Liberati A, Tetzlaff J, Altman 
DG; PRISMA Group. Preferred reporting 
items for systematic reviews and meta-
analyses: The PRISMA statement. Ann 
Intern Med 2009; 151:264-269. 

75.	 Kallmes DF, Jarvik JG, Osborne RH, et 
al. Clinical utility of vertebroplasty: El-
evating the evidence 1. Radiology 2010; 
255:675-680. 

76.	 Manchikanti L, Singh V, Caraway DL, 
Benyamin RM, Hirsch JA. Medicare phy-
sician payment systems: Impact of 2011 
schedule on interventional pain man-
agement. Pain Physician 2011; 14:E5-33.

77.	 Manchikanti L, Falco FJE, Boswell MV, 
et al. Facts fallacies, and politics of com-
parative effectiveness research: Part 
1. Basic considerations. Pain Physician 
2010; 13:E23-54. 

78.	 Manchikanti L, Falco FJE, Boswell MV, 
Hirsch JA. Facts, fallacies, and politics 
of comparative effectiveness research: 
Part 2. Implications for interventional 
pain management. Pain Physician 2010; 
13:E55-79.

79.	 Agency for Health Care Research and 
Quality. What is Comparative Effective-
ness Research? www.ahrq.gov.	

80.	 Agency for Health Care Research and 
Quality. What is the Effective Health 
Care Program? www.ahrq.gov.

81.	 US Department of Health and Human 
Services. Agency for Health Care Re-
search and Quality. www.ahrq.gov.

82.	 Agency for Health Care Re-
search and Quality. Who is in-
volved in the Effective Health Care 
Program>Research>Evidence-based 
Practice Centers. www.ahrq.gov.

83.	 Chou R, Loeser JD, Owens MD, Rosen-
quist RW, Atlas SJ, Baisden J, Carragee 
EJ, Grabois M, Murphy DR, Resnick DK, 
Stanos SP, Shaffer WO, Wall EM. Inter-
ventional therapies, surgery and inter-
disciplinary rehabilitation for low back 
pain. Spine 34; 10:1066-1077.

84.	 Manchikanti L, Datta S, Derby R, Wolfer 
LR, Benyamin RM, Hirsch JA. A criti-

cal review of the American Pain Society 
clinical practice guidelines for inter-
ventional Techniques: Part I. Diagnos-
tic interventions. Pain Physician 2010; 
13:E141- E174. 

85.	 Manchikanti L, Datta S, Gupta S, Mung-
lani R, Bryce DA, Ward SP, Benyamin 
RM, Sharma ML, Helm S 2nd, Fellows B, 
Hirsch JA. A critical review of the Ameri-
can Pain Society clinical practice guide-
lines for interventional techniques: Part 
2. Therapeutic interventions. Pain Physi-
cian 2010; 13:E215-E264. 

86.	 Manchikanti L, Benyamin RM, Falco 
FJE, Caraway DL, Datta S, Hirsch JA. 
Guideline warfare over interventional 
techniques: Is there a lack of discourse 
or straw man? Pain Physician 2012; 
15:E1-26.

87.	 Centers for Medicare and Medicaid Servic-
es. CMS>home>Medicare>Accountable 
Care Organizations. www.CMS.gov.

88.	 US Department of Health and Human 
Services. About HHS>HHS Operating 
Divisions. www.HHS.gov.

89.	 Centers for Medicare and Medicaid Ser-
vices. CMS>Innovations Center>Our 
Innovative Models>Health Care Innova-
tion Awards .www.CMS.gov.

90.	 Administration Implements New Health 
Reform Provision to Improve Care 
Quality, Lower Costs. (Newsroom>Fact 
Sheets) www.HealthCare.gov. 

91.	 Dougherty A. Getting serious about cost 
containment: Understanding the ACA’s 
Independent Payment Advisory Board 
(IPAB). Sierra Sacramento Valley Medicine 
2013; May/June:6-7. 

92.	 California Anthem Blue Cross Provider 
Bulletin April 23, 2013. 

93.	 Manchikanti L, Abdi S, Atluri S, Benya-
min RM, Boswell MV, Buenaventura 
RM, Bryce DA, Burks PA, Caraway DL, 
Calodney AK, Cash KA, Christo PJ, Co-
hen SP, Colson J, Conn A, Cordner H, 
Coubarous S, Datta S, Deer TR, Diwan 
S, Falco FJ, Fellows B, Geffert S, Grider 
JS, Gupta S, Hameed H, Hameed M, 
Hansen H, Helm Ii S, Janata JW, Justiz 
R, Kaye AD, Lee M, Manchikanti KN, 
McManus CD, Onyewu O, Parr AT, Patel 
VB, Racz GB, Sehgal N, Sharma ML, Si-
mopoulos TT, Singh V, Smith HS, Snook 
LT, Swicegood JR, Vallejo R, Ward SP, 
Wargo BW, Zhu J, Hirsch JA. Guidelines 
for interventional techniques Part II: 
Guidance and recommendations. Pain 
Physician 2013; 16:S49-S283.

94.	 Broderick JP. Interventional manage-

ment of stroke-III investigators. N Engl 
J Med 2013: 368:893-903. 

95.	 Pearson SD, Miller FG, Emanuel EJ. 
Medicare’s requirement for research 
participation as a condition for coverage: 
Is it ethical? JAMA 2006; 296:988-991. 

96.	 Gellijns AC, Ascheim DD, Parides MK, 
Kent KC, Moskowitz AJ. Randomized tri-
als in surgery. Surgery 2009; 145:581-587. 

97.	 McCulloch P, Taylor I, Sasako M, Lovett 
B, Griffin D. Randomised trials in sur-
gery: Problems and possible solutions. 
BMJ 2002; 324:1448-1451. 

98.	 Hassanein AH, Herrera FA, Hassanein 
O. Challenges of randomized controlled 
trial design in plastic surgery. Can J Plast 
Surg 2011; 19:e28-e29. 

99.	 Morrison WB, Parker L, Frangos A, Car-
rino JA. Vertebroplasty in the United 
States: Guidance method and provider 
distribution, 2001-2003. Radiology 2007; 
243:166-170. 

100.	 Brett AS. Use of vertebroplasty and ky-
phoplasty declined in 2010. J Watch Gen-
eral 2013; 201:237. 

101.	 Long SS, Morrison WB, Parker L. Verte-
broplasty and kyphoplasty in the United 
States: Provider and Guidance Method, 
2001-2010. AJR 2012; 199:1358-1364. 

102.	 Leake CB, Brinjikji W, Cloft HJ, Kallmes 
DF. Trends of inpatient spine augmen-
tation: 2001-2008. AJNR Am J Neurora-
diol 2011; 32:1464-1468. 

103.	 Manchikanti L, Pampati V, Hirsch J. 
Analysis of utilization patterns of verte-
broplasty and kyphoplasty in the Medi-
care population. J Neurointerv Surg 2012; 
July 7 [Epub ahead of print]. 

104.	 Lindsey SS, Kallmes DF, Optowsky MJ, 
Broyles EA, Layton KF. Impact of sham- 
controlled vertebroplasty trials on refer-
ral patterns at two academic medical 
centers. Proc (Bayl Univ Med Cent) 2013; 
26:103-105. 

105.	 Manchikanti L, Singh V, Boswell MV. In-
terventional pain management at cross-
roads: The perfect storm brewing for a 
new decade of challenges. Pain Physician 
2010; 13:E111-140.

106.	 Benyamin RM, Datta S, Falco FJE. A per-
fect storm in interventional pain man-
agement: Regulated, but unbalanced. 
Pain Physician 2010; 13:109-116. 

107.	 Wulff KC, Miller FG, Pearson SD. Can 
coverage be rescinded when negative 
trial results threaten a popular proce-
dure? The ongoing saga of vertebro-
plasty. Health Affairs 2011; 30:2269-2276. 

108.	 Trout AT, Kallmes DF. Does vertebro-

The Effects of Randomized Controlled Trials on Vertebroplasty and Kyphoplasty

www.painphysicianjournal.com 	 E345



plasty cause incident vertbral fractures? 
A review of available data. AJNR Am J 
Neuroradiol 2006; 27:1397-1403.

109.	 Yen CG, Teng MMH, Yuan WH, Sun YC, 
Chang CY. Preventive vertebroplasty for 
adjacent vertebral bodies: A good solu-
tion to reduce adjacent vertebral frac-
ture after percutaneous vertebroplasty. 
AJNR Am J Neuroradiol 2012; 33:826-832. 

110.	 Georgy BA. Interventional techniques 
in managing persistent pain after verte-
bral augmentation procedures: A retro-
spective evaluation. Pain Physician 2007; 
10:674-676. 

111.	 Black N. Why we need observational 
studies to evaluate the effectiveness of 
health care. BMJ 1996; 312:1215-1218. 

112.	 Bellomo R, Bagshaw S. Review evi-
dence-based medicine: Classifying the 
evidence from clinical trials – the need 
to consider other dimensions. Care 
2006; 232:1-8.

113.	 Horwitz RI, Viscoli CM, Clemens JD, Sa-
dock RT. Developing improved obser-
vational methods for evaluating thera-
peutic effectiveness. Am J Med 1990; 
89:630-638. 

114.	 Concato J, Shah N, Horwitz RI. Ran-
domized controlled trials, observa-
tional studies, and the hierarchy of 
research designs. N Engl J Med 2000; 
342:1887- 1892.

115.	 Kopans DB. The 2009 US Preventa-
tive Services Task Force guidelines ig-
nore important scientific evidence and 
should be revised or withdrawn. Radiol-
ogy 2010; 256:15-20.

116.	 Zuubier R. Omissions of the US Preven-
tive Services Task Force. Radiology 2011; 
259:305.

117.	 Miller FG, Kallmes DF. The case of ver-
tebroplasty trials: Promoting a culture 
of evidence-based procedural medicine. 
Spine 2010; 35:2023-2026.

118.	 Agency for Health Care Re-
search and Quality. Who is in-
volved in the effective Health Care 
Program>Translation, Dissemination 
and Implementation>National Initiative 
for Promoting Evidence-based Health 
Information. www.ahrq.gov.

119.	 Mitra R, Do J, Alamin T, Cheng I. Facet 
pain in thoracic compression fractures. 
Pain Med 2010; 11:1674-1677.

120.	 Bogduk N, MacVicar J, Borowczyk J. The 
pain of vertebral compression fractures 
can arise in the posterior elements. Pain 
Med 2010; 11:1666-1673.

121.	 Brinjikji W, Comstock BA, Gray L, 

Kallmes DF. Local Anesthesia with Bu-
pivavaine and Lidocaine for Vertebral 
Fracture Trial (LABEL): A report of out-
comes and comparison with the Inves-
tigational Vertebroplasty Efficacy and 
Safety Trial (INVEST). AJNR Am J Neuro-
radiol 2010; 31:1631-1634.

122.	 Liu J, Li X, Tang D, Cui X, Li X, Yao M, Yu 
P, Qian X, Wang Y, Jiang H. Comparing 
pain reduction following vertebroplasty 
and conservative treatment for osteopo-
rotic vertebral compression fractures: A 
meta-analysis of randomized controlled 
trials. Pain Physician 2013; In Press

123.	 Saxena A, Hirsch AE, Yoo AJ, Gilligan C, 
Hirsch JA. The use of advanced imaging 
and representation of Workman’s Com-
pensation in vertebral augmentation: A 
single-center comparison with the IN-
VEST Trial. Pain Physician 2013; 16:NEED 
PAGES.

124.	 Fairhurst M, Fairhurst K, Berna C, Tracey 
I. An fMRI study exploring the overlap 
and differences between neural repre-
sentations of physical and recalled pain. 
PLoS One 2012; 7:e48711.

125.	 Chapin H, Bagarinao E, Mackey S. Real-
time fMRI applied to pain management. 
Neurosci Letter 2012; 520:174-178.

126.	 Dobrila-Dintinjana R, Nacinovi-Duleti 
A. Placebo in the treatment of pain. Coll 
Antropol 2011; 35:319-323.

127.	 Amanzio M, Benedetti F, Porro CA, Pal-
ermo S, Cauda F. Activation likelihood 
estimation meta-analysis of brain corre-
lates of placebo analgesia in human ex-
perimental pain. Hum Brain Mapp 2013; 
34:738-752.

128.	 Richter M, Miltner W, Weiss T. Pain 
words activate pain-processing neural 
structures. Schmerz 2011; 25:322-324.

129.	 Yuan W, Ming Z, Rana N, Hai L, Chen-
wang J, Shao-hui M. A functional mag-
netic resonance imaging study of hu-
man brain in pain-related areas in-
duced by electrical stimulation with 
different intensities. Neurol India 2010; 
58:922-927.

130.	 Tracey I. Imaging Pain. BJA 2008; 
101:32-39.

131. 	 Lee MC, Tracey I. Imaging Pain: a po-
tent for investigating pain mechanisms 
in patients. BJA 2013; 111:64-72.

132.	 Brim RL, Miller FG. The potential ben-
efit of the placebo effect in sham-con-
trolled trials: Implications for risk-bene-
fit assessments and informed consent. J 
Med Ethics 2012; 0:1-5.

133.	 Miller FG, Kallmes DF, Buchbinder 

R. Vertebroplasty and the placebo re-
sponse. Radiology 2011; 259:621-625.

134.	 Chu WC, Wu JC, Yew DT, Zhang L, Shi 
L, Yeung DK, Wang D, Tong RK, Chan Y, 
Lao L, Leung PC, Berman, Sung JJ. Does 
acupuncture therapy alter activation of 
neural pathway for pain perception in ir-
ritable bowel syndrome?: A comparative 
study of true and sham acupuncture us-
ing functional magnetic resonance im-
aging. J Neurogastroenterol Motil 2012; 
18:305-316.

135.	 Fritzell P. Ohlin A, Borgstrom F. Cost-
effectiveness of balloon kyphoplasty 
versus standard medical treatment in 
patients with osteoporotic vertebral 
compression fracture: A Swedish multi-
center randomized controlled trial with 
2-year follow-up. Spine 2011; 6:2243-2251.

136.	 Zampini JM, White AP, McGuire KJ. 
Comparison of 5766 vertebral compres-
sion fractures treated with or without 
kyphoplasty. Clin Orthop Relat Res 2010; 
468:1773-1780.

137.	 Luce BR, Kramer JM, Goodman SN, 
Connor JT, Tunis S, Whicher D, Schwartz 
JS. Rethinking randomized clinical trials 
for Comparative Effectiveness Research: 
The need for transformational change. 
Ann Intern Med 2009; 151:206-209.

138.	 Farrokhi MR, Alibai E, Maghami Z. 
Randomized controlled trial of percu-
taneous vertebroplasty versus optimal 
medical management for the relief of 
pain and disability in acute osteoporotic 
vertebral compression fractures. J Neu-
rosurg Spine 2011; 12:561-569.

139.	 Lin WC, Cheng TT, Lee YC, Wang TN, 
Cheng YF, Lui CC, Yu CY. New vertebral 
osteoporotic compression fractures af-
ter percutaneous vertebroplasty: Retro-
spective analysis of risk factors. J Vasc 
Interv Radiol 2008; 19:225-231.

140.	 Tseng YY, Yang TC, Tu PH, Lo YL, Yang 
ST. Repeated and multiple new vertebral 
compression fractures after percutane-
ous transpedicular vertebroplasty. Spine 
2009; 34:1917-1922.

141.	 Eom KS, Kim TY. Percutaneous verte-
broplasty-induced adjacent vertebral 
compression fracture. Pain Physician 
2012; 15:E527-E532.

142.	 Zou J, Mei X, Zhu X, Shi Q, Yang H. The 
long term incidence of subsequent ver-
tebral body fracture after vertebral aug-
mentation therapy: A systematic review 
and meta-analysis. Pain Physician 2012; 
15:E515-E522.

143.	 Lee HM, Park SY, Lee SH, Suh SW, Hong 

Pain Physician: July/August 2013; 16:E331-E348

E346 	 www.painphysicianjournal.com



JY. Comparative analysis of clinical out-
comes in patients with osteoporotic ver-
tebral compression fractures (OVCFS): 
Conservative treatment versus balloon 
kyphoplasty. Spine J 2012; 12:998-1005.

144.	 Farrell MJ. Age-related changes in the 
structure and function of brain regions 
involved in pain processing. Pain Medi-
cine 2012; 13:S37-43.

145.	 Chae Y, Chang DS, Lee SH, Jung WM, 
Lee IS, Jackson S, Kong J, Lee H, Park 
HJ, Lee H, Wallraven C. Inserting nee-
dles into the body: A meta-analysis of 
brain activity associated with acupunc-
ture needle stimulation. J Pain 2013; 
14:215-222.

146.	 Maeda L, Ono M, Koyama T, Oshiro Y, 
Sumitani M, Mashimo T, Shibata M. 
Human brain activity associated with 
painful mechanical stimulation to mus-
cle and bone. J Anesth 2011; 25:523-530.

147.	 Buonocore M, Aloisis AM, Barbieri M. 
Gatti AM, Bonezzi C. Vertebral body in-
nervation: Implications for pain. J Cell 
Physiol 2010; 222:488-491.

148.	 Lane JI, Maus TP, Wald JT, Thielen KR, 
Bobra S, Leutmer PH. Intravertebral 
clefts opacified during vertebroplasty: 
Pathogenesis, technical implications, 
and prognostic significance. AJNR Am J 
Neuroradiol 2002; 23:1642-1646.

149.	 Yokoyama K, Kawanishi M, Yamada M, 
Tanaka H, Ito Y, Hirano M, Kuroiwa T. 
Validity of intervertebral bone cement 
infusion for painful vertebral compres-
sion fractures based on the presence of 
vertebral mobility. AJNR AM J Neurora-
diol 2013; 34:228-232.

150.	 Farooq N, Park JC, Pollintine P. Can Ver-
tebroplasty restore normal load- bear-
ing to fractured vertebre? Spine 2005; 
30:1723-1730.

151.	 McKibbin B. The biology of fracture 
healing in long bones. J Bone Joint Surg 
1978; 60:150-162.

152.	 Lau KH, Kothari V, Das A, Zhang XB, 
Baylink DJ. Cellular and molecular 
mechanisms of accelerated fracture 
healing by COX2 gene therapy. Studies 
in a mouse model of multiple fractures. 
Bone 2013; 53:369-381.

153.	 Al-Aql ZS, Alagl AS, Graves DT, Gersten-
feld LC, Einhorn TA. Molecular mecha-
nisms controlling bone formation dur-
ing fracture healing and distraction os-
teogenesis. J Dent Res 2008; 8:107-118.

154.	 Han S, Wan S, Li QT, Xu DT, Chen NJ, 
Yang F, Chen LY, Xu ZW. Is vertebro-
plasty a risk factor for subsequent ver-
tebral fracture, a meta-analysis of pub-

lished evidence. Pain Physician 2013; 
-D-13-00075R2.

155.	 Gilula L, Persenaire M. Subsequent 
fractures post- vertebral augmentation: 
Analysis of a prospective randomized 
trial in osteoporotic vertebral compres-
sion fractures. AJNR Am J Neuroradiol 
2013; 34:221-227.

156.	 Bae H, Shen M, Maurer P, Peppelman 
W, Beutler W, Linovitz R, Westerlund E, 
Peppers T, Lieberman I, Kim C, Girardi 
F. Clinical experience using Cortoss for 
treating vertebral compression fractures 
with vertebroplasty and kyphoplasty: 
Twenty four- month follow-up. Spine 
2010; 35:E1030-1036.

157.	 Lieberman IH, Togawa D, Kayanja MM. 
Vertebroplasty and kyphoplasty: Filler 
materials. Spine J 2005; 5:305S-316S.

158.	 Chandra RV, Yoo AJ, Hirsch JA. Vertebral 
augmentation: Update on safety, effi-
cacy, cost effectiveness, and increased 
survival? Pain Physician 2013; 16:309-320.

159.	 Eidt-koch D, Greiner W. Quality of life 
results of balloon kyphoplasty versus 
onsurgical management for osteoporot-
ic vertebral fractures in Germany. Health 
Economics Review 2011; 1:1-7.

160.	 Edidin AA, Ong KL, Lau E, Kurtz SM. 
Life expectancy following diagnosis of 
a vertebral compression fracture. Osteo-
poro Int 2013; 24:451-458.

161.	 Edidin AA, Ong KL, Lau E, Kurtz SM. 
Mortality risk for operated and nonop-
erated vertebral fracture patients in the 
Medicare population. J Bone Miner Res 
2011; 26:1617-1626.

162.	 Melton LJ III. Excess mortality follow-
ing vertebral fracture. J Am Geriatri Soc 
2000; 48:338-339.

163.	 Jalava T, Sarna S, Pylkkanen L, Mawer 
B, Kanis JA, Selby P, Davies M, Adams 
J, Francis RM, Robinson J, McCloskey 
E. Association between vertebralfrac-
ture and increased mortality in osteo-
porotic patients. J Bone Miner Res 2003; 
18:1254-1260.

164.	 Hasserius R, Karlsson MK, Jonsson B, 
Redlund-Johnell I, Johnell O. Long-term 
morbidity and mortality after a clinically 
diagnosed vertebral fracture in the el-
derly: A 12- and 22-year follow-up of 257 
patients. Calcif Tiss Int 2005; 76:235-242.

165.	 Kado DM, Duong T, Stoner KL, Ensrud 
KE, Nevitt MC, Greendale GA, Cum-
mings SR. Incident vertebral fractures 
and mortality in older women: A pro-
spective study. Osteoporos Int 2003; 
14:589-594.

166.	 Manchikanti L, Fellows B, Ailinani H, 

Pampati V. Therapeutic use, abuse, 
and nonmedical use of opioids: A ten-
year perspective. Pain Physician 2010; 
13:401-435.

167.	 Centers for Disease Control and Preven-
tion (CDC). CDC Grand Rounds. Pre-
scription drug overdoses-a US epidem-
ic. MMWR Morb Mortal Wkly Rep 2012; 
61:10-13.

168.	 Wang Y, Huang F, Chen L, Ke ZY, Deng 
ZL Clinical measurement of intraverte-
bral pressure during vertebroplasty and 
kyphoplasty. Pain Physician 2013; NEED 
PAGES.

169.	 American Academy of Orthopaedic 
Surgeons. The treatment of symptom-
atic osteoporotic spinal compression 
fractures. Guideline and Evidence Report 
2010; 19:69-85.

170.	 Yang LY, Wang XI, Zhou L, Fu Q. Uni-
lateral versus bilateral kyphoplasty for 
osteoporotic vertebral compression 
fractures: A systematic review and meta- 
analysis of randomized controlled trials. 
Pain Physician 2013; In Press.

171.	 Lin J, Zhang L, Yang H. Unilateral versus 
bilateral balloon kyphoplasty for osteo-
porotic vertebral compression fractures. 
Pain Physician 2013; In Press

172.	 Hirsch AE, Ruchira MJ, Yoo AJ, Saxena 
A, Ozonoff A, Growney MJ, Hirsch JA. 
The use of vertebral augmentation and 
external beam radiation therapy in the 
multimodal management of malignant 
vertebral compression fractures. Pain 
Physician 2011; 14:447-458.

173.	 Georgy B. Feasibility, safety and cement 
leakage in vertebroplasty of osteoporot-
ic and malignant compression fractures 
using ultra-viscous cement and hydrau-
lic delivery system. Pain Physician 2012; 
15:223-228.

174.	 Shah R. Sternal kyphoplasty for met-
astatic lung cancer: Image-guided 
palliative care, utilizing fluoroscopy 
and sonography. Pain Medicine 2012; 
13:198-203.

175.	 Burton AW, Mendoza T, Gebhardt R, 
Hamid B, Nouri K, Perez-Toro M, Ting 
J, Koyyalagunta D. Vertebral compres-
sion fracture treatment with vertebro-
plasty and kyphoplasty: Experience in 
497 patients with 1,156 fractures in a ter-
tiary cancer center. Pain Medicine 2011; 
12:1750-1757.

176.	 Ortiz A, Brook AL. Sacroplasty. Tech Vasc 
Interv Radiol 2009; 12:52-63.

177.	 Wang Z, Zhen Y, Wu C, Li H, Yang Y, 
Shen Z, Zhao H, Yao Y. CT fluoroscopy- 
guided percutaneous osteoplasty for 

The Effects of Randomized Controlled Trials on Vertebroplasty and Kyphoplasty

www.painphysicianjournal.com 	 E347



the treatment of osteolytic lung cancer 
bone metastases to the spine and pelvis. 
J Vasc Interv Radiol 2012; 23:1135-1142.

178.	 Sun G, Wang LJ, Jin P Liu XW, Li M. 
Vertebroplasty for treatment of osteo-
lytic metastases at C2 using an antero-
lateral approach. Pain Physician 2013; 
16:E427-E434.

179.	 Anselmetti GC, Manca A, Tutton S, Chi-
ara G, Kelekis A, Facchini FR, Russo F, 
Regge D, Montemurro F. Percutaneous 
vertebral augmentation assisted by peek 
implant in painful osteolytic vertebral 
metastasis involving the vertebral wall: 
Experience on 40 patients. Pain Physi-
cian 2013; 16: E397-E404.

180.	 Otten L, Bornemnn R, Jansen T, Kabir K, 
Pennekamp P, Wirt D, Stüwe B, Pflugm-
acher R. Comparison of balloon kypho-
plasty with the new Kiva VCF system for 
the treatment of vertebral compression 
fractures. Pain Physician 2013; In Press.

181.	 Woo JH, Park HS, Han JI, Kim DY. Ver-
tebroplasty for the compression of 
the dorsal root ganglion due to spi-
nal metastasis. Pain Physican 2013; 16: 
E405-E410.

182	 Hussain A, Erdek M. Vertebroplasty 

augmentation procedures: Examining 
the controversy. Pain Physician 2013; In 
Press.

183.	 Buchbinder R, Kallmes DF. Vertebro-
plasty: When randomized placebo-con-
trolled trial results clash with common 
belief. Spine J 2010; 10:241-243.

184.	 Knavel EM, Rad AE, Thielen KR, Kallmes 
DF. Clinical outcomes with hemiverte-
bral filling during percutaneous verte-
broplasty. AJNR Am J Neuroradiol 2009; 
30:496-499.

185.	 Farrar JT, Young JP Jr, LaMoreaux L 
Werth JL, Poole RM. Clinical impor-
tance of changes in chronic pain inten-
sity measured on an 11-point numerical 
pain rating scale. Pain 2001; 94:149-158.

186.	 Grotle M, Brox JI, Vollestad NK. Con-
current comparison of responsiveness 
in pain and functional status measure-
ments used for patients with low back 
pain. Spine 2004; 29:E492-501.

187.	 Firanescu C, Lohle PNM, deVries J, 
Klazen CA, Juttmann JR, Clark W, van 
Rooij WJ; VERTOS IV study group. A 
randomised sham controlled trial of 
vertebroplasty for painful acute osteo-

porotic vertebral fractures (VERTOS IV). 
Study Protocol. www.trialsjournal.com/
content/12/1/93.

188.	 Smith SR. Introduction to developing a 
protocol for observational Comparative 
Effectiveness Research: A user’s guide. 
In: Velentgas P, Dreyer NA, Nourjah P, 
et al., editors. Developing a Protocol for 
Observational Comparative Effective-
ness Research: A User’s Guide. Rockville 
(MD): Agency for Healthcare Research 
and Quality (US); 2013 Jan. Available 
from: http://www.ncbi.nlm.nih.gov/
books/NBK126177/ 1

189.	 Miller FG, Pearson SD. Linking insur-
ance coverage for innovative invasive 
procedures with participation in clinical 
research. JAMA 2011; 306:2024-2025.

190.	 Pearson SD, Miller FG, Emanuel EJ. 
Medicare’s requirement for research 
participation as a condition of coverage. 
Is it ethical? JAMA 2006; 296:988-991.

191.	 Johnson J, Rogers W, Jeffree R. The con-
troversy over vertebroplasty: An analysis 
of the debate and proposal for a way for-
ward. J Med Imaging Radiat Oncol 2012; 
56:449-451.

Pain Physician: July/August 2013; 16:E331-E348

E348 	 www.painphysicianjournal.com


