
Background: The contribution of the sacroiliac joint to low back and lower extremity pain has been 
a subject of debate with extensive research. It is generally accepted that approximately 10% to 25% 
of patients with persistent low back pain may have pain arising from the sacroiliac joints. In spite of 
this, there are currently no definite conservative, interventional, or surgical management options for 
managing sacroiliac joint pain. In addition, there continue to be significant variations in the application 
of various techniques as well as a paucity of literature.

Study Design: A systematic review of therapeutic sacroiliac joint interventions. 

Objective: To evaluate the accuracy of therapeutic sacroiliac joint interventions. 

Methods: The available literature on therapeutic sacroiliac joint interventions in managing chronic 
low back and lower extremity pain was reviewed. The quality assessment and clinical relevance criteria 
utilized were the Cochrane Musculoskeletal Review Group criteria for randomized trials of interventional 
techniques and the criteria developed by the Newcastle-Ottawa Scale for observational studies.

The level of evidence was classified as good, fair, or limited (or poor) based on the quality of evidence 
developed by the U.S. Preventive Services Task Force (USPSTF). 

Data sources included relevant literature published from 1966 through December 2011 that was 
identified through searches of PubMed and EMBASE, and manual searches of the bibliographies of 
known primary and review articles.

Outcome Measures: The primary outcome measure was pain relief (short-term relief = up to 6 
months and long-term > 6 months). Secondary outcome measures were improvement in functional 
status, psychological status, return to work, and reduction in opioid intake.

Results: For this systematic review, 56 studies were considered for inclusion. Of these, 45 studies were 
excluded and a total of 11 studies met inclusion criteria for methodological quality assessment with 6 
randomized trials and 5 non-randomized studies.

The evidence for cooled radiofrequency neurotomy in managing sacroiliac joint pain is fair.
The evidence for effectiveness of intraarticular steroid injections is limited (or poor).
The evidence for periarticular injections of local anesthetic and steroid or botulinum toxin is limited (or 
poor). 
The evidence for effectiveness of conventional radiofrequency neurotomy is limited (or poor).
The evidence for pulsed radiofrequency is limited (or poor).

Limitations: The limitations of this systematic review include a paucity of literature on therapeutic 
interventions, variations in technique, and variable diagnostic standards for sacroiliac joint pain. 

Conclusions: The evidence was fair in favor of cooled radiofrequency neurotomy and limited (or 
poor) for short-term and long-term relief from intraarticular steroid injections, periarticular injections 
with steroids or botulin toxin, pulsed radiofrequency, and conventional radiofrequency neurotomy.

Key words: Chronic low back pain, sacroiliac joint pain, sacroiliitis, sacroiliac joint injection, sacroiliac 
joint dysfunction, thermal radiofrequency, pulsed radiofrequency 
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yielded variable findings. The anterior portion may be 
innervated by the sacral plexus, whereas the posterior 
portion may derive innervation from the spinal nerves. 
Many experts cite the predominant innervation to arise 
from the L4 to S1 nerve roots, with some contribution 
from the superior gluteal nerve (81,82). Others contend 
that the joint is innervated only by the sacral dorsal rami 
(83,84). Dissections of fetal pelvises suggest that the in-
nervation of the sacroiliac joint originates in the dorsal 
rami because neural filaments have been noted only in 
the dorsal mesenchyma (84,85). In rats, it has been ob-
served that the sacroiliac joint is innervated by sensory 
neurons ipsilateral to the joint from L1 to S1, along with 
fibers from the L1 and L2 dorsal root ganglia that pass 
through the paravertebral sympathetic trunk (86).  His-
tological analysis of chronically painful sacroiliac joints 
has verified the presence of nerve fibers within the joint 
capsule and adjoining ligaments (84,87,88). These fibers 
consist of both myelinated and unmyelinated neurons, 
mechanoreceptors, calcitonin gene-related peptide 
(CGRP), and substance P immunoreactive fibers (88-92). 

Extensive communication exists between the sacro-
iliac joint and adjacent neural structures (47). Patterns 
of extra-capsular extravasation from the sacroiliac joint 
have also been observed on post-arthrography comput-
ed tomography (CT) (93). These extravasations include 
posterior extension into the dorsal sacral foramina, the 
L5 epiradicular sheath via the superior recess, and ven-
tral leakage into the lumbosacral plexus, with the po-
tential for creating a clinical picture that is difficult to 
distinguish from other ailments. Following capsular dis-
tension, the leakage of inflammatory mediators from 
the sacroiliac joint into the nearby neural structures has 
the potential to cause radicular pain in certain patients 
(88,93). Several mechanisms of injury may be linked to 
the development of sacroiliac joint pain including falls, 
motor vehicle accidents, and stepping into an unex-
pected hole or depression from a miscalculated height 
(74,94). In an evaluation of 54 patients with suspected 
sacroiliac joint pain, Chou et al (95) found that 44% 
experienced a traumatic incited event, 21% reported 
a cumulative injury, and 35% had either spontaneous 
or idiopathic onset of pain. Other causes may include 
degeneration of the sacroiliac joint following fusion 
surgery (55,70,96,97), anterior dislocation (98), inflam-
matory and degenerative etiologies (99), and multiple 
other causes (42-44,46,52,53,100-102). 

Sacroiliac joint pain may be managed with 
intraarticular injections, extraarticular injections, or neu-
rolysis of the nerve supply. However, 3 previous system-

The high prevalence of persistent low back 
pain, the growing number of diagnostic 
and therapeutic modalities employed to 

manage back pain, and its societal and economic 
impact continue to influence health care policy (1-33). 
Although low back pain is a common complaint in both 
primary and tertiary care settings, it is often difficult 
to reach a definitive diagnosis and provide appropriate 
treatment (2,32-49). Along with muscles, ligaments 
and nerve roots, the intervertebral discs, facet joints, 
and sacroiliac joints have all been established, utilizing 
controlled diagnostic studies (2,32-42), as potential 
sources of low back pain. Based on systematic reviews 
(32,33,38,45) and diagnostic accuracy studies (2,32-
36,38,45) the prevalence of sacroiliac joint pain ranges 
between 10% and 25% with strict selection criteria  
(33,35,36,50-64). One recent review (33) found only 
moderate evidence for provocation maneuvers, though 
these tests are frequently used to select patients for 
diagnostic injections (50,54,57,59,61-68). 

There has been an exponential growth in treat-
ment modalities aimed at managing the pain of sac-
roiliac joint origin. There are many obstacles that arise 
when evaluating therapeutic sacroiliac joint modalities, 
including ambiguity and variability in diagnosis, and the 
fact that many studies evaluated only patients with in-
flammatory sacroiliitis, whereas these patients account 
for only a small percentage of cases, and rarely present 
in interventional pain management settings. Reviews 
evaluating therapeutic sacroiliac joint pain modalities 
have resulted in vastly disparate conclusions, reflective 
of ongoing debate and controversy in the medical com-
munity (2,32,33,43,49,69-73).

The sacroiliac joint is most commonly classified as a 
true diarthrodial joint with matching articular surfaces 
separated by a joint space containing synovial fluid en-
veloped by a fibrous capsule, even though it possesses 
unique characteristics not typically found in other diar-
throdial joints (74-79). The sacroiliac joint is character-
ized by discontinuity of the posterior capsule with the 
presence of many ridges and depressions that minimize 
movement and enhance stability (47). It contains fibro-
cartilage in addition to hyaline cartilage (80). Whereas 
anteriorly the sacroiliac joint bears characteristics of a 
true synovial joint, in the posterior part it is more ac-
curately categorized as a syndesmosis, consisting of a 
myriad of ligaments and muscles, including the pirifor-
mis and gluteus medius and minimus (72). The sacroili-
ac joint appears to be well-innervated, though studies 
evaluating the nerve supply have been sparse and have 
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atic reviews (32,103,104) found the evidence supporting 
therapeutic sacroiliac joint interventions to be limited. 
An evaluation of the literature through 2002 revealed 
that European guidelines for the management of chron-
ic non-specific low back pain (105) also concluded that 
there was limited evidence supporting sacroiliac joint 
injections with corticosteroids. In contrast to the above 
Vanelderen et al (72) in an evidence-based evaluation of 
sacroiliac joint pain provided evidence that intraarticular 
sacroiliac joint infiltration with local anesthetic and corti-
costeroids with highest evidence rating of 1B+ (one RCT 
or more RCTs with methodologic weakness, demonstrate 
effectiveness, with the benefits clearly outweighing risks 
and burdens), cooled radiofrequency treatment of the 
lateral branches of S1 to S4 as 2B+ (one or more RCTs 
with methodologic weaknesses, demonstrate effective-
ness with the benefits closely balanced with risk and bur-
dens). Even though this manuscript provides an evidence-
based recommendation, the assessment of evidence was 
without methodologic quality assessment and the au-
thors also included the studies of spondyloarthropathy. 
Spondyloarthropathy is not generally managed in inter-
ventional pain management settings and is an issue for 
rheumatologists. Despite, however, the absence of any 
clear consensus in favor of sacroiliac joint interventions, 
their use has continued to grow in recent years resulting 
in multiple, at times indiscriminate, regulations and de-
nial of access (14,20,22-24,106-108). Recent emerging evi-
dence and improving diagnostic capabilities may change 
these evidence levels. 

The purpose of this review is to systematically assess 
and update the literature of therapeutic sacroiliac joint 
interventions.

1.0 Methods

The methodology utilized in this systematic review 
followed the review process derived from evidence-
based systematic reviews and meta-analyses of ran-
domized trials and observational studies (2,18,109-117), 
Consolidated Standards of Reporting Trials (CONSORT) 
guidelines for the conduct of randomized trials (118-
121), Standards for Reporting Observational Studies 
(STROBE) (122-124), Cochrane guidelines (18,113,114), 
and Chou and Huffman’s guidelines (20). 

1.1 Criteria for Considering Studies for This 
Review

1.1.1 Types of Studies 
Randomized controlled trials

Non-randomized observational studies
Case reports and reviews for adverse effects

1.1.2 Types of Participants 
Participants of interest were adults aged at least 

18 years with chronic low back and/or lower extremity 
pain of at least 3 months duration.

Participants must have failed previous pharmaco-
therapy, exercise therapy, etc., prior to starting inter-
ventional pain management techniques.

1.1.3 Types of Interventions 
The interventions were therapeutic sacroiliac joint 

injections appropriately performed with proper tech-
nique under fluoroscopic or CT guidance. 

1.1.4 Types of Outcome Measures 
•	 The primary outcome parameter was pain relief. 
•	 The secondary outcome measures were function-

al improvement; change in psychological status; 
return to work; reduction or elimination of opi-
oid use, other drugs, or other interventions; and 
complications.

•	 At least 2 of the review authors independently, in 
an unblinded standardized manner, assessed the 
outcomes measures. Any disagreements between 
reviewers were resolved by a third author and 
consensus.

1.2 Literature Search
Searches were performed from the following 

sources without language restrictions:
1. 	 PubMed from 1966

www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed
2. 	 EMBASE from 1980

www.embase.com/
3. 	 Cochrane Library

www.thecochranelibrary.com/view/0/index.html
4. 	 U.S. National Guideline Clearinghouse (NGC) 

www.guideline.gov/
5. 	 Previous systematic reviews and cross references	
6. 	 Clinical Trials

clinicaltrials.gov/
The search period was from 1966 through Decem-

ber 2011. 

1.3 Search Strategy
The search strategy emphasized chronic low back 

pain, sacroiliac joint pain/arthritis, and therapeutic sac-
roiliac joint interventions and techniques.
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At least 2 of the review authors independently, in 
an unblinded standardized manner, performed each 
search. Accuracy was confirmed by a statistician. All 
searches were combined to obtain a unified search 
strategy. Any disagreements between reviewers were 
resolved by a third author and consensus.

1.4 Data Collection and Analysis 
The review focused on randomized trials, observa-

tional studies, and reports of complications. The popula-
tion of interest was patients suffering with chronic low 
back and/or lower extremity pain for at least 3 months. 
All types of sacroiliac joint interventions were evalu-
ated. All of the studies providing appropriate manage-
ment and reporting outcome evaluations of one month 
or longer with statistical evaluations were reviewed. 
Reports without appropriate diagnosis, non-systematic 
reviews, book chapters, and case reports were exclud-
ed. The studies of spondyloarthropathy and any stud-
ies performed without imaging or imaging other than 
fluoroscopy, CT, or magnetic resonance imaging (MRI) 
(i.e. ultrasound) were not assessed.

1.4.1 Selection of Studies 
•	 In an unblinded standardized manner, 2 review au-

thors screened the abstracts of all identified studies 
against the inclusion criteria.

• 	 All articles with possible relevance were then re-
trieved in full text for comprehensive assessment 
of internal validity, quality, and adherence to inclu-
sion criteria.

1.4.2 Inclusion and Exclusion Criteria 
The following are the inclusion and exclusion cri-

teria utilized:
1.	 Are the patients described in sufficient detail to al-

low one to decide whether they are comparable to 
those that are seen in interventional pain manage-
ment clinical practices?

A.	 Setting – office, hospital, outpatient, inpatient
B.	� Physician – interventional pain physician, gen-

eral physician, anesthesiologist, physiatrist, 
neurologist, rheumatologist, orthopedic sur-
geon, neurosurgeon, etc.

C.	 Patient characteristics - duration of pain
D.	� Non-interventional techniques or surgical in-

tervention in the past
2.	 Is the intervention described in sufficient detail to 

enable one to apply its use to patients in interven-
tional pain management settings?
A.	 Nature of intervention
B.	 Frequency of intervention
C.	 Duration of intervention

3.	 Were clinically relevant outcomes measured?
A.	 Proportion of pain relief
B.	 Disorder/specific disability
C.	 Functional improvement
D.	� Allocation of eligible and non-eligible patients 

to return to work
E.	 Ability to work

1.4.3 Clinical Relevance
The clinical relevance of the included studies was 

evaluated according to 5 questions recommended by 
the Cochrane Back Review Group (Table 1) (112,125). 
Each question was scored as positive (+) if the clinical 
relevance item was met, negative (–) if the item was 
not met, and unclear (?) if data were not available to 
answer the question.

1.4.4 Methodological Quality or Validity 
Assessment 

Even though none of these instruments or criteria 
have been systematically validated, the advantages and 
disadvantages of each system were debated. 

The methodological quality assessment was per-
formed by 2 review authors who independently as-
sessed, in an unblinded, standardized manner, the in-

Table 1. Clinical relevance questions.

P (+) N (-) U (unclear)

A) Are the patients described in detail so that one can decide whether they are comparable to those who are 
treated practice?

B) Are the interventions and treatment settings described in sufficient detail to apply its use in clinical practice?

C) Were clinically relevant outcomes measured and reported?

D) Is the size of the effect clinically meaningful?

E) Do the likely treatment benefits outweigh the potential harms?

Scoring adapted and modified from Staal JB, et al. Injection therapy for subacute and chronic low-back pain. Cochrane Database Syst Rev 2008; 
3:CD001824 (125).
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ternal validity of all the studies. Any discrepancies were 
evaluated by a third reviewer and settled by consensus. 

The quality of each individual article used in this 
analysis was assessed by Cochrane review criteria (Table 
2) (113) for randomized trials, and Newcastle-Ottawa 

Scale for observational studies (Tables 3 and 4) (126). 
For nonrandomized observational studies, the patient 
population should have had at least 50 total or at least 
25 in each group if they were comparison groups. 

Authors with a perceived conflict of interest for 

A 1. Was the method of 
randomization adequate? 

A random (unpredictable) assignment sequence. Examples of adequate methods are coin toss 
(for studies with 2 groups), rolling a dice (for studies with 2 or more groups), drawing of balls 
of different colors, drawing of ballots with the study group labels from a dark bag, computer-
generated random sequence, pre-ordered sealed envelopes, sequentially-ordered vials, telephone 
call to a central office, and pre-ordered list of treatment assignments. Examples of inadequate 
methods are: alternation birth date, social insurance/ security number, date in which they are 
invited to participate in the study, and hospital registration number. 

Yes/No/Unsure 

B 2. Was the treatment 
allocation concealed? 

Assignment generated by an independent person not responsible for determining the eligibility of the 
patients. This person has no information about the persons included in the trial and has no influence 
on the assignment sequence or on the decision about eligibility of the patient. 

Yes/No/Unsure 

C Was knowledge of the allocated interventions adequately prevented during the study?  

3. Was the patient blinded 
to the intervention? 

This item should be scored “yes” if the index and control groups are indistinguishable for the 
patients or if the success of blinding was tested among the patients and it was successful. 

Yes/No/Unsure 

4. Was the care 
provider blinded to the 
intervention? 

This item should be scored “yes” if the index and control groups are indistinguishable for the care 
providers or if the success of blinding was tested among the care providers and it was successful. 

Yes/No/Unsure 

5. Was the outcome 
assessor blinded to the 
intervention? 

Adequacy of blinding should be assessed for the primary outcomes. This item should be scored “yes” 
if the success of blinding was tested among the outcome assessors and it was successful or: 
 –for patient-reported outcomes in which the patient is the outcome assessor (e.g., pain, disability): the 
blinding procedure is adequate for outcome assessors if participant blinding is scored “yes” 
 –for outcome criteria assessed during scheduled visit and that supposes a contact between 
participants and outcome assessors (e.g., clinical examination): the blinding procedure is adequate if 
patients are blinded, and the treatment or adverse effects of the treatment cannot be noticed during 
clinical examination 
 –for outcome criteria that do not suppose a contact with participants (e.g., radiography, magnetic 
resonance imaging): the blinding procedure is adequate if the treatment or adverse effects of the 
treatment cannot be noticed when assessing the main outcome 
 –for outcome criteria that are clinical or therapeutic events that will be determined by the interaction 
between patients and care providers (e.g., co-interventions, hospitalization length, treatment failure), 
in which the care provider is the outcome assessor: the blinding procedure is adequate for outcome 
assessors if item “4” (caregivers) is scored “yes” 
 –for outcome criteria that are assessed from data of the medical forms: the blinding procedure is adequate 
if the treatment or adverse effects of the treatment cannot be noticed on the extracted data.

Yes/No/Unsure 

D Were incomplete outcome data adequately addressed?  

  6. Was the drop-out rate 
described and acceptable? 

The number of participants who were included in the study but did not complete the observation 
period or were not included in the analysis must be described and reasons given. If the percentage 
of withdrawals and drop-outs does not exceed 20% for short-term follow-up and 30% for long-term 
follow-up and does not lead to substantial bias a “yes” is scored. 

Yes/No/Unsure 

  7. Were all randomized 
participants analyzed in 
the group to which they 
were allocated? 

All randomized patients are reported/analyzed in the group they were allocated to by 
randomization for the most important moments of effect measurement (minus missing values) 
irrespective of non-compliance and co-interventions. 

Yes/No/Unsure 

E 8. Are reports of the 
study free of suggestion 
of selective outcome 
reporting? 

In order to receive a “yes,” the review author determines if all the results from all pre-specified 
outcomes have been adequately reported in the published report of the trial. This information is either 
obtained by comparing the protocol and the report, or in the absence of the protocol, assessing that 
the published report includes enough information to make this judgment. 

Yes/No/Unsure 

F Other sources of potential bias:  

  9. Were the groups similar 
at baseline regarding the 
most important prognostic 
indicators? 

In order to receive a “yes,” groups have to be similar at baseline regarding demographic factors, 
duration and severity of complaints, percentage of patients with neurological symptoms, and value 
of main outcome measure(s). 

Yes/No/Unsure 

Table 2. Randomized controlled trials quality rating system. 
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Table 2 (cont.). Randomized controlled trials quality rating system. 

  10. Were co-interventions 
avoided or similar? 

This item should be scored “yes” if there were no co-interventions or they were similar between the 
index and control groups.

Yes/No/Unsure 

  11. Was the compliance 
acceptable in all groups? 

The reviewer determines if the compliance with the interventions is acceptable, based on the 
reported intensity, duration, number, and frequency of sessions for both the index intervention and 
control intervention(s). For example, physiotherapy treatment is usually administered over several 
sessions; therefore, it is necessary to assess how many sessions each patient attended. For single-
session interventions (e.g., surgery), this item is irrelevant.

Yes/No/Unsure 

  12. Was the timing of 
the outcome assessment 
similar in all groups?

Timing of outcome assessment should be identical for all intervention groups and for all important 
outcome assessments.

Yes/No/Unsure 

Adapted and Modified: Furlan AD, Pennick V, Bombardier C, van Tulder M; Editorial Board, Cochrane Back Review Group. 2009 updated meth-
od guidelines for systematic reviews in the Cochrane Back Review Group. Spine (Phila Pa 1976) 2009; 34:1929-1941 (113)

Selection

1) Is the case definition adequate? 
  a) yes, with independent validation*
  b) yes, e.g. record linkage or based on self reports 
  c) no description

2) Representativeness of the cases
  a) consecutive or obviously representative series of cases * 
  b) potential for selection biases or not stated

3) Selection of Controls 
  a) community controls * 
  b) hospital controls 
  c) no description

4) Definition of Controls 
  a) no history of disease (endpoint) * 
  b) no description of source

Comparability

1) Comparability of cases and controls on the basis of the design or analysis 
  a) study controls for _______________ (Select the most important factor.) * 
  b) study controls for any additional factor * (This criteria could be modified to indicate specific control for a second important factor.)

Exposure

1) Ascertainment of exposure 
  a) secure record (e.g. surgical records) * 
  b) structured interview where blind to case/control status * 
  c) interview not blinded to case/control status 
  d) written self report or medical record only 
  e) no description

2) Same method of ascertainment for cases and controls 
  a) yes * 
  b) no

3) Non-Response rate 
  a) same rate for both groups * 
  b) non respondents described 
  c) rate different and no designation

Table 3. Newcastle-Ottawa quality assessment scale: Case control studies.

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure categories. A maximum of two 
stars can be given for Comparability.
Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domized studies in meta-analysis. www.ohri.ca/programs/clinical_epidemiology/oxford.asp (126). 
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any manuscript were recused from reviewing the 
manuscript.

It was not possible to use quality assessment crite-
ria for adverse effects, confounding factors, etc. These 
deviations were considered based on the interpreta-
tion of published reports, and a critical analysis of the 
literature.

Randomized trials meeting at least 6 of 12 inclu-
sion criteria were utilized for analysis. A description of 
the study, an opinion and a critical analysis were pro-
vided for studies scoring lower. 

Observational studies had to meet a minimum of 
50% of the utilized criteria for cohort studies and case-
control studies. Studies scoring less were also described, 
with an opinion and a critical analysis. 

If the literature search provided at least 5 random-
ized trials meeting the inclusion criteria and they were 
homogenous for each modality evaluated (intraarticular 
injections, extraarticular injections, lateral branch 
nerve blocks, conventional radiofrequency neurotomy, 
cooled radiofrequency neurotomy, and pulsed radiofre-
quency), a meta-analysis was performed.

Table 4. Newcastle-Ottawa quality assessment scale for cohort studies.

Selection

1) Representativeness of the exposed cohort
  a) truly representative of the average _______________ (describe) in the community * 
  b) somewhat representative of the average ______________ in the community 
  c) selected group of users (e.g. nurses, volunteers)
  d) no description of the derivation of the cohort

2) Selection of the non exposed cohort 
  a) drawn from the same community as the exposed cohort * 
  b) drawn from a different source 
  c) no description of the derivation of the non exposed cohort

3) Ascertainment of exposure 
  a) secure record (e.g. surgical records)* 
  b) structured interview * 
  c) written self report 
  d) no description

4) Demonstration that outcome of interest was not present at start of study 
  a) yes * 
  b) no

Comparability

1) Comparability of cohorts on the basis of the design or analysis 
  a) study controls for _____________ (select the most important factor) * 
  b) study controls for any additional factor * (This criteria could be modified to indicate specific control for a second important factor.)

Outcome

1) Assessment of outcome 
  a) independent blind assessment * 
  b) record linkage * 
  c) self report 
  d) no description

2) Was follow-up long enough for outcomes to occur 
  a) yes (select an adequate follow-up period for outcome of interest) * 
  b) no

3) Adequacy of follow-up of cohorts 
  a) complete followup — all subjects accounted for *
  b) �subjects lost to follow-up unlikely to introduce bias — small number lost - > ____ % (select an adequate %) follow-up, or description provided of those 

lost) *  
  c) follow-up rate < ____% (select an adequate %) and no description of those lost 
  d) no statement

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of 
two stars can be given for Comparability.
Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-
randomized studies in meta-analysis. www.ohri.ca/programs/clinical_epidemiology/oxford.asp (126).
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1.4.5 Data Extraction and Management
Two review authors independently, in an unblind-

ed standardized manner, extracted the data from the 
included studies. Disagreements were resolved by dis-
cussion between the 2 reviewers; if no consensus could 
be reached, a third author was called in to break the 
impasse.

1.4.6  Assessment of Heterogeneity
Whenever meta-analyses were conducted, the I-

squared (I2) statistic was used to identify heterogeneity 
(127). Combined results with I2 > 50% were considered 
substantially heterogenous. 

Analysis of the evidence was based on the modality 
(i.e., intraarticular injections, extraarticular injections, 
lateral branch nerve blocks, conventional radiofrequen-
cy neurotomy, or pulsed radiofrequency) to reduce any 
clinical heterogeneity.

1.4.7 Measurement of Treatment Effect in Data 
Synthesis (Meta-analysis)

Data were summarized using meta-analysis when 
at least 5 studies per type of modality were available 
that met the inclusion criteria, such as for intraarticular 
injections, extraarticular injections, lateral branch nerve 
blocks, conventional radiofrequency neurotomy, and 
pulsed radiofrequency.

Qualitative (the direction of a treatment effect) 
and quantitative (the magnitude of a treatment effect) 
conclusions were evaluated. Random-effects meta-
analysis to pool data was also used (128).

The minimum amount of change in pain score to 
be clinically meaningful has been described as a 2-point 
change on a scale of 0 to 10 (or 20 percentage points), 
based on findings in trials studying general chronic pain 

(129), chronic musculoskeletal pain (130), and chronic low 
back pain (110-112,115,131,132). However, recent studies 
evaluating interventional techniques have used ≥ 50% 
pain relief as the cutoff threshold for clinically meaningful 
improvement in pain relief or functional status (133-146). 
For this analysis, we defined clinically meaningful pain re-
lief as at least a 3-point change on an 11-point scale of 0 
to 10, and clinically significant functional improvement as 
≥ 40% using a validated instrument.

1.4.8 Integration of Heterogeneity
The evidence was assessed separately by admin-

istration of each modality. A meta-analysis was per-
formed only if there were at least 5 studies meeting 
inclusion criteria for each variable. 

1.5 Summary Measures 
Summary measures included 50% or more reduc-

tion of pain in at least 40% of the patients, or at least 
a 3-point decrease in pain scores, and a relative risk of 
adverse events including side effects.

1.6 Analysis of Evidence
The analysis of the evidence was performed based 

on United States Preventive Services Task Force (USP-
STF) criteria as illustrated in Table 5. These criteria have 
been utilized by multiple authors (146).

The analysis was conducted using 3 levels of evi-
dence ranging from good, fair, and limited (or poor). 

The evidence was independently analyzed by at 
least 2 of the review authors in an unblinded, standard-
ized manner. Any disagreements between reviewers 
were resolved by a third author and a consensus. If there 
were any conflicts of interest (e.g., authorship), those re-
viewers were recused from assessment and analysis.

Table 5. Method for grading the overall strength of  the evidence for an intervention.

Grade Definition 

Good Evidence includes consistent results from well-designed, well-conducted studies in representative populations that directly assess effects on 
health outcomes (at least 2 consistent, higher-quality RCTs or studies of diagnostic test accuracy).

Fair

Evidence is sufficient to determine effects on health outcomes, but the strength of the evidence is limited by the number, quality, size, or 
consistency of included studies; generalizability to routine practice; or indirect nature of the evidence on health outcomes (at least one higher-
quality trial or study of diagnostic test accuracy of sufficient sample size; 2 or more higher-quality trials or studies of diagnostic test accuracy 
with some inconsistency; at least 2 consistent, lower-quality trials or studies of diagnostic test accuracy, or multiple consistent observational 
studies with no significant methodological flaws).

Limited or 
Poor

Evidence is insufficient to assess effects on health outcomes because of limited number or power of studies, large and unexplained 
inconsistency between higher-quality trials, important flaws in trial design or conduct, gaps in the chain of evidence, or lack of information 
on important health outcomes.

Adapted and modified from methods developed by US Preventive Services Task Force (20,146).



www.painphysicianjournal.com 	 E255

Sacroiliac Joint Injections

Abstracts reviewed
n = 486

Abstracts excluded
n = 356

Full manuscripts reviewed
n = 130

Manuscripts not meeting inclusion criteria
n = 74

Articles excluded by title and/
or abstract

n = 984
Potential articles

n = 486

Computerized and manual search of literature
n = 1,470

Fig. 1. Flow diagram illustrating published literature evaluating therapeutic sacroiliac joint injections.

Manuscripts excluded
n = 45

Manuscripts considered for inclusion = 11
Randomized trials = 6

Non-randomized studies = 5

Manuscripts considered for inclusion 
n = 56

1.7 Outcome of the Studies
In the randomized trials, a study was judged to 

be positive if the sacroiliac joint intervention was clini-
cally relevant and effective, either against a placebo 
or an active control. This indicates that the difference 
in effect for a primary outcome measure is statistically 
significant on the conventional 5% level. In a negative 
study, no significant difference between the treatment 
groups or no improvement from baseline could be 
identified. Outcomes were judged at distinct reference 
points with positive or negative results reported at one 
month, 3 months, 6 months, and one year. 

For observational studies, a study was judged to 
be positive if the sacroiliac joint intervention was effec-
tive, with outcomes reported at one month, 3 months, 
6 months, and one year. Observational studies were 
only included in the evidence synthesis if there were 
less than 5 randomized trials per modality meeting in-
clusion criteria.

2.0 Results

Figure 1 shows a flow diagram of the study se-
lection of therapeutic intervention trials and studies. 
There were 56 studies ultimately considered for inclu-
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sion (63,97,99,147-199). Seven studies were excluded 
based on the use of ultrasound (182,186-191). As illus-

trated in Table 6, 38 other reports were excluded for a 
variety of reasons. 

Table 6. Description of  studies excluded from methodological quality assessment. 

Manuscript Author(s) Reason for Exclusion
Standford & Burnham (63) This study evaluated whether it was useful to repeat sacroiliac joint provocative tests post-block in 34 patients. 

Amoretti et al (97) This manuscript described computed axial tomography-guided fixation of sacroiliac joint disruption.

O’Shea et al (99) No therapeutic techniques were applied. 

Maugars et al(147) The study evaluated effectiveness of corticosteroid injections of the sacroiliac joint in patients with zero negative 
spondyloarthropathy. 

Maugars et  al(148) The study assessed the efficacy of sacroiliac joint corticosteroid injections in spondyloarthropathies in a randomized, 
double-blind design. 

Muhlner (149) This is a review article describing radiofrequency neurotomy for the treatment of sacroiliac joint syndrome.

Speldewinde (150) This manuscript evaluated sacroiliac joint neurotomy. They evaluated 4 total cohorts with a total of 40 patients and there 
were only 20 patients in the 2 cohorts. When they combined both of the cohorts there were only 10 patients in the 2 
cohorts, even though they have reported success rate in 80% of the population.

Kennedy et al (152) This was a review article evaluating sacroiliac and lumbar zygapophyseal joint corticosteroid injections without original 
data.

Ferrante et al (153) Authors studied 33 patients who underwent 50 intraarticular sacroiliac joint radiofreqency denervation procedures.

Dussault et al (154) This was a retrospective study evaluating fluoroscopically guided sacroiliac joint injections. 

Buijs et al (155) Authors evaluated 43 patients in an observational study comparing radiofrequency at the first 3 sacral dorsal rami, 
described as a minimal approach, to L4-S3 radiofrequency denervation.

Buchowski et al (156) Authors evaluated functional and radiographic outcomes of sacroiliac arthrodesis in 20 patients. Diagnoses were made 
using intraarticular sacroiliac joint injections under fluoroscopic guidance.

Burnham & Yasui (158) Authors evaluated an alternate method of radiofrequency neurotomy (bipolar lateral branch denervation) of the sacroiliac 
joint in a pilot study of 9 subjects.

Al Khayer et al (161) Authors described percutaneous sacroiliac joint arthrodesis in 9 patients after diagnosing them with sacroiliac joint 
blocks.

Chakraverty & Dias (164) This was a retrospective audit evaluating multiple interventions for facet and sacroiliac joint pain, including 33 patients 
who underwent intraarticular sacroiliac joint injections and 19 patients who underwent sacroiliac ligament prolotherapy.

Sadreddini et al (165) This study evaluated non-image-guided sacroiliac joint injections.

Stone & Bartynski (166) Review article describing the treatment of facet and sacroiliac joint arthropathy with steroid injections and radiofrequency 
ablation.

Fritz et al (167) This study evaluated MRI-guided steroid injections of the sacroiliac joints in children with refractory enthesitis-related 
arthritis.

Gupta (168) Described an alternative method using a double needle technique for performing difficult sacroiliac joint injections.

Aydin et al (169) Authors performed a meta-analysis of the role of radiofrequency ablation for sacroiliac joint pain.

Dreyfuss et al (171) Evaluated the ability of single site, single depth sacral lateral branch blocks to anesthetize the sacroiliac joint complex.

Dreyfuss et al (172) Evaluated the ability of multi-site, multi-depth sacral lateral branch blocks to anesthetize the sacroiliac joint complex.

Kapural et al (173) This study evaluated the records of 27 patients with sacroiliac joint pain who underwent cooled radiofrequency 
denervation of L5-S3. 

Buijs et al (174) Small case series describing 3 cases of sacroiliac joint pain misdiagnosed as sciatica.

Cohen & Abdi (175) The study evaluated lateral branch radiofrequency denervation as a treatment for sacroiliac joint pain in 18 patients.

Tullberg et al (176) This study described the role of manipulation for sacroiliac joint dysfunction.

Hart et al (180) Described short-term follow-up of sacroiliac joint steroid injections after spinal fusion. 
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2.1 Clinical Relevance
Of the 11 studies assessed for clinical relevance, 

all of them met criteria with scores of 5 out of 5 
(151,157,159,160,162,163,170,177-179,181). Table 7 il-
lustrates the assessment of clinical relevance. 

2.2 Methodological Quality Assessment 
A methodological quality assessment of the ran-

domized controlled trials meeting inclusion criteria was 
carried out utilizing Cochrane review criteria as shown 
in Table 8. All 6 trials (159,160,163,177,178,181) were 

Table 6 (cont). Description of  studies excluded from methodological quality assessment. 

Manuscript Author(s) Reason for Exclusion
Günaydin et al (183) Small observational study evaluating MRI-guided sacroiliac joint injections for spondyloarthropathy. 

Rosenberg et al (184) Double-blind study evaluating the accuracy of non-image guided sacroiliac joint injections.

Hansen (185) Authors describe the importance of fluoroscopy in performing sacroiliac joint injections.

Wong et al (192) Report of an outbreak of infection after interventional pain management procedures in New York City.

Datta et al (193) Letter to the editor in reference to sacroiliac joint injections.

Slipman et al (194) Retrospective evaluation of therapeutic sacroiliac joint injections in 31 patients.

Yin et al (195) Retrospective evaluation of sensory stimulation-guided sacroiliac joint radiofrequency neurotomy.

Karaman et al (196) The study evaluated the effectiveness of cooled radiofrequency in a total of 15 patients in a non-randomized observational 
study.

Murakami et al (197) Authors in this novel study evaluated the role of periarticular and intraarticular lidocaine injections for sacroiliac joint 
pain in a prospective comparative study with 25 patients in each group; however, the follow-up was only 5 minutes. There 
was no follow-up data beyond 5 minutes available.

Braun et al (198) This was an evaluation of 30 patients with ankylosing spondylitis or undifferentiated spondyloarthropathy with 
sacroiliitis.

Bollow et al(199) The authors in this report studied CT-guided intraarticular corticosteroid injections into the sacroiliac joints in patients 
with spondyloarthropathy and described indication and follow-up with contrast enhanced MRI.

Table 7. Clinical relevance of  included studies.

Manuscript Author(s)
A) Patient 
description

B) Description of  
interventions and 
treatment settings

C) Clinically 
relevant 

outcomes

D) Clinical 
importance

E) Benefits 
versus potential 

harms

Total 
Criteria 

Met
Hawkins & Schofferman (151) + + + + + 5/5

Vallejo et al (157) + + + + + 5/5

Cohen et al (159) + + + + + 5/5

Patel et al (160) + + + + + 5/5

Liliang et al (162) + + + + + 5/5

Luukkainen et al (163) + + + + + 5/5

Cohen et al (170) + + + + + 5/5

Kim et al (177) + + + + + 5/5

Lee et al (178) + + + + + 5/5

Borowsky & Fagen (179) + + + + + 5/5

Luukkainen et al (181) + + + + + 5/5

+ = positive; - = negative 

Scoring adapted and modified from Staal JB, et al. Nelemans P. Injection therapy for subacute and chronic low-back pain. Cochrane Database 
Syst Rev 2008; 3:CD001824 (125).
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considered high quality based on Cochrane scores of 9 
or higher. 

A methodological quality assessment of the obser-
vational studies meeting inclusion criteria was carried 
out utilizing Newcastle-Ottawa Scales as illustrated in 
Tables 9 and 10. For cohort studies, studies achieving 
scores of 10 or higher were considered high quality; 7 
to 9 were considered moderate quality; studies scor-
ing less than 7 were considered low quality and were 
excluded. 

For case-control studies, 8 or higher was consid-
ered as high quality, 5 to 7 was considered as moderate 
quality, and less than 5 was considered low quality and 
excluded. 

There were 5 non-randomized or observational 
studies evaluating effectiveness of sacroiliac joint inter-
ventions (151,157,162,170,179). Of these, one was con-
sidered high quality (157), 4 were considered moderate 
quality (151,162,170,179). 

2.3 Meta-Analysis
There were a total of 6 randomized trials 

(159,160,163,177,178,181) meeting the inclusion cri-
teria with 2 trials evaluating cooled radiofrequency 
(159,160) and 4 trials evaluating intraarticular injec-
tions (151,162,177,179). Thus, no meta-analysis could 
be performed.

2.4 Study Characteristics
Table 11 illustrates the study characteristics 

of the included studies for both randomized trials 
(159,160,163,177,178,181) and non-randomized studies 
(151,157,162,170,179).

2.5 Analysis of Evidence
The evidence was synthesized based on the mo-

dality of treatment. Tables 12-14 illustrate the results 
of therapeutic studies. Analyses were conducted for 
intraarticular injections, periarticular injections, con-
ventional radiofrequency neurotomy, cooled radiofre-
quency neurotomy, and pulsed radiofrequency.

2.5.1 Intraarticular Injections
There were a total of 4 studies (Table 12) performed 

evaluating intraarticular injections (151,162,177,179). 
Only one study was randomized using an active-control 
design (177). This study by Kim et al (177) compared pro-
lotherapy to steroid injections. The authors found no 
significant differences at 3 months; however, on a long-
term basis, prolotherapy was more effective. In a large 
retrospective study, Hawkins and Schofferman (151) 
reported positive results with intraarticular injections 
performed appropriately under fluoroscopy. Liliang et al 
(162) showed short-term effectiveness for intraarticular 
steroid injections. Borowsky and Fagen (179) compared 

Table 8. Methodological quality assessment of  randomized trials.

Cohen et al 
(159)

Patel et al 
(160)

Luukkainen 
et al (163)

Kim et al 
(177)

Lee et al 
(178)

Luukkainen 
et al (181)

Randomization adequate Y Y Y Y Y Y

Concealed treatment allocation Y Y Y Y Y Y

Patient blinded Y Y Y Y Y Y

Care provider blinded N N N N Y N

Outcome assessor blinded Y Y Y Y Y Y

Drop-out rate described Y Y Y Y Y Y

All randomized participants analyzed in 
the group Y Y Y Y Y Y

Reports of the study free of suggestion of 
selective outcome reporting Y Y Y Y Y Y

Groups similar at baseline regarding 
most important prognostic indicators Y Y Y Y Y Y

Co-interventions avoided or similar Y Y Y Y Y Y

Compliance acceptable in all groups Y Y Y Y Y Y

Time of outcome assessment in all 
groups similar Y Y Y Y Y Y

SCORE 11/12 11/12 11/12 11/12 12/12 11/12

Y=yes; N=no; U=undecided
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Table 9. Methodological quality assessment of  case control studies.

Borowsky & Fagen (179)

Selection

1) Is the case definition adequate?

a) yes, with independent validation * X

b) yes, e.g. record linkage or based on self reports

c) no description

2) Representativeness of the cases

a) consecutive or obviously representative series of cases * X

b) potential for selection biases or not stated

3) Selection of Controls

a) community controls *

b) hospital controls

c) no description

4) Definition of Controls

a) no history of disease (endpoint) *

b) no description of source

Comparability

1) Comparability of cases and controls on the basis of the design or analysis

a) study controls for _______________ (Select the most important factor.) * X

b) study controls for any additional factor * (This criteria could be modified to indicate specific control for a 
second important factor.)

Exposure

1) Ascertainment of exposure

a) secure record (eg surgical records) * X

b) structured interview where blind to case/control status * X

c) interview not blinded to case/control status

d) written self report or medical record only

e) no description

2) Same method of ascertainment for cases and controls

a) yes *

b) no

3) Non-Response rate

a) same rate for both groups * X

b) non respondents described

c) rate different and no designation

SCORE 6/10

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure categories. A maximum of two 
stars can be given for Comparability.

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domized studies in meta-analysis. www.ohri.ca/programs/clinical_epidemiology/oxford.asp (126). 
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Table 10. Methodological quality assessment of  cohort studies.

Hawkins & 
Schofferman 

(151)

Vallejo et 
al (157)

Liliang 
et al 

(162)

Cohen 
et al 

(170)

Selection
1) Representativeness of the exposed cohort

a) truly representative of the average _______________ (describe) in the community * X X X X

b) somewhat representative of the average pain patients in the community *

c) selected group of users e.g. nurses, volunteers

d) no description of the derivation of the cohort

2) Selection of the non exposed cohort

a) drawn from the same community as the exposed cohort * X X X

b) drawn from a different source

c) no description of the derivation of the non exposed cohort

3) Ascertainment of exposure

a) secure record (eg surgical records) * X X X X

b) structured interview * X

c) written self report

d) no description

4) Demonstration that outcome of interest was not present at start of study

a) yes * X X X X

b) no

Comparability
1) Comparability of cohorts on the basis of the design or analysis

a) study controls for _____________ (select the most important factor) * X X X X

b) study controls for any additional factor * (This criteria could be modified to indicate specific 
control for a second important factor.) X

Outcome (Exposure)
1) Assessment of outcome

a) independent blind assessment *

b) record linkage * X X X X

c) self report

d) no description

2) Was follow-up long enough for outcomes to occur

a) yes (select an adequate follow up period for outcome of interest) * X X X X

b) no

3) Adequacy of follow up of cohorts

a) complete follow up - all subjects accounted for * X X X X

b) subjects lost to follow up unlikely to introduce bias - small number lost - > ____ % (select an 
adequate %) follow up, or description provided of those lost) *

c) follow up rate < ____% (select an adequate %) and no description of those lost

d) no statement

SCORE 7/13 10/13 8/13 8/13

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum 
of two stars can be given for Comparability.

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the quality of 
nonrandomized studies in meta-analysis. www.ohri.ca/programs/clinical_epidemiology/oxford.asp (126).
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intraarticular injections with a combination of intra- and 
periarticular injections. The results were suboptimal 
with both techniques, but were somewhat better in the 
combined injection group. Among the excluded stud-
ies, there were positive results illustrated by Maugars 
et al (148) in patients with spondyloarthropathy. In ad-
dition, Murakami et al (197) in a short-term follow-up 
showed the superiority of periarticular injections over 
intraarticular injections. 

2.5.1.1 Effectiveness 
There is limited (or poor) evidence for the effec-

tiveness of intraarticular steroid injections. 

2.5.2 Periarticular Injection
As shown in Table 13, periarticular injections were 

evaluated in 3 observational studies (163,178,181). The 
study by Lee et al (178) was a randomized trial, where-
as Borowsky and Fagen (179) retrospectively compared 
intraarticular to a combination of intraarticular and 
periarticular injections. In the randomized trial by 
Lee et al (178) the authors showed that a periarticu-
lar injection of botulinum toxin was effective in a sig-
nificant proportion of patients at 3 month follow-up. 
Borowsky and Fagen (179) showed that patients receiv-
ing intraarticular and periarticular injections fared bet-
ter than the patients receiving intraarticular injections 
only; however, only 31.25% of patients who received 
the combination of injections experienced relief at 3 
months. Luukkainen et al evaluated the role of periar-
ticular injections in 2 randomized trials (163,181). Both 
the studies showed periarticular injection of local an-
esthetic with steroids to be superior, though only in a 
short-term follow-up. Murakami et al (197), in a 5 min-
ute follow-up also showed superiority for periarticular 
injections over intraarticular injections. 

2.5.2.1 Effectiveness 
Based on the limited results, there is limited (or 

poor) evidence for periarticular injections of local anes-
thetic and steroid or botulinum toxin. 

2.5.3 Conventional Radiofreqency Neurotomy
There was only one study (170) evaluating conven-

tional radiofrequency neurotomy that met the criteria; 
it was a retrospective evaluation reporting positive re-
sults for up to 6 months (Table 14). Cohen et al (170) 
retrospectively evaluated 77 patients with refractory, 
injection-confirmed sacroiliac joint pain who underwent 
sacroiliac joint denervation at 2 academic institutions. 
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Forty patients (52%) obtained a positive outcome. In 
multivariate analysis, preprocedure pain intensity, age 
older than 65 years, and pain radiating below the knee 
were significant predictors of failure. A trend was noted 
whereby patients receiving regular opioid therapy were 
more likely to experience a negative outcome. The use 
of cooled radiofrequency, rather than conventional ra-
diofrequency, was also associated with a higher percent-
age of positive outcomes. The authors concluded that al-
though several factors were found to possibly influence 
outcomes, no single clinical variable reliably predicted 
treatment results. The use of more stringent selection 
criteria was not associated with better outcomes.

2.5.3.1 Effectiveness 
Based on one retrospective evaluation (170), the 

evidence for the effectiveness of conventional radiofre-
quency neurotomy is limited (or poor). 

2.5.4 Cooled Radiofrequency Neurotomy
Two randomized controlled trials (159,160) evalu-

ated the efficacy of cooled radiofrequency neurotomy 
using a placebo control design (Table 14). Although 
there were some potential shortcomings with the con-
trol group, both studies illustrated the effectiveness of 
cooled radiofrequency neurotomy. 

2.5.4.1 Effectiveness 
The evidence for cooled radiofrequency neurot-

omy in managing sacroiliac joint pain is fair based on 
2 randomized, double-blind placebo-controlled trials 
(159,160). 

2.5.5 Pulsed Radiofrequency Neurotomy
There was only one study, by Vallejo et al (157) that 

evaluated pulsed radiofrequency neurotomy over a pe-
riod of 6 months, with 72.7% of the patients experienc-
ing positive results. 

2.5.5.1 Effectiveness 
Based on one non-randomized prospective evalua-

tion (157), the evidence for pulsed radiofrequency is lim-
ited (or poor). 

2.5.6 Summary of Evidence 
The evidence was fair for cooled radiofrequency 

neurotomy; limited (or poor) for short-term and long-
term relief from intraarticular steroid injections; limited 
(or poor) for periarticular injections with steroids or bot-
ulin toxin; and limited (or poor) for both pulsed radio-
frequency and conventional radiofrequency neurotomy. 

3.0 Discussion

This systematic review of therapeutic sacroiliac joint 
interventions showed fair evidence for cooled radiofre-
quency neurotomy based on 2 randomized, placebo-
controlled trials (159,160). However, the evidence was 
either lacking or limited (or poor) for all other inter-
ventions including intraarticular injections, periarticu-
lar injections, conventional radiofrequency neurotomy, 
and pulsed radiofrequency. There was some evidence 
for intraarticular prolotherapy, but this was based on 
only a single active-controlled trial. 

In this evaluation, a total of 6 randomized trials and 
5 non-randomized studies were included. Only studies 
meeting at least moderate quality criteria were includ-
ed in the analysis. Our review yielded superior results to 
a previous systematic review by Rupert et al (32), as well 
as guidelines published by the American Pain Society 
(APS) (26) and the American College of Occupational 
and Environmental Medicine (ACOEM) (200). In addi-
tion to reaching conclusions different from the findings 
of this review, the negative recommendations of these 
guidelines also conflict with 2 other reviews evaluating 
radiofrequency neurotomy for the treatment of sacro-
iliac joint syndrome. In a meta-analysis assessing the 
role of radiofrequency ablation for sacroiliac joint pain, 
Aydin et al (169) concluded that radiofrequency abla-
tion was an effective treatment for sacroiliac joint pain 
for at least 6 months. This systematic review was more 
inclusive than ours, and included multiple studies which 
failed to meet the criteria for this evaluation. Among 
the multiple studies included in the review by Aydin 
et al, only 2 studies met our inclusion criteria based on 
methodological quality assessment (159,170). 

In a narrative review by Muhlner(149), the author 
concluded that there was limited evidence to support 
radiofrequency neurotomy as a treatment for sacroiliac 
joint pain. However, since the publication of this manu-
script, there have been 2 positive randomized, double-
blind controlled trials for cooled radiofrequency neu-
rotomy (159,160), as well as positive studies for other 
sacroiliac joint interventions. 

Vanelderen et al (72) in evidence-based interven-
tional pain medicine according to clinical diagnosis con-
cluded that therapeutic intraarticular sacroiliac joint 
infiltrations with local anesthetic and corticosteroids 
held the highest evidence rating with 1B+ followed by 
2B+ evidence for cooled radiofreqency treatment, with 
pulsed radiofrequency procedures with 2C+ evidence. 
However, the evidence assessment in this evaluation is 
rather confusing. The evidence for intraarticular injec-
tions is based on 2 diagnostic studies (35,201), 2 studies 
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evaluating spondyloarthropathy (163,181), and finally 
only one study (179) which evaluated sources of sacroil-
iac joint region pain with intraarticular injection with a 
technique combining intra- and periarticular injection. 
Borowsky & Fagen (179) was the only one non-random-
ized fluoroscopically directed study included in this sys-
tematic review. This was a retrospective evaluation with 
multiple inherent flaws. The study reaches conclusions 
after the review of medical records of 120 patients se-
quentially enrolled from practice billing records. Even 
though the study met the inclusion criteria with moder-
ate methodologic quality, this is not a randomized trial 
to yield the evidence as described by Vanelderen (72). In 
fact, they described lower evidence for cooled radiofre-
quency. The basis is not explainable, specifically consid-
ering the present evidence with one new study which 
has been described as fair in this evaluation.

Not all guidelines are as negative as those pub-
lished by the APS and ACOEM. Guidelines from the 
American Society of Anesthesiologists (ASA) and the 
American Society of Regional Anesthesia and Pain 
Medicine (ASRA) assert that there is favorable evidence 
supporting sacroiliac joint injections (202). Since the 
negative guidelines by Chou and Huffman and ACOEM 
were written, multiple positive randomized, controlled 
studies have been published. 

Many studies that failed to meet our strict inclu-
sion criteria demonstrated positive results. Overall, this 
systematic review provides positive evidence; fair for 
cooled radiofrequency neurotomy for short- and long-
term follow-up, and limited (or poor) for intraarticular 
steroid injections and prolotherapeutic injections, and 
periarticular injections, with local anesthetic and ste-
roids or botulinum toxin. For conventional radiofre-
quency neurotomy and pulsed radiofrequency the evi-
dence is still emerging, which limits the conclusions one 
can draw. Specifically, the large retrospective evalua-
tion of Hawkins and Schofferman (151) indicates major 
potential to prove effectiveness in controlled trials.

One of the controversial issues regarding sacroiliac 
joint interventions is whether intraarticular, periarticu-
lar, or combination injections are more useful. Despite 
the limited evidence in favor of the latter, this system-
atic review failed to show conclusive evidence demon-
strating the superiority of one technique over the other. 

A second important issue revolves around the main 
purpose behind diagnostic sacroiliac joint injections 
and the ideal number to perform. Diagnostic injections 
are widely considered the reference standard identify-
ing spinal pain generators. Even though they afford 

a pain relief benefit of only 3 to 6 weeks on average 
with the first and second blocks (203,204), perhaps the 
most important reason for performing injections is for 
their prognostic value (i.e., to select patients for radio-
frequency denervation or continuing therapeutic injec-
tions). Viewed from this perspective, since the lateral 
branches targeted during radiofrequency denervation 
more reliably transmit nociceptive information from 
the periarticular posterior ligaments rather than from 
the joint capsule itself (172), the use of prognostic peri-
articular blocks would seem to make more sense than 
intraarticular injections. Although the question regard-
ing how many, if any, prognostic blocks to perform be-
fore proceeding with radiofrequency denervation is an 
area of intense controversy in the pain medicine com-
munity (203-205), there is a strong consensus that the 
only means to reliably identify a painful sacroiliac joint is 
via the use of diagnostic blocks (33). Whereas the use of 
double-blocks can reduce the high false-positive rate as-
sociated with uncontrolled sacroiliac joint injections and 
is associated with a lower prevalence rate than when 
single blocks are employed, the use of multiple blocks 
may result in an increase in the false-negative rate.  

The limitations of this systematic review include 
scant literature available for analysis, the flawed meth-
odology in many studies leading to their exclusion, and 
a myriad of discrepancies in the techniques, outcome 
measures, and follow-up periods. Although 2 studies 
evaluating cooled radiofrequency utilized a placebo-
controlled design (159,160), one might question wheth-
er or not the control group received a “true placebo,” 
since the needles were positioned over the nerves and 
local anesthetic administered. Thus, these could also 
be construed as an active comparator. It is not always 
feasible to perform placebo-controlled studies in an 
interventional setting, and the absence of these stud-
ies has led to some third party payers denying payment 
for effective therapies. Non-analgesic solutions (e.g., 
saline) injected into painful structures have been re-
ported to result in significant pain relief not only for 
spinal pain, but also for other chronic pain conditions 
as well (206-220). For local anesthetic and corticoste-
roids, these effects may be enhanced. It is believed that 
neural blockade can result in the long-term alleviation 
of pain by interrupting nociceptive input, disrupting 
the reflex arc of afferent pain fibers, inhibiting ectopic 
discharges from injured nerves, and possibly reversing 
central sensitization (1,221). Corticosteroids may also 
inhibit the synthesis or release of a number of pro-in-
flammatory mediators, and cause a reversible local an-
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esthetic effect (222-226). Local anesthetics can provide 
short- to long-term symptomatic relief through their 
mitigating effects on excessive nociceptive processing, 
reducing the release of neurotransmitters implicated 
in pain, increasing blood flow to ischemic nerve tissue, 
and phenotypic changes (225-232). A prolonged effect 
for local anesthetics has been demonstrated in multiple 
studies evaluating epidural injections and facet blocks 
(133,134,137,143,144,233-240). Sato et al (241) evalu-
ated the analgesic effects of repetitive administration 
of epidural ropivacaine in a rat model of neuropath-
ic pain, and found evidence of plastic changes in the 
peripheral nervous system. In a preclinical study con-
ducted by Tachihara et al (242) evaluating the effects of 
local anesthetic, corticosteroid, and combination treat-
ment in an experimental model of lumbar disc hernia-
tion, the authors found that nerve root infiltration in 
all treatment groups prevented mechanical allodynia; 
however, no additional benefit was observed by the ad-
dition of corticosteroid.

The results of this systematic review may be applied 
in interventional pain management practices (234). For 
this systematic review, placebo and active control tri-
als were included. Active control or practical clinical tri-
als measure effectiveness, and may better reflect how 
a treatment will fare in clinical practice than placebo-
controlled studies evaluating efficacy, which frequently 
have poor generalizability (110,115,243-247). The dif-
ferences between placebo-controlled trials and active 
controlled trials include the fact that whereas placebo 
controlled trials measure absolute effect size, active 
controlled trials compare different therapies (248). 

The limitations of this review include the fact that 
we were only able to find 9 studies that met our in-
clusion criteria and were clinically relevant; the small 
sample sizes; and the widespread variations in meth-
odology, selection criteria, outcome measures, and 
technique. Nevertheless, the results of this systematic 
review suggest that significant improvements in pain 
scores and functional status can be obtained with ra-
diofrequency neurotomy and injections in carefully se-
lected patients.

4.0 Conclusion

The results of this systematic review evaluating 
the effects of sacroiliac joint interventions in manag-
ing sacroiliac joint pain demonstrate fair evidence for 
cooled radiofrequency neurotomy, both for short- and 
long-term relief of chronic pain, and limited (or poor) 
evidence for intraarticular steroid and prolotherapy in-

jections, periarticular injections of local anesthetic and 
steroid, or botulinum toxin injections, pulsed radiofre-
quency, and conventional heat radiofrequency neu-
rotomy. Better randomized studies emphasizing prop-
er selection criteria, larger sample sizes, and relevant 
long-term outcome measures are needed to determine 
how best to treat this challenging condition.   

Author Affiliations

Dr. Hansen is the Medical Director of The Pain Re-
lief Centers, Conover, NC.

Dr. Manchikanti is Medical Director of the Pain 
Management Center of Paducah, Paducah, KY, and 
Clinical Professor, Anesthesiology and Perioperative 
Medicine, University of Louisville, Louisville, KY.

Dr. Simopoulos is Assistant Professor, Department 
of Anesthesia, Critical Care, and Pain Medicine, Beth Is-
rael Deaconess Medical Center, Harvard Medical School, 
Boston, MA.

Dr. Christo is Associate Professor, Johns Hopkins 
University School of Medicine, Director, Multidisci-
plinary Pain Fellowship (2003-2011), Division of Pain 
Medicine, Department of Anesthesiology and Critical 
Care Medicine, Baltimore, MD.

Dr. Gupta is a Consultant in Pain Medicine and Anaes-
thesia, Bradford Teaching Hospital NHS Foundation Trust, 
Bradford Royal Infirmary, Bradford, United Kingdom.

Dr. Smith is Professor and Academic Director of 
Pain Management for Albany Medical College Depart-
ment of Anesthesiology, Albany, NY.

Dr. Hameed is with the Department of Physical 
Medicine and Rehabilitation, The Johns Hopkins Uni-
versity School of Medicine, Baltimore, MD.

Dr. Cohen is Associate Professor, Department of 
Anesthesiology and Critical Care Medicine, Pain Man-
agement Division, Johns Hopkins School of Medicine, 
Baltimore, MD, and Associate Professor, Department of 
Anesthesiology, Uniformed Services University of the 
Health Sciences, Bethesda, MD.

Acknowledgements

The authors wish to thank Vidyasagar Pampati, 
MSc, for statistical assistance, Sekar Edem for assistance 
in the search of the literature, Tom Prigge, MA, and Al-
varo F. Gómez, MA, for manuscript review, and Tonie M. 
Hatton and Diane E. Neihoff, transcriptionists, for their 
assistance in preparation of this manuscript. We would 
like to thank the editorial board of Pain Physician for 
review and criticism in improving the manuscript.



www.painphysicianjournal.com 	 E271

Sacroiliac Joint Injections

References

1.	 Pizzo PA, Clark NM. Alleviating suffer-
ing 101 – pain relief in the United States. 
N Engl J Med 2012; 366:197-199.

2.	 Manchikanti L, Boswell MV, Singh V, 
Benyamin RM, Fellows B, Abdi S, Bue-
naventura RM, Conn A, Datta S, Derby 
R, Falco FJE, Erhart S, Diwan S, Hayek 
SM, Helm S, Parr AT, Schultz DM, Smith 
HS, Wolfer LR, Hirsch JA. Comprehen-
sive evidence-based guidelines for in-
terventional techniques in the manage-
ment of chronic spinal pain. Pain Physi-
cian 2009; 12:699-802.

3.	 Martin BI, Turner JA, Mirza SK, Lee 
MJ, Comstock BA, Deyo RA. Trends in 
health care expenditures, utilization, 
and health status among US adults with 
spine problems, 1997-2006. Spine (Phila 
Pa 1976) 2009; 34:2077–2084.

4.	 Hoy D, Brooks P, Blyth F, Buchbinder R. 
The epidemiology of low back pain. Best 
Pract Res Clin Rheumatol 2010; 24:769–
781.

5.	 Cassidy JD, Carroll LJ, Cotê P. The Sas-
katchewan Health and Back Pain Survey. 
The prevalence of low back pain and re-
lated disability in Saskatchewan adults. 
Spine (Phila Pa 1976) 1998; 23:1860-1867.

6.	 Freburger JK, Holmes GM, Agans RP, 
Jackman AM, Darter JD, Wallace AS, 
Castel LD, Kalsbeek WD, Carey TS. The 
rising prevalence of chronic low back 
pain. Arch Intern Med 2009; 169:251-258.

7.	 Bressler HB, Keyes WJ, Rochon PA, Bad-
ley E. The prevalence of low back pain 
in the elderly. A systematic review of 
the literature. Spine (Phila Pa 1976) 1999; 
24:1813-1819.

8.	 Manchikanti L, Singh V, Datta S, Cohen 
SP, Hirsch JA. Comprehensive review of 
epidemiology, scope, and impact of spi-
nal pain. Pain Physician 2009; 12:E35-
E70.

9.	 Luo X, Pietrobon R, Sun SX, Liu GG, 
Hey L. Estimates and patterns of di-
rect health care expenditures among in-
dividuals with back pain in the United 
States. Spine (Phila Pa 1976) 2004; 29:79-
86.

10.	 Walker BF, Muller R, Grant WD. Low 
back pain in Australian adults: The eco-
nomic burden. Asia Pac J Public Health 
2003; 15:79-87.

11.	 Deyo RA, Mirza SK, Turner JA, Martin BI. 
Overtreating chronic back pain: Time to 
back off? J Am Board Fam Med 2009; 
22:62-68.

12. 	 Ivanova JI, Birnbaum HG, Schiller M, 
Kantor E, Johnstone BM, Swindle RW. 

Real-world practice patterns, health-care 
utilization, and costs in patients with low 
back pain: The long road to guideline-
concordant care. Spine J 2011; 11:622-632.

13.	 Manchikanti L, Pampati V, Boswell MV, 
Smith HS, Hirsch JA. Analysis of the 
growth of epidural injections and costs 
in the Medicare population: A compar-
ative evaluation of 1997, 2002, and 2006 
data. Pain Physician 2010; 13:199-212.

14.	 Manchikanti L, Singh V, Pampati V, 
Smith HS, Hirsch JA. Analysis of growth 
of interventional techniques in manag-
ing chronic pain in Medicare population: 
A 10-year evaluation from 1997 to 2006. 
Pain Physician 2009; 12:9-34.

15.	 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.

16.	 Manchikanti L, Ailinani H, Koyyalagunta 
D, Datta S, Singh V, Eriator I, Sehgal N, 
Shah RV, Benyamin RM, Vallejo R, Fel-
lows B, Christo PJ. A systematic review 
of randomized trials of long-term opi-
oid management for chronic non-cancer 
pain. Pain Physician 2011; 14:91-121.

17.	 Manchikanti L, Vallejo R, Manchikanti 
KN, Benyamin RM, Datta S, Christo PJ. 
Effectiveness of long-term opioid thera-
py for chronic non-cancer pain. Pain Phy-
sician 2011; 14:E133-E156.

18.	 Staal JB, de Bie RA, de Vet HC, Hildeb-
randt J, Nelemans P. Injection therapy 
for subacute and chronic low back pain: 
An updated Cochrane review. Spine (Phila 
Pa 1976) 2009; 34:49-59.

19.	 Jacobs WC, van Tulder M, Arts M, Ru-
binstein SM, van Middelkoop M, Oste-
lo R, Verhagen A, Koes B, Peul WC. Sur-
gery versus conservative management of 
sciatica due to a lumbar herniated disc: 
A systematic review. Eur Spine J 2011; 
20:513–522.

20.	 Chou R, Huffman L. Guideline for the 
Evaluation and Management of Low Back 
Pain: Evidence Review. American Pain So-
ciety, Glenview, IL, 2009.

	 www.ampainsoc.org/pub/pdf/LBPEvi-
dRev.pdf

21.	 Chou R, Huffman L. Use of Chronic Opi-
oid Therapy in Chronic Noncancer Pain: 
Evidence Review. American Pain Society; 
Glenview, IL: 2009.

	 www.ampainsoc.org/pub/pdf/Opioid_
Final_Evidence_Report.pdf 

22.	 Abbott ZI, Nair KV, Allen RR, Akuthota 

VR. Utilization characteristics of spinal 
interventions. Spine J 2012; 1:35-43.

23.	 Manchikanti L, Pampati V, Singh V, Bo-
swell MV, Smith HS, Hirsch JA. Explo-
sive growth of facet joint interventions 
in the Medicare population in the Unit-
ed States: A comparative evaluation of 
1997, 2002, and 2006 data. BMC Health 
Serv Res 2010; 10:84.

24.	 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-E33.

25.	 Manchikanti L, Datta S, Derby R, Wolfer 
LR, Benyamin RM, Hirsch JA. A critical 
review of the American Pain Society clin-
ical practice guidelines for intervention-
al techniques: Part 1. Diagnostic inter-
ventions. Pain Physician 2010; 13:E141-
E174.

26.	 Manchikanti L, Datta S, Gupta S, Mung-
lani R, Bryce DA, Ward SP, Benyamin 
RM, Sharma ML, Helm II S, 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.

27.	 Tosteson AN, Tosteson TD, Lurie JD, 
Abdu W, Herkowitz H, Andersson G, Al-
bert T, Bridwell K, Zhao W, Grove MR, 
Weinstein MC, Weinstein JN. Compar-
ative effectiveness evidence from the 
spine patient outcomes research trial: 
Surgical versus nonoperative care for 
spinal stenosis, degenerative spondylo-
listhesis, and intervertebral disc hernia-
tion. Spine (Phila Pa 1976) 2011; 36:2061–
2068.

28.	 Rubinstein SM, van Middelkoop M, As-
sendelft WJ, de Boer MR, van Tulder 
MW. Spinal manipulative therapy for 
chronic low-back pain: An update of a 
Cochrane review. Spine (Phila Pa 1976) 
2011; 36:E825–E846.

29.	 van Middelkoop M, Rubinstein SM, Kui-
jpers T, Verhagen AP, Ostelo R, Koes BW, 
van Tulder MW. A systematic review on 
the effectiveness of physical and reha-
bilitation interventions for chronic non-
specific low back pain. Eur Spine J 2011; 
20:19-39.

30.	 Manchikanti L, Falco FJE, Boswell MV, 
Hirsch JA. Facts, fallacies, and politics of 
comparative effectiveness research: Part 
1. Basic considerations. Pain Physician 
2010; 13:E23-E54.

31.	 Manchikanti L, Falco FJE, Boswell MV, 



Pain Physician: May/June 2012; 15:E247-E278

E272 	 www.painphysicianjournal.com

Hirsch JA. Facts, fallacies, and politics 
of comparative effectiveness research: 
Part 2. Implications for interventional 
pain management. Pain Physician 2010; 
13:E55-E79.

32.	 Rupert MP, Lee M, Manchikanti L, Dat-
ta S, Cohen SP. Evaluation of sacroili-
ac joint interventions: A systematic ap-
praisal of the literature. Pain Physician 
2009; 12:399-418.

33.	 Simopoulos TT, Manchikanti L, Singh 
V, Gupta S, Hameed H, Diwan S, Co-
hen SP. A systematic evaluation of prev-
alence and diagnostic accuracy of sacro-
iliac joint interventions. Pain Physician 
2012; 15:E305-E344.

34.	 Manchikanti L, Boswell MV, Singh V, 
Derby R, Fellows B, Falco FJE, Datta S, 
Smith HS, Hirsch JA. Comprehensive 
review of neurophysiologic basis and 
diagnostic interventions in managing 
chronic spinal pain. Pain Physician 2009; 
12:E71-E120.

35.	 Manchikanti L, Singh V, Pampati V, 
Damron K, Barnhill R, Beyer C, Cash K. 
Evaluation of the relative contributions 
of various structures in chronic low back 
pain. Pain Physician 2001; 4:308-316.

36.	 Pang WW, Mok MS, Lin ML, Chang DP, 
Hwang MH. Application of spinal pain 
mapping in the diagnosis of low back 
pain--analysis of 104 cases. Acta Anaes-
thesiol Sin 1998; 36:71-74.

37.	 Bogduk N. Low back pain. In: Clinical 
Anatomy of the Lumbar Spine and Sa-
crum. 4th edition. Churchill Livingstone, 
New York, 2005, pp 183-216. 

38.	 Rubinstein SM, van Tulder M. A best-ev-
idence review of diagnostic procedures 
for neck and low-back pain. Best Pract 
Res Clin Rheumatol 2008; 22:471-482.

39.	 Datta S, Lee M, Falco FJE, Bryce DA, 
Hayek SM. Systematic assessment of di-
agnostic accuracy and therapeutic utility 
of lumbar facet joint interventions. Pain 
Physician 2009; 12:437-460.

40.	 Manchikanti L, Glaser S, Wolfer L, Derby 
R, Cohen SP. Systematic review of lum-
bar discography as a diagnostic test for 
chronic low back pain. Pain Physician 
2009; 12:541-559.

41.	 Wolfer L, Derby R, Lee JE, Lee SH. Sys-
tematic review of lumbar provocation 
discography in asymptomatic subjects 
with a meta-analysis of false-positive 
rates. Pain Physician 2008; 11:513-538.

42.	 Merskey H, Bogduk N. Sacroiliac joint 
pain in Group XXVII: Sacral spinal or ra-
dicular pain syndromes. In Classification 
of Chronic Pain: Descriptions of Chron-

ic Pain Syndromes and Definition of Pain 
Terms, 2nd ed. Task Force on Taxonomy 
of the International Association for the 
Study of Pain. IASP Press, Seattle, 1994, 
pp 190-191.

43.	 Cohen SP. Sacroiliac joint pain: A com-
prehensive review of anatomy, diagno-
sis and treatment. Anesth Analg 2005; 
101:1440-1453.

44.	 Kuslich SD, Ulstrom CL, Michael CJ. The 
tissue origin of low back pain and sci-
atica: A report of pain response to tis-
sue stimulation during operation on the 
lumbar spine using local anesthesia. Or-
thop Clin North Am 1991; 22:181-187.

45.	 Hancock MJ, Maher CG, Latimer J, Spin-
dler MF, McAuley JH, Laslett M, Bogduk 
N. Systematic review of tests to identify 
the disc, SIJ or facet joint as the source 
of low back pain. Eur Spine J 2007; 
16:1539-1550.

46.	 Foley BS, Buschbacher RM. Sacroiliac 
joint pain: Anatomy, biomechanics, di-
agnosis, and treatment. Am J Phys Med 
Rehabil 2006; 85:997-1006.

47.	 Forst SL, Wheeler MT, Fortin JD, Vilen-
sky JA. The sacroiliac joint: Anatomy, 
physiology, and clinical significance. 
Pain Physician 2006; 9:61-67.

48.	 Bogduk N. The sacroiliac joint. In: Clini-
cal Anatomy of Lumbar Spine and Sacrum, 
4th edition. Churchill Livingstone, New 
York, 2005, pp 173-181.

49.	 Laslett M. Evidence-based diagnosis 
and treatment of the painful sacroiliac 
joint. J Man Manip Ther 2008; 16:142-152.

50.	 Maigne JY, Aivakiklis A, Pfefer F. Results 
of sacroiliac joint double block and value 
of sacroiliac pain provocation test in 54 
patients with low back pain. Spine (Phila 
Pa 1976) 1996; 21:1889-1892.

51.	 Irwin RW, Watson T, Minick RP, Am-
brosius WT. Age, body mass index, and 
gender differences in sacroiliac joint pa-
thology. Am J Phys Med Rehabil 2007; 
86:37-44.

52.	 DePalma MJ, Ketchum JM, Saullo T. 
What is the source of chronic low back 
pain and does age play a role? Pain Med 
2011; 12:224-233.

53.	 DePalma M, Ketchum J, Saullo T, Schof-
ferman J. Structural etiology of chronic 
low back pain due to motor vehicle colli-
sion. Pain Med 2011; 12:1622-1627. 

54.	 Schwarzer AC, Aprill CN, Bogduk M. The 
sacroiliac joint in chronic low back pain. 
Spine (Phila Pa 1976) 1995; 20:31-37.

55.	 Maigne JY, Planchon CA. Sacroiliac joint 
pain after fusion. A study with anesthetic 

blocks. Eur Spine J 2005; 14:654-658.
56.	 DePalma MJ, Ketchum JM, Saullo TR. 

Etiology of chronic low back pain in pa-
tients having undergone lumbar fusion. 
Pain Med 2011; 12:732-739.

57.	 van der Wurff P, Buijs EJ, Groen GJ. A 
multitest regimen of pain provocation 
tests as an aid to reduce unnecessary 
minimally invasive sacroiliac joint pro-
cedures. Arch Phys Med Rehabil 2006; 
87:10-14.

58.	 Laplante BL, Ketchum JM, Saullo TR, 
DePalma MJ. Multivariable analysis of 
the relationship between pain referral 
patterns and the source of chronic low 
back pain. Pain Physician 2012; 15:171-
178.

59.	 Dreyfuss P, Michaelsen M, Pauza K, 
McLarty J, Bogduk N. The value of med-
ical history and physical examination in 
diagnosing sacroiliac joint pain. Spine 
(Phila Pa 1976) 1996; 21:2594-2602.

60.	 Slipman CW, Sterenfeld EB, Chou LH, 
Herzog R, Vresilovic E. The value of ra-
dionuclide imaging in the diagnosis of 
sacroiliac joint syndrome. Spine (Phila Pa 
1976) 1996; 21:2251-2254.

61.	 Laslett M, Aprill CN, McDonald B, 
Young SB. Diagnosis of sacroiliac joint 
pain: A validity of individual provocation 
tests and composites of tests. Man Ther 
2005; 10:207-218.

62.	 Young S, Aprill CN, Laslett M. Correla-
tion of clinical examination character-
istics with three sources of chronic low 
back pain. Spine J 2003; 3:460-465.

63.	 Stanford G, Burnham RS. Is it useful to 
repeat sacroiliac joint provocative tests 
post-block? Pain Med 2010; 11:1774-1776. 

64.	 Laslett M, Young SB, Aprill CN, Mc-
Donald B. Diagnosing painful sacroil-
iac joints: A validity study of a McKen-
zie evaluation and sacroiliac provocation 
tests. Aust J Physiother 2003; 49:89-97.

65.	 Broadhurst NA, Bond MJ. Pain provo-
cation tests for the assessment of sac-
roiliac joint dysfunction. J Spinal Disord 
1998; 11:341-345.

66.	 Laslett M, McDonald B, Tropp H, Aprill 
CN, Oberg B. Agreement between di-
agnoses reached by clinical examina-
tion and available reference standards: 
A prospective study of 216 patients with 
lumbopelvic pain. BMC Musculoskelet 
Disord 2005; 6:28.

67.	 Simpson R, Gemmell H. Accuracy of 
spinal orthopaedic tests: A systemic re-
view. Chiropr Osteopat 2006; 14:26.

68.	 Leboeuf C. The sensitivity and specificity 



Sacroiliac Joint Injections

www.painphysicianjournal.com 	 E273

of seven lumbo-pelvic orthopedic tests 
and the arm-fossa test. J Manip Physiol 
Ther 1990; 13:138-143.

69.	 Zelle BA, Gruen GS, Brown S, George 
S. Sacroiliac joint dysfunction: Evalua-
tion and management. Clin J Pain 2005; 
21:446-455.

70.	 Ha KY, Lee JS, Kim KW. Degeneration of 
sacroiliac joint after instrumented lum-
bar or lumbosacral fusion: A prospective 
cohort study over five-year follow-up. 
Spine (Phila Pa 1976) 2008; 33:1192-1198.

71.	 Peterson C, Hodler J. Evidence-based 
radiology (part 1): Is there sufficient re-
search to support the use of therapeu-
tic injections for the spine and sacroiliac 
joints? Skeletal Radiol 2010; 39:5-9.

72.	 Vanelderen P, Szadek K, Cohen SP, De 
Witte J, Lataster A, Patijn J, Mekhail N, 
van Kleef M, Van Zundert J.. Sacroiliac 
joint pain. Pain Pract 2010; 10:470-478.

73.	 Chou R, Loeser JD, Owens DK, Rosen-
quist RW, Atlas SJ, Baisden J, Carragee 
EJ, Grabois M, Murphy DR, Resnick DK, 
Stanos SP, Shaffer WO, Wall EM; Ameri-
can Pain Society Low Back Pain Guide-
line Panel. Interventional therapies, 
surgery, and interdisciplinary rehabil-
itation for low back pain: An evidence-
based clinical practice guideline from 
the American Pain Society. Spine (Phila 
Pa 1976) 2009; 34:1066-1077.

74.	 Fortin JD. The sacroiliac joint: A new 
perspective. J Back Muskuloskel Rehabil 
1993; 3:31-43.

75.	 Smidt GL, Wei S, McQuade K. Sacroiliac 
motion for extreme hip positions. Spine 
(Phila Pa 1976) 1997; 22:2073-2082.

76.	 Bowen V, Cassidy JD. Macroscopic and 
microscopic anatomy of the sacroili-
ac joint from embryonic life until the 
eighth decade. Spine (Phila Pa 1976) 1981; 
6:620-628.

77.	 Brooke R. The sacroiliac joint. J Anat 
1924; 58:299-305. 

78.	 Gunterberg B, Romanus B, Stener B. 
Pelvic strength after major amputa-
tion of the sacrum: An experimental ap-
proach. Acta Orthop Scand 1976; 47:635-
642.

79.	 Miller JAA, Schultz AM, Anderson GISJ. 
Loading displacement behaviors of sac-
roiliac joints. J Orthop Res 1987; 5:92-101.

80.	 Cunningham DJ. Cunningham’s Text-
Book of Anatomy. Oxford University 
Press, New York, 1931. 

81.	 Solonen KA. The sacroiliac joint in the 
light of anatomical, roentgenological 
and clinical studies. Acta Orthop Scand 

Suppl 1957; 27:1-127.
82.	 Holm S, Indahl A, Solomonow M. Sen-

sorimotor control of the spine. J Electro-
myogr Kinesiol 2002; 12:219-234.

83.	 Grob KR, Neuhuber WL, Kissling RO. 
Innervation of the sacroiliac joint of the 
human. Z Rheumatol 1995; 54:117-122.

84.	 Fortin JD, Kissling RO, O’Connor BL, 
Vilensky JA. Sacroiliac joint innervation 
and pain. Am J Orthop 1999; 28:687-690.

85.	 Nakagawa T. A study on the distribution 
of nerve filaments of the iliosacral joint 
and its adjacent region in the Japanese. 
J Jap Orthop Assoc 1966; 40:419-430.

86.	 Murata Y, Takahashi K, Yamagata M, 
Takahashi Y, Shimada Y, Moriya H. Sen-
sory innervation of the sacroiliac joint in 
rats. Spine (Phila Pa 1976) 2000; 25:2015-
2019.

87.	 Kiter E, Karaboyun T, Tufan AC, Acar K. 
Immunohistochemical demonstration 
of nerve endings in iliolumbar ligament. 
Spine (Phila Pa 1976) 2010; 35:E101-E104.

88.	 Fortin JD, Vilensky JA, Merkel GJ. Can 
the sacroiliac joint cause sciatica? Pain 
Physician 2003; 6:269-271.

89.	 Vilensky JA, O’Connor BL, Fortin JD, 
Merkel GJ, Jimenez AM, Scofield BA, 
Kleiner JB. Histologic analysis of neural 
elements in the human sacroiliac joint. 
Spine (Phila Pa 1976) 2002; 27:1202-1207.

90.	 Sakamoto N, Yamashita T, Takebayas-
hi T, Sekine M, Ishii S. An electrophys-
iologic study of mechanoreceptors in 
the sacroiliac joint and adjacent tissues. 
Spine (Phila Pa 1976) 2001; 26:E468-E471.

91.	 Szadek KM, Hoogland PV, Zuurmond 
WW, de Lange JJ, Perez RS. Nociceptive 
nerve fibers in the sacroiliac joint in hu-
mans. Reg Anesth Pain Med 2008; 33:36-
43.

92.	 Vilensky J. Innervation of the joint and 
its role in osteoarthritis. In: Brandt K, 
Doherty M, Lohamander L (eds). Osteo-
arthritis. Oxford University Press, Ox-
ford, 1998, pp 176-188.

93.	 Fortin JD, Falco F, Washington W. Three 
pathways between the sacroiliac joint 
and neural structures exist. Am J Neuro-
radial 1999; 20:1429-1434.

94.	 Fortin J, Sehgal N. Sacroiliac joint in-
jection and arthrography with imaging 
correlation. In Lennard TA (ed). Pain Pro-
cedures in Clinical Practice. Hanley & Bel-
fus, Philadelphia, 2000, pp 265-273.

95.	 Chou LH, Slipman CW, Bhagia SM, 
Tsaur L, Bhat AL, Isaac Z, Gilchrist R, El 
Abd OH, Lenrow DA. Inciting events ini-
tiating injection-proven sacroiliac joint 

syndrome. Pain Med 2004; 5:26-32.
96.	 Ivanov AA, Kiapour A, Ebraheim NA, 

Goel V. Lumbar fusion leads to increas-
es in angular motion and stress across 
sacroiliac joint: A finite element study. 
Spine (Phila Pa 1976) 2009; 34:E162-E169.

97.	 Amoretti N, Hovorka I, Marcy PY, 
Hauger O, Amoretti ME, Lesbats V, 
Brunner P, Maratos Y, Stedman S, Boi-
leau P. Computed axial tomography-
guided fixation of sacroiliac joint dis-
ruption: Safety, outcomes, and results 
at 3-year follow-up. Cardiovasc Intervent 
Radiol 2009; 32:1227-1234.

98.	 Zhang Q, Chen W, Liu H, Su Y, Pan J, 
Zhang Y. The anterior dislocation of the 
sacroiliac joint: A report of four cases 
and review of the literature and treat-
ment algorism. Arch Orthop Trauma Surg 
2009; 129:941-947.

99.	 O’Shea FD, Boyle E, Salonen DC, Am-
mendolia C, Peterson C, Hsu W, Inman 
RD. Inflammatory and degenerative sac-
roiliac joint disease in a primary back 
pain cohort. Arthritis Care Res (Hoboken) 
2010; 62:447-454.

100.	 Yilmaz N, Ozgocmen S, Kocakoc E, Kiris 
A. Primary hydatid disease of sacrum af-
fecting the sacroiliac joint: A case report. 
Spine (Phila Pa 1976) 2004; 29:E88-E90; 
discussion E91.

101.	 DePalma MJ, Ketchum JM, Saulio TR, 
Laplante BL. Is the history of a surgi-
cal discectomy related to the source of 
chronic low back pain? Pain Physician 
2012: 15:E1-E6.

102.	 Ruhe A, Bos T, Herbert A. Pain originat-
ing from the sacroiliac joint is a com-
mon non-traumatic musculoskeletal 
complaint in elite inline-speedskaters 
- an observational study. Chiropr Man 
Therap 2012; 20:5.

103.	 Hansen HC, McKenzie-Brown AM, 
Cohen SP, Swicegood JR, Colson JD, 
Manchikanti L. Sacroiliac joint interven-
tions: A systematic review. Pain Physician 
2007; 10:165-184.

104.	 McKenzie-Brown AM, Shah RV, Sehgal 
N, Everett CR. A systematic review of 
sacroiliac joint interventions. Pain Phy-
sician 2005; 8:115-125.

105.	 Airaksinen O, Brox JI, Cedraschi C, Hil-
debrandt J, Klaber-Moffett J, Kovacs F, 
Mannion AF, Reis S, Staal JB, Ursin H, 
Zanoli G. Chapter 4: European guide-
lines for the management of chronic 
nonspecific low back pain. Eur Spine J 
2006; 15:S192-S300.

106.	 Manchikanti L, Singh V, Hirsch JA. Saga 



Pain Physician: May/June 2012; 15:E247-E278

E274 	 www.painphysicianjournal.com

of payment systems of ambulatory sur-
gery centers for interventional tech-
niques: An update. Pain Physician 2012; 
15:109-130.

107.	 Manchikanti L, Parr AT, Singh V, Fel-
lows B. Ambulatory surgery centers 
and interventional techniques: A look at 
long-term survival. Pain Physician 2011; 
14:E177-E215.

108.	 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-E33.

109.	 Liberati A, Altman DG, Tetzlaff J, Mulrow 
C, Gøtzsche PC, Ioannidis JP, Clarke M, 
Devereaux PJ, Kleijnen J, Moher D. The 
PRISMA statement for reporting sys-
tematic reviews and meta-analyses of 
studies that evaluate health care inter-
ventions: Explanation and elaboration. 
Ann Intern Med 2009; 151:W65-W94.

110.	 Manchikanti L, Benyamin RM, Helm 
S, Hirsch JA. Evidence-based medicine, 
systematic reviews, and guidelines in in-
terventional pain management: Part 3: 
Systematic reviews and meta-analysis of 
randomized trials. Pain Physician 2009; 
12:35-72.

111.	 Moher D, Cook DJ, Eastwood S, Olkin 
I, Rennie D, Stroup DF. Improving the 
quality of reports of meta-analyses of 
randomised controlled trials: The QUO-
ROM statement. Quality of reporting of 
meta-analyses. Lancet 1999; 354:1896-
1900.

112.	 van Tulder M, Furlan A, Bombardier C, 
Bouter L; Editorial Board of the Co-
chrane Collaboration Back Review 
Group. Updated method guidelines for 
systematic reviews in the Cochrane Col-
laboration Back Review Group. Spine 
(Phila Pa 1976) 2003; 28:1290-1299.

113.	 Furlan AD, Pennick V, Bombardier C, 
van Tulder M; Editorial Board, Co-
chrane Back Review Group. 2009 up-
dated method guidelines for system-
atic reviews in the Cochrane Back Re-
view Group. Spine (Phila Pa 1976) 2009; 
34:1929-1941.

114.	 van Tulder MW, Suttorp M, Morton S, 
Bouter LM, Shekelle P. Empirical evi-
dence of an association between inter-
nal validity and effect size in random-
ized controlled trials of low-back pain. 
Spine (Phila Pa 1976) 2009; 34:1685-1692.

115.	 Manchikanti L, Datta S, Smith HS, 
Hirsch JA. Evidence-based medicine, 
systematic reviews, and guidelines in 
interventional pain management: Part 

6. Systematic reviews and meta-analyses 
of observational studies. Pain Physician 
2009; 12:819-850.

116.	 Stroup DF, Berlin JA, Morton SC, Olkin 
I, Williamson GD, Rennie D, Moher D, 
Becker BJ, Sipe TA, Thacker SB. Meta-
analysis of observational studies in ep-
idemiology: A proposal for reporting. 
Meta-analysis of Observational Studies 
in Epidemiology (MOOSE) group. JAMA 
2000; 283:2008-2012.

117.	 Philips Z, Ginnelly L, Sculpher M, Clax-
ton K, Golder S, Riemsma R, Woolacoot 
N, Glanville J. Review of guidelines for 
good practice in decision-analytic mod-
elling in health technology assessment. 
Health Technol Assess 2004; 8:iii-iv, ix-xi, 
1-158. 

118.	 Altman DG, Schulz KF, Moher D, Egg-
er M, Davidoff F, Elbourne D, Gøtzsche 
PC, Lang T; CONSORT GROUP (Con-
solidated Standards of Reporting Tri-
als). The revised CONSORT statement 
for reporting randomized trials: Expla-
nation and elaboration. Ann Intern Med 
2001; 134:663-694.

119. 	 Moher D, Hopewell S, Schulz KF, Mon-
tori V, Gøtzsche PC, Devereaux PJ, El-
bourne D, Egger M, Altman DG. CON-
SORT 2010 explanation and elaboration: 
Updated guidelines for reporting paral-
lel group randomised trials. BMJ 2010; 
340:c869. 

120.	 Moher D, Schulz KF, Altman DG; CON-
SORT Group (Consolidated Standards 
of Reporting Trials). The CONSORT 
statement: Revised recommendations 
for improving the quality of reports of 
parallel-group randomized trials. J Am 
Podiatr Med Assoc 2001; 91:437-442.

121.	 Moher D, Schulz KF, Altman DG; CON-
SORT. The CONSORT statement: Re-
vised recommendations for improving 
the quality of reports of parallel group 
randomized trials. BMC Med Res Meth-
odol 2001; 1:2.

122.	 Vandenbroucke JP, von Elm E, Altman 
DG, Gøtzsche PC, Mulrow CD, Pocock 
SJ, Poole C, Schlesselman JJ, Egger M; 
STROBE Initiative. Strengthening the 
Reporting of Observational Studies in 
Epidemiology (STROBE): Explanation 
and elaboration. Ann Intern Med 2007; 
147: W163-W194.

123.	 von Elm E, Altman DG, Egger M, Po-
cock SJ, Gøtzsche PC, Vandenbroucke 
JP, STROBE Initiative. The Strength-
ening the Reporting of Observation-
al Studies in Epidemiology (STROBE) 
Statement: Guidelines for reporting ob-

servational studies. Ann Intern Med 2007; 
147:573-577.

124.	 Vandenbroucke JP, Von Elm E, Altman 
DG, Gøtzsche PC, Mulrow CD, Pocock 
SJ, Poole C, Schlesselman JJ, Egger M; 
Iniciativa STROBE. Strengthening the 
reporting of observational studies in ep-
idemiology (STROBE): Explanation and 
elaboration. Gac Sanit 2009; 23:158.

125.	 Staal JB, de Bie R, de Vet HC, Hildeb-
randt J, Nelemans P. Injection thera-
py for subacute and chronic low-back 
pain. Cochrane Database Syst Rev 2008; 
3:CD001824.

126.	 Wells GA, Shea B, O’Connell D, Peter-
son J, Welch V, Losos M, Tugwell P. The 
Newcastle-Ottawa Scale (NOS) for as-
sessing the quality of nonrandomized 
studies in meta-analysis. www.ohri.ca/
programs/clinical_epidemiology/ox-
ford.asp

127.	 Higgins JP, Thompson SG, Deeks JJ, Alt-
man DG. Measuring inconsistency in 
meta-analyses. BMJ 2003; 327:557-560.

128.	 DerSimonian R, Laird N. Meta-analysis 
in clinical trials. Control Clin Trials 1986; 
7:177-188.

129.	 Farrar JT. What is clinically meaningful: 
Outcome measures in pain clinical tri-
als. Clin J Pain 2000; 16:S106-S112.

130.	 Salaffi F, Stancati A, Silvestri CA, Ciapet-
ti A, Grassi W. Minimal clinically impor-
tant changes in chronic musculoskeletal 
pain intensity measured on a numerical 
rating scale. Eur J Pain 2004; 8:283-291.

131.	 Bombardier C. Outcome assessments 
in the evaluation of treatment of spi-
nal disorders: Summary and general 
recommendations. Spine (Phila Pa 1976) 
2000; 25:3100-3103.

132. 	 Hagg O, Fritzell P, Nordwall A. The clin-
ical importance of changes in outcome 
scores after treatment for chronic low 
back pain. Eur Spine J 2003; 12:12-20.

133.	 Manchikanti L, Singh V, Falco FJE, Cash 
KA, Pampati V. Evaluation of lumbar fac-
et joint nerve blocks in managing chron-
ic low back pain: A randomized, double-
blind, controlled trial with a 2-year fol-
low-up. Int J Med Sci 2010; 7:124-135.

134.	 Manchikanti L, Singh V, Falco FJE, Cash 
KA, Fellows B. Comparative outcomes 
of a 2-year follow-up of cervical me-
dial branch blocks in management of 
chronic neck pain: A randomized, dou-
ble-blind controlled trial. Pain Physician 
2010; 13:437-450.

135.	 Manchikanti L, Singh V, Falco FJE, Cash 
KA, Pampati V, Fellows B. Comparative 



Sacroiliac Joint Injections

www.painphysicianjournal.com 	 E275

effectiveness of a one-year follow-up of 
thoracic medial branch blocks in man-
agement of chronic thoracic pain: A ran-
domized, double-blind active controlled 
trial. Pain Physician 2010; 13:535-548.

136.	 Manchikanti L, Singh V, Cash KA, Pam-
pati V, Damron KS, Boswell MV. A ran-
domized, controlled, double-blind tri-
al of fluoroscopic caudal epidural injec-
tions in the treatment of lumbar disc 
herniation and radiculitis. Spine (Phila 
Pa 1976) 2011; 36:1897-1905.

137.	 Manchikanti L, Singh V, Cash KA, Pam-
pati V, Datta S. Management of pain of 
post lumbar surgery syndrome: One-
year results of a randomized, double-
blind, active controlled trial of fluoro-
scopic caudal epidural injections. Pain 
Physician 2010; 13:509-521.

138.	 Manchikanti L, Cash RA, McManus CD, 
Pampati V, Fellows B. Fluoroscopic cau-
dal epidural injections with or with-
out steroids in managing pain of lum-
bar spinal stenosis: One year results of 
randomized, double-blind, active-con-
trolled trial. J Spinal Disord 2012; 25:226-
234.

139.	 Manchikanti L, Singh V, Falco FJE, Cash 
KA, Pampati V. Evaluation of the effec-
tiveness of lumbar interlaminar epidur-
al injections in managing chronic pain 
of lumbar disc herniation or radiculitis: 
A randomized, double-blind, controlled 
trial. Pain Physician 2010; 13:343-355.

140.	 Manchikanti L, Cash KA, McManus CD, 
Pampati V, Benyamin RM. Preliminary 
results of a randomized, double-blind, 
controlled trial of fluoroscopic lumbar 
interlaminar epidural injections in man-
aging chronic lumbar discogenic pain 
without disc herniation or radiculitis. 
Pain Physician 2010; 13:E279-E292.

141.	 Manchikanti L, Cash KA, Pampati V, 
Wargo BW, Malla Y. Cervical epidur-
al injections in chronic discogenic neck 
pain without disc herniation or radiculi-
tis: Preliminary results of a randomized, 
double-blind, controlled trial. Pain Phy-
sician 2010; 13:E265-E278.

142.	 Manchikanti L, Cash KA, Pampati V, 
Wargo BW, Malla Y. The effectiveness of 
fluoroscopic cervical interlaminar epi-
dural injections in managing chron-
ic cervical disc herniation and radiculi-
tis: Preliminary results of a randomized, 
double-blind, controlled trial. Pain Phy-
sician 2010; 13:223-236.

143.	 Manchikanti L, Cash KA, McManus CD, 
Pampati V, Benyamin RM. A preliminary 
report of a randomized double-blind, 

active controlled trial of fluoroscopic 
thoracic interlaminar epidural injections 
in managing chronic thoracic pain. Pain 
Physician 2010; 13:E357-E369.

144.	 Manchikanti L, Pampati V, Cash KA. 
Protocol for evaluation of the compar-
ative effectiveness of percutaneous ad-
hesiolysis and caudal epidural steroid 
injections in low back and/or lower ex-
tremity pain without post surgery syn-
drome or spinal stenosis. Pain Physician 
2010; 13:E91-E110.

145.	 Manchikanti L, Cash KA, McManus CD, 
Pampati V, Smith HS. One year results 
of a randomized, double-blind, active 
controlled trial of fluoroscopic caudal 
epidural injections with or without ste-
roids in managing chronic discogenic 
low back pain without disc herniation or 
radiculitis. Pain Physician 2011; 14:25-36.

146.	 Harris RP, Helfand M, Woolf SH, Lohr 
KN, Mulrow CD, Teutsch SM, Atkins D; 
Methods Work Group, Third US Preven-
tive Services Task Force. Current meth-
ods of the US Preventive Services Task 
Force. Am J Prevent Med 2001; 20:21-35.

147.	 Maugars Y, Mathis C, Vilon P, Prost A. 
Corticosteroid injection of the sacroiliac 
joint in patients with seronegative spon-
dylarthropathy. Arthritis Rheum 1992; 
35:564-568.

148.	 Maugars Y, Mathis C, Berthelot JM, 
Charlier C, Prost A. Assessment of the 
efficacy of sacroiliac corticosteroid injec-
tions in spondylarthropathies: A double-
blind study. Br J Rheumatol 1996; 35:767-
770.

149.	 Muhlner SB. Review article: Radiofre-
quency neurotomy for the treatment of 
sacroiliac joint syndrome. Curr Rev Mus-
culoskelet Med 2009; 2:10-14.

150.	 Speldewinde GC. Outcomes of percuta-
neous zygapophysial and sacroiliac joint 
neurotomy in a community setting. Pain 
Med 2011; 12:209-218.

151.	 Hawkins J, Schofferman J. Serial thera-
peutic sacroiliac joint injections: A prac-
tice audit. Pain Med 2009; 10:850-853.

152.	 Kennedy DJ, Shokat M, Visco CJ. Sacroil-
iac joint and lumbar zygapophysial joint 
corticosteroid injections. Phys Med Re-
habil Clin N Am 2010; 21:835-842.

153.	 Ferrante FM, King LF, Roche EA, Kim 
PS, Aranda M, Delaney LR, Mardi-
ni IA, Mannes AJ. Radiofrequency sac-
roiliac joint denervation for sacroiliac 
syndrome. Reg Anesth Pain Med 2001; 
26:137-142.

154.	 Dussault RG, Kaplan PA, Anderson MW. 

Fluoroscopy-guided sacroiliac joint in-
jections. Radiology 2000; 214:273-277.

155.	 Buijs EJ, Kamphuis ET, Groen GJ. Radio-
frequency treatment of sacroiliac joint-
related pain aimed at the first three 
sacral dorsal rami: A minimal approach. 
Pain Clinic 2004; 16:139-146. 

156.	 Buchowski JM, Kebaish KM, Sinkov V, 
Cohen DB, Sieber AN, Kostuik JP. Func-
tional and radiographic outcome of sac-
roiliac arthrodesis for the disorders of 
the sacroiliac joint. Spine J 2005; 5:520-
528; discussion 529.

157.	 Vallejo R, Benyamin RM, Kramer J, Stan-
ton G, Joseph NJ. Pulsed radiofrequen-
cy denervation for the treatment of sac-
roiliac joint syndrome. Pain Med 2006; 
7:429-434.

158.	 Burnham RS, Yasui Y. An alternate 
method of radiofrequency neurotomy 
of the sacroiliac joint: A pilot study of 
the effect on pain, function, and satis-
faction. Reg Anesth Pain Med 2007; 32:12-
19.

159.	 Cohen SP, Hurley RW, Buckenmaier CC 
3rd, Kurihara C, Morlando B, Dragov-
ich A. Randomized placebo-controlled 
study evaluating lateral branch radiofre-
quency denervation for sacroiliac joint 
pain. Anesthesiology 2008; 109:279-288.

160.	 Patel N, Gross A, Brown L, Gekht G. A 
randomized, placebo-controlled study 
to assess the efficacy of lateral branch 
neurotomy for chronic sacroiliac joint 
pain. Pain Med 2012; 13:383-398.

161.	 Al-Khayer A, Hegarty J, Hahn D, Gre-
vitt MP. Percutaneous sacroiliac joint 
arthrodesis: A novel technique. J Spinal 
Disord Tech 2008; 21:359-363.

162.	 Liliang PC, Lu K, Weng HC, Liang CL, 
Tsai YD, Chen HJ. The therapeutic effi-
cacy of sacroiliac joint blocks with tri-
amcinolone acetonide in the treatment 
of sacroiliac joint dysfunction without 
spondyloarthropathy. Spine (Phila Pa 
1976) 2009; 34:896-900.

163.	 Luukkainen RK, Wennerstrand PV, 
Kautiainen HH, Sanila MT, Asikainen 
EL. Efficacy of periarticular corticoste-
roid treatment of the sacroiliac joint in 
non-spondylarthropathic patients with 
chronic low back pain in the region of 
the sacroiliac joint. Clin Exp Rheumatol 
2002; 20:52-54. 

164.	 Chakraverty R, Dias R. Audit of conser-
vative management of chronic low back 
pain in a secondary care setting--part I: 
Facet joint and sacroiliac joint interven-
tions. Acupunct Med 2004; 22:207-213.



Pain Physician: May/June 2012; 15:E247-E278

E276 	 www.painphysicianjournal.com

165.	 Sadreddini S, Noshad H, Molaeefard M, 
Ardalan MR, Ghojazadeh M, Shakouri 
SK. Unguided sacroiliac injection: Effect 
on refractory buttock pain in patients 
with spondyloarthropathies. Presse Med 
2009; 38:710-716. 

166.	 Stone JA, Bartynski WS. Treatment of 
facet and sacroiliac joint arthropathy: 
Steroid injections and radiofrequency 
ablation. Tech Vasc Interv Radiol 2009; 
12:22-32.

167.	 Fritz J, Tzaribachev N, Thomas C, Car-
rino JA, Claussen CD, Lewin JS, Pereira 
PL. Evaluation of MR imaging guided 
steroid injection of the sacroiliac joints 
for the treatment of children with re-
fractory enthesitis-related arthritis. Eur 
Radiol 2011; 21:1050-1057. 

168.	 Gupta S. Double needle technique: An 
alternative method for performing diffi-
cult sacroiliac joint injections. Pain Phy-
sician 2011; 14:281-284.

169.	 Aydin SM, Gharibo CG, Mehnert M, Sti-
tik TP. The role of radiofrequency ab-
lation for sacroiliac joint pain: A meta-
analysis. PM R 2010; 2:842-851.

170.	 Cohen SP, Strassels SA, Kurihara C, 
Crooks MT, Erdek MA, Forsythe A, Mar-
cuson M. Outcome predictors for sacro-
iliac joint (lateral branch) radiofrequency 
denervation. Reg Anesth Pain Med 2009; 
34:206-214.

171.	 Dreyfuss P, Snyder BD, Park K, Willard 
F, Carreiro J, Bogduk N. The ability of 
single site, single depth sacral lateral 
branch blocks to anesthetize the sacroil-
iac joint complex. Pain Med 2008; 9:844-
850.

172.	 Dreyfuss P, Henning T, Malladi N, Gold-
stein B, Bogduk N. The ability of multi-
site, multi-depth sacral lateral branch 
blocks to anesthetize the sacroiliac joint 
complex. Pain Med 2009; 10:679-688.

173.	 Kapural L, Nageeb F, Kapural M, Cata 
JP, Narouze S, Mekhail N. Cooled radio-
frequency system for the treatment of 
chronic pain from sacroiliitis: The first 
case-series. Pain Pract 2008; 8:348-354.

174.	 Buijs E, Visser L, Groen G. Sciatica and 
the sacroiliac joint: A forgotten concept. 
Br J Anaesth 2007; 99:713-716. 

175.	 Cohen SP, Abdi S. Lateral branch blocks 
as a treatment for sacroiliac joint pain: 
A pilot study. Reg Anesth Pain Med 2003; 
28:113-119.

176.	 Tullberg T, Blomberg S, Branth B, John-
sson R. Manipulation does not alter the 
position of the sacroiliac joint. A roent-
gen stereophotogrammetric analysis. 

Spine (Phila Pa 1976) 1998; 23:1124-1128; 
discussion 1129.

177.	 Kim WM, Lee HG, Jeong CW, Kim CM, 
Yoon MH. A randomized controlled tri-
al of intra-articular prolotherapy versus 
steroid injection for sacroiliac joint pain. 
J Altern Complement Med 2010; 16:1285-
1290.

178.	 Lee JH, Lee SH, Song SH. Clinical effec-
tiveness of botulinum toxin A compared 
to a mixture of steroid and local anes-
thetics as a treatment for sacroiliac joint 
pain. Pain Med 2010; 11:692-700.

179.	 Borowsky CD, Fagen G. Sources of sac-
roiliac region pain: Insights gained from 
a study comparing standard intra-artic-
ular injection with a technique combin-
ing intra- and peri-articular injection. 
Arch Phys Med Rehabil 2008; 89:2048-
2056.

180.	 Hart R, Wendsche P, Kočiš J, Komzák 
M, Okál F, Krejzla J. Injection of anaes-
thetic-corticosteroid to relieve sacroili-
ac joint pain after lumbar stabilisation. 
Acta Chir Orthop Traumatol Cech 2011; 
78:339-342.

181.	 Luukkainen R, Nissila M, Asikainen 
E, Sanila M, Lehtinen K, Alanaatu A, 
Kautianen H. Periarticular corticoste-
roid treatment of the sacroiliac joint in 
patients with seronegative spondylo-
arthropathy. Clin Exp Rheumatol 1999; 
17:88-90.

182.	 Harmon D, Alexiev V. Sonoanatomy and 
injection technique of the iliolumbar 
ligament. Pain Physician 2011; 14:469-
474.

183.	 Günaydin I, Pereira PL, Fritz J, König C, 
Kötter I. Magnetic resonance imaging 
guided corticosteroid injection of sacro-
iliac joints in patients with spondyloar-
thropathy. Are multiple injections more 
beneficial? Rheumatol Int 2006; 26:396-
400. 

184.	 Rosenberg JM, Quint TJ, de Rosayro AM. 
Computerized tomographic localization 
of clinically-guided sacroiliac joint injec-
tions. Clin J Pain 2000; 16:18-21.

185.	 Hansen HC. Is fluoroscopy necessary for 
sacroiliac joint injections? Pain Physician 
2003; 6:155-158.

186.	 Hartung W, Ross CJ, Straub R, Feuer-
bach S, Schölmerich J, Fleck M, Herold 
T. Ultrasound-guided sacroiliac joint in-
jection in patients with established sac-
roiliitis: Precise IA injection verified by 
MRI scanning does not predict clinical 
outcome. Rheumatology (Oxford) 2010; 
49:1479-1482.

187.	 Klauser A, De Zordo T, Feuchtner GM, 
Sögner P, Schirmer M, Gruber J, Sepp 
N, Moriggl B. Feasibility of ultrasound-
guided sacroiliac joint injection consid-
ering sonoanatomic landmarks at two 
different levels in cadavers and patients. 
Arthritis Rheum 2008; 59:1618-1624.

188.	 Klauser AS, De Zordo T, Feuchtner GM, 
Djedovic G, Weiler RB, Faschingbauer 
R, Schirmer M, Moriggl B. Fusion of re-
al-time US with CT images to guide sac-
roiliac joint injection in vitro and in vivo. 
Radiology 2010; 256:547-553.

189.	 Migliore A, Bizzi E, Massafra U, Vacca F, 
Martin-Martin LS, Granata M, Tormen-
ta S. A new technical contribution for 
ultrasound-guided injections of sacro-
iliac joints. Eur Rev Med Pharmacol Sci 
2010; 14:465-469.

190.	 Harmon D, O’Sullivan M. Ultrasound-
guided sacroiliac joint injection tech-
nique. Pain Physician 2008; 11:543-547.

191.	 Pekkafahli MZ, Kiralp MZ, Başekim CC, 
Silit E, Mutlu H, Oztürk E, Kizilkaya E, 
Dursun H. Sacroiliac joint injections 
performed with sonographic guidance. 
J Ultrasound Med 2003; 22:553-559.

192.	 Wong MR, Del Rosso P, Heine L, Vol-
pe V, Lee L, Kornblum J, Lin Y, Layton 
M, Weiss D. An outbreak of Klebsiel-
la pneumoniae and Enterobacter aero-
genes bacteremia after intervention-
al pain management procedures, New 
York City, 2008. Reg Anesth Pain Med 
2010; 35:496-499.

193.	 Datta S, Kaul R, Manchikanti L. Is there 
really a cause-effect relationship be-
tween steroid dose, pain management 
practices, joint injected (sacroiliac joint), 
and infection? Reg Anesth Pain Med 2011; 
36:410; author reply 410-411.

194.	 Slipman CW, Lipetz JS, Plastaras CT, 
Jackson HB, Vresilovic EJ, Lenrow DA, 
Braverman DL. Fluoroscopically guided 
therapeutic sacroiliac joint injections for 
sacroiliac joint syndrome. Am J Phys Med 
Rehabil 2001; 80:425-432.

195.	 Yin W, Willard F, Carreiro J, Dreyfuss P. 
Sensory stimulation-guided sacroiliac 
joint radiofrequency neurotomy: Tech-
nique based on neuroanatomy of the 
dorsal sacral plexus. Spine (Phila Pa 1976) 
2003; 28:2419-2425.

196.	 Karaman H, Kavak GO, Tüfek A, Çelik 
F, Yildirim ZB, Akdemir MS, Tokgöz O. 
Cooled radiofrequency application for 
treatment of sacroiliac joint pain. Acta 
Neurochir (Wien) 2011; 153:1461-1468.

197.	 Murakami E, Tanaka Y, Aizawa T, Ishi-
zuka M, Kokubun S. Effect of periar-



Sacroiliac Joint Injections

www.painphysicianjournal.com 	 E277

ticular and intraarticular lidocaine in-
jections for sacroiliac joint pain: Pro-
spective comparative study. J Orthop Sci 
2007; 12:274-280.

198.	 Braun J, Bollow M, Seyrekbasan F, 
Häberle HJ, Eggens U, Mertz A, Dis-
tler A, Sieper J. Computed tomography 
guided corticosteroid injection of the 
sacroiliac joint in patients with spon-
dyloarthropathy with sacroiliitis: Clini-
cal outcome and followup by dynamic 
magnetic resonance imaging. J Rheu-
matol 1996; 23:659-664.

199.	 Bollow M, Braun J, Taupitz M, Häberle 
J, Reibhauer BH, Paris S, Mutze S, Sey-
rekbasan F, Wolf KJ, Hamm B. CT-guid-
ed intraarticular corticosteroid injection 
into the sacroiliac joints in patients with 
spondyloarthropathy: Indication and 
follow-up with contrast-enhanced MRI. 
J Comput Assist Tomogr 1996; 20:512-521.

200.	 Manchikanti L, Singh V, Derby R, Schul-
tz DM, Benyamin RM, Prager JP, Hirsch 
JA. Reassessment of evidence synthe-
sis of occupational medicine practice 
guidelines for interventional pain man-
agement. Pain Physician 2008; 11:393-
482.

201.	 van der Wurff P, Buijs EJ, Groen GJ. In-
tensity mapping of pain referral areas in 
sacroiliac joint pain patients. J Manipula-
tive Physiol Ther. 2006;29:190–195.

202.	 American Society of Anesthesiologists 
Task Force on Chronic Pain Manage-
ment; American Society of Regional An-
esthesia and Pain Medicine. Practice 
guidelines for chronic pain manage-
ment: An updated report by the Amer-
ican Society of Anesthesiologists Task 
Force on Chronic Pain Management 
and the American Society of Regional 
Anesthesia and Pain Medicine. Anesthe-
siology 2010; 112:810-833.

203.	 Pampati S, Cash KA, Manchikanti L. Ac-
curacy of diagnostic lumbar facet joint 
nerve blocks: A 2-year follow-up of 152 
patients diagnosed with controlled di-
agnostic blocks. Pain Physician 2009; 
12:855-866.

204.	 Manchikanti L, Pampati S, Cash KA. 
Making sense of the accuracy of diag-
nostic lumbar facet joint nerve blocks: 
An assessment of implications of 50% 
relief, 80% relief, single block or con-
trolled diagnostic blocks. Pain Physician 
2010; 13:133-143.

205.	 Cohen SP, Williams KA, Kurihara C, 
Nguyen C, Shields C, Kim P, Griffith SR, 
Larkin TM, Crooks M, Williams N, Mor-
lando B, Strassels SA. Multicenter, ran-

domized, comparative cost-effective-
ness study comparing 0, 1, and 2 diag-
nostic medial branch (facet joint nerve) 
block treatment paradigms before lum-
bar facet radiofrequency denervation. 
Anesthesiology 2010; 113:395-405.

206.	 Carette S, Marcoux S, Truchon R, Gron-
din C, Gagnon J, Allard Y, Latulippe M. 
A controlled trial of corticosteroid in-
jections into facet joints for chronic low 
back pain. N Engl J Med 1991; 325:1002-
1007.

207.	 Carette S, Leclaire R, Marcoux S, Mo-
rin F, Blaise GA, St-Pierre A, Truchon R, 
Parent F, Levesque J, Bergeron V, Mont-
miny P, Blanchette C. Epidural cortico-
steroid injections for sciatica due to her-
niated nucleus pulposus. N Engl J Med 
1997; 336:1634-1640.

208.	 Karppinen J, Malmivaara A, Kurunlahti 
M, Kyllönen E, Pienimäki T, Nieminen 
P, Ohinmaa A, Tervonen O, Vanharanta 
H. Periradicular infiltration for sciatica: A 
randomized controlled trial. Spine (Phila 
Pa 1976) 2001; 26:1059-1067.

209.	 Manchikanti L, Giordano J, Fellows B, 
Hirsch JA. Placebo and nocebo in inter-
ventional pain management: A friend 
or a foe - or simply foes? Pain Physician 
2011; 14:E157-E175. 

210.	 Smuck M, Levin JH. RE: Manchikanti L, 
Singh V, Falco FJE, Cash KA, Fellows B. 
Cervical medial branch blocks for chron-
ic cervical facet joint pain: A random-
ized double-blind, controlled trial with 
one-year follow-up. Spine (Phila Pa 1976) 
2008; 33:1813-1820. Spine (Phila Pa 1976) 
2009; 34:1116-1117.

211.	 Levin JH. Prospective, double-blind, 
randomized placebo-controlled trials in 
interventional spine: What the highest 
quality literature tells us. Spine J 2009; 
9:690-703.

212.	 Manchikanti L, Shah RV, Datta S, Singh 
V. Critical evaluation of intervention-
al pain management literature provides 
inaccurate conclusions. Spine J 2009; 
9:706-708.

213.	 Nelemans PJ, Debie RA, DeVet HC, 
Sturmans F. Injection therapy for sub-
acute and chronic benign low back pain. 
Spine (Phila Pa 1976) 2001; 26:501-515.

214.	 Pham Dang C, Lelong A, Guilley J, 
Nguyen JM, Volteau C, Venet G, Perrier 
C, Lejus C, Blanloeil Y. Effect on neuro-
stimulation of injectates used for peri-
neural space expansion before place-
ment of a stimulating catheter: Normal 
saline versus dextrose 5% in water. Reg 
Anesth Pain Med 2009; 34:398-403.

215.	 Tsui BC, Kropelin B, Ganapathy S, Finu-
cane B. Dextrose 5% in water: Fluid me-
dium maintaining electrical stimulation 
of peripheral nerve during stimulating 
catheter placement. Acta Anaesthesiol 
Scand 2005; 49:1562-1565.

216.	 Indahl A, Kaigle AM, Reikeräs O, Holm 
SH. Interaction between the porcine 
lumbar intervertebral disc, zygapophysi-
al joints, and paraspinal muscles. Spine 
(Phila Pa 1976) 1997; 22:2834-2840.

217.	 Indahl A, Kaigle A, Reikeräs O, Holm S. 
Electromyographic response of the por-
cine multifidus musculature after nerve 
stimulation. Spine (Phila Pa 1976) 1995; 
20:2652-2658.

218.	 Bhatia MT, Parikh LCJ. Epidural saline 
therapy in lumbo-sciatic syndrome. J In-
dian Med Assoc 1966; 47:537-542.

219.	 Gupta AK, Mital VK, Azmi RU. Observa-
tions of the management of lumbosci-
atic syndromes (sciatica) by epidural sa-
line. J Indian Med Assoc 1970; 54:194-196.

220.	 Egsmose C, Lund B, Bach Andersen R. 
Hip joint distension in osteoarthrosis. A 
triple-blind controlled study comparing 
the effect of intra-articular indoprofen 
with placebo. Scand J Rheumatol 1984; 
13:238-242.

221.	 Manchikanti L, Singh V. Corticosteroids. 
In: Manchikanti L, Christo PJ, Trescot 
AM, Falco FJE (eds). Foundations of Pain 
Medicine and Interventional Pain Man-
agement: A Comprehensive Review. ASIPP 
Publishing, Paducah, KY, 2011, pp 589-
606.

222.	 Pasqualucci A, Varrassi G, Braschi A, 
Peduto VA, Brunelli A, Marinangeli F, 
Gori F, Colò F, Paladini A, Mojoli F. Epi-
dural local anesthetic plus corticoste-
roid for the treatment of cervical brachi-
al radicular pain: Single injection versus 
continuous infusion. Clin J Pain 2007; 
23:551-557.

223.	 Byrod G, Otani K, Brisby H, Rydevik B, 
Olmarker K. Methylprednisolone reduc-
es the early vascular permeability in-
crease in spinal nerve roots induced by 
epidural nucleus pulposus application. J 
Orthop Res 2000; 18:983-987.

224.	 Hayashi N, Weinstein JN, Meller ST, Lee 
HM, Spratt KF, Gebhart GF. The effect 
of epidural injection of betamethasone 
or bupivacaine in a rat model of lumbar 
radiculopathy. Spine (Phila Pa 1976) 1998; 
23:877-885.

225.	 Lee HM, Weinstein JN, Meller ST, 
Hayashi N, Spratt KF, Gebhart GF. The 
role of steroids and their effects on 
phospholipase A2: An animal model of 



Pain Physician: May/June 2012; 15:E247-E278

E278 	 www.painphysicianjournal.com

radiculopathy. Spine (Phila Pa 1976) 1998; 
23:1191-1196.

226.	 Minamide A, Tamaki T, Hashizume H, 
Yoshida M, Kawakami M, Hayashi N. Ef-
fects of steroids and lipopolysaccharide 
on spontaneous resorption of herniat-
ed intervertebral discs: An experimental 
study in the rabbit. Spine (Phila Pa 1976) 
1998; 23:870-876.

227.	 Mao J, Chen LL. Systemic lidocaine for 
neuropathic pain relief. Pain 2000; 87:7-
17.

228.	 Pasqualucci A. Experimental and clinical 
studies about the preemptive analgesia 
with local anesthetics. Possible reasons 
of the failure. Minerva Anestesiol 1998; 
64:445-457.

229.	 Arner S, Lindblom U, Meyerson BA, Mo-
lander C. Prolonged relief of neuralgia 
after regional anesthetic block. A call 
for further experimental and systemat-
ic clinical studies. Pain 1990; 43:287-297.

230.	 Lavoie PA, Khazen T, Filion PR. Mech-
anisms of the inhibition of fast axonal 
transport by local anesthetics. Neuro-
pharmacology 1989; 28:175-181.

231.	 Ji RR, Woolf CJ. Neuronal plasticity and 
signal transduction in nociceptive neu-
rons: Implications for the initiation and 
maintenance of pathological pain. Neu-
robiol Dis 2001; 8:1-10.

232.	 Cassuto J, Sinclair R, Bonderovic M. An-
ti-inflammatory properties of local an-
esthetics and their present and poten-
tial clinical implications. Acta Anaesthe-
siol Scand 2006; 50:265-282.

233.	 Manchikanti L, Cash KA, McManus CD, 
Pampati V, Singh V, Benyamin RM. The 
preliminary results of a comparative ef-
fectiveness evaluation of adhesiolysis 
and caudal epidural injections in man-
aging chronic low back pain secondary 
to spinal stenosis: A randomized, equiv-

alence controlled trial. Pain Physician 
2009; 12:E341-E354.

234.	 Manchikanti L, Singh V, Cash KA, Pam-
pati V, Datta S. A comparative effective-
ness evaluation of percutaneous adhe-
siolysis and epidural steroid injections 
in managing lumbar post surgery syn-
drome: A randomized, equivalence 
controlled trial. Pain Physician 2009; 
12:E355-E368.

235.	 Manchikanti L, Cash KA, McManus CD, 
Pampati V, Abdi S. Preliminary results 
of randomized, equivalence trial of flu-
oroscopic caudal epidural injections in 
managing chronic low back pain: Part 
4. Spinal stenosis. Pain Physician 2008; 
11:833-848.

236.	 Manchikanti L, Singh V, Cash KA, Pam-
pati V, Damron KS, Boswell MV. Prelimi-
nary results of randomized, equivalence 
trial of fluoroscopic caudal epidural in-
jections in managing chronic low back 
pain: Part 2. Disc herniation and radicu-
litis. Pain Physician 2008; 11:801-815.

237.	 Manchikanti L, Malla Y, Cash KA, McM-
anus CD, Pampati V. Fluoroscopic cer-
vical interlaminar epidural injections in 
managing chronic pain of cervical post 
surgery syndrome: Preliminary results 
of a randomized, double-blind active 
control trial. Pain Physician 2012; 15:13-
26.

238.	 Manchikanti L, Malla Y, Cash KA, McM-
anus CD, Pampati V. Fluoroscopic epi-
dural injections in cervical spinal steno-
sis: Preliminary results of a randomized, 
double-blind, active control trial. Pain 
Physician 2012; 15:E59-E70.

239.	 Manchikanti L, Cash KA, McManus CD, 
Damron KS, Pampati V, Falco FJE. Lum-
bar interlaminar epidural injections in 
central spinal stenosis: Preliminary re-
sults of a randomized, double-blind, 

active control trial. Pain Physician 2012; 
15:51-63.

240.	 Manchikanti L, Singh V, Falco FJ, Cash 
KA, Fellows B. Cervical medial branch 
blocks for chronic cervical facet joint 
pain: A randomized double-blind, con-
trolled trial with one-year follow-up. 
Spine (Phila Pa 1976) 2008; 33:1813-1820.

241.	 Sato C, Sakai A, Ikeda Y, Suzuki H, Saka-
moto A. The prolonged analgesic effect 
of epidural ropivacaine in a rat model 
of neuropathic pain. Anesth Analg 2008; 
106:313-320.

242.	 Tachihara H, Sekiguchi M, Kikuchi S, 
Konno S. Do corticosteroids produce 
additional benefit in nerve root infiltra-
tion for lumbar disc herniation. Spine 
(Phila Pa 1976) 2008; 33:743-747.

243.	 Hotopf M. The pragmatic randomized 
controlled trial. Adv Psychiatr Treat 2002; 
8:326-333.

244.	 Hotopf M, Churchill R, Lewis G. Prag-
matic randomized controlled trials in 
psychiatry. Br J Psychiatry 1999; 175:217-
223.

245.	 Tunis SR, Stryer DB, Clancy CM. Prac-
tical clinical trials. Increasing the value 
of clinical research for decision making 
in clinical and health policy. JAMA 2003; 
290:1624-1632.

246.	 Roland M, Torgerson DJ. What are prag-
matic trials? BMJ 1998; 316:285.

247.	 Alexander GC, Stafford RS. Does com-
parative effectiveness have a compara-
tive edge? JAMA 2009; 301:2488-2490.

248.	 International Conference on Harmon-
isation of Technical Requirements for 
Registration of Pharmaceuticals for Hu-
man Use. ICH Harmonised Tripartite 
Guideline. Choice of Control Group and 
Related Issues in Clinical Trials E10. July 
20, 2000.


