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Abstract
Background: The past two decades have witnessed tremendous growth in the appreciation and treatment of sacroiliac joint (SIJ) complex 
pain, including anatomical dissections that shed light on innervation, an appreciation for the contribution of extra-articular components to SIJ 
complex pain, the advent of radiofrequency ablation (RFA) and a host of minimally invasive surgical techniques. Yet, there is no standardization 
on diagnosis and treatment paradigms.
Methods: In February 2023, the Boards of Directors for the American Academy of Pain Medicine (AAPM) and American Society of Regional 
Anesthesia & Pain Medicine (ASRA-PM) approved the development of multispecialty guidelines on SIJ complex pain. Thirty partner organiza
tions with clinical and scientific interests in SIJ complex pain were identified, and formal letters of request-for-participation were sent to each, 
along with a request for nominees to serve on the committee. Twenty five organizations agreed to participate in addition to the Departments of 
Defense and Veterans Affairs. A steering committee developed 21 questions, which spanned criteria for diagnosis, non-interventional and inter
ventional treatments including surgery, technical parameters on how to optimize results, and what constitutes positive outcomes. Questions 
were methodically assigned to specialized modules comprising 4-5 members with complementary expertise, who collaborated with the 
Subcommittee Lead and one of three Committee Chairs to develop preliminary drafts. Following thorough revisions, these drafts were subse
quently submitted to the full committee for comprehensive review. A modified Delphi method was used in which the answers to questions 
were sent to the committee en bloc and comments were returned in a non-blinded fashion to the Chairs, who incorporated the comments and 
sent out revised versions until consensus was achieved. During a committee meeting before commencement, it was agreed that recommenda
tions would be noted when there was >50% agreement among committee members, but that a formal recommendation would require ≥75% 
consensus.
Results: Twenty-one organizations formally endorsed the guidelines. The American Society of Anesthesiologists, and American Academy of 
Physical Medicine & Rehabilitation, and the North American Spine Society affirmed the benefit of the guidelines but did not officially endorse 
them. The American Academy of Neurology declined to affirm the benefit of the guidelines citing “lack of relevance to their membership.” 
Per policies, while the Departments of Defense and Veterans Affairs did not formally review the guidelines for endorsement, their represen
tatives approved them. In addition to being endorsed or the benefit affirmed by all voting organizations, complete consensus from committee 
members was obtained on all 21 questions. On 2 recommendations, there were dissensions from 3 societies who thought that selecting 
patients for sacral lateral branch RFA and minimally invasive fusion should be based on ≥75% relief from 2 blocks instead of at least 50% 
relief from a single block before RFA, and greater than 50% pain relief with documented functional improvement after a single block before 
fusion. One additional society (Latin American Society of Regional Anesthesia) abstained on the statement that the evidence is stronger for 
extra-articular than intra-articular injections. The committee found that a battery of physical exam tests has reasonable sensitivity, but lower 
specificity, for identifying intra-articular but not extra-articular pathology, with negative tests having greater predictive value than positive 
ones. Intra-articular injections have diagnostic validity for SIJ intra-articular, but not extra-articular pain. There is unclear or negative evidence 
for imaging. The prevalence rates of intra-articular and extra-articular pathology are comparable, with both intra- and extra-articular steroid 
injections providing at least 4 weeks of relief in well-selected patients. However, the evidence is slightly stronger for extra-articular cortico
steroid injections to provide short-term relief. The evidence base for non-interventional therapies is indirect, extrapolated mostly from low 
back pain studies. There is weak evidence supporting dextrose-based prolotherapy and platelet-rich plasma to provide at least 3 months of 
pain relief. There is strong evidence for sacral lateral branch RFA to provide relief for at least 6 months in individuals with extra-articular path
ology, with face validity and indirect evidence from randomized trials supporting sacral lateral branch blocks as a prognostic tool. There is 
stronger evidence for larger lesions or more aggressive lesioning strategies than for less stringent techniques. There is weak evidence to 
support non-steroidal anti-inflammatory drugs to prevent neuritis after RFA, and in most cases anticoagulation does not require cessation in 
the periprocedural perioid. With an aggressive lesioning strategy, sensory stimulation provides minimal therapeutic benefit, with weak, 
extrapolated evidence that motor stimulation can provide safety benefit. The cutoff to designate diagnostic or prognostic blocks as positive 
is most commonly set at 50%, with higher values not shown to improve outcomes for more definitive procedures; for therapeutic treatment 
outcomes, the evidence supports a lower threshold of ≥30% pain relief or meaningful benefit on non-pain outcomes (eg, opioid cessation) for 
designation of a positive response. For carefully selected patients with intra-articular SIJ complex pain based on controlled blocks who have 
failed conservative therapies, there is weak or very weak evidence that minimally invasive SIJ fusion can provide benefit for at least one year.
Conclusions: SIJ complex pain remains an underappreciated source of chronic low back pain, affecting between 15% and 30% of patients 
with axial pain predominantly below L5. Answers to many questions were limited by low-quality evidence, indicating the need for better 
research. SIJ complex pain is a multifarious condition (ie, pain can be from different portions of both the intra- and extra-articular components of 
the joint) for which an interdisciplinary, multimodal treatment plan can optimize treatment outcomes.
Keywords: sacroiliac joint; radiofrequency; lateral branch; minimally-invasive fusion; corticosteroid injection; extra-articular; provocative test. 

Introduction
The sacroiliac joint (SIJ) complex is a multiplex structure. 
The SIJ itself is composed of the lateral parts of the sacrum 
and medial portions of the iliac bones, which form the joint 
space enclosed by a fibrous capsule and synovial lining. The 
superior and dorsal portions of the joint itself are amphiar
throdial with the sacral and iliac surfaces separated by 

fibrocartilage. The small antero-inferior portion of the joint 
is diarthrodial, more mobile, and contains hyaline cartilage 
on the bony articular surfaces. The SIJ is supported by an 
extensive network of posterior and anterior ligaments, which 
in combination with the joint itself, make up the SIJ complex, 
all of which contain nociceptors and can serve as pain genera
tors.1–4 Given this complexity, sacroiliac joint (SIJ) pain, or 
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more fittingly SIJ complex pain, remains one of the most 
challenging etiologies of axial low back pain (LBP) to under
stand and manage.

Data on the prevalence of SIJ complex pain vary widely, as 
there is no reference standard besides diagnostic injections, 
which are subject to false-positive and false-negative results. 
Nearly all diagnostic epidemiological studies evaluated intra- 
articular (IA) injections, which are associated with inherent 
diagnostic limitations related to capsular defects, structural 
communication with the S1 foramen, and anatomical varia
tions presenting procedural challenges for consistent intra- 
articular access.5 The prevalence rate of extra-articular (EA) 
pathology is probably similar, perhaps even higher in 
younger individuals with post-traumatic pain.6,7 Prevalence 
data are further confounded by the thresholds used to classify 
diagnostic injections as positive or negative, with more strin
gent criteria (ie, multiple injections and higher cutoff thresh
olds) being associated with a lower prevalence (positive) 
rate.8 This conceptual framework categorizes SIJ complex 
pain as a dichotomous variable, whereas in clinical practice, 
pain originating from spinal structures may be more accu
rately conceptualized as existing on a continuum due to the 
presence of multiple concurrent pain generators. Similarly, 
prevalence rates derived from diagnostic injections are con
tingent upon clinical selection criteria, with the majority of 
studies employing diagnostic injections selecting patients 
based on suggestive clinical presentations (eg, positive provo
cative maneuvers or mechanical pain localized to the SIJ com
plex); more rigorous selection criteria invariably elevate the 
positive rate of diagnostic injections, resulting in higher prev
alence estimates. In well-selected populations with mechani
cal back or buttock pain predominantly below L5 spinous 
process, SIJ complex pain appears to account for the index 
pain in about 15%-30% of patients.1,8

Difficulties in diagnosis and discrepancies in prevalence 
rates have translated to a lack of standardization among clini
cal trials evaluating treatment interventions. There are very 
few placebo-controlled trials evaluating SIJ injections, with 
only one small trial (n¼10) evaluating IA injections and two 
small studies with less than 25 people each, by the same 
group of investigators, evaluating EA injections, with the lon
gest study following blinded patients for two months.9–11

There is only one large study that compared EA to IA injec
tions in a randomized fashion,6 widespread disparities in 
injectate composition and technique in clinical studies, and 
no randomized-controlled trial(s) (RCT) investigating an IA 
corticosteroid injection that prescreened patients with diag
nostic injections. For joint injections with other substances 
such as platelet rich plasma and hyaluronic acid, the extant 
studies are of poor quality and also contain widely divergent 
techniques, selection criteria and outcome measures.12,13

The strongest evidence may be for radiofrequency ablation 
(RFA), which has shown superiority over sham RFA, stand
ard of care, exercise therapy and IA corticosteroids. 
However, similar to joint injections, the results of these stud
ies vary considerably, and there is no consensus on patient 
selection, technique and nerves targeted, or outcome meas
ures.14–18 Clinical studies have evaluated pulsed radiofre
quency, internally-cooled RFA (icRFA), bipolar RFA, 
conventional RFA (RFA) with a wide variety of methods, and 
combination RFA (eg, bipolar and unipolar or internally- 
cooled and conventional) strategies.17 In addition to branches 
of the dorsal rami, RFA has been performed inside of the 

joint and in the posterior ligaments.19,20 Studies have used 
both IA and EA injections as well as sacral lateral branch 
injections (SLBBs) in isolation to select patients, with one 
case report describing the performance of SLBB in isolation 
before icRFA in a cancer patient.21–25 Radiofrequency abla
tion studies have targeted nerves ranging from the L4 dorsal 
ramus to the S4 lateral branch, in multiple permutations 
including selecting nerve levels based only on sensory stimu
lation.17,21,25 These studies have used a variety of different 
cutoff thresholds ranging from ≥2-points on an 11-point 
numerical rating (pain) scale (NRS) to ≥80% relief for desig
nating screening injections as positive,21,22,27 with a similar 
range from ≥2-points or 30% to >70% for treatment 
outcomes.6,11,14,16,26,27

There are discrepancies in the interpretation of the litera
ture as well, with some reviews touting positive evidence for 
injections and RFA, while others have been more skeptical in 
their analysis.17,26 Collectively, this lack of standardization 
and consensus regarding procedural performance, evidence 
levels, what constitutes SIJ complex pain, which affects prev
alence reports and selection for treatment, and even how to 
define procedural success, highlights the need for multispeci
alty guidelines. The charge of this committee was therefore to 
synthesize the evidence to develop pragmatic guidelines that 
can be used to inform clinical care with an emphasis on opti
mizing patient outcomes; identify evidence gaps that can be 
used to steer research; serve as a foundation for standardizing 
care of the patient with SIJ complex pain; and to assist regu
lators with developing authorization standards and clinical 
practice pathways.

Methods
The decision to convene a multispecialty and multinational 
Sacroiliac Joint Complex Pain Working Group (SIJ-WG) to 
develop SIJ complex intervention guidelines was approved by 
the American Academy of Pain Medicine (AAPM) and 
American Society of Regional Anesthesia and Pain Medicine 
(ASRA-PM) in July 2023. Thirty stakeholder academies and 
societies, as well as other organizations (eg, U.S. Departments 
of Defense and Veteran Affairs) with a vested interest in SIJ 
complex interventions were identified, and formal request- 
for-participation and member nomination letters were sent to 
those organizations in August 2023. Twenty-seven organiza
tions agreed to participate, and three invited professional 
societies declined to participate (Lumbar Spine Research 
Society, LSRS; American Society for Interventional Pain 
Physicians, ASIPP; and American Society of Spine 
Radiologists, ASSR). Organizations were asked to consider a 
candidate’s expertise, clinical experience, academic interests, 
and diversity in their nomination process. Each society nomi
nated a single representative member (See Appendix SA for a 
list of participating academies, societies, and respective repre
sentatives). For the Departments of Defense and Veterans 
Affairs representatives, the Chairperson of the Department of 
Anesthesia at the Uniformed Services University of the Health 
Sciences and Director of the VA National Pain Management 
Program nominated individuals.

The SIJ-WG was charged with preparing guidelines on the 
use of IA SIJ injections, EA SIJ injections, SLBBs, sacral lat
eral branch radiofrequency ablation (SLBRFA), cryoablation, 
SIJ fusion, as well as conservative therapy that spanned the 
entire spectrum of care to include patient selection, 
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optimizing accuracy, interpreting results, and risk mitigation. 
Questions and formats were developed by the Working 
Group Committee Co-Chairs (Z.L.M., R.W.H., and S.P.C.) 
during iterative meetings. These questions and formats were 
refined based on feedback by the Executive Committee (D.T., 
A.C., L.K., and J.V.Z.). Once unanimous consensus was 
achieved by the Working Group Committee Co-Chairs and 
Executive Committee, input was gathered from the full 
Working Group Committee and further refined during the 
initial video-conference call. The resulting final unanimous 
consensus version was comprised of 21 distinct questions to 
be addressed within the guidelines.

The Working Group Committee was then divided into sub
committees composed of four to five members responsible for 
developing the answer(s) to each of the final 21 questions. 
One or two persons were designated as the “leads” responsi
ble for task delegation. Once a subcommittee came to unani
mous consensus on the answer to their assigned question, 
including the grade of evidence associated with relevant state
ments and recommendations, the Working Group Co-Chairs 
assisted with editing and provided feedback regarding con
tent. Through iterative discussion of the supporting evidence, 
unanimous consensus was achieved amongst the subcommit
tee members and the Working Group Co-Chairs with regard 
to the content of the answer and the corresponding state
ments and recommendations. Next, the subcommittee’s work 
product was sent to the entire Working Group Committee 
for open-forum comments and revisions. A modified Delphi 
method was used to tabulate comments, incorporate changes, 
and converge the answers toward consensus over rounds of 
teleconference or electronic correspondence. At the initial 
conference call, the Working Group Committee decided that 
>50% panel agreement was sufficient to report a statement 
or recommendation, but ≥75% agreement was required for 
consensus, consistent with the Lumbar Facet Intervention 
and Cervical Facet Intervention Guidelines.28,29 After the 
Working Group Committee completed a draft of the guide
lines, the document was sent to participating organizations’ 
Boards of Directors for approval, with only minor changes 
permitted at this stage. For organizational agreement, the 
Working Group Committee agreed that consensus required 
at least ≥75% agreement, consistent with the Lumbar Facet 
Intervention and Cervical Facet Intervention Guidelines.28,29

At both the committee and organizational levels, dissensions 
and abstentions were tabulated for each question.

Search engines used during composition of the various sec
tions included PubMed, Embase, Medline, Google Scholar, 
SCOPUS, and Cochrane Database of Systematic Reviews, in 
addition to examination of the reference sections of all manu
scripts. Additional peer-reviewed articles were identified by 
searching in topically-related new journals that are not yet 
indexed by Science Citation Index or found within PubMed. 
There were no limitations on language or types of articles used 
to develop the guidelines, such that experimental studies were 
considered for the sections on physical exam, anatomy and 
technical parameters, and case reports were considered for sec
tions pertaining to risk mitigation and complications. Keywords 
used to address guideline topics were tailored to individual 
questions and included, for example, “sacroiliac”, “lateral 
branch”, “radiofrequency”, “pulsed radiofrequency”, 
“denervation”, “ablation”, and “arthritis” for questions per
taining to radiofrequency. Searches were comprehensive but a 
formal systematic review was outside of the scope of the 

charter. Literature searches were performed through March 
2025 to capture topical studies published following initial 
searches. In accordance with the Lumbar Facet Intervention and 
Cervical Facet Intervention guidelines,28,29 conclusions for each 
topic were graded on a scale from A to D, or as insufficient, 
according to modified US Preventative Services Task Force 
grading of evidence guidelines, with the level of certainty rated 
as high, medium or low (Tables 1-3).30 The guidelines followed 
the recommended domains of the Appraisal of Guidelines for 
Research & Evaluation II (AGREE-II) checklist (see Appendix 
SB).31

This system, which has been modified for use in interven
tional pain and spine medicine guidelines drafted by the 
ASRA-PM, AAPM, American Society of Anesthesiologists 
(ASA), ASIPP, and the International Neuromodulation 
Society (INS),32–35 was chosen over others because of its flex
ibility,36,37 which permits high-grade recommendations in 
the absence of high-quality level I studies, which are challeng
ing to conduct for invasive procedures.38

Epidemiology
Q1. What is the prevalence of sacroiliac joint 
complex pain in individuals with chronic low back 
pain?
SIJ complex pain is commonly estimated to affect approxi
mately 15%-30% of individuals with chronic, non-radicular 
LBP predominantly below L5.1 In individuals with suspected 
SIJ complex pain based on history and physical exam, the 
prevalence of true SIJ complex pain is similar, estimated at 
20%-30% based on the studies using diagnostic injections.8

Prevalence increases with older age, as chronic LBP is more 
common among older adults.39 Radiologic imaging has been 
used to evaluate the SIJs; although it has high specificity, it 
has low sensitivity in identifying individuals with non- 
inflammatory, mechanical SIJ complex pain, making it a 
poor screening tool (see Question 3).40 Despite their limita
tions, diagnostic injections with local anesthetic are currently 
the reference standard for estimating the true prevalence rate 
of SIJ complex pain.5,41

It is important to note that while diagnostic IA injections 
are the current reference standard, this method is imperfect 
due to communication of the SIJ with the S1 foramen, the 
potential for dorsal leakage of injectate from the joint, and the 
presence of anterior capsular defects in a portion of individu
als, which can result in anterior leakage of injectate.5,42,43

Therefore, a technically precise IA SIJ injection can still result 
in off-target anesthetic spread, with the potential for a false- 
positive test outcome. Recognizing these inherent limitations, 
research employing single IA SIJ injections suggests the preva
lence of SIJ pain to be between 29% and 63%, whereas stud
ies using two injections have recorded rates ranging from 
10%- to 33%. However, these rates reflect the prevalence of 
SIJ pain in individuals already suspected to have this diagnosis 

Table 1. Levels of evidence for guidelines and recommendations.

Certainty of  
net benefit

Magnitude of net benefit

Substantial Moderate Small Zero/negative

High A B C D
Moderate B B C D
Low Insufficient
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based on history and physical examination that included posi
tive SIJ provocation tests (Patrick’s Gaenslen’s, Yeoman’s, dis
traction, compression, sacral pressure, and sacral thrust tests), 
and do not estimate the prevalence of SIJ pain in the overall 
population of patients with LBP. Furthermore, relaxing the 
criteria from ≥75% to ≥50% pain relief increases the preva
lence estimates. The addition of corticosteroids to diagnostic 
injections also significantly increases the reported prevalence, 
with one systematic review finding that when corticosteroids 
are added to local anesthetic, the positive rate increased from 
35% to 49% using a 75% index pain relief threshold.8 This is 
likely due mostly to greater potential for off-target spread of 
injectate, as adding corticosteroid to the IA injectate increases 
the total volume and therefore spread outside of the joint 
space itself though in some cases systemically absorbed 

steroids can provide quick pain relief, and local steroids can 
also enhance the effects of local anesthetic. In studies using 
sedation, the estimated prevalence was higher, which is likely 
the result of a higher false-positive rate due to analgesia, anx
iolysis, and muscle relaxation.44

The prevalence of SIJ pain in the presence of concomitant 
pathology is less well-defined. In a 2020 study of individuals 
with lumbar disc herniations, the prevalence of SIJ dysfunc
tion was estimated to be 33% based on three or more positive 
provocation tests, suggesting that SIJ pain may be present in 
one-third of individuals with lumbar radicular pain and MRI 
findings consistent with disc herniation.45 However, these 
study results must be interpreted with caution given that the 
reference standard of anesthetic injections were not used to 
confirm “true” SIJ pain. In addition, SIJ provocation tests 

Table 2. What the grades of evidence mean and suggestions for practice.

Grade Definition Suggestions for practice

A The committee recommends this treatment, test or strategy to 
improve outcomes. There is high certainty that the net benefit is 
substantial.

Offer or provide this service

B The committee recommends this treatment, test or strategy to 
improve outcomes. There is high certainty that the net benefit is mod
erate or there is moderate certainty that the net benefit is moderate to 
substantial.

Offer or provide this service

C The committee recommends selectively offering or providing this 
treatment, test or strategy to improve outcomes to individual patients 
based on professional judgment and patient preferences. There is at 
least moderate certainty that the net benefit is small.

Offer or provide this service for selected patients depending on 
individual circumstances

D The committee recommends against the test or intervention. There is 
moderate or high certainty that the service has no net benefit or that 
the harms outweigh the benefits.

Discourage the use of this service

I The committee concludes that the current evidence is insufficient to 
assess the balance of benefits and harms of the intervention. Evidence 
is lacking, of poor quality, or conflicting, and the balance of benefits 
and harms cannot be determined.

Read the clinical considerations section of the recommendation. If 
the treatment or service is offered, patients should understand the 
uncertainty about the balance of benefits and harms

Table 3. Levels of certainty regarding net benefit.a

Level of certainty Description

High The available evidence usually includes consistent results from well-designed, well-conducted studies in representative 
populations with suspected SIJ complex pain and/or compelling evidence from non-randomized studies. The studies assess 
the effects of the treatment, test, or other intervention on treatment or other relevant outcomes. The conclusion is therefore 
unlikely to be strongly affected by the results of future studies.

Moderate The available evidence is sufficient to determine the effects of the intervention on outcomes, but confidence in the estimate 
is constrained by such factors as: 
� The number, size, or quality of individual studies; 
� Inconsistency of findings across individual studies; 
� Limited generalizability of findings to individuals with suspected SIJ complex pain; 
� High likelihood of bias; 
� Lack of coherence in the chain of evidence. 

As more information becomes available, the magnitude or direction of the observed effect could change, and that change 
may be large enough to alter the conclusion. 

Low The available evidence is insufficient to assess effects on treatment and other outcomes of interest. Evidence is insufficient 
because of: 
� The limited number or size of studies; 
� Important flaws in study design or methods; 
� Inconsistency of findings across individual studies; 
� Gaps in the chain of evidence; 
� High likelihood of bias; 
� Findings not generalizable to individuals with suspected SIJ complex pain; 
� Lack of information on important outcome measures. 

More information may allow estimation of effects on treatment outcomes. 

a Note, the levels of certainty described in the definitions for the grading of evidence in Table 2 refer solely to the magnitude of benefit attributed to the 
intervention, while the levels of certainty in Table 3 consider the basis of evidence for the recommendation and the likelihood the recommendation will be 
affected by future studies. Whereas the two are related, the grading of evidence and rating of certainty were considered separately.
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may also exacerbate pain related to the herniated disc itself, 
thus resulting in a false-positive test for “true” SIJ pain. 
Nevertheless, it is likely that SIJ pain (and more comprehen
sively, sacroiliac joint complex pain) coexists with other sour
ces of LBP in a subset of patients.

Dorsal ligament pain
The long dorsal sacroiliac ligament is anatomically connected 
to the erector spinae muscle, thoracolumbar fascia, and sac
rotuberous ligament, potentially serving as a source of spinal 
pain.46 The dorsal ligament associated with the SIJ has shared 
innervation with the lower portion of the posterior SIJ 
through the lateral branches of the dorsal rami of S1-3, with 
or without contributions from L5 and S4, via the nerve 
plexus termed the posterior sacral network(PSN)47

(Figure 1). Given the shared innervation of the dorsal liga
ment, pain presentations could potentially vary from isolated 
dorsal ligament pain, dorsal ligament pain with concurrent 
SIJ-mediated pain, dorsal ligament pain with concurrent L5- 
S1 facet-mediated pain, and dorsal ligament pain with both 
concurrent SIJ- and L5-S1 facet-mediated pain. By employing 
diagnostic injections, it becomes possible to estimate the 
prevalence of isolated dorsal ligament pain. This estimation 
could theoretically be performed by identifying patients in a 
comparative-effectiveness study who exhibited a positive 
response to SLBBs, with or without subsequent SLBRFA, 
who showed little to no response to IA SIJ injection. This sub
set would likely exclude patients experiencing concurrent 
lumbar facet-mediated pain, and assumes that the IA SIJ 
injections were administered accurately, with no EA spread.

To date, no published studies provide an accurate estima
tion of the prevalence of pain exclusively from the dorsal liga
ment or the coexistence of dorsal ligament and IA SIJ pain, as 
per the theoretical framework described above. A study con
ducted by Salman et al. compared the effectiveness of SIJ 
injection to L4-5 dorsal rami and S1-3 RFA. However, little 
information regarding prevalence can be extrapolated from 
this study due  to the fact that response to RFA, which is not 
100% effective, cannot be used to estimate the prevalence of 
SIJ dorsal ligament pain, just as the response to an IA steroid 
injection cannot be used to estimate IA SIJ pain. Moreover, 
patients in both groups were selected based on response to a 
high-volume (3 mL) IA SIJ block, which theoretically should 
not relieve purely IA joint pain. Additionally, data were not 
presented for patients who transitioned to the RFA group.18

Another retrospective study by Yin et al.25 reported the out
comes of SLBRFA in patients who responded positively to 
two deep interosseous ligamentous injections. However, the 
study did not provide information on the percentage of 
patients with respective positive responses to the first and sec
ond diagnostic injections, which would enable a more accu
rate estimate of the ligament-related pain prevalence as well 
as the incidence of false-positive blocks. Although this study 
does not offer the means to accurately estimate the prevalence 
of dorsal ligament pain, it does demonstrate that patients 
with such pain can respond to treatment with SLBRFA. 
Among the 14 patients included in this retrospective review, 
9 (64%) experienced more than 50% pain relief, with 5 
(36%) achieving complete pain relief at 6 months following 
RFA treatment. Given that prior studies evaluating outcomes 

Figure 1. Animated illustration of the posterior sacroiliac joint complex showing ligamentous connections and sacral lateral branch nerve innervation. The 
left side of the sacrum demonstrates lateral branch nerve innervation of the articular joint, and the right side shows lateral branch nerve innervation of the 
ligaments.
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in SLBRFA had stringent inclusion criteria with positive diag
nostic injections (some using IA SIJ injections), the outcomes 
in patients responding to SLBRFA (but showing a negative 
response to IA SIJ injection) remain unknown, necessitating 
further investigation.48

Cohen et al. performed a randomized study in 125 patients 
with clinically suspected SIJ complex pain in which patients 
were allocated to fluoroscopically-guided or landmark- 
guided injections. Among the 60 patients in whom the 3 mL 
injection with local anesthetic and corticosteroid was limited 
to the EA dorsal ligaments, 57% experienced at least 50% 
pain relief lasting over 3 h vs 62% in those in for whom the 
injection was IA, and 69% in patients for whom injections 
were both IA and EA. Flaws in this study include the use of 
corticosteroids during uncontrolled single injections, and 
landmark-guided injections targeted to the area of maximal 
pain and tenderness rather distributed throughout the dorsal 
ligaments.6

Sacroiliac joint complex pain following lumbar or 
lumbosacral fusion surgery
Prior lumbar fusion may increase angular motion and stress 
across the SIJ complex, and pain may also result from adja
cent level disease, increasing the prevalence of SIJ complex 
pain in individuals who have undergone prior spine sur
gery.49,50 Some patients may also experience positive diag
nostic injections after lumbar fusion because a pre-surgical 
SIJ complex pain diagnosis was missed before fusion surgery.

In a computer simulation of a SIJ using a spine-pelvis 
model, the angular motion of the SIJ was modeled following 
L4-5, L4-S1, and L5-S1 fusion. The investigators found that 
motion increased steadily with each additional level fused 
and were especially substantial after an L5-S1 fusion (52% 
increased motion with flexion, 40% increase with extension, 
28% increase with bending, and 51% increase with rotation). 
The most substantial increase in motion was observed with 
L4-S1 spinal fusion, with an estimated 168% increase in 
motion with flexion, 132% increase with extension, 95% 
increase with bending, and 69% increase with rotation.49

Literature suggests the prevalence of SIJ complex pain to be 
between 33% and 59% in individuals who have undergone 
lumbar spinal fusion; thus, SIJ complex pain may be a con
tributor to the many etiologies of pain broadly categorized as 
“failed back surgery syndrome.”8,49

Lumbosacral spinal fusion may also result in violation of 
both the synovial and ligamentous portions of the SIJ. In a 
CT study performed in 22 patients who underwent posterior 
iliac crest bone grafting and experienced persistent donor site 
pain, 16 were found to have violation of the posterior liga
mentous structures, and three exhibited disruptions of the SIJ 
synovium. On imaging performed at least two years post- 
procedure, 10 of the 16 patients with ligamentous disruption 
had mild degeneration and six had severe degeneration vs 0 
of 5 joints in patients who experienced no ligamentous or 
synovial violation. In the three patients who experienced 
synovial membrane breach, all experienced severe SIJ degen
eration.51 These findings suggest that iliac crest bone graft
ing, for which the estimated prevalence of donor site pain 
ranges between 6% and 39%, may be associated with pain 
from the dorsal ligament, the IA joint, and the donor site 
adjacent to the SIJ.52

Kennedy et al. described several studies evaluating SIJ 
pathology in individuals who have undergone lumbar/ 

lumbosacral spinal fusion.8 In a controlled study performed 
in patients with prior lumbar/lumbosacral spinal fusion, three 
of six positive provocation tests, and pain below L5 sugges
tive of SIJ complex pain who underwent two injections of 
local anesthetic (1 mL of 0.5% bupivacaine or 2% lidocaine) 
and corticosteroid (1 mL of 40 mg triamcinolone), ≥75% 
relief of pain within 1-4 h was reported in 21 out of 52 (40%) 
of patients.53 A positive response to the injectate was pre
dicted by unilateral pain that was different from preoperative 
pain, and more than three positive provocation tests.53 These 
procedures were performed using fluoroscopic guidance and 
IA needle location confirmed with contrast dye.

One retrospective study using a threshold of >75% relief 
of index pain after a single injection of local anesthetic and 
corticosteroid under fluoroscopic guidance confirmed by con
trast dye reported a positive rate of 59% (20 out of 34 
patients) in individuals with a spinal fusion to the sacrum.54

Another retrospective review of individuals with LBP 
included 28 individuals with a history of spinal fusion who 
underwent diagnostic IA SIJ injection. Patients evaluated 
with IA SIJ injection included those with either at least three 
out of five positive SIJ provocation maneuvers, or two or 
fewer positive SIJ provocation maneuvers but a negative zyg
apophyseal joint injection. IA SIJ injection was considered 
positive if at least 75% of the patient’s pain was relieved after 
each injection with local anesthetic. The details regarding the 
number, type, and method of IA SIJ injection were not pro
vided in this retrospective analysis. Among the 28 individuals 
with a history of spinal fusion identified in the analysis, 43% 
(12 out of 28) were identified to have SIJ complex pain, and 
80% of those who had spinal fusion and SIJ complex pain 
had a history of spinal fusion to the sacrum, suggesting that 
spinal fusion to the sacrum is associated with higher rates of 
SIJ complex pain.55

In a prospective study using local anesthetic IA SIJ injec
tions in individuals with persistent LBP following successful 
lumbar spinal fusion, 35% of study participants experienced 
at least 75% relief from a single injection.56 Patients who had 
unilateral pain >6 months in duration not extending below 
the knee, with tenderness at the sacral sulcus and no imaging 
evidence of a potential lumbar pain source were included. 
Injections were fluoroscopically guided using nonionic con
trast to confirm IA placement, with 2 mL of 2% lidocaine 
used as the injectate. An injection was considered positive 
when contrast dye spread was contained within the joint and 
the patient experienced at least 75% pain relief within 
15 min. The authors found that a pain-free interval of 
3 months following surgery predicted a positive injection. 
This study also showed that L5-S1 spinal fusion patients had 
an increased frequency of positive injections, presumably 
because of the increased biomechanical load. Bone scintigra
phy uptake in the SIJ was not associated with pain, when 
using IA SIJ injection as the reference standard.56

Summary:

� The prevalence of SIJ-mediated chronic LBP is estimated 
to be 15%-30% in patients with axial pain predominantly 
below L5; Grade B evidence, moderate level of certainty. 

� The prevalence of dorsal ligament-mediated pain is 
unknown but based on studies comparing IA and EA SIJ 
injection response, appears to be at least as common as 
exclusively IA pain; Grade I evidence. 
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� The prevalence of SIJ complex pain is suspected to be 
higher in patients with a prior history of lumbar or lum
bosacral spinal fusion with estimated prevalence rates 
between 33% and 59%; Grade C evidence, low level of 
certainty. 

� Chronic LBP following lumbar or lumbosacral spinal 
fusion surgery can be related to adjacent segment stress 
with increased loading and/or shear forces leading to 
accelerated degeneration, superimposed or missed SIJ- 
mediated pain prior to lumbar fusion, and/or violation of 
ligaments or synovial lining during iliac crest bone graft
ing; Grade C evidence, low level of certainty. 

Recommendation:

� Further studies are needed to assess the prevalence of pri
marily dorsal ligament-mediated pain based on EA injec
tions and SLBBs. 

Diagnosis
Q2. Can history and physical exam identify a painful 
sacroiliac joint and can history and physical 
distinguish articular sacroiliac joint pain from 
dorsal ligament pain?
When assessing pain originating from the SIJ complex, it is 
important to distinguish between IA pain and dorsal ligament 
pain, as the treatments may differ (eg, IA injections and 
fusion for IA pain, EA injections and RFA for dorsal ligament 
pain). Some studies have identified historical and physical 
exam features that may help identify patients who will 
respond to IA diagnostic or therapeutic injections. However, 
no study has been designed using methodology that assesses 
the relative predictive value of elements of history and/or 
physical exam that help distinguish between IA SIJ vs dorsal 
ligament sources of SIJ complex pain. Since there are numer
ous parts of the SIJ complex that can be pain generators (eg, 
upper, middle, lower, dorsal and ventral ligaments, bony sur
faces, synovial lining and fibrous capsule) with differences in 
referral patterns based on structure, location and stimulus 
intensity, the presentation of SIJ complex pain tends to be 
more variable than for individual facet joints, discs or 
muscles.

Historical features
There are some historical features that may help identify 
response to IA SIJ local anesthetic injection, suggesting IA 
pain, but studies have not typically distinguished between IA 
pain and dorsal ligament pain (see Table 4). The location of 
pain may have predictive value. Fortin et al. found that a 
point of maximal pain within 1 cm of a location just infero
medial to the posterior superior iliac spine (PSIS) correlated 
with response to IA SIJ injection in 16/16 subjects.57 Another 
study found that tenderness within 2 cm of the PSIS was asso
ciated with positive response to EA (periarticular) injection58; 
however, no IA SIJ injection was performed to assess the 
comparative response.

Pain patterns can be quite variable. Comparing SIJ IA res
ponders vs non-responders, van der Wurff et al. found no 
major differences except 10% of the responders vs 100% of 
the non-responders had ischial tuberosity pain.59 Some stud
ies have reported pain in the buttock and thigh without 

symptoms distal to the knee,60 while others have reported a 
comparable proportion of patients who experienced these 
pain patterns between responders and non-responders to IA 
SIJ injection.43 The presence of groin pain has been shown to 
predict a positive response to an IA SIJ injection, though 
groin pain was only present in 14% of responders in one 
study.43 Alternatively, in two subsequent studies, pain in the 
groin was found to be associated with a positive response to 
a diagnostic EA injection.61,62 In another study, the positive 
correlation between response to an IA injection and pain in 
the posterolateral thigh and groin fell shy of statistical 
significance.63

Characteristic painful activities and mechanisms of injury 
have been suggested as variables that may help distinguish 
different pain generators within the SIJ complex. In one retro
spective cohort study, the authors identified several historical 
features that correlated with response to a therapeutic IA SIJ 
injection with local anesthetic and corticosteroid. These fea
tures were vehicle accidents, falls onto the buttock(s), post
partum state, American football injuries, and pelvis 
fracture.64 Other inciting events included cumulative sports 
injuries such as lifting weights and running. Additional fac
tors that may be associated with SIJ IA or ligamentous pain 
include leg length discrepancy, gait abnormalities, prolonged 
vigorous exercise, scoliosis, and spinal fusion.65

Inflammation of the SIJ including a history of seronegative 
spondyloarthropathies with buttock pain suggests the pres
ence of IA mediated pain. In one study, pain with rising from 
a chair was associated with IA SIJ pain but not lumbar facet 
joint pain.66 However, none of these features have been 
shown to reliably distinguish between IA and EA sources of 
SIJ complex pain.65

Features that are negative predictors for SIJ complex pain 
have also been described. In one study, only 4.4% of individ
uals with a positive diagnostic response to SIJ IA indicated 
that they had pain above L5 on a pain diagram that they 
completed at the time of baseline evaluation.67 Several studies 
have also found that lumbar midline greater than paraspinal 
pain, or centralization of symptoms with provocation, is neg
atively associated with SIJ pain as diagnosed by IA SIJ injec
tion as the reference standard.57,66,68

Inflammatory arthritis represents a distinct variant of IA 
SIJ disease, being especially common in ankylosing spondy
loarthropathy and to a lesser degree rheumatoid arthritis. 
Distinctive features that may distinguish inflammatory arthri
tis from osteoarthritis include prolonged morning stiffness 
(>30 min), pain improved with activity and not improved 
with rest, nocturnal pain, the presence of uveitis and/or 
enthesitis, and onset before 40 years of age.69

Physical examination
There is currently no evidence that the physical exam can dis
tinguish IA pain from EA ligament pain (see Table 5). 
Provocative tests such as Patrick’s or flexion-abduction- 
external rotation (FABER) and Gaenslen’s generally focus on 
stressing the anterior joint structures, while motion tests such 
as Gillet (aka Stork test) purport to assess mobility and some
times alignment; mobility tests may be particularly useful for 
the identification of early inflammatory arthritis. In contrast, 
exam maneuvers that rely on tenderness may be more likely 
to detect dysfunction of the more superficial and palpable 
posterior ligament complex. A biomechanical study using a 
3-dimensional finite element model found the SIJ provocation 
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tests that provided the highest contact pressure across the 
joint (>10 MPa) were the compression, thigh thrust, 
Patrick’s, and Gaenslen’s tests, with Gaenslen’s test resulting 
in the highest contact pressure (27.9 MPa).70 The posterior 
and interosseous ligaments were stretched in the compression 
test; the anterior and interosseous ligaments were stretched in 
the distraction test; all ligaments were stretched in the sacral 
apex pressure test; the posterior ligaments were stretched in 
the thigh thrust test; the anterior ligaments were stretched in 
Patrick’s and Gaenslen’s tests.70 Collectively, this study dem
onstrates that provocation tests likely stress both soft-tissue 
(EA) and IA structures, with significant overlap between 
maneuvers leading to a lack of specificity.

Some studies and systematic reviews suggest that a positive 
response to physical exam maneuvers may help identify IA 
pain as verified by a positive response to IA SIJ injec
tions,59,68,71,72 while other studies have shown no significant 
correlation.67,73,74 Although it might seem self-evident that 
meaningful pain relief with an IA SIJ injection indicates IA 
pain, diagnostic injections are confounded by high false- 
positive and false-negative rates.8 Further muddling interpre
tation of these studies is the fact that >50% of attempted IA 
injections have been shown to extravasate injectate posteri
orly into the dorsal ligaments.6,58 Another study found that 
IA injection was associated with a 27% incidence of aberrant 
flow to unintended neural elements,42 further undermining 
specificity and validity.

Vleeming et al. attempted to assess the prevalence of dorsal 
ligament pain in postpartum women with long dorsal sacroil
iac ligament tenderness, but failed to use the widely-accepted 
criterion of pain relief following a diagnostic injection as the 
reference standard for identifying a painful SIJ complex.75 In 
a systematic review involving five studies and 422 patients, 
all of whom received a battery of physical exam maneuvers 
and diagnostic IA injections, Saueressig et al. concluded that 
a positive cluster of SIJ provocation tests is associated with 
only 35% certainty of correctly identifying the joint as a pain 
generator, but that a negative cluster of tests can ascertain a 
non-painful joint 92% of the time.76 Other studies evaluating 
McKenzie-based positional preferences have found those 
with centralization (reduction of referred pain from the axial 
spine toward an extremity) are unlikely to have SIJ complex 
pain based on response to injections.66,68

Inter-rater reliability
The reliability of physical exam maneuvers is critical to 
assessing validity and has demonstrated mixed results in clini
cal studies. In a systematic review published in 2000 examin
ing 11 studies that assessed inter- and intra-rater reliability 
for sacroiliac joint examination findings, van der Wurff et al. 
demonstrated poor reliability for joint mobility tests and 
inconsistent results for pain provocation tests, with an inverse 
relationship observed between study methodological quality 
and correlation coefficients.77 In one prospective follow-up 
study using two independent examiners who performed 
exam maneuvers in 78 patients with back pain and asympto
matic controls, the weighted kappa was found to be 0.70 
(95% CI¼ 0.45-0.95) for Gaenslen’s, Patrick’s, thigh thrust, 
compression and distraction tests, indicating substantial 
agreement.78 In this study, the presence of three of five posi
tive provocation tests was the threshold for a positive desig
nation (see Table 6).78

Summary:

� For assessing pain originating from the SIJ complex, there 
is low-quality evidence that a battery of historical (eg, 
groin pain) and physical exam (ie, provocative but not 
motion tests) features may help predict response to IA SIJ 
injection of local anesthetic with or without corticoste
roids; Grade B evidence, moderate level of certainty 
� There are minimal available data regarding their abil

ity to predict results in patients with primarily EA dor
sal ligamentous pathology; Grade C evidence, low-to- 
moderate level of certainty. 

� The specificity for individual and clusters of tests is lower 
than the sensitivity, with negative tests having greater pre
dictive value than positive tests; Grade A evidence, high 
level of certainty. 

� Inter-rater reliability for SIJ provocation tests demon
strates a wide range, with some of the most common tests 
(eg, FABER (“Patrick’s”) test) having the highest reliabil
ity; Grade C evidence, low level of certainty. 

� Historical variables and physical exam signs can be used 
to select patients for diagnostic injections, but in individu
als for whom there is a strong clinical suspicion (eg, nega
tive workup for other causes) for SIJ complex pain, IA SIJ 
injections may be reasonable, even in the absence of posi
tive provocation tests; Grade B evidence, moderate level 
of certainty 

Q3. Can radiological imaging (including SPECT, 
radiographs, CT, MRI) identify a painful sacroiliac 
joint and aid in distinguishing articular sacroiliac 
joint pain from painful dorsal ligaments? 
Imaging is the reference standard for identifying sacroiliitis 
[inflammation of the SIJ(s)], most commonly occurring in the 
context of systemic rheumatologic disorders, albeit with cer
tain limitations. In contrast, there is a scarcity of studies 
designed to use imaging for identifying painful SIJs, detecting 
SIJ dysfunction, or differentiating between pain originating 
from the SIJ itself vs pain from the surrounding dorsal liga
ments. Notably, few studies have compared the efficacy of 
imaging techniques to the reference standard of diagnostic 
anesthetic injection for these purposes.

Imaging the sacroiliac joint
SIJ dysfunction is typically associated with few abnormal 
imaging findings.91 Radiographs are the least costly imaging 
modality but are less sensitive than CT or MRI for detecting 
SIJ structural abnormalities, especially in early disease states. 
Besides anteroposterior (AP) radiographs, there is no consen
sus regarding the optimal additional radiographic views to 
best image the SIJ given its oblique orientation and sigmoid 
structure.91 In contrast to radiographs, cross-sectional imag
ing with CT, MRI, and single photon emission computed 
tomography (SPECT) create multiplanar images of the SIJ. 
CT can demonstrate sclerosis and bone erosions, while MRI 
can identify synovitis and bone marrow edema.91 MRI is the 
best modality for detection of early SIJ inflammation, as 
fluid-sensitive sequences can identify tissue changes such as 
subchondral bone marrow edema.92 Meanwhile, SPECT can 
detect metabolic disturbances in and around the SIJ and its 
dorsal ligaments.93
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Imaging sacroiliitis
Inflammatory sacroiliitis, which can be observed with anky
losing spondylitis, psoriatic arthritis, spondylitis associated 
with inflammatory bowel disease, and reactive arthritis,92

may be imaged with x-ray (XR), CT, and MRI commonly 
used in clinical practice. Radiographic features of sacroiliitis 
take longer to become detectable than other means of diag
nosing the underlying condition, wherein approximately 
33% of patients with symptoms <1 year and 50% of patients 
with symptoms for 2-3 years demonstrate perceptible radio
graphic findings.94 Interpreting radiographs of the SIJ in sus
pected sacroiliitis can be challenging. Inter-observer and 
intra-observer variations are substantial, and sacroiliitis can 
be missed or incorrectly diagnosed using radiographs.95

MRI is considered the reference standard for detecting SIJ 
involvement in patients with spondyloarthropathies. Studies 
have demonstrated that MRI has over 80% sensitivity in 
detecting chronic sacroiliitis, including sclerosis, joint space 
abnormalities, and ankylosis, with the highest sensitivity 
achieved through contrast-enhanced and short tau inverted 
recovery (STIR) techniques.96,97 Although MRI may be more 
sensitive in detecting active inflammation and associated 
structural changes, CT remains the preferred method for dis
eases involving bone destruction or ossification. When MRI 
is inappropriate or unavailable in the real world, visual scor
ing of SIJ to sacrum (SIS) ratios of SPECT/CT may serve to 
identify axial spondylarthritis (axSpA) with high sensitivity 
and a high negative predictive value. In one study, the sensi
tivity, specificity, and positive and negative predictive values 
of SIS ratio of SPECT/CT for axSpA were 87.5%, 56.5%, 
16.6%, and 97.8%, respectively.98

Identification of a painful sacroiliac joint with imaging
Imaging studies have not been found to be accurate in differ
entiating a painful from non-painful SIJ (see Table 7). In one 
prospective study performed in 364 patients evaluated in a 
neurosurgical clinic for mechanical LBP, the use of imaging 
added very little to the accuracy of an injection-confirmed SIJ 
complex pain diagnosis, with history alone identifying 85- 
86% of 150 cases, imaging added to history resulting in an 
87% accuracy rate, and the combination of historical find
ings, physical exam, and advanced imaging increasing the 
accuracy rate to 96%.99

Radionuclide bone scans
Slipman et al.100 and Maigne et al.101 found that radionu
clide bone scanning had sensitivities of 13% and 46%, 
respectively. In the study by Slipman et al., at least three SIJ 
provocation maneuvers were positive in included patients. 
The reference standard in this study was a single IA SIJ injec
tion with either 2 mL of lidocaine mixed with 1 mL (6 mg) of 
betamethasone or 3 mL of lidocaine performed under fluoro
scopic guidance. Iohexol 0.5 mL was injected to confirm IA 
needle placement, but rates of IA spread were not reported. A 
threshold of 80% pain relief was used to define a positive 
response. In the study by Maigne et al., patients were selected 
based on tenderness over the SIJ without use of SIJ provoca
tion maneuvers. Needle placement was performed under flu
oroscopic guidance with injection of iopamidol 1 mL 
followed by �2 mL of lidocaine, with strictly IA spread 
reported in 32/39 patients. A threshold of 75% pain relief 
was used to define a positive injection. Although these studies 
showed specificities >90%, their low sensitivities indicate 

that bone scan is not an effective screening tool for SIJ com
plex pain, as it fails to detect most cases.

CT scans
Elgafy et al.102 conducted a comparison of CT findings 
between 62 patients experiencing pain relief after SIJ injec
tions and 50 age-matched controls without pelvic or back 
pain. Patient selection relied on limited criteria: Pain with 
pressure 1 inch below the posterior superior iliac spine, 
absence of pain with lumbar movements, and negative lum
bar MRI. The injection protocol included a 5 mL subcutane
ous lidocaine injection for local anesthesia followed by a 
large volume IA administration of 5 mL 1% lidocaine with 
1 mL betamethasone. Notably, the authors neither used con
trast to confirm IA placement nor defined quantitative crite
ria for positive response beyond subjective “pain relief.” 
Results showed CT abnormalities in 57.5% of symptomatic 
patients vs 31% of controls, with 42.5% of symptomatic 
patients exhibiting no CT abnormalities. The calculated sen
sitivity (57.5%) and specificity (69%) indicate poor diagnos
tic utility, underscoring the methodological limitations of this 
investigation.

MRI
In a prospective observational study103 performed in 60 patients 
with pain clinically suspected to originate from the SIJ who 
received MRIs, acute inflammatory arthropathy was found in 
36.7%, nonspecific degenerative changes were found in 35%, 
stress fractures in 3.3%, and osteoid osteoma in 7%, with 
23.3% having normal SIJs. The authors inadequately described 
the basis upon which patients were clinically suspected to have 
pain originating from the SIJs and did not report the use of 
physical exam maneuvers. Diagnostic injections were MRI- 
guided with 1 mL of a mixture of bupivacaine 1% and gado
pentetate dimeglumine, with spread assessed using a fat- 
saturated T1-weighted spin echo sequence. SIJs were success
fully accessed in 94.7% (108/114), of which 95.4% (103/108) 
of cases of spread were restricted to the IA joint on imaging. 
Thirty-two patients with nonspecific degenerative changes or 
normal SIJs underwent diagnostic IA SIJ injections; 46.9% had 
positive diagnostic injections and 53.1% had negative diagnos
tic injections. Among the 46.9% with positive diagnostic injec
tions, 66.7% had normal MRIs and 33.3% had nonspecific 
degenerative changes. This study demonstrates that SIJ pain, as 
diagnosed by the reference standard of anesthetic injection, may 
not consistently correlate with MRI findings. However, due to 
the study design, it was not possible to determine the sensitivity 
and specificity of MRI in identifying painful SIJs.

SPECT
Cusi et al.93 conducted a study examining the utility of single- 
photon emission computed tomography/computed tomography 
(SPECT/CT) in 100 patients (72 females, 28 males) with pelvic 
girdle pain—52% post-traumatic and 48% postpartum—com
pared to 80 asymptomatic controls undergoing SPECT/CT for 
non-pain indications. Imaging findings were compared to those 
in 80 control patients who received SPECT/CT for non-pain 
related reasons. Diagnostic injections were not used in this study; 
rather, the reference standard for the diagnosis of SIJ complex 
pain was clinical exam (3 of 4 positive exam maneuvers). 
Nuclear medicine physicians interpreted imaging studies in a 
blinded fashion. The results demonstrated that soft-tissue uptake 
posterior to the joint [area under the curve (AUC) ¼ 0.99] or 
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uptake at sacroiliac ligament insertions (AUC¼0.99)—with the 
combination yielding an AUC of 1.0—showed significant associ
ation with clinically diagnosed SIJ complex pain. However, the 
absence of confirmatory diagnostic intra-articular SIJ injections 
or sacroiliac lateral branch blocks necessitates cautious interpre
tation of these findings. This study indicates that SPECT/CT may 
hold promise as an imaging modality capable of identifying a 
painful SIJ complex, but future study will require use of diagnos
tic anesthetic injections as the reference standard.

Differentiating a painful sacroiliac joint from painful dorsal 
ligaments by imaging
We found no studies evaluating the ability of radionuclide 
bone scans, CT, MRI, or SPECT to differentiate a painful SIJ 
from painful dorsal ligaments.

Summary:

� The sensitivity of radionuclide bone scan (13%-46%) is 
inadequate for identifying a painful SIJ, though specificity 
is high (>90%); Grade D evidence for use as a diagnostic 
tool, moderate level of certainty. 

� CT has inadequate sensitivity (57.5%) and specificity 
(69%) for identifying a painful SIJ; Grade D evidence for 
use as a diagnostic tool, low level of certainty. 

� The evidence is insufficient to determine the sensitivity 
and specificity of MRI for identifying a painful SIJ; the 
available evidence suggests that MRI has low sensitivity 
and specificity for identifying a painful SIJ; Grade I 
evidence. 

� SPECT/CT appears to have high sensitivity (95%) and 
specificity (99%) for identifying a painful SIJ complex 
based on one study, but these estimates are limited by 
using a reference standard of physical examination (rather 
than anesthetic injection) to diagnose SIJ complex pain; 
Grade I evidence for use as a diagnostic tool. 

� SPECT/CT can identify EA and/or IA uptake but there is 
insufficient evidence to suggest that it can be used to dif
ferentiate IA SIJ pain from dorsal ligament pain; Grade I 
evidence. 

Q4. Are intra-articular sacroiliac joint injections and 
sacral lateral branch injections diagnostic or 
prognostic?
The SIJ complex is a dual-structured joint where the sacrum 
meets the ilium. It features an amphiarthrodial superior/dor
sal region with fibrocartilage and a smaller, more mobile dia
rthrodial antero-inferior portion with hyaline cartilage.1–4

The joint is enclosed by a fibrous capsule with synovial lining 
and supported by extensive anterior and posterior ligaments, 
all containing nociceptors that can generate pain. The neuro
anatomy of the SIJ complex remains incompletely character
ized, with variability observed between independent 
cadaveric dissection studies. This anatomical complexity has 
led to debate regarding the diagnostic and prognostic validity 
of IA SIJ injections and sacroiliac lateral branch blocks 
(SLBBs) in clinical practice.3,25,106–118

Are sacroiliac joint injections diagnostic?
There is no reference standard beyond diagnostic IA SIJ injec
tion for confirming SIJ complex pain, creating an inherent 
challenge in assessing its diagnostic value. Current literature 
reports one or more IA SIJ injections as the reference 

standard to evaluate other diagnostic methods (history, phys
ical examination, imaging). Multiple factors can affect the 
sensitivity and specificity of these injections, including pla
cebo effects, referred pain, neuroplasticity, central sensitiza
tion, expectation bias, systemic absorption of local 
anesthetic, and psychological factors.119 Furthermore, the SIJ 
may communicate with the S1 foramen, there is potential for 
dorsal leakage of injectate from the joint, and anterior capsu
lar defects are present in approximately 40% of individuals 
with suspected SIJ complex pain.43 As such, a technically 
sound IA SIJ injection may result in off-target anesthetic 
spread and the possibility of a false-positive test result.5,42,43

Despite these limitations, multiple systematic reviews and 
meta-analyses provide evidence that IA SIJ injections are 
diagnostic for SIJ-mediated pain with the false-positive rate 
of uncontrolled injections averaging around 20%.8,40,83,120

The Centers for Medicare and Medicaid Services (CMS) con
siders IA SIJ injections to have diagnostic value while 
acknowledging that the EA ligaments may be a pain genera
tor.120 A systematic review of 18 manuscripts by Simopoulos 
et al. found evidence that controlled comparative local anes
thetic IA SIJ injections are the best means to diagnose SIJ- 
mediated pain.40 Another systematic review by Kennedy 
et al. also supports the diagnostic validity of IA SIJ injections 
for SIJ-mediated pain.8 A systematic review by Szadek et al. 
partially supports the diagnostic validity of IA SIJ injections, 
but recommended that further studies should be conducted 
secondary to a paucity of sensitivity and specificity data.83

Are sacroiliac joint injections prognostic?
Intra-articular SIJ injections may be prognostic for the out
come of SIJ immobilization by fusion (see Table 8). All clini
cal studies assessing the effect of SIJ fusion to date have used 
IA SIJ injections to select patients for surgery. However, it is 
unclear what prognostic value IA SIJ injections have for pre
dicting response to SLBRFA. Although most clinical studies 
evaluating SLBRFA have used IA SIJ injections to select 
patients and reported favorable outcomes,14,21,27,119

SLBRFA targets nerves that innervate the posterior ligamen
tous complex and posterior aspect of the joint, but not the 
full capsule, synovium or most of the IA portion of the 
SIJ.111,117 The current literature suggests there are minimal 
differences in the prognostic value of an IA SIJ injection com
pared to SLBB in predicting SLBRFA treatment outcomes.121

The only randomized study that reported a negative result 
from SLBRFA used a single prognostic IA SIJ injection with 
3 mL of 2% lidocaine, but also required only a 2-point 
decrease in pain to diagnose SIJ pain.24 Because of the spread 
of local anesthetic (but not extension of an RFA lesion) to 
adjacent potential pain-generating structures, this cutoff is 
likely too lenient and results in a high rate of false-positive 
responses (low specificity). An additional confounding varia
ble is that this study also used technology and a SLBRFA 
technique this is not anatomically valid.121,122 Anatomically 
valid SLBRFA techniques are described in Questions 13 and 
17.

Prognostic value of local anesthetic injections on steroid 
injection outcomes
There are few studies examining the prognostic value of local 
anesthetic injections on outcomes from corticosteroid injec
tions. In a small, prospective study performed in 26 patients, 
Schneider et al. reported a modest correlation between 
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immediate pain relief from the local anesthetic in low-volume 
(2 mL) lidocaine-steroid injections, with the negative predic
tive value of immediate pain relief being higher for a negative 
response 2-4 weeks post-injection than the positive predictive 
value of a positive response, which is consistent with diagnos
tic blocks performed for other conditions.123,124 In two 
placebo-controlled trials evaluating IA facet steroid injections 
in which patients were selected based on a positive response 
to injections performed only with local anesthetic, neither 
reported positive outcomes.125,126 In addition to the ques
tionable prognostic value of local anesthetic blocks, differen
ces in technique (ie, needle location) and injectate spread 
between injections limit reproducibility.

Are sacral lateral branch blocks diagnostic?
Randomized, double-blinded, placebo-controlled studies 
reveal that SLBBs are not diagnostic for IA SIJ-mediated 
pain.117 There is anatomical evidence that the IA portion of the 
SIJ is innervated from both ventral and dorsal sources.107,113,127

A randomized double-blind, placebo-controlled study in 20 
asymptomatic subjects by Dreyfuss et al. revealed that multi- 
site, multi-depth SLBBs are approximately 70% effective in 
blocking nociception arising from the interosseous (IO) and 
dorsal sacroiliac (DSI) ligaments, as well as the inferior dorsal 
capsule of the joint, but do not effectively block pain associated 
with distension of the full SIJ capsule.117 Although this study 
did not assess the ability of SLBBs to block nociception from 
the articular surfaces of the SIJ (ie, no noxious stimulus to the 
articular surfaces was applied), it is very unlikely that the full IA 
portion of the SIJ is innervated by sacral lateral branches when 
taking into account these results and those of anatomical 
studies.117,121,122

Are sacral lateral branch blocks prognostic?
SLBBs have face-validity for predicting the outcome of 
SLBRFA given that the same nerves blocked are those tar
geted by SLBRFA; however, the current literature suggests 
that they may not provide meaningful additional predictive 
value beyond using historical and physical exam criteria (ie, 
provocative tests) and a prognostic injection of any type (IA 
SIJ injection, SLBB or even a large-volume injection into the 
dorsal ligaments)25,121 (see Table 8). Pragmatic trials directly 
comparing selection pathways and protocols are needed to 
increase confidence in our understanding of the prognostic 
value of IA, EA, and SLBBs. It will be important that such tri
als use anatomically-valid SLBRFA techniques121,122 as dis
cussed in Question 13 of these guidelines.

Summary:

� IA SIJ injections are diagnostically valid for IA SIJ- 
mediated pain; Grade B evidence, moderate level of 
certainty. 

� IA SIJ injections with local anesthetic have unreliable pre
dictive value for IA injections with steroids; Grade I. 

� IA SIJ injections have unreliable prognostic value for 
SLBRFA—Grade C, low level of certainty. 

� SLBBs are diagnostic for pain arising from the inteross
eous ligament, dorsal sacroiliac ligament, and inferior 
dorsal SIJ joint; Grade B evidence, low-to-moderate level 
of certainty. 

� There is insufficient evidence to assess the relative prog
nostic validity of SLBBs compared to other selection crite
ria for SLBRFA; Grade I evidence. 

Recommendations:

� Multiple systematic reviews partially support the diagnos
tic validity of SIJ injections, but further study is needed to 
address the variability in sensitivity and specificity data. 

� Further pragmatic trials directly comparing selection cri
teria (history, physical examination, and SLBBs) are 
needed to increase confidence in the relative prognostic 
values of different means of optimally selecting SLBRFA 
candidates. 

Q5. What volume should be used for intra-articular 
sacroiliac joint injections? Should diagnostic 
injections include corticosteroid?
History and physical examination can suggest the SIJ com
plex as the pain generator in patients with LBP, but with 
undetermined specificity and sensitivity. Pain relief following 
IA SIJ injections of local anesthetic (LA), with or without cor
ticosteroids, is considered a more reliable diagnostic indicator 
of the SIJ being the pain-generator in patients with LBP than 
history and physical exam alone. Only 15–30% of patients 
with suspected SIJ complex-related pain based on history and 
examination experience analgesic benefit with IA injections 
of LA, which is likely attributable to a combination of incor
rect diagnosis, lack of spread to the pain-generating area(s), 
and other technical failures.8,80,128 Intra-articular SIJ injec
tions are characterized by high false-positive rates, with nee
dle position and the volume of injectate playing key roles in 
specificity.

Capacity of the sacroiliac joint
The SIJ has a surface area of around 17.5 cm2, but the syno
vial portion has small capacity. The capacity of the SIJ has 
been measured by injecting contrast medium into the joint 
until either resistance was met or spillage into EA structures 
was observed. The reported volumes for retained IA injec
tates range from 0.8 to 2.5 mL in asymptomatic individuals 
and 1.0-2.7 mL in symptomatic individuals.129,130

Considering bony overgrowth (eg, osteophytes) in individuals 
with osteoarthritis, it is possible that healthy joints can 
accommodate a greater volume of injectate without capsular 
tears. It has been proposed that injectate volumes exceeding 
2.5 mL are likely to be non-specific for diagnosing the articu
lar portion of the SIJ as the pain generator in patients with 
mechanical LBP due to EA spillage.131

The SIJ is covered dorsally by four layers of sacroiliac liga
ments and muscles that can also be pain generators. Extra- 
articular causes of pain from the SIJ are likely as common as 
IA causes,6,132 and the false-positive rate of single diagnostic 
IA SIJ injections is approximately 20%.80 Therefore, target 
specificity is an essential criterion in assessing the validity of a 
diagnostic injection and, for IA LA injections into the SIJ, 
false-positive rates of 19%-22% have been reported in vari
ous studies synthesized in a systematic review.8

Intra-articular sacroiliac joint injections
Presence of IA spread of a small volume of injected contrast 
(up to 0.5 mL) without spillage into anatomical structures 
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adjacent to the SIJ or evidence of intravascular uptake con
firms target specificity. In a systematic review by Kennedy 
et al., the synthesis of literature suggested that 0.2-0.5 mL of 
contrast was needed to confirm IA placement of the needle 
tip, followed by the injection of 0.5-2 mL of local anesthetics 
(depending on the dose and concentration), and 1-2 mL of 
corticosteroids (depending on the dose and concentration) 
into the SIJ for therapeutic effect.8 The total volume of the 
injectate for IA injection in the SIJ has varied from 1.5 to 
4 mL in clinical studies (Table 9). The mean volume of 
retained IA contrast injectate for the SIJ, prior to EA spread 
being observed, was reported to be 1.1 mL in two stud
ies.133,134 The median volume of injectate when only LA is 
used is approximately 2 mL but increases to 3 mL when a 
combination of LA and corticosteroids is injected into the SIJ 
(Tables 9 and 10).

Extra-articular sacroiliac joint injections
Pain arising from the SIJ can be due to stimulation of the 
nerve endings that exist not only in the articular cartilage but 
also in the SIJ capsule, synovial lining and the ligaments cov
ering the posterior (and anterior) aspect of the joint.3,135 An 
EA injection of LA into the posterior ligaments can often pro
vide effective relief of SIJ-related pain.136,137 This may be 
more relevant when soft tissue dysfunction of the SIJ is pre
sumed to be the main cause of pain, such as in the non- 
elderly population with LBP.138 Other studies have reported 
analgesic benefit when a combination of LA and corticoste
roid was injected in the EA tissue in close proximity to the 
SIJ.9,10,25,139 However, these studies have several limitations: 
(1) none pre-screened patients with diagnostic injections; (2) 
follow-ups were short-term; and (3) functional capacity was 
not sufficiently evaluated.1 Irrespective of the composition of 
the injectate, the volume for injection into the EA space 
around the SIJ is usually 2–3 mL.

Should diagnostic sacroiliac joint injections include 
corticosteroids?
Corticosteroids are usually injected into the SIJ to confer 
therapeutic benefit, especially if a preceding injection with 
LA results in substantial (usually ≥50%) but short-lasting 
pain relief.68,140 Ideally, the injection of a combination of LA 
and corticosteroids would confer a biphasic response with 
the LA providing the initial analgesic benefit and the cortico
steroid conferring delayed but sustained pain relief.

A sustained analgesic response after an SIJ injection with 
LA and corticosteroids may indicate the SIJ is indeed respon
sible for a patient’s pain but could also reflect a discordant 
(prolonged) response to injection of the LA, which may be a 
placebo effect. Further, the addition of corticosteroids often 
increases the volume of the injectate (Table 10) and the utility 
of including corticosteroids in diagnostic injections into the 
SIJ is unclear. In a systematic review, when local anesthetic 
alone was injected, 35% (95% CI: 29–41%) of 246 patients 
experienced ≥75% relief, but when corticosteroid was added 
to the injectate, 49% (95% CI: 47%-51%) of 685 patients 
had ≥75% relief, suggesting corticosteroids may undermine 
specificity.8 The timing of evaluation is important when 
determining whether a diagnostic injection is positive or neg
ative, as systemic effects from injectable corticosteroids may 
be apparent within 6 h depending on intravascular uptake 
and the corticosteroid injected, which is often the timeframe 
for evaluating pain diaries.

Although a systematic review found that corticosteroids 
provide added relief to local anesthetic in only a small per
centage of patients undergoing IA injections and nerve 
blocks,141 in some cases, it may be appropriate to inject corti
costeroids in the IA space in patients with suspected sacroilii
tis because inflammation of the articular surfaces is a key 
driver of pain in these patients. Injection of corticosteroids in 
the IA space in these patients is often associated with pain 
relief lasting for one to six months.11,142,143

Goals of the injections
SIJ injections serve multiple purposes beyond diagnosing or 
confirming SIJ complex pain in patients with LBP. These 
injections can also predict responses to more definitive inter
ventions, such as surgical joint fusion or SLBRFA. There are 
no studies evaluating the predictive value of SIJ injections 
before fusion, but for lumbar fusion, the results are decidedly 
mixed, with discography rarely used nowadays to select 
patients.144 Logically, when using IA SIJ injections as prog
nostic indicators for SIJ fusion outcomes, it would be crucial 
to ensure the injectate remains within the IA space. However, 
studies evaluating SIJ fusion typically do not report the vol
ume of injectate used.145,146

RFA of the nerves supplying the SIJ complex targets the 
innervation to the posterior sacroiliac ligaments and poste
rior aspect of the SIJ. Hence, inadvertent EA spread during 
an intended IA injection that results in analgesic benefit may 
be more predictive of the analgesic benefit following RFA of 
the posterior SIJ complex innervation, though it would be 
impossible to separate the contributions of IA and EA spread.

Another important issue to consider when treating patients 
with SIJ complex pain is whether the pain is purely IA, purely 
EA, or from a combination of IA and EA pathology. Even in 
patients with spondyloarthropathy, controlled trials evaluat
ing EA corticosteroid injections have shown efficacy.9

Suspecting the latter would justify an injection approach that 
involves intentional extravasation of LA into both the IA 
space as well as the posterior ligaments of the SIJ. In a retro
spective study that compared outcomes in 120 patients who 
received only IA vs a combination of IA and EA injections, 
Borowsky et al. reported a higher incidence of analgesic bene
fit in the combination group. At 3 months after the injections, 
12.5% patients in IA SIJ injection group and 31.3% patients 
in the combination group reported 50% or more reduction in 
their pain intensity scores.139

Sacral lateral branch blocks
Prognostic injections of the lateral branches innervating the 
posterior SIJ have been recommended prior to SLBRFA, with 
the total cumulative volume for S1-3 ranging between 1.5- 
2 mL in controlled trials.14,16,22 When S4 is targeted, slightly 
higher volumes may be necessary. For the L5 dorsal ramus, 
consistent with facet injections, most studies have used vol
umes ≤0.5 mL. In a pilot study performed in healthy volun
teers that found that multi-depth (but not single-depth) SLBBs 
prevented pain from ligamentous probing but not capsular dis
tension, Dreyfuss et al. performed injections at the L5 dorsal 
ramus and from S1-2 at the 2:30, 4:00, and 5:00 positions on 
the face of a clock for right-sided injections (mirror image 
locations on the left) 8-10 mm from the lateral margin of the 
posterior foramina, using 0.2 mL per site. At S3, nerves were 
targeted at the 2:30 and 4:00 positions, while S4 was only 
injected at the 3:00 position on the right in the single-site, 
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single-depth study (it was not targeted in the multi-site, multi- 
depth study). In the multi-depth study, the authors injected 
first at sacral periosteum, then repeated the injection after pull
ing back the needles 1 bevel length (approximately 3 mm). 
This resulted in a volume of 1.2 mL at each peri-foraminal 
region, injected at two different depths and at three different 
points at each sacral level.117,118 SLBBs are performed purely 
as predictive tests before SLBRFA and there is no evidence sup
porting lateral branch nerve entrapment or inflammation as 
the etiology of SIJ complex pain. There is currently no basis to 
add corticosteroids to the local anesthetic. Given the variabil
ity in anatomy and techniques, more research is required to 
evaluate the impact of the volume of injectate in predicting 
outcomes of definitive therapies for relieving SIJ complex pain.

Communication between the sacroiliac joint and proximal 
neural structures
The lumbosacral plexus runs directly across the anterior joint 
capsule of the SIJ. Defects in the capsule of the SIJ can result 
in the spread of the injectate to neural and other 
pain-generating structures through the following pathways: 
(1) dorsal spread to the first three dorsal sacral foramina, (2) 
superior spread to the fifth lumbar nerve root, and (3) ventral 
spread to the lumbosacral plexus. Various patterns of neural 
spread were observed in over 60% of joints injected with con
trast by Fortin et al.42 In a study evaluating landmark-based 
SIJ injections (no imaging guidance), Rosenberg reported a 
44% incidence of spread into the sacral neural foramina (pre
dominantly S1) and a 24% incidence of epidural spread.147 In 
another study evaluating the arthrographic patterns of IA SIJ 
injections, nine of the 13 patients (69%) with pain relief fol
lowing the injection exhibited tears in the ventral capsule of 
the joint.43 In this study, the authors found a positive but 
weak association between capsular tears and analgesic benefit. 
In a study that enrolled patients with suspected SIJ complex 
pain after lumbar or lumbosacral spinal fusion surgery, four 
of the 52 patients (7.7%) patients experienced transient weak
ness of the lower extremities after IA SIJ injections with LA 
and corticosteroids.53 The authors attributed this to leakage 
of the injectate from the ventral aspect of the SIJ.

It is difficult to interpret these findings because while cap
sular tears may raise the likelihood of an SIJ being painful, 
they can also result in false-positive responses to IA diagnos
tic injections with LA. Presence of sensorimotor neural block
ade in the ipsilateral lower limb following IA SIJ injection of 
LA suggests spread of LA to the lumbosacral plexus through 
a tear in the ventral capsule of the SIJ. However, absence of 
this finding cannot rule out spread to neural structures adja
cent to the joint.

Summary:

� IA injections into the SIJ should be performed with a 
maximum of 2.5 mL of total injectate to prevent capsular 
rupture and to reduce spread to adjacent structures; if an 
increase in resistance to the injection is perceived at lower 
volumes (eg, 2.0 mL), the injection may be halted to avoid 
tears in the capsule of the joint; Grade B recommendation, 
moderate level of certainty. 

� In patients with suspected IA and EA pain arising from 
the SIJ itself and the ligaments overlying the posterior 
aspect of the joint, a total injectate volume higher than 2 
mL may be required to block pain generators and treat 

dysfunction. Up to and sometimes exceeding 3 mL 
(depending on the extent of pain and pathology) of injec
tate can be used to achieve this goal; Grade C recommen
dation, low level of certainty. 

� The response to diagnostic IA SIJ injections can be used to 
select patients for surgical fusion of the SIJ; Grade B rec
ommendation, moderate level of certainty. 

� The addition of corticosteroids to LA for IA SIJ injections 
for diagnosing pain arising from the SIJ does not confer 
any clear diagnostic benefit while potentially increasing 
the volume of injectate, thereby increasing the chance of 
extra-articular spread. Corticosteroids should not be rou
tinely added to LA during purely diagnostic IA injections; 
Grade D recommendation against the intervention; low 
level of certainty. 

� The volume of LA for SLBBs should range between 0.67 
and 1.2 mL per foraminal region to account for variable 
neuroanatomy and for the possibility of multiple nerves 
per level, and should be performed at different depths; 
Grade C recommendation, very low level of certainty. 

Q6. How accurate are the use of anatomical 
landmarks, ultrasound, and CT scan for obtaining 
intra-articular spread during a sacroiliac joint 
injection?
Landmark-guided sacroiliac joint injections
Randomized trials
A single randomized multicenter study by Cohen et al.6 eval
uated the accuracy of landmark-based injections and com
pared clinical outcomes between landmark-guided and 
fluoroscopy-guided SIJ injections. The study randomized 125 
patients with clinically suspected non-inflammatory SIJ com
plex pain supported by positive SIJ provocative maneuvers; 
61 received landmark-guided injections, and 64 received 
fluoroscopy-guided injections. Following final needle place
ment based on randomization (eg, landmark vs fluoroscopy), 
contrast was injected under fluoroscopy for both groups 
prior to administration of LA and corticosteroid. In the land
mark group, 8% of injections were either IA or IA and EA, 
whereas in the fluoroscopy group, 44% injections were IA 
and 47% were IA and EA. In the landmark-guided group, the 
remaining 92% of injections did not have any IA SIJ contrast 
spread. For the landmark-guided group, six injections were 
noted to have contrast spread in the piriformis muscle; one 
injection had contrast spread over the L5-S1 facet joint; three 
injections had contrast spread inside a sacral foramen; one 
injection had contrast spread within 3 cm of the hip; and one 
injection had contrast spread in the pelvic outlet. Regarding 
clinical outcomes, no significant difference in pain reduction 
was observed at 1 month between groups [−2.3 points change 
in pain numerical rating scale (NRS) in the fluoroscopy group 
vs −1.7 points in the landmark group; P¼ .23]. Although the 
reductions in average pain and worst pain were greater in the 
fluoroscopy group than in the landmark group at 3 months 
(−1.8 and −2.2 points in the fluoroscopy group vs −0.9 and 
−1.4 points in the landmark group; P¼ .049 and .02, respec
tively), these clinical differences were modest and accompa
nied by a higher cost for fluoroscopically guided injections 
(see Table 11).

Non-randomized trials
Three observational studies prospectively assessed the accu
racy of landmark-guided SIJ injections. One study by Hansen 
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et al.152 included 60 patients with positive SIJ provocative 
maneuvers who underwent a SIJ injection using a landmark- 
guided technique performed by a single experienced physi
cian. The posterior superior iliac spine was used as the land
mark, with no imaging to guide injection. Based on 
fluoroscopic confirmation, only five of 60 patients (12%) 
had IA needle placement. The authors concluded that because 
blind placement of the needle infrequently results in IA 
spread, SIJ injections should be performed under fluoroscopic 
visualization.

A recent retrospective study by Hasoon et al. compared 2- 
week outcomes in 10 patients with clinically-suspected SIJ 
pain, 5 of whom underwent landmark-guided injections by 
inserting a needle slightly inferior to the PSIS, and 5 of whom 
underwent fluoroscopically-guided injections. Each group 
received 3 mL injections containing 2 mL of bupivacaine 
0.25% and 40 mg of triamcinolone. Two weeks post-injec
tion, the average pain relief was 76% in the image-guided 
group, which favorably compared to the mean 56% pain 
relief in the landmark-guided patients.153

The inaugural study evaluating the accuracy of blind injec
tions was conducted by Rosenberg et al.147 The authors per
formed 37 SIJ injections in 33 patients who had positive SIJ 
provocation maneuvers. This study assessed the accuracy of 
landmark-guided SIJ injections based on palpation of the pos
terior superior iliac spine and identification of the midline, 
with position confirmed by CT scan. The final needle loca
tion was observed within the SIJ in only eight of 37 (22%) 
patients, with foraminal and epidural spread noted in 44% 
and 24% of injections, respectively. The authors concluded 
that the low accuracy rates for landmark-guided SIJ injec
tions limit their use for injection therapy.

Fluoroscopically-guided sacroiliac joint injections
Randomized trials
As noted above, the accuracy rate in the randomized multi
center study by Cohen et al.6 comparing fluoroscopy-guided 
and landmark-guided SIJ injections found that 91% of 
fluoroscopically-guided injections were either IA or that the 
injectate spread within both the joint and to the posterior 
ligaments.

Non-randomized Studies
In a cadaveric study by Stelzer et al.150 the accuracy of fluoro
scopically guided SIJ injections was assessed, and joint spread 
was confirmed with dissection after injection of colored latex. 
The fluoroscopy guided SIJ injections showed IA spread in 
50% of specimens, 40% of injections were within the poste
rior ligaments, and 10% demonstrated intravascular spread; 
it is noteworthy that for obvious reasons, readjustment was 
not performed after contrast injection.

There are several observational studies that assessed anal
gesic benefit with fluoroscopically-guided SIJ injec
tions.68,80,140 These studies prospectively assessed the 
diagnostic utility of clinical examination in identifying SIJ 
complex pain based on the outcomes of fluoroscopically- 
guided IA SIJ injections. In the study by Maigne et al., 1 mL 
of contrast was injected into the SIJ, followed by 2 mL of 
lidocaine 2% for the first injection and bupivacaine 0.5% for 
the second injection. The authors reported that 35% of 
patients after the first injection and 18.5% after the second 
injection experienced ≥75% pain reduction.80 In the study 
published in 2005 by Laslett et al., 1 mL of contrast and 1 mL 

of LA was injected into the SIJ, and 33% of patients reported 
pain relief.140 In the 2003 publication by Laslett et al., 35% 
responded positively to the first injection; among these, 
18.5% experienced temporarily relief from the confirmatory 
SIJ injection. However, no attempt was made to interpret the 
accuracy of fluoroscopic guidance for IA SIJ injections in 
these studies, and pain relief following injection was used as a 
surrogate.

Ultrasound-guided sacroiliac joint injections
Randomized trials
Two randomized trials compared clinical outcomes between 
ultrasound-guided and fluoroscopically-guided SIJ injections. 
In a study by Jee et al.,154 120 patients with non- 
inflammatory SIJ arthritis were randomized either to 
ultrasound-guided SIJ injections or fluoroscopically-guided 
injections. The spread of contrast was assessed by a blinded 
radiologist. The ultrasound-guided injections were IA in 
87.3% of patients, and the fluoroscopy-guided injections 
were IA in 98.2% of patients (P< .05). Vascular injection 
was observed in 34 of 55 (62%) of ultrasound-guided injec
tions while three cases of intravascular injection were found 
in the fluoroscopy group. No differences were observed in 
NRS pain and Oswestry Disability Index (ODI) scores up to 
12 weeks following injections. Another study by Soneji 
et al.151 randomized 40 patients with unilateral SIJ arthritis 
to receive either ultrasound-guided or fluoroscopically guided 
SIJ injections, with participants followed for 3 months. In the 
ultrasound-guided group, contrast spread was assessed with 
fluoroscopy. Blinding was not reported. The ultrasound- 
guided SIJ injections were IA in 50% of patients, and fluoro
scopically-guided injections were IA in 65% of patients. No 
significant differences in NRS pain or ODI scores were 
observed between groups.

Non-randomized trials
Several studies prospectively assessed the accuracy of 
ultrasound-guided SIJ injections using fluoroscopy as the 
reference standard.155–157 In the study by Pekkafahli et al.,157

34 consecutive patients with SIJ complex pain underwent 60 
ultrasound-guided SIJ injections, with 76.7% found to be IA. 
The IA injection rate appeared related to proceduralist expe
rience, with an accuracy rate of 60% for the first 30 injec
tions, which increased to 93.5% in the subsequent 30. A 
study by De Luigi et al.155 reported a higher rate (96%) of IA 
injection in 50 patients with SIJ-mediated LBP who under
went ultrasound-guided SIJ injection. Only one injection 
resulted in vascular uptake of contrast. The two patients who 
had undergone ultrasound-guided SIJ injections without IA 
contrast spread had a body mass index over 40 kg/m2. In 34 
patients, Fouad et al.156 found that 84.6% of injections were 
IA while 15.4% of injections were EA. Using MRI confirma
tion after ultrasound-guided SIJ injections in 14 patients (20 
injections), Hartung et al.158 observed IA spread in eight 
(40%) injections and EA spread in 60%. Lastly, a large retro
spective review of 8,226 patients who underwent musculos
keletal injections by Hynes et al.159 observed no difference in 
the complication rate between ultrasound- and 
fluoroscopically-guided musculoskeletal injections (SIJ injec
tions were included with other injections).

Three studies assessed the accuracy of ultrasound-guided 
SIJ injections in cadaver models, with conflicting results. In a 
study by Klauser et al.,160 the accuracy of upper-level and 
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lower-level ultrasound-guided SIJ injections was confirmed 
using CT. In a total of 20 joint injections, the authors 
observed IA needle placement at the upper level in 70% vs 
90% at the lower level. The overall success rate for 
ultrasound-guided IA needle placement was 80% (16 of 20 
SIJs). Another cadaver study by Perry et al.161 assessed the 
accuracy of ultrasound-guided SIJ injections through the dis
section of injected paint markers. Out of 17 SIJ injections, 15 
(88.2%) were injected in the IA space, but five (33.3%) also 
showed partial EA spread on ultrasound during initial injec
tion, necessitating redirection of the needle. Three of the 15 
IA joint injections exhibited partial EA spread not observed 
during ultrasound-guided needle placement. Finally, as 
above, a study by Stelzer et al.150 compared the accuracy of 
ultrasound-guided SIJ injections to fluoroscopically-guided 
SIJ injections, evaluating joint spread by dissection after 
injection of colored latex. With ultrasound-guided SIJ injec
tions, the IA spread was observed in 5% of injections, with 
95% of injections being EA. In contrast, the fluoroscopy- 
guided SIJ injections showed IA spread in 50%, 40% showed 
intra-ligamentous spread, and 10% resulted in intravascular 
uptake.

CT-guided sacroiliac joint injections
Randomized trial
A single RCT compared clinical outcomes with low-dose CT- 
guided IA SIJ injections to fluoroscopically-guided IA SIJ 
injections. In a study by Bessar et al.,162 52 patients with SIJ 
complex pain were randomized to either low-dose CT-guided 
IA SIJ injection or fluoroscopically-guided IA SIJ injection 
and followed for 12 months. In both groups, significant 
improvements in pain and function were observed through 
12 months, with results generally being more favorable in the 
CT group. In this study, blinding was not reported. Difficulty 
in localization of the SIJ space was reported in five patients 
who underwent fluoroscopically-guided injections. More 
patients were satisfied in the CT group, with no significant 
difference in the radiation dose between groups.

Non-randomized studies
Two prospective studies assessed the accuracy and clinical out
comes of CT-guided IA SIJ injections. In a study by Artner 
et al.,163 30 patients with LBP and positive SIJ provocation test
ing underwent low-dose CT-guided bilateral IA SIJ injections, 
with 100% of injections being IA. The authors also found no 
significant difference in radiation dose when compared to fluo
roscopically-guided IA SIJ injections performed the previous 
month (4.57 mGycm2 with low dose CT-guided injections vs 
3.73 mGycm2 with pulsed fluoroscopically-guided injections). 
The authors did not delineate how accuracy was determined. 
When the accuracy was assessed using confirmation by a 
blinded evaluator in a later study by Althoff et al.,164 CT- 
guided SIJ injections were observed to be IA in 76% of 
procedures.

Three studies retrospectively assessed the accuracy of CT- 
guided injections. In a study by Bronsard et al.,165 94 patients 
with SIJ complex pain after previous lumbosacral spinal 
fusion surgery underwent up to three CT-guided IA SIJ injec
tions confirmed with arthrography. Out of 146 SIJ injections, 
61 were IA, and 41% were effective (>70% pain improve
ment) two days after injection. It should be noted that 
patients received repeat injections only if prior injections 
were ineffective (up to three injections), and the third 

injection was performed with 3-dimensional surgical naviga
tion. In retrospective studies by Paik et al.166 and Oren 
et al.,167 combined CT-guidance with fluoroscopy was used, 
with both studies reporting 100% IA spread confirmed by 
arthrography. In the study by Paik et al., the authors found 
that the time required for combined CT-fluoroscopy proce
dures was greater than the reported times for fluoroscopi
cally-guided IA SIJ injections, but less than for standard CT- 
guided, ultrasound-guided, and MRI-guided IA SIJ injections.

Summary:

� In those with suspected IA SIJ pathology, accuracy for 
intra-articular injectate spread is greater with fluoroscopi
cally-guided SIJ injections compared to landmark-guided 
SIJ injections; Grade B evidence, moderate level of 
certainty. 

� IA SIJ injections without imaging guidance (such as land
mark or palpation-guided injections) should not be used 
when performing IA SIJ injections; Grade A recommenda
tion, high level of certainty. 

� The use of image guidance should be strongly considered 
when performing SIJ complex injections when extra- 
articular involvement is suspected to delineate needle 
position; Grade B recommendation, moderate-to-high 
level of certainty. 

� The use of fluoroscopic image guidance should be coupled 
with contrast injection (if no contraindication) to confirm 
intra-articular placement; Grade C recommendation, low 
level of certainty. 

� Ultrasound guidance should be considered in patients 
where radiation exposure (eg, pregnancy, children) and/ 
or contrast (eg, anaphylactic reaction) is contraindicated; 
Grade C-B recommendation, moderate level of certainty. 

� The evidence is insufficient to determine the non-inferiority 
of ultrasound-guided compared to fluoroscopically-guided 
SIJ injections for accuracy of IA placement; Grade I. 

� The accuracy of ultrasound-guided injections depends on 
the experience of the proceduralist and patient character
istics (eg, body mass index); Grade C evidence, low level 
of certainty. 

� The evidence is insufficient to compare the accuracy of 
CT-guided to fluoroscopically-guided SIJ injections; 
Grade I evidence. 

� In patients with advanced degenerative changes of the SIJ 
noted on preprocedural imaging or who have had prior 
unsuccessful fluoroscopically-guided SIJ injections, low- 
dose CT guidance with or without fluoroscopy can be con
sidered; Grade C recommendation, low level of certainty. 

Q7. Which is more effective for the treatment of 
sacroiliac joint complex pain, intra- or extra- 
articular sacroiliac joint complex injections?
The SIJ complex is a sophisticated structure composed of the 
sacral and iliac bones, which form the joint space enclosed by 
a fibrous capsule and synovial lining. This complex is sup
ported by an extensive network of posterior and anterior liga
ments, as well as a diverse group of muscles that contribute 
to its stability and function. These muscles include the erector 
spinae, multifidus, gluteal group, psoas, quadratus lumbo
rum, piriformis, obliques, hamstrings, and pelvic floor 
muscles. The intricate interplay of these osseous, articular, 
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ligamentous, and muscular components ensures the structural 
integrity and proper biomechanical function of the SIJ com
plex. Nociceptors are abundantly present throughout these 
structures, and researchers have used pain provocation tech
niques and anesthetic studies on both patients and healthy 
volunteers to develop comprehensive pain referral maps for 
IA and EA SIJ complex pain.3,4,59–61,79,129

The probability of EA or IA sources being the primary SIJ 
complex pain generator depends on many factors. Extra- 
articular pathology is more likely to be predominant in a young 
individual with unilateral pain who reports a specific inciting 
event, and injections into the dorsal ligaments typically require 
a higher volume than for IA injections.1 Extra-articular SIJ pain 
is often associated with exquisite tenderness, and normal or 
near-normal imaging, although certain MRI sequences such as 
short tau inversion recovery (STIR) can detect acute inflamma
tory processes. In contrast, IA pathology is more likely to occur 
insidiously in an older person with bilateral pain, and is gener
ally associated with radiological abnormalities.1 Some patients 
also have IA and EA pathology occurring simultaneously, as 
suggested by controlled trials demonstrating efficacy for EA 
injections in patients with spondyloarthropathies,9 and a trend 
toward a higher responder rate and greater pain relief when a 
combination of IA and EA spread was observed (60%) com
pared to when only IA (48%) or EA (54%) spread occurred 
(P¼ .25) in injection-based outcome studies.6 In a retrospective 
study conducted in 120 patients, Borowsky and Fagen reported 
a higher proportion of responders following combination IA/ 
EA injections than for IA injections alone.139 In a recent 
randomized trial by Tantawy and Nazim in which the same 
dose and volume of corticosteroid and local anesthetic was 
injected either into or both into (IA) and outside (EA) the joint, 
the authors found no difference in pain scores at 1 week, but 
superiority for the combination group at 1- and 6-months (see 
Table 12).168

Clinical studies
Randomized trials
Direct comparisons
In a double-blind study, Cohen et al. randomized 125 
patients with clinically-diagnosed SIJ complex pain to 
landmark-guided injections with sham fluoroscopy or fluoro
scopically-guided injections in which the target was IA.6

Only 8% of the landmark-guided injections were IA, which is 
consistent with the low rate of IA spread without image guid
ance found in other studies.147,152 Although greater immedi
ate pain relief and a higher short-term responder rate (69% 
for combination spread, 62% for IA-only spread, 57% for 
only EA) was found for combination injections, the differen
ces between groups were not significant. Whereas no signifi
cant differences were observed between groups at the 1- 
month primary endpoint, at 3-month follow-up some out
come measures favored IA over EA spread, which is consis
tent with the short duration of benefit for soft tissue 
injections.

Khalil et al. performed a quasi-randomized (based on later
ality) trial in which 96 patients with severe clinically- 
identified SIJ pain were allocated based on their most painful 
side to receive fluoroscopically-guided right-sided IA injec
tions with a 3 mL mixture of methylprednisolone and 2 mL 
of 2% lidocaine injected into the center of the joint without 
contrast to confirm placement (n¼46), or left-sided EA injec
tions administered in the upper, middle and lower regions 

containing the same injectate (n¼ 50).7 The authors found 
statistically significant differences favoring EA injections 
immediately after the injection (3.0 vs 4.3 and 0.4 vs 1.3 at 
each of the 2 hospitals), at 1-week (2.2 vs 4.3 and 1.3 vs 2.3), 
1-month (1.9 vs 4.6 and 0.4 vs 2.2) and 3-month (1.7 vs 4.7 
and 0.3 vs 2.8) follow-ups. This study included only individu
als with baseline scores of at least 8 on a 0-10 NRS, did not 
provide combined data, and incorrectly stated that the blind 
injections outside of the joint were into different parts of the 
joint capsule.

Indirect comparisons from randomized trials
There are three placebo-controlled trials that have eval

uated outcomes following SIJ injections. In the first one by 
Maugars et al., 10 patients (13 joints) with spondyloarthrop
athy and active sacroiliitis were randomized to receive IA cor
ticosteroids or saline following joint arthrography in a 
double-blind fashion.11 At 1-month follow-up, five of the six 
joints injected with corticosteroid were deemed to have 
≥50% pain relief vs one of seven in the saline group. At 
1 month, six of the seven control joints were reinjected with 
corticosteroid. At 3- and 6-month follow-ups, 62% and 58% 
of participants continued to report pain reduction, 
respectively.

In the two randomized, double-blind placebo-controlled 
trials by the same group of investigators that evaluated EA 
injections, the authors compared depo-corticosteroid and 
local anesthetic injections to saline and local anesthetic injec
tions in 20 patients with seronegative spondyloarthropathy 
in their initial study,9 and in 24 patients without spondy
loarthropathy in a follow-up study.10 At both 1- and 2- 
month follow-up, the treatment group experienced a greater 
reduction in pain than the control group. In addition to the 
short follow-up periods, another flaw in these two studies is 
that the local anesthetic used in both treatment groups is not 
a true placebo.141

Non-randomized comparative-effectiveness studies
In the first study to compare IA to EA SIJ injections, 
Murakami et al.137 performed a non-randomized, evaluator- 
blinded, prospective study in 50 patients comparing 
immediate-term (5-min post-injection) outcomes for lido
caine IA injections and EA injections performed in four loca
tions along the SIJ. The EA injections were performed with 
0.5-1 mL aliquots of lidocaine in areas where hypertonic sal
ine provoked pain. The authors reported significant improve
ment in six activities of daily living in 100% of the EA 
injections vs 36% of the IA injections. They then performed 
EA injections on the IA non-responders, again reporting a 
100% response rate. In addition to the unrealistic 100% 
response rate, other flaws include selection bias and the out
come measure, which was immediate and did not involve 
pain relief.

In an observational study by the same group, the authors 
performed EA injections in 85 patients with pain around the 
posterior superior iliac spine. The injectate consisted of 
0.5 mL aliquots of 2% lidocaine mixed with contrast in indi
viduals whose pain was reproduced by needle irritation.136 In 
those who failed to experience a positive outcome, defined as 
≥70% pain relief 15- to 30-min post-injection, a fluoroscopi
cally-guided IA injection was performed with a 50:50 mix
ture containing betamethasone and bupivacaine 0.5%. 
Seventy-two (85%) patients experienced a positive response, 
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with the successful group comprised of 81% (n¼ 58) EA and 
19% (n¼14) IA injections. In addition to the non- 
randomized design, a disproportionate percentage of placebo 
responders were likely included in the positive EA group.

As alluded to above, in a retrospective study in which the 
authors compared IA corticosteroid and local anesthetic 
injections (n¼40) to IA and EA injections (n¼80), the pro
portion of patients who obtained ≥50% pain relief at 3 weeks 
(42.5% vs 27.5%) and 3 months (31.3% vs 12.5%) was 
higher in the combination group.139 Although the total dose 
of corticosteroid was the same in the two groups, the combi
nation group received a higher volume of bupivacaine (4 mL 
vs 1.5 mL). The authors also did not provide a basis as to 
why data were only analyzed on 120 of the 164 eligible 
patients. Hartung et al.158 performed a prospective study in 
14 patients (20 joints) to determine the accuracy of 
ultrasound-guided IA SIJ injections, finding only a 40% suc
cess rate using MRI as the reference standard. Although there 
was no difference in pain reduction at 24 h between those 
patients with IA spread and those with only EA spread, at 
4 weeks there was a trend toward greater pain relief in the IA 
group (3.3 vs 2.5 points on a 0-10 numerical rating scale).

Nacey et al.169 retrospectively reviewed the records of 113 
fluoroscopically-guided SIJ injections performed with 1 mL 
of corticosteroid and local anesthetic in 99 patients. The 
injection location was stratified based on a review of images 
by two musculoskeletal radiologists. For the 55 (49%) of 
injections deemed to be IA, the mean immediate reduction in 
pain was 4.4 vs 4.2 for the 58 patients whose injections were 
EA. One-week post-injection, both groups reported an aver
age pain reduction of 1.9 points on a 0-10 scale. The res
ponder rates immediately post-injection (prevalence rate) and 
at 1 week in the IA and EA groups were 43% vs 42%, and 
22% vs 17%, respectively using ≥50% pain relief as the 
threshold, and 35% vs 29% and 12% vs 6%, respectively, 
using ≥75% relief. One limitation in studies evaluating the 
effectiveness of EA injections is that there is little standardiza
tion on selection, location of injections and the injectate 
composition.

Summary:

� There is slightly stronger evidence for the efficacy of 
extra-articular (periarticular) than intra-articular SIJ 
injections with corticosteroid for at least one month in 
patients clinically diagnosed with SIJ complex pain; 
Grade C evidence, low level of certainty. 

� There is conflicting evidence that extra-articular injections 
may be more effective at three months; Grade C evidence, 
low level of certainty. 

Q8. Is there an optimal technique for performing 
intra-articular sacroiliac joint injections and sacral 
lateral branch blocks?
Anatomical considerations
When determining the optimal technique for performing IA 
and EA SIJ injections as well as SLBBs, it is important to con
sider the anatomy relevant to each procedure. The SIJ, a com
bination diarthrodial and amphiarthrodial joint, typically 
consists of the sacral segments S1 (largest component), S2, 
S3, and the ilium.132 The SIJ consists of both IA and EA por
tions. The IA and EA portions consist of a synovial joint 

(infero-anteriorly) and syndesmosis (ie, fibrous linkage), 
respectively.

The synovial portion of the SIJ typically involves the infe
rior half of the joint with the articular cartilage on the sacral 
side being thicker in comparison to that of the iliac side (�3- 
5mm vs �1-2 mm).170 Multiple ligaments support the SIJ 
including ventral, dorsal, transverse and interosseous liga
ments. The interosseous ligaments are also supported by the 
short and long dorsal sacroiliac ligaments.132,171 The volume 
of the joint has been estimated to range from 0.5- 
2.5 mL.41,117,118,130,133

The innervation to the SIJ and surrounding structures (pos
terior EA elements) is complex, and our understanding con
tinues to evolve.113,132,171,172 The IA portion of the SIJ is 
mainly innervated by anterior sources with a small contribu
tion from posterior sources.171 Both myelinated and unmyeli
nated fibers exist within the articulation of the SIJ.3,109 The 
anterior aspect of the joint is innervated by branches from the 
lumbosacral trunk, as well as direct branches from the ante
rior ramus of L4 and the anterior ramus of L5.171 Dissection 
and histology has not confirmed innervation from the ante
rior rami of S1-S3 and sacral plexus.109,171 The posterior 
aspect of the SIJ capsule and posterior EA ligaments are 
innervated by the posterior sacral network (PSN), which pre
dominantly consists of lateral branches of the posterior rami 
from S1 to S3.171 Figure 1 demonstrates the location of the 
posterior interosseous ligaments and sacral lateral branches. 
The L4, L5, and S4 lateral branches inconsistently innervate 
the posterior SIJ complex. One study demonstrated contribu
tions from S1 and S2 in 100%, S3 in 88%, L5 in 8% and S4 
in 4% of specimens, though other studies have reported 
greater contributions from L5 and S4.108,112,113,115,132 The 
lateral branches are small with mean diameters <1 mm 
(range 0.21-1.51 mm).113 When the L5 lateral branch is 
involved in the innervation it may anastomose with the lat
eral branch of S1 or innervate the posterior aspect of the joint 
directly.108,113 The lateral branches emerge from the fora
mina, with the number of lateral branches from each foramen 
ranging from one to four and most levels having one to 
two.108,171

Defining optimal technique of each injection procedure 
depends on its purpose (diagnostic, prognostic, and/or thera
peutic) and the relevant structures to be targeted. The follow
ing text will focus on diagnostic and/or therapeutic IA SIJ 
injection and diagnostic/prognostic SLBBs. Optimal techni
que for therapeutic dorsal ligament complex injection will 
not be discussed, as its therapeutic value has not yet been 
well defined (addressed in other sections of this article). 
Similarly, diagnostic injections of the innervation of the ante
rior aspect of the SIJ complex will not be discussed here, as 
viable technique(s) have yet to be validated.

Intra-articular sacroiliac joint injections
Multiple techniques have been described for IA SIJ injections. 
For all IA SIJ injections, image guidance is mandatory to 
assist with accurate needle placement, prevent deposition of 
the diagnostic and/or therapeutic injectate into vasculature, 
and to determine if there is IA and/or EA spread. Placement 
without image guidance results in a high technical failure rate 
ranging from 78%-100%.41 Although ultrasound guidance 
can be used for placement, the use of this imaging modality 
may be associated with lower accuracy rates in some contexts 
and long learning curves for IA placement.154,157,158,173
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Therefore, this section will focus on fluoroscopy-guided 
injections.

For fluoroscopy-guided injections, multiple technical 
aspects need to be considered including the location of SIJ 
access, use of contrast medium, and volume of therapeutic 
and/or therapeutic injectate. First, injection of contrast 
medium is recommended to delineate the eventual spread of 
the diagnostic and/or therapeutic injectate and to assist with 
target specificity. Contrast injection allows for the determina
tion of intravascular spread, EA spread into and onto sur
rounding structures and the existence of ventral and dorsal 
capsule tears.8 SIJ contrast flow patterns may have predictive 
value for short-term outcomes, although their utility for long- 
term prognosis appears limited. Scholten et al.174 conducted 
a retrospective review of 54 subjects who underwent thera
peutic SIJ corticosteroid injections, with 49 patients included 
in the final analysis. Their findings revealed that arthro
graphic contrast patterns demonstrating injectate delivery to 
the superior portion of the SIJ were associated with greater 
pain reduction at 2 weeks post-injection. However, this dif
ferential effect was not observed at the 8-week follow-up 
when compared to subjects whose contrast did not reach the 
superior portion of the SIJ.

A second variable to consider when performing IA SIJ 
injections is the volume of injectate. When performing SIJ 
injections into the inferior portion of the joint, the capacity is 
<2.7 mL with capsular distention occurring at volumes 
≤1.6 mL.8,130,133 Therefore, it is recommended that volume 
of injections be <2.5 mL including the volume of contrast 
deposited prior to any diagnostic and/or therapeutic injectate. 
This is addressed in additional detail within Question 5 
(What volume should be used for SIJ injections? Should diag
nostic injections include corticosteroid?) of this article.

Traditionally, IA SIJ injections are performed by accessing 
the lower portion of the joint since the synovial portion of 
the SIJ involves the inferior half of the joint. However, suc
cessfully entering the joint at times can be challenging.8

Successfully gaining IA SIJ access may be more difficult in 
male patients.177 Injections may also be more difficult in indi
viduals who demonstrate osteophytes and the presence of 
substantial vacuum phenomena on preprocedural CT 
scans.177 In general, review of pre-procedural axial imaging 
may provide insight regarding the most feasible angle of 
approach for obtaining access to the SIJ. In individuals for 
whom access is challenging (eg, obesity or severe joint nar
rowing), the use of CT-guidance may improve technical suc
cess and possibly outcomes.162 If entering the lower portion 
of the joint is challenging with fluoroscopy and alternatives 
are not available, other points of access in the middle and 
superior portions of the SIJ have been suggested.175,176,178 In 
an observational study of 69 consecutive patients in whom 
the middle portion of 100 separate SIJs was targeted, the suc
cess rate was 80%.176 Notably, in three of the 20 cases of 
failed SIJ access using the middle part of the SIJ, the tradi
tional inferior SIJ access technique was successful. 
Conversely, in four patients, attempts to access the inferior 
aspect of the joint were unsuccessful, with successful injec
tions achieved by accessing the middle portion of the joint. 
This suggests the need for adaptability. In a prospective 
randomized noninferiority study examining 181 patients who 
were randomized to undergo injection using a point of SIJ 
access at either the upper or lower one-third of the joint, the 
IA injection success rates were 93.3% and 95.6%, 

respectively.175 The authors concluded that accessing the 
upper one-third of the SIJ resulted in a similar success rate 
compared to the traditional point of access at the lower one- 
third of the SIJ.175

Sacral lateral branch blocks
SLBBs are used to select patients for RFA techniques that target 
the posterior sacral network (PSN) associated with EA SIJ com
plex pain including the short posterior sacroiliac ligament 
(SPSL), long posterior sacroiliac ligament (LPSL), interosseous 
sacroiliac ligament (ISL), and superficial lamina of the sacrotu
berous ligament (STL).171 Both single-site, single-depth SLBBs 
and multi-site, multi-depth SLBBs have been examined for their 
ability to effectively anesthetize the posterior SIJ complex.117,118

In a randomized, controlled, double-blinded study, single-site, 
single depth SLBBs were found to be physiologically ineffective 
on a consistent basis with 60% of volunteers in the active group 
maintaining sensation with both repeated SIJ capsular disten
tion as well as probing of the dorsal ligaments of the SIJ com
plex.118 Furthermore, in a parallel anatomic study examining 
S1 and S2 lateral branch injections with green dye, only 36% of 
lateral branches were successfully captured using the single-site, 
single-depth technique.118 Based on this study, it was deter
mined that single-site, single-depth SLBBs are associated with a 
high false-negative rate and may fail to identify patients with 
pain arising from portions of the posterior SIJ complex inner
vated by the PSN. In a follow-up, double-blind, placebo- 
controlled study performed in 20 asymptomatic volunteers, 
multi-site, multi-depth SLBBs produced a much lower false- 
negative rate in comparison to the single-site, single-depth 
SLBBs.117 For the multi-site, multi-depth SLBB technique 
described by Dreyfuss et al.,117 needles were placed 8-10 mm 
lateral to the posterior sacral foramina at multiple locations 
based on clock face positions around the S1 and S2 foramina 
(Right: 2:30, 4:00, and 5:30; Left: 9:30, 8:00, and 6:30) and S3 
foramina (Right: 2:30, 4:00; Left: 9:30 and 8:00). After ruling 
out vascular needle tip position with injection of contrast 
medium at each target area, 0.2 mL of local anesthetic 
was injected. A second injection at each target area was then 
performed after withdrawing the needle by one bevel length, 
for a total volume of 1.2 mL at the S1 and S2 foramina, and 0.8 
at S3.

When using this multi-site, multi-depth SLBB protocol, 
70% of the active group did not respond to posterior liga
mentous probing after receiving injections compared to 0- 
10% of the sham group. Furthermore, a parallel cadaver 
study revealed a 91% accuracy rate for multi-site, multi- 
depth SLBBs to capture the S1 to S3 lateral branch nerves. 
Notably, in the human subject portion of the study, 86% of 
participants retained the ability to sense capsular distention; 
thus, the ventral articular portion of the SIJ is not effectively 
anesthetized by blocking the PSN.117 One study has validated 
an ultrasound-guided technique for SLBBs using the Dreyfuss 
et al. multi-site, multi-depth SLBB protocol.179 In this 
randomized-controlled trial, the investigators probed the dor
sal aspect of the sacroiliac ligament, the dorsal aspect of the 
SIJ, and the SIJ interosseous ligament both before and after 
implementing two different SLBB protocols in order to estab
lish the ability of participants to perceive pain in these regions 
and then to evaluate the degree to which pain to probing was 
reduced or completely eliminated by each of the two SLBB 
protocols. The investigators reported a similar degree of abil
ity to block nociception caused by probing these three SIJ 
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complex structures when using the previously validated fluo
roscopically-guided multi-site, multi-depth SLBB protocol 
compared to their ultrasound-guided “triple injection” tech
nique. This technique consisted of injecting 0.5 mL of 2% 
lidocaine at target points along the sacral lateral crest lateral 
to the S1 foramen, between the S1 and S2 foramina, and 
between the S2 and S3 foramina.

In conclusion, fluoroscopically-guided multi-site, multi- 
depth SLBBs (using the Dreyfuss et al. protocol) effectively tar
get posterior EA SIJ structures with lower false-negative rates 
than single-site, single-depth SLBBs. In addition, ultrasound- 
guided multisite blocks along the sacral lateral crest (according 
to the Finlayson et al. protocol) effectively target posterior EA 
SIJ structures to a comparable degree according to one 
randomized controlled trial. Therefore, if one is contemplating 
an RFA procedure to interrupt the PSN, multi-site, multi-depth 
SLBBs or ultrasound-guided multisite blocks along the sacral 
lateral crest (according to the Finlayson et al. protocol) should 
be favored as a prognostic tool. However, it should be noted 
that sham-controlled studies that did not to use prognostic 
SLBBs have yielded positive RFA outcomes,21,27 while con
trolled studies that used SLBBs have yielded negative or equiv
ocal results.16 In addition, if a patient has relief with an IA SIJ 
injection, it may not predict the ability of an RFA technique 
that targets the PSN to effectively mitigate pain since these 
RFA techniques do not target IA sources of pain as demon
strated in the study by Dreyfuss et al.117

Summary:

� When performing IA SIJ injections, the preferred method 
includes fluoroscopic guidance, access to the inferior 
(synovial) portion of the SIJ, use of contrast medium to 
confirm appropriate spread of subsequent diagnostic and/ 
or therapeutic injectate (if no allergy/contraindication), 
and a low injectate volume (<2.5 mL); Grade B recom
mendation, moderate level of certainty. 

� If IA access is not possible using the inferior aspect of the 
joint, consideration can be given to accessing the middle 
or superior aspects of the joint or, if available, using CT 
guidance; Grade C recommendation, low-to-moderate 
level of certainty. 

� When considering radiofrequency ablation (RFA) to inter
rupt the sacral lateral branch nerves (posterior sacral net
work) for treating posterior sacroiliac joint complex pain, 
fluoroscopic guidance should be used to perform multi- 
site, multi-depth sacral lateral branch blocks (SLBBs) tar
geting the lateral branches of S1 through S3; Grade C-B 
recommendation, moderate level of certainty. 

� Ultrasound-guided multisite blocks along the sacral lat
eral crest (according to the Finlayson et al. protocol) tar
gets posterior extra-articular SIJ structures and may be 
considered for prognostic SLBBs; Grade C recommenda
tion, low level of certainty. 

Q9. Should sedation be used for intra-articular 
sacroiliac joint injections? Should sedation be used 
for sacral lateral branch blocks? Should sedation be 
used for sacral lateral branch radiofrequency 
ablation?
The use of sedation for interventional pain procedures is con
troversial. The debate arises secondary to whether providing 

analgesic/anxiolytic medications can alter the patient’s “true” 
response to the intervention. Accurate or “true” responses 
from the patient are critical to render a diagnosis or predict 
(prognosticate) outcome for diagnostic injections. In the con
text of this article, “sedation” will be referred to as the provi
sion of a sedative and/or analgesic medication (eg, 
benzodiazepine and/or opioid, respectively) as opposed to the 
patient’s physiologic response.

The use of sedation during interventional pain procedures 
is not uncommon. The use of sedation has been found to vary 
depending on the procedure being performed. A survey study 
by Kohan et al. found that sedation was used in 80% of RFA 
procedures, 66% of sympathetic nerve blocks, 54% of epi
dural corticosteroid injections, 50% of medial branch nerve 
blocks, and 42% of the time for SIJ injections. 
Benzodiazepines and opioids were the most commonly used 
sedatives.180 An international survey study found that only 
29% of physicians “never” use sedation for SIJ injections.181

Whereas the use of sedation can help decrease patient- 
related discomfort, decrease patient movement, possibly 
improve patient satisfaction, decrease the incidence of vaso
vagal reactions,182,183 and possibly decrease the risk of false- 
negative responses,184–186 it may increase the risk of false- 
positives responses, thereby negatively impacting the diagnos
tic and/or prognostic nature of the procedure.44,187

Improved patient satisfaction with the use of sedation has 
not been firmly established. Kubulus et al. found improved 
patient satisfaction with the use of sedation during regional 
anesthetic injections; however, this study was limited by its 
retrospective nature and confounding anxiety that may have 
been experienced secondary to the surgical procedure.188

Other studies report conflicting results. Cucuzella et al. found 
that 17% of patients requested intravenous diazepam prior 
to an initial epidural corticosteroid injection, with 28% 
requesting it again for subsequent procedures. Higher pain 
scores, increased anxiety, and depression were associated 
with requests for repeat sedation, which may explain the par
adoxical observation that the use of sedation was associated 
with increased procedure-related pain.184 A follow-up study 
by the same group of authors found that even after an exten
sive discussion regarding sedation, 58% of patients chose 
either anxiolysis (oral diazepam) or sedation (IV diazepam) 
prior to an injection and 93% of those who chose to receive 
no anxiolysis or sedation were satisfied with their deci
sion.189 In a retrospective study performed in 4432 patients 
who underwent 6878 transforaminal epidural corticosteroid 
injections, Diehn et al. found high levels of satisfaction 
among non-sedated patients, with 96% reporting good, very 
good, or excellent satisfaction levels.190 Similar to Cucuzella 
et al.184 who reported higher pain scores in sedated patients, 
the authors reported lower satisfaction scores in patients who 
received sedation, though this observation may represent 
selection bias (ie, patients with increased anxiety and pain 
sensitivity may be more likely to elect to receive sedation) and 
the small number of patients who received sedation prevented 
a meaningful statistical comparison.190 Analgesia from 
opioids may decrease pain, making it difficult for the clinician 
to determine if post-procedural pain relief was related to 
opioid administration or the intervention itself. 
Benzodiazepines cause skeletal muscle relaxation and thus 
may decrease back pain in patients with a myofascial compo
nent.191–193 Additionally, benzodiazepines and opioids may 
alleviate the affective (anxiety) component of pain and alter 
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post-procedural activity, thereby undermining the accuracy 
of the post-procedural analgesic response.

Effect of sedation during diagnostic or prognostic procedures 
on treatment outcomes: Indirect evidence
Several studies have evaluated the effect sedation during 
prognostic blocks has on neurolytic or RFA outcomes, albeit 
none for sacral lateral branch RFA. Although a small retro
spective study found poorer neurolysis outcomes when seda
tion was used during prognostic celiac plexus blocks, a larger 
study (n¼265) evaluating the effect of sedation during genic
ular nerve blocks on RFA results reported no effect on treat
ment outcomes.194,195 A randomized trial evaluating 
methoxyflurane on pain during and after genicular nerve 
blocks reported rapid recovery for the short-acting inhaled 
medication used worldwide for out-of-hospital posttraumatic 
analgesia. The authors recommended consideration of its use 
for other prognostic procedures based on the tenet that a 
block’s predictive value will be higher when the local anes
thetic effect outlasts the duration of sedation.196

Guidelines
Societies, including the American Society of Anesthesiologists 
(ASA)197 and the International Pain and Spine Intervention 
Society (IPSIS),198 recommend against the routine use of 
sedation for most interventional pain procedures except for 
advanced procedures (vertebral augmentation, spinal cord 
stimulation, etc.). Studies report an increased risk of overall 
complications and serious neurological injuries with the use 
of moderate or heavy sedation.199–201 A recently proposed 
local coverage determination (LCD) asserts that the use of 
moderate or deep sedation, general anesthesia, or monitored 
anesthesia care (MAC) is not indicated for SIJ injections and 
is not considered medically reasonable or necessary. The 
LCD does note that use of anxiolytics may be indicated in 
patients with anxiety disorders and needle phobias.202

Additionally, the LCD panel noted that sedation not only 
increases risk but may also compromise the validity of the 
diagnostic procedure.120

Diagnostic sacroiliac joint injections
Direct Evidence
Cohen et al. examined the impact of sedation with midazo
lam and fentanyl on the diagnostic validity of SIJ injections 
and sympathetic blocks in a randomized, controlled cross
over trial. The use of sedation was found to result in lower 
pain diary scores and a higher proportion of positive diagnos
tic injections than for injections performed without sedation, 
suggesting a possible increase in false-positive injections. 
Although procedure-related pain scores were lower in injec
tions performed with sedation, sedation did not improve 
patient satisfaction or 1-month treatment outcomes.44

Therapeutic sacroiliac joint injections
Direct evidence
No studies were identified.

Indirect evidence: sedation for pain-relieving procedures
Dreyfuss et al. found no difference in post procedure pain 
scores assessed immediately after a therapeutic epidural corti
costeroid injection without local anesthetic between patients 
who had received sedation with midazolam and/or fentanyl 
and those who did not.203

Sacral lateral branch blocks
Direct evidence
No studies were identified.

Indirect evidence: sedation prior to medial branch nerve 
injections
Manchikanti et al. published several studies investigating the 
impact of sedation on the diagnostic validity of medial 
branch blocks. The authors suggested that although saline, 
midazolam, or fentanyl can all create false positives, the like
lihood was low when 80% pain relief was used as the cutoff 
threshold for a positive block rather than 50%. However, 
these studies had many methodological limitations, including 
only assessing patients pre- and post-medication administra
tion but before the actual procedure was performed (ie, fail
ure to assess post-injection pain relief), that these procedures 
were being done therapeutically and not diagnostically, and a 
high rate of chronic opioid therapy in subjects.204

Sacral lateral branch radiofrequency ablation
Although the use of sedation is rarely indicated with SIJ injec
tions, it can be indicated during SLBRFA according to the 
subject matter expert (SME) panel in the recent LCD. In addi
tion to multiple lesions at multiple levels, “finder” needles (if 
used) are often placed in 3-4 sacral foramina as landmarks 
for electrode placement, and can elicit radicular pain.120

Clinical trials are mixed regarding whether they specifically 
noted that patients routinely received sedation, though no 
trial reporting prohibiting it.

Summary:

� For diagnostic SIJ injections and prognostic sacral lateral 
branch injections, the routine use of sedation is not rec
ommended as it may result in a higher proportion of 
false-positive diagnostic injections; Grade B recommenda
tion, low-to-moderate level of certainty. 

� For therapeutic SIJ injections, the routine use of sedation 
is not recommended; occasionally, light or moderate seda
tion by properly trained personnel, in extenuating circum
stances such as with severe needle phobias, other 
psychiatric indications, a history of severe vasovagal reac
tions, or movement disorders that preclude a safe and/or 
accurate injection, may be necessary; Grade C recommen
dation, low level of certainty. 

� For SLBRFA, the use of light or occasionally moderate 
sedation with patients remaining responsive may be indi
cated in certain cases and should depend on patient and 
provider preferences; Grade C recommendation, low level 
of certainty. 

� If sedation is used, the lowest dose of short-acting medica
tions should be administered; Grade A recommendation, 
high level of certainty. 

Non-surgical treatment
Q10. How effective are non-invasive treatments for 
sacroiliac joint complex pain?
Non-operative (conservative) treatments for sacroiliac joint 
pain
Non-operative or conservative management of SIJ complex 
pain commonly includes a trial of analgesic and anti- 
inflammatory medications, physical therapy (PT) modalities, 
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bracing, psychological therapies, acupuncture, and various 
other treatments. Although supported by little evidence, these 
treatments are frequently recommended before consideration 
of operative or procedural treatments. Despite the lack of 
medium or high-quality evidence, conservative treatments are 
recommended for the treatment of SIJ complex pain by the 
Centers for Medicare and Medicaid Services202 and commer
cial payors in the United States.205 The Centers for Medicare 
and Medicaid Services require 4 weeks of conservative care 
prior to performing procedures on the SIJ complex. There is 
disagreement among professional guidelines, with some 
expert medical consensus recommending conservative care 
based on low-quality evidence206,207 and others recommend
ing against a requirement208 due to the lack of moderate or 
strong evidence of efficacy. Many clinical studies evaluating 
IA SIJ injections, SLBRFA, and SIJ fusion have required a 
course of conservative treatment,11,16,21,22,24 while others 
have not.27,146 The rationale behind the de facto use of con
servative management of SIJ complex pain is primarily based 
on the presumption that SIJ complex pain, like many muscu
loskeletal conditions, will improve on its own with time, and 
low-risk conservative measures may facilitate this. However, 
the typical clinical course of SIJ complex pain in the absence 
of formal treatment has not been reported in the literature. 
The rationale for a mandatory trial with conservative therapy 
may be a more reasonable assumption for acute than chronic 
SIJ complex pain in which symptoms have persisted despite 
time and self-care, and conservative treatments can pose a 
financial burden. In an RCT by Cohen et al.,14 the control 
group who received a cluster of conservative measures had a 
poor response rate, with only 11% having a positive outcome 
with three months of therapy.

It must also be acknowledged that the majority of studies 
evaluating the effectiveness of various non-invasive treat
ments for sacroiliac joint complex pain did not use SIJ injec
tions and/or SLBBs to confirm the diagnosis of SIJ complex 
pain. As such, a proportion of the individuals in these studies 
likely did not have SIJ pain given the known limitations of 
history, physical examination, and imaging for identifying a 
painful SIJ complex.

Pharmacological management
Direct evidence
The chronic inflammatory rheumatic musculoskeletal disease 
axial spondylarthritis, which usually involves the SIJ, is 
responsive to NSAIDS and disease-modifying anti-inflamma
tory medications including tumor necrosis factor inhibitors, 
interleukin-17 inhibitors, and janus kinase inhibitors.209

There are no RCTs examining the efficacy of oral or topical 
non-steroidal anti-inflammatory drugs (NSAIDS), opioids, or 
SNRIs such as duloxetine in SIJ complex pain of non- 
rheumatic etiology.

Indirect evidence
There are numerous randomized trials that demonstrate the 
efficacy of muscle relaxants, NSAIDS, and antidepressants 
for LBP. Oral NSAIDs have been shown to improve pain and 
disability in patients with back pain in the short-term, but 
they are associated with significant adverse effects on the gas
trointestinal, renal, and cardiovascular systems, and their 
unmonitored long-term use is not recommended.210,211

COX-2 inhibitors have been shown to be effective in patients 
with chronic LBP and are associated with fewer GI side 

effects; however, they are often more expensive than tradi
tional NSAIDs and are still associated with adverse cardio
vascular and renal effects with chronic use. A Cochrane 
review found no significant difference in effectiveness 
between non-selective NSAIDs and COX-2 inhibitors for 
LBP.210 Acetaminophen has not been found to provide clini
cally meaningful relief for back pain212 and is inferior to 
COX-2 inhibitors in head-to-head trials.213 There is strong 
evidence for serotonin-norepinephrine reuptake inhibitors for 
back pain,211,212 and guidelines by the American College of 
Physicians recommend duloxetine as a second-line treat
ment.207 In a recent systematic review evaluating antidepres
sants for back pain and osteoarthritis, tricyclic 
antidepressants (3 trials, 145 patients) were not found to pro
vide meaningful relief at 2 weeks or less based on low-quality 
evidence, and neither were other non-SNRI antidepres
sants.214 In another systematic review, gabapentinoids were 
not found to be effective for the treatment of LBP.215 Topical 
capsaicin has been shown to be beneficial in patients with 
LBP though penetration into deep tissues is limited,216 and 
topical diclofenac is effective but less so than oral 
NSAIDs.217 Opioid analgesics produce a decrease in the per
ception of pain, increased pain tolerance, and decreased dis
comfort after acute post-surgical injury. However, despite the 
lack of supporting evidence for opioid efficacy in the treat
ment of clinical acute musculoskeletal pain of the neck or low 
back,218 these remain commonly prescribed medica
tions.219,220 Additionally, opioids are associated with signifi
cant short and long-term adverse effects such as feelings of 
intoxication, cognitive/motor dysfunction, constipation, hor
mone dysregulation, physiological and psychological depend
ence, and persistent use can lead to hyperalgesia, opioid 
misuse and/or opioid use disorder.218,221

Sacroiliac joint belts
The purpose of an SIJ belt is to provide compression and 
stability of the pelvis across the SIJ complex, thereby reducing 
pain and disability. Vleeming et al.222 tested this hypothesis 
by applying SIJ belts in cadavers, revealing a 30% reduction 
in rotation of the joint. In a prospective survey study, 
Hammer et al.223 compared outcomes in 17 patients with 
injection-confirmed SIJ complex pain and 17 healthy control 
patients who received SIJ belts. After 6 weeks of use, the 
authors reported significant improvements in quality of life in 
the SIJ belt patients, a small reduction in pain, improved gait 
and cadence, but no significant changes in muscle activity 
except for decreased tone in the rectus femoris muscle.

Chiropractic treatment and physical therapy (including 
structured exercise therapy)
Early uncontrolled and low-quality studies suggested that PT, 
and osteopathic or chiropractic manipulation reduce pain 
and improve mobility modestly in patients with SIJ complex 
pain resulting from altered gait mechanics and spine mala
lignment.224,225 A later systematic review by Al-Subahi 
et al.226 investigated how effective PT techniques were for the 
reduction of pain in patients with SIJ complex pain. Only one 
of the nine identified studies included a placebo control 
group. The systematic review examined three types of PT 
interventions for reducing pain and improving disability: 
Exercise, manipulation or manual therapy (MT), and 
kinesio-taping (KT). The authors found the included studies 
were of low-quality, but that MT was nevertheless most 
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effective in terms of improving pain and functional capacity. 
In addition to reducing pain and improving disability, KT 
was effective in restoring normal pelvic symmetry and posi
tion in an uncontrolled study, but ineffective when compared 
to placebo. A more recent systematic review and meta- 
analysis by Trager et al.227 examined the effectiveness of MT 
for SIJ complex pain. This review included 16 RCTs with a 
total of 421 adult patients. The results did not show a reduc
tion in pain but did show a small, significant effect in the 
reduction of disability. The meta-analysis showed that when 
non-manual physiotherapy (exercise therapy), regardless of 
whether it included passive modalities, was compared to 
sham in patients with SIJ dysfunction, there was no reduction 
in pain. A systematic review of RCTs by Macedo et al.228

found that a motor control exercise program was more effec
tive than spinal manipulative therapy and home exercise for 
patients with chronic LBP. A more recent narrative review by 
Prather et al.229 concluded that therapeutic exercise alone or 
combined with manipulation was successful in decreasing SIJ 
complex pain and accompanying dysfunction. The indirect 
evidence for psychologically-informed PT was examined in a 
very large clinical trial (n¼2300, 77 sites) that included 
patients with acute LBP at medium and high risk for develop
ing chronic LBP. The authors found that intensive psycholog
ically-informed PT was no better than usual care.230

Acupuncture
No placebo-controlled clinical trials examining the efficacy 
of acupuncture on SIJ complex-related pain have been pub
lished to date. A systematic review and meta-analysis by Liu 
et al.231 examined acupuncture for SIJ complex pain attrib
uted to malposition in 10 studies (n¼1019). The quality of 
the RCTs was deemed to be extremely low with little to no 
follow-up and “random” intervention techniques. However, 
indirect evidence from studies of LBP supports the use of nee
dling, including traditional acupuncture and placebo acu
puncture, for short-term relief of pain. One study examined 
2065 patients with chronic LBP (3 to 12 months) and found 
that after 3 weeks of twice weekly and 1 week of once weekly 
treatment, any form of acupuncture or placebo acupuncture 
was more effective than usual care at 8 weeks, with persis
tence to one year.232 A similar study performed in patients 
with acute LBP found that acupuncture and sham acupunc
ture produced modestly more pain relief than no treatment 
1 week after the 2-week treatment.233 A recent Cochrane 
review of 33 trials found that acupuncture was no better than 
sham and may be no better than usual care for chronic 
LBP.234

Psychological interventions (cognitive behavioral therapy, 
physical therapy-delivered cognitive behavioral therapy)
No studies have evaluated psychological interventions for SIJ 
complex pain, so results must be extrapolated from LBP stud
ies. A systematic review found no effect for cognitive behav
ioral therapy (CBT) compared to no treatment but a 
substantial effect when CBT was combined with structured 
exercise.235 However, a very large RCT found no benefit for 
CBT delivered by a physical therapist in combination with 
manual intensive PT for transition from acute to chronic 
LBP.230 For behavioral therapy and counseling, no significant 
benefits were found either as stand-alone treatments or com
bined with structured exercise.235 In a narrative review, 
Cohen et al.65 found indirect evidence to support the 

influence of psychosocial pathology on the development of 
SIJ complex pain and concluded CBT may be beneficial in 
those with comorbid psychological conditions.

Summary:

� There is indirect evidence that physical therapy (PT) and 
structured exercise may provide intermediate-term benefit 
for SIJ complex pain; Grade C evidence, low level of 
certainty. 

� There is indirect evidence that cognitive behavioral ther
apy (CBT) may provide benefit for patients with comor
bid psychological conditions; Grade C evidence, low level 
of certainty. 

� There is indirect evidence that PT combined with CBT 
does not reduce the transition from acute to chronic low 
back pain; Grade B evidence, low-to-moderate level of 
certainty. 

� There is evidence that SIJ belts may provide benefit in 
some patients; Grade C evidence, low level of certainty. 

� There is insufficient evidence that chiropractic treatment 
is effective for SIJ complex pain; Grade I evidence. 

� There is indirect evidence supporting the use of NSAIDs 
and SNRIs, but not other antidepressants, for SIJ complex 
pain; Grade C evidence, low level of certainty. 

� There is insufficient evidence supporting acute use of 
opioids for SIJ complex pain; Grade I evidence. 

� There is indirect evidence suggesting no benefit for the use 
of long-term opioid therapy; Grade D evidence, low level 
of certainty. 

� There is indirect evidence that acetaminophen is ineffec
tive for SIJ complex pain; Grade D evidence, low level of 
certainty. 

Q11. What is the evidence for non-corticosteroid 
injections in the treatment of sacroiliac joint 
complex pain?
Corticosteroids are the most used injectable treatment for SIJ 
complex pain. Whereas corticosteroid injections are an effec
tive treatment for SIJ complex pain, relief may be short-lived 
for some individuals.9,10,139 Unwanted systemic and local 
side effects of corticosteroid use are well described.41,236–239

As such, physicians and scientists have proposed alternative 
treatments to overcome the relative limitations of corticoste
roid use. Numerous other potentially therapeutic injectable 
agents have been proposed, including autologous orthobio
logics, allogeneic orthobiologics, hyaluronic acid, prolother
apy, chemoneurolysis, botulinum toxin, and saline. These 
proposed therapeutic agents can be classified according to the 
tissue being targeted for injection (articular, ligamentous, and 
neuronal).

Regenerative agents may contain properties that promote 
repair of dense fibrous tissues such as joint capsules, liga
ments, and fascia. These injectates fall into one of two catego
ries: (1) naturally occurring bioactive agents [eg, platelet rich 
plasma (PRP)] and/or extracellular structural components 
(eg, hyaluronic acid); and (2) irritating or debriding solutions 
that initiate endogenous repair mechanisms (eg, prolother
apy, saline). IA injections are theorized to relieve pain 
through mitigation or reversal of degenerative changes to the 
articular cartilage of the SIJ. Literature reports of IA injec
tates that have been investigated as potential treatments for 
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SIJ complex pain include autologous and allogenic orthobio
logics (specifically platelet-rich plasma,240–242 platelet-rich 
fibrin,243 Wharton’s jelly placental allograft244; and hyalur
onic acid245,246). Dextrose-based prolotherapy and saline 
injections into and surrounding the SIJ have also been 
reported.247–249 Whereas vigorous lavage with saline may 
provide a “washout” of inflammatory and pain-mediating 
molecules from the interior joint space, this is unlikely to 
occur with a single IA injection; however, introduction of 
fluid within the joint may indirectly stimulate an anti- 
inflammatory cascade if proteoglycans are removed from the 
superficial extracellular matrix of articular cartilage.250 The 
rationale for EA injection of regenerative agents into struc
tures of the posterior SIJ complex is to relieve pain by 
strengthening or “tightening” damaged or lax ligaments in 
order to improve stability. Hypertonic dextrose prolotherapy 
purportedly induces cell proliferation at ligamentous attach
ment sites.251 There is also an existing report of EA injection 
of PRP into the posterior SIJ complex.252

The second class of therapeutic injectates target neural tis
sues with the goal of relieving pain by interrupting or altering 
nociceptive signal transmission from the SIJ complex. 
Published literature includes two types of injectable therapies 
to potentially treat SIJ complex pain: Phenol-based chemo
neurolysis and botulinum toxin A. Phenol is a non-specific 
protein coagulant; aqueous solutions have previously been 
injected in both the IA and EA spaces for the purpose of neu
ronal coagulation.253–255 Currently, there is only one publi
cation describing the use of botulinum toxin, which was 
injected into the EA structures of the posterior SIJ com
plex.256 Although best known as a paralytic agent that inter
feres with synaptic signaling at the neuromuscular junction, 
there is evidence that botulinum toxin A acts on sensory neu
rons as well.257,258 Proposed mechanisms include reduction 
of neurogenic inflammation, alterations of efferent and affer
ent signals in spinal nerves leading to decreased central sensi
tization and inhibition of the release of sensory 
neuropeptides, as well as inhibiting protein translocation 
from the endosomal compartment to the cell plasma mem
brane of transient receptor potential vanilloid 1 (TRPV1) and 
Transient Receptor Potential Ankyrin 1 (TRPA1) 
receptors.256

Herein, we describe the published evidence related to effec
tiveness within each category of potentially therapeutic 
injectable agents. Notably, no sham-controlled (explanatory) 
RCTs were identified addressing the efficacy of any non- 
steroid injectables to treat pain specifically arising from the 
SIJ complex.

Clinical studies
Autologous orthobiologics
Pragmatic RCTs
In 2022, Chen et al. published results from a randomized 
study in which 26 participants were treated with a single IA 
injection of PRP or corticosteroid.240 Among other criteria 
(Table 13), patients were selected based on ≥80% relief of 
index pain following a single IA SIJ injection of local anes
thetic. Fifteen and 11 patients were then allocated to PRP and 
corticosteroid treatment, respectively. Pain and function 
improved significantly from baseline for both groups at 1-, 3- 
, and 6-months post-injection. However, patients in the corti
costeroid group reported significantly lower pain scores than 

those in the PRP group at all follow-up timepoints, as well as 
significantly lower ODI scores at 1 and 3 months. 
Additionally, responder rates for ≥50% pain reduction were 
significantly higher for the corticosteroid group compared to 
the PRP group at 1 and 3 months (80% vs 21% and 70% vs 
21%, respectively), though the intergroup difference did not 
reach statistical significance at 6 months (67% vs 25%).

A similar randomized comparative trial was reported on by 
Singla et al. in 2017.242 The investigators randomized 40 
patients with three or more positive SIJ provocation tests (no 
diagnostic injection for selection) to treatment with a single 
IA injection of either PRP (n¼20) or corticosteroid (n¼ 20). 
Contrary to the findings of Chen et al., PRP was associated 
with superior short-term outcomes compared to corticoste
roid. Median pain scores were significantly lower at 6- and 
12-weeks post-injection in patients treated with PRP vs corti
costeroid, and responder rates for ≥50% pain improvement 
were significantly higher in the PRP group compared to the 
corticosteroid group at 12 weeks (90% vs 25%).

Observational studies
These studies are presented in Table 13.

Allogeneic orthobiologics
Pragmatic RCTs
No pragmatic RCTs were identified.

Observational studies
These studies are presented in Table 13.

Hyaluronic acid
Pragmatic RCTs
In 2022, Abdelkreem et al. published the results of a random
ized study comparing short-term outcomes following 
ultrasound-guided IA injections of either low molecular 
weight hyaluronic acid (HA) or corticosteroid in 40 partici
pants with sacroiliitis.245 Patients were classified as having 
degenerative (DSI; n¼ 20) or inflammatory (ISI; n¼ 20) sac
roiliitis based on modified New York criteria. No diagnostic 
SIJ injections were performed as a part of the selection proc
ess. Ten patients from each group were allocated to the two 
treatment arms, producing a total of four patient phenotype/ 
treatment combinations: DSIþHA, DSIþcorticosteroid, 
ISIþHA, and ISIþcorticosteroid. Pain was significantly 
improved from baseline in all four subgroups post-injection, 
with no between-group differences detected. However, 
respective comparisons of patient outcomes between treat
ment modalities for the DSI and ISI groups revealed IA injec
tions of corticosteroid were more effective than HA at 
reducing SIJ complex pain secondary to sacroiliitis, regardless 
of etiology. For patients with DSI, average VAS pain scores 
were significantly lower among those treated with corticoste
roids vs HA at all follow-up timepoints (5.6 ± 3.3 vs 8.0 ± 1.3 
at 1-week, 4.4 ± 3.0 vs 7.5 ± 1.2 at 2-weeks, and 3.4 ± 2.3 vs 
6.1 ± 1.4 at 4-weeks, respectively). Although 1-week VAS 
pain score comparisons did not reach statistical significance 
for ISI patients, similar outcomes favoring corticosteroid over 
HA were observed at 2-weeks (5.3 ± 2.6 vs 7.9 ± 1.3) and 4- 
weeks (4.4 ± 2.1 vs 6.8 ± 1.5) post-injection.

Observational studies
These studies are presented in Table 13.
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Prolotherapy
Pragmatic RCTs
In a 2010 RCT, Kim et al. compared long-term treatment 
outcomes in 48 patients randomized to IA injections with 
corticosteroid or 25% dextrose prolotherapy solution.248

Among other criteria, patients were selected by single diag
nostic IA injections with local anesthetic that provided ≥50% 
relief of index pain. Participants allocated to both treatment 
arms received up to three injections at 2-week intervals. Of 
note, the average number of study injections was significantly 
higher among the 23 prolotherapy patients compared to the 
25 patients treated with corticosteroid. Responder rates for 
≥50% pain improvement were significantly higher among 
patients treated with dextrose prolotherapy vs corticosteroid 
at all follow-up timepoints: 64% vs 27% at 6-months and 
59% vs 10% at both 10- and 15-months post-treatment.

Observational studies
These studies are presented in Table 13.

Chemoneurolysis
Pragmatic RCTs
No pragmatic RCTs were identified.

Observational studies
These studies are presented in Table 13.

Botulinum toxin
Pragmatic RCTs
No pragmatic RCTs were identified.

Observational studies
These studies are presented in Table 13.

Saline
Pragmatic RCTs
In 1996, Maugars et al. published the results of a small 
RCT in which 10 patients with SIJ complex pain secondary 
to inflammatory sacroiliitis were randomized to receive a 
single IA injection with either corticosteroid (n¼6 joints) 
or saline (n¼7 joints).11 No diagnostic SIJ injections were 
performed as a part of the selection process. Although pain 
was improved significantly from baseline for the saline 
group at 1-month follow-up, none of the participants who 
received saline injections reported pain relief exceeding 
70%, which was the pre-defined criterion for success. In 
contrast, five of six (83%) participants who received corti
costeroid injections reported a successful outcome at 
1 month. Between-group comparisons were not possible at 
subsequent follow-up timepoints, as all but one patient in 
the saline arm crossed over to corticosteroid treatment at 
1 month. The individual who did not cross over reported 
50%-70% pain improvement at 3 months and at the final 
6-month follow-up assessment.

Observational studies
These studies are presented in Table 13.

Summary:

� There is insufficient evidence demonstrating efficacy or 
effectiveness of autologous orthobiologics, allogeneic 
orthobiologics, hyaluronic acid, non-dextrose-based 

prolotherapy, chemoneurolysis, botulinum toxin, and sal
ine for the treatment of SIJ complex pain; Grade I 
evidence. 

� Dextrose-based prolotherapy may be effective for SIJ 
complex pain 6 months post-procedure; Grade C evi
dence, low level of certainty. 

� Platelet-rich plasma may be effective for the treatment of 
SIJ complex pain at 3 months post-procedure; Grade C 
evidence, low level of certainty. 

Q12. What is the evidence for cryoablation in the 
treatment of sacroiliac joint complex pain?
Cryoablation of peripheral nerves leads to cellular destruc
tion and temporary or permanent interruption of pain signal 
transmission along the affected nerve pathway by applying 
extreme cold to the target nerve, causing ice crystal formation 
within the nerve cells and surrounding tissue. Cryoablation 
may cause less extensive damage to surrounding tissues and 
may allow for better preservation of the nerve’s connective 
tissue structures (endoneurium, perineurium, and epineu
rium) compared to RFA. This relative preservation of the 
nerve’s scaffold can potentially facilitate remyelination and 
nerve regeneration in some cases, depending on the intensity 
and duration of the freezing process.259 Other benefits of cry
oablation may include: Creation of large volume lesions,260

less procedural pain, and lower cost compared to some RFA 
technologies, though this depend in part on the system used 
and how costs are attributed.261

Evidence-base for treatment of sacroiliac joint complex pain
The literature search revealed very limited published evidence 
addressing the clinical outcomes of cryoablation for SIJ complex 
pain. Two case series and one retrospective study were identified. 
One case series included five cases in which patients were selected 
for cryoablation used a diagnostic IA SIJ injection with 3 mL of 
2% lidocaine.261 A strip-lesion technique of cryoablation was 
used to capture the S1, S2, and S3 lateral branch nerves. The 
authors reported that patients experienced “more than 50%” 
pain relief for up to 6months after SLB-cryoablation using com
bined ultrasound and fluoroscopic-guidance. Another case series 
included two patients who were treated with cryoablation (with
out a prior prognostic injection). The authors did not report 
which nerves were included (L5 dorsal ramus, sacral lateral 
branch nerves, or both). The authors reported that both patients 
experienced 50% pain reduction up to the end of the 4-month 
follow-up.262

In a retrospective case-control study, outcomes in 39 
patients treated with cryoablation for SIJ complex pain were 
compared to 44 patients who underwent IA SIJ corticosteroid 
injection. In the cryoablation group, participants were 
selected using a single IA SIJ injection with 1% lidocaine that 
resulted in ≥50% pain reduction. Both groups demonstrated 
statistically significant pain relief at 1-, 3-, and 6-months 
compared to their baseline pain scores. However, the cryoa
blation group demonstrated a larger magnitude of pain relief 
and a greater proportion of responders based on using both 
a ≥ 50% pain reduction and complete pain relief thresholds 
as the definitions of “treatment success”.263

Extrapolation of evidence for treatment of similar conditions
A randomized, placebo-controlled, single-blind study compared 
RFA, cryoablation and sham cryoablation in 120 patients who 
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reported >50% pain relief following high-volume (2mL) peri- 
articular lumbar facet injections. Ablations were performed with 
small radiofrequency electrodes (22-gauge) and large cryoabla
tion (14-gauge) probes. The authors reported no difference 
between groups with regard to any outcome measure except for 
improvement on the Patient Global Impression of Change scale 
in the cryoablation group, but not the RFA group at 6 months 
post-procedure.264 In a narrative review evaluating cryoneuroly
sis for knee osteoarthritis, non-specific knee pain and post- 
arthroplasty knee pain (14 studies, 3 RCTs), Diep et al. found 
evidence for improvements in pain, quality of life, function and 
opioid consumption.265 However, the low quality of the trials 
(10 targeted only the infrapatellar branch of the saphenous nerve, 
while 4 did not report the neural targets) led the authors to the 
conclusion that while promising, cryoablation for knee pain 
remains investigational.

Summary:

� There is insufficient evidence to assess the efficacy and 
effectiveness of cryoablation for SIJ complex pain; Grade 
I evidence. 

Recommendation:

� Further studies, including RCTs, are warranted. Future 
studies should include investigation of anatomically valid 
techniques for sacral lateral branch nerve capture, like what 
has been done in clinical trials and other outcome studies 
evaluating SLBRFA. 

Q13. Is sacral lateral branch radiofrequency 
ablation effective for the treatment of sacroiliac 
joint complex pain?
SLBRFA is the process of coagulating the neural tissues of the 
posterior sacral network (PSN), which is comprised of sen
sory fibers from the L5 dorsal ramus and sacral lateral 
branches of the S1-S4 dorsal rami, in order to disrupt noci
ceptive signals from the EA structures and posterior bony 

cortex of the posterior SIJ complex.108,113,266 Variations of 
this procedure have been applied for over two decades by 
interventional pain physicians. In a 2001 retrospective case 
series, Ferrante et al. first attempted RFA by lesioning the 
posterior inferior part of the posterior joint by sequentially 
walking bipolar radiofrequency cannulas cephalad in the 
joint space as far superior as possible. The authors reported 
35% of patients experienced ≥50% pain relief through 
6 months.19 Although these results established the feasibility 
of RFA, future investigations that targeted the nerves them
selves would go on to yield more robust findings as subse
quent advances in our understanding of PSN neuroanatomy 
has led to the development of increasingly comprehensive 
and anatomically-valid lesioning protocols.

Numerous reports have now been published that address 
the efficacy and effectiveness of SLBRFA. Some of these stud
ies have used anatomically validated techniques for capturing 
the sacral lateral branch nerves (Figure 2), while others failed 
to do so.122 In addressing the question as to whether SLBRFA 
is effective, it is necessary to specifically evaluate 
anatomically-valid procedural techniques, as other techniques 
potentially represent modifications that are not likely to cap
ture the sacral lateral branch nerves and therefore result in 
predictable technical failure (ie, small-gauge electrodes placed 
perpendicularly near the foramina, or a single longitudinal 
electrode placement technique do not provide precision or 
flexibility for anatomic differences). Here, we catalogue the 
RCTs within the published literature and describe in detail 
those that used an anatomically-valid SLBRFA technique.

Clinical studies
Randomized trials
Explanatory RCTs using anatomically valid SLBRFA techniques
In 2008, Cohen et al. reported results of a double-blind, 
sham-controlled study performed in 28 patients selected by a 
single IA SIJ injection with local anesthetic and corticosteroid 
resulting in ≥75% relief of index pain.21 Study participants 
were randomized in a 1:1 ratio to receive either true or pla
cebo denervation. RFA of the L4 medial branch and L5 

Figure 2. Schematic drawing demonstrating (A) Expected peri-foraminal lesion locations, commonly used with internally-cooled radiofrequency ablation; 
(B) Ablation pattern for a longitudinal strip lesion extending from S1 through S3, often performed using a bipolar leapfrog technique, with a separate 
lesion site targeting the L5 dorsal ramus; (C) Optimal strip lesion pattern from the site of the L5 dorsal ramus, extending beyond the inferior aspect of the 
S3 foramen.
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dorsal ramus was performed with conventional electrodes 
and RFA of the S1-S3/4 lateral branches used an internally 
cooled probe with monopolar lesioning technique. For sham 
procedures in the control group, electrodes were similarly sit
uated, electrostimulation was performed in an identical man
ner, and lidocaine was injected, but no RFA current was 
applied. Control patients were given the option to cross over 
to active RFA treatment with a conventional (non-internally 
cooled) monopolar technique. Average NRS pain scores at 1- 
month follow-up (the primary outcome) were significantly 
lower for the treatment group compared to the sham group 
(2.4 ± 2.0 vs 6.3 ± 2.4; P< .001). Significantly greater 
improvements in function and analgesic consumption were 
also observed at 1 month for patients who received active vs 
sham RFA procedures. Similarly, 1-month treatment success 
rates were higher among those who received RFA vs sham 
procedures: 79% of participants in the RFA group met all cri
teria for the predefined composite variable “successful out
come” compared to only 14% in the sham group. Eleven 
sham arm participants crossed over to active RFA treatment 
by 3 months, precluding between-group comparisons at sub
sequent timepoints. The treatment effect of RFA remained 
durable through 6 months for the original active treatment 
group: 3- and 6-month success rates were 64% and 57%, 
respectively, before declining to 14% by 12 months post- 
RFA. For the 11 participants who crossed over from SLBRFA 
with conventional monopolar technology at either 1 month 
(n¼9) or 3 months (n¼2) after the sham procedure, RFA 
success rates were slightly (but not significantly) lower than 
those for the original treatment group at 1-, 3- and 6-month 
follow-ups (44%, 67%, and 52%, respectively).

Patel et al.22 later reported on the results of a single-blind 
RCT comparing outcomes of 51 participants who received 
either internally-cooled monopolar SLBRFA procedure or a 
sham procedure. SIJ complex-mediated pain was confirmed 
by ≥75% relief of index pain with dual fluoroscopically 
guided injections to anesthetize the L5 dorsal ramus and S1- 
S3 lateral branches. A 2:1 randomization strategy resulted in 
34 and 17 patients allocated to the treatment and sham 
groups, respectively. Treatment success was defined as ≥50% 
pain reduction accompanied by a 10-point improvement on 
either SF-36BP or ODI score. Success rates at 3-month 
follow-up were significantly greater for participants in the 
active treatment group compared to those who received a 
sham procedure (47% vs 12%, respectively). No subsequent 
comparisons between the treatment and sham groups were 
made, as all sham group patients either crossed over to 
SLBRFA (n¼16) or dropped out without crossover (n¼1). 
Among the active treatment group, successful outcomes were 
observed for 38% and 59% of patients at 6-and 9-months, 
respectively. Outcomes for patients who opted to cross over 
from sham to active treatment were comparable to those for 
the original treatment group, with 44% reporting treatment 
success at 3- and 6-months post-RFA.

Explanatory RCTs using non-anatomically valid SLBRFA techniques
These studies are shown in Table 14.

Pragmatic RCTs using anatomically valid SLBRFA techniques
In 2014, Zheng et al. reported the results of a randomized 
study conducted in 155 participants with ankylosing spondy
litis who were treated with either CT-guided RFA of the L5 
dorsal ramus and a conventional bipolar technique for RFA 

of the S1-S4 lateral branches (n¼ 82) or daily doses of cele
coxib (n¼73).267 Patients were selected based on ≥50% 
pain relief following a single IA SIJ injection with local anes
thetic and corticosteroid. Pain intensity scores at follow-up 
were lower on average for participants treated with RFA 
compared to those taking celecoxib at both 3- and 6-month 
follow-up time points (2.5 vs 4.4 at 3-months; 2.8 vs 5.0 at 6- 
months; P< .001). Categorical responder data were not 
reported.

C�anovas Mart�ınez et al. published the results of a random
ized study in 2016 comparing treatment outcomes following 
conventional bipolar RFA technique for coagulation of the 
sacral lateral branches to IA injections of local anesthetic and 
corticosteroid in 60 participants.268 Participants were 
selected through a single IA SIJ injection with local anesthetic 
and corticosteroid resulting in ≥50% relief of index pain.268

The investigators also evaluated whether a modified version 
of the “palisade” SLBRFA technique (12 mm electrode sepa
ration) was more effective than the original protocol (10 mm 
electrode separation).268 Twenty patients were allocated to 
each of three treatment groups: Conventional bipolar RFA 
from S1 to S3, modified conventional bipolar RFA, and 
ultrasound-guided IA SIJ corticosteroid injection. Whereas 
index pain was substantially reduced from baseline at 1- 
month follow-up in all three groups, only the two groups 
treated with SLBRFA maintained statistically significant lev
els of pain relief at 3- and 12-months post-procedure. 
Between-group comparisons, which were performed for the 
12-month time point only, revealed that patients belonging to 
the modified bipolar RFA group had significantly lower 
follow-up VAS pain scores than those treated with the origi
nal bipolar RFA technique or IA SIJ corticosteroid injection 
(4.2 ± 0.8 vs 6.1 ± 1.1 and 6.2 ± 0.8, respectively; P< .001). 
However, it is unclear why a greater inter-electrode separa
tion distance would result in a superior outcome given that 
there is a greater chance of incomplete bipolar lesion develop
ment (“hourglass” lesion effect) compared to a reduced inter- 
electrode separation distance, particularly with the use of 
small-gauge electrodes (22 ga).269–271 This finding may be 
due to the small sample size.

A recent study by Cohen et al.14 compared intermediate- 
term outcomes following an anatomically valid monopolar 
icRFA technique coagulating the L5 dorsal ramus and S1-S3/ 
4 lateral branches to standard medical management (SMM), 
which included conservative therapies (eg, PT, exercise, anal
gesic medications, corticosteroid injections, and nerve 
blocks). Two hundred and ten patients were randomized in a 
1:1 fashion. Patients were selected if they experienced ≥50% 
relief of index pain from a previous therapeutic or diagnostic 
IA SIJ injection, in addition to ≥50% relief of index pain fol
lowing a single set of SLBBs with local anesthetic. Treatment 
effectiveness was evaluated based on a primary outcome of 
average NRS pain reduction at 3 months, as well as pre- 
defined responder rates considering both NRS pain intensity 
score and Patient Global Impression of Change scores. At 1- 
month follow-up, both average pain improvement and the 
proportion of patients meeting the responder definition were 
greater for the SLBRFA group compared to the SMM group 
(39% vs 14% for NRS pain improvement ≥50% and 42% vs 
15% for responder rates, respectively). The differences favor
ing SLBRFA persisted at 3 months for both substantial 
(≥50%) pain improvement from baseline (42% vs 7%) and 
responder rate (52% vs 4%). The 12-month follow-up study 
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revealed sustained relief (56% combined responder rate) in 
both the original icRFA group and icRFA patients who 
crossed over from SMM.272

Pragmatic RCTs using non-anatomically valid SLBRFA techniques
These studies are shown in Table 14.

Summary:

� SLBRFA is effective in the treatment of SIJ complex pain 
for at least 3 months post-procedure using the criteria of 
≥50% pain reduction to define a robust improvement 
threshold in individuals with chronic low back pain; 
Grade B evidence, moderate-to-high level of certainty. 

� SLBRFA is effective in the treatment of SIJ complex pain 
for at least 6 months post-procedure when non- 
anatomically valid RFA techniques that fail to account for 
neuroanatomy are excluded; Grade B evidence, moderate 
level of certainty. 

Q14. What nerves should be targeted (dorsal 
innervation) during sacral lateral branch 
radiofrequency ablation?
There are several (sometimes contradictory) reports on inner
vation of the SIJ complex leading to ongoing debate on this 
topic, with the most inconsistent reports pertaining to the 
ventral part of the SIJ complex. One of the earliest reports on 
SIJ complex innervation is from Horwitz,110 who during the 
dissection of 114 human cadaveric pelvises, traced numerous 
branches from the first and second sacral nerves to the long 
and short posterior sacroiliac ligaments. In a subsequent 
monograph by Solonen, the author described extensive inner
vation of the SIJ complex emanating from the S1 and S2 spi
nal nerves dorsally, and ventrally from L3-S2 spinal 
nerves.114 Ikeda reported posterior SIJ complex innervation 
arising from the L5 and sacral dorsal rami and anterior inner
vation arising from the L5 and S2 ventral rami.111 Bradley 
asserted that the nerves innervating the posterior portion of 
the SIJ complex are closely associated with the interosseous 
and sacrotuberous ligaments.106 The main nerve trunks in 
this region vary significantly in diameter, with the fifth lum
bar nerve descending vertically near the S1 superior articular 
process, then dividing into lateral and medial branches. The 
lateral branch joins up with the first sacral nerve, while the 
medial branch curves beneath the lumbosacral facet joint and 
enters the multifidus muscle. Bradley described a complex 
network of nerves, including branches from the fifth lumbar 
and first to fourth sacral nerves, which contribute to the 
innervation of the posterior sacral region and sacroiliac liga
ments, which was named the “Posterior Sacral Network” 
(PSN) by Roberts et al.113 Figure 1 demonstrates the location 
of the posterior interosseous ligaments and sacral lateral 
branches.

In the 1990s, two studies evaluating the innervation of the 
SIJ complex were published, one by a Japanese author and 
the other by German authors. In the earlier study by Ikeda111

in which 13 specimens (26 SIJ complexes) were examined 
anteriorly, and 7 specimens (14 SIJ complexes) were exam
ined posteriorly, the authors reported dorsal innervation, 
which was consistent with earlier findings, but also identified 
extensive ventral innervation (see Table 16). According to 
macroscopic examination, the author found the upper ventral 
portion of the SIJ complex to be innervated by the ventral 

ramus of the fifth lumbar nerve in seven cadavers bilaterally, 
and in two unilaterally, for an innervation rate of 61.5%. 
The lower ventral portion of the joint was supplied by the 
ventral ramus of S2 or branches from the sacral plexus in 
eight dissections unilaterally, and in the remaining five dissec
tions bilaterally, for an innervation rate of 69.2%. In the dor
sal upper part of the SIJ complex, the lateral branch of the L5 
dorsal ramus penetrated the posterior and interosseous liga
ments of the SIJ on seven of the 14 hemipelves (50%). 
Innervation arising from S1 dorsal rami was observed in three 
hemipelves from three specimens (21.4%). In the lower por
tion of the dorsal SIJ, 100% of the branches were mainly 
directed to the SIJ after a network of communication between 
the S2 and S3 lateral branches, which the authors referred to 
as the “dorsal plexus.” Additionally, in 21.4% of specimens, 
SIJ complex innervation was derived directly from the dorsal 
ramus of S3.

In an anatomical dissection and histochemistry study by 
Grob et al. using four male and four female pelvises,109 the 
authors reported that the posterior innervation was exclu
sively derived from the S1-S4 dorsal rami. They found that 
after the S1-4 dorsal rami exit the posterior sacral foramina, 
they emerge in the loose connective tissue of the dorsal SIJ 
complex ligaments where they anastomose in a longitudinal 
fashion. Fine branches innervated the dorsal ligaments. 
Branches from S3 and S4 extended into the sacrotuberous 
and sacrospinous ligaments. Based primarily on the results of 
histological and immunocytochemical analyses conducted on 
fetal SIJs, which demonstrated the presence of neurofilament- 
positive nerve fibers in their dorsal portions, the authors 
could not identify significant ventral joint innervation, find
ing no neural contribution from the sacral plexus or obtura
tor nerve. In their histological examination of dissected 
nerves, they found a multitude of thick, myelinated fibers, as 
well as thin myelinated and unmyelinated fibers, indicating a 
diverse array of sensory receptors, including encapsulated 
mechanoreceptors.

In 2002, Vilensky et al.116 examined histological staining 
patterns of ligamentous tissue adjacent to the medial aspect 
of the posterior superior iliac spine and sacrum obtained 
from six patients scheduled for posterior SIJ arthrodesis. 
Using the gold chloride staining technique, the authors 
reported both myelinated and unmyelinated nerve fibers, as 
well as mechanoreceptors. However, when they tried to con
firm their findings using immunohistochemical staining for 
protein gene product 9.5, the presence of axons, nerve fas
cicles, or mechanoreceptors could not be conclusively identi
fied. When immunohistochemical staining for substance P (a 
neuropeptide associated with pain signaling) was performed, 
reactive components were identified, but due to background 
staining, the authors could not definitively conclude these 
components represented neural tissue. In a 2008 immunohis
tochemical study by Szadek et al.,3 the authors confirmed the 
presence of Substance P- and CGRP-immunoreactive fibers in 
tissue obtained from anterior and posterior interosseous liga
ments surrounding the SIJ. During dissection, the authors 
observed small fibers from the lumbosacral plexus traveling 
toward the anterior SIJ ligaments.

Since RFA treatments for SIJ complex pain target the pos
terior portion of the joint and associated dorsal ligaments, 
the most recent anatomical studies have focused on this part 
of the joint complex. Only one study by Cox et al.107 focused 
on the ventral portion of the joint, finding small branches 
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originating from either the L4 ventral ramus (10%), the L5 
ventral ramus (80%), or from both the L4 and L5 ventral 
rami (10%). A combined cadaveric and clinical study by Yin 
et al.25 reported results consistent with previous studies, find
ing at least one sacral lateral branch nerve from S1 to S3 
innervating the SIJ (ranging from 2:00 to 6:00 O’clock on the 
right or 6:00 to 10:00 O’clock on the left), with an S4 branch 
identified in one specimen. These sacral lateral branches fre
quently anastomosed with the sacral arcade and occasionally 
sacral medial branches. A study by Roberts et al. further 
defined the dorsal SIJ complex innervation in order to inform 
optimal SLBRFA technique.113 The authors found that the 
PSN emerges from the superolateral and inferolateral quad
rants of the posterior sacral foramina relative to the sacral 
tubercle, located directly on the periosteum or on the overly
ing interosseus sacroiliac ligament. More laterally, the nerves 
were covered and present within the long posterior sacral lig
ament. The contribution of the lateral branches to the inner
vation of the SIJ complex is shown in Table 15. Although 
Roberts and colleagues reported that the S4 lateral branch 
innervated the SIJ complex only in one specimen (4%), this 
finding is clinically important for SLBRFA techniques. In this 
specimen, the inferior border of the SIJ was adjacent to the 
S4 neuroforamen. This is consistent with previous anatomical 
studies that reported an S4 lateral branch contribution to SIJ 
complex innervation in between 13% and 100% of 
specimens,25,106,109,110,112 more commonly when the fora
men was level to or above the inferior margin of the 
SIJ.113,274 As such, paraforaminal S4 lateral branch ablation 
should be considered in these cases. The authors concluded 
that RFA targets should be located along the medial portion 
of the PSN, just as they exit the foramina.113

The most recent study by Steinke et al. reported the results of 
both dorsal and ventral dissections in 51 cadavers.115 Although 
the authors described an extensive network of the nerves rang
ing from L5 to S5 penetrating the dorsal ligaments of the SIJ 
complex, they emphasized that most of these nerves did not 
reach the SIJ itself. However, similar anatomical dissection stud
ies have confirmed an extensive dorsal innervation network 
extending to the SIJ (see Tables 15 and 16).108,112,113

Clinical studies
The results of clinical trials are consistent with cadaveric 
studies in terms of levels targeted. All sham-controlled trials 
have targeted innervation from the L5 to S3 spinal nerve lev
els. In the first placebo-controlled trial by Cohen et al. in 
2008, the authors also lesioned the L4 medial branch nerve 
and S4 lateral branch nerve in the 36% of individuals in 
whom the foramen was situated at or above the level of the 
lower margin of the SIJ.21 In another study comparing icRFA 
to sham ablation, Patel et al. targeted L5 dorsal ramus and 
S1-3 lateral branches.22 In the only definitively negative 
study, van Tilburg et al. targeted the L5-S4 spinal nerve levels 
in all patients;24 however, it is notable that these investigators 
used RFA technology and a technique that is not anatomi
cally valid and likely did not effectively capture the sacral lat
eral branches.121,122 Finally, a recent multi-center 
comparative-effectiveness study by Cohen et al. targeted L5- 
S3 in every participant, and S4 at the discretion of the physi
cian when the foramen was located at or above the inferior 
margin of the SIJ.14,272

Transitional anatomy
Transitional anatomy, including partial or complete sacral
ization of L5, is associated with back pain in general and SI 
joint pain in particular. One study found a prevalence of 
transitional anatomy in 26% in patients with low back pain. 
Among these patients with low back pain, the prevalence of 
SIJ complex pain was 28.5% in those with transitional anat
omy vs 10.8% in those with normal lumbosacral anatomy, 
with sacralization of L5 being particularly common.275 In 
these individuals, because the SIJ extends more cephalad, 
there are biomechanical alterations that increase the likeli
hood of pain, especially when the altered anatomy is unilat
eral, and theoretically a greater likelihood of L5, or even L4 
(which often assumes the innervation pattern of L5), inner
vating the superior joint.276,277

Summary:

� The dorsal innervation to the SIJ is complex and variable 
between individuals, with most high-quality cadaveric stud
ies demonstrating innervation from S1 to S3 in over 90% of 
specimens. For the L5 dorsal ramus and S4 lateral branch 
nerve, most studies have found that over 50% of cadaveric 
specimens contain branches innervating the dorsal liga
ments. Grade B evidence, moderate level of certainty. 

� S1 to S3 should be targeted close to the lateral margin of 
the neural foramina in all patients undergoing SLBRFA; 
Grade A recommendation, high level of certainty. 

� Given variability between individuals, physicians should 
consider also targeting the L5 dorsal ramus (in those with 
transitional anatomy or upper SIJ complex pain) and the 
S4 lateral branch when the foramen is located at or above 
the inferior margin of the SIJ, to ensure the most complete 
posterior SIJ complex denervation possible; Grade B rec
ommendation, moderate level of certainty. 

Q15. What should the pain relief cutoff be for 
selecting patients for treatment based on 
prognostic sacroiliac joint injections or sacral lateral 
branch blocks and for designating an outcome as 
positive after therapeutic sacroiliac joint injection, 
sacral lateral branch radiofrequency ablation, and 
sacroiliac joint fusion surgery?
The question of what percent pain relief constitutes a positive 
injection depends on the purpose of the injection and what 
type of injection is being considered, with SLBBs being purely 
prognostic before RFA.

Therapeutic sacroiliac joint complex procedures
SIJ injections can be IA, EA, diagnostic, prognostic, and ther
apeutic. For therapeutic injections, randomized trials evaluat
ing outcomes have employed different cutoffs for designating 
a binary result as “positive.” For therapeutic injections, most 
randomized trials that contained a categorical outcome used 
≥50% pain relief as the cutoff for designating that outcome 
as positive,242,248,256 though the largest randomized trial 
comparing IA to EA injections used a ≥ 2-point pain reduc
tion coupled with a positive satisfaction score on a 5-point 
Likert scale.6 This is consistent with the IMMPACT guide
lines and randomized studies specifically evaluating LBP 
treatments, which assert that a ≥ 2-point or 30% reduction in 
pain is considered to constitute clinically meaningful benefit, 
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and is the most commonly used cutoff in randomized drug 
trials seeking regulatory approval.278,279 One study from the 
1990s used a 70% cutoff to constitute “good improvement,” 
with 50% indicating “fair improvement,” while another con
sidered any sustained pain relief from baseline to be a positive 
outcome (see Table 17).11,134

Diagnostic sacroiliac joint injections
The Centers for Medicare and Medicaid Services require 
≥75% pain relief for a “diagnostic” injection to be consid
ered positive, but note that subsequent therapeutic injections 
require ≥50% pain relief to be considered reasonable and 
necessary.280 This inconsistency may be due to conflation of 
the terms “diagnostic” and “prognostic” in the medical liter
ature, as SIJ injections can be used to predict the response of 
more invasive procedures such as SLBRFA and SIJ fusion sur
gery. Compared to more definitive procedures such as 
SLBRFA, patients generally experience greater relief with 
prognostic injections (eg, EA or IA) injections because of their 
lack of specificity (ie, spread to non-targeted pain-generating 
structures).

In epidemiological prevalence studies that have used con
trolled injections, cutoff thresholds have been equally divided 
between those that used ≥50% pain relief to identify the SIJ 
as the primary pain generator44,281,282 and those that 
employed higher cutoff values (≥75%, including two studies 
by the same group of investigators).53,128,283 In a recent sys
tematic review by an international group of experts that 
sought to determine the diagnostic utility of physical exam 
signs with diagnostic injections as the reference standard, the 
authors used a ≥ 50% pain relief cutoff as the criterion for 
diagnosis.71 In an earlier systematic review, Kennedy et al. 
found only a small difference in prevalence rates stratifying 
epidemiological studies based on 50% vs ≥50% cutoff 
thresholds but found that using a second set of injections sig
nificantly reduced the “positive” rate. The authors also noted 
that the addition of corticosteroids, which is commonly used 
even in purely diagnostic injections, increases the rate of 
“positive” injections (see Table 18).8,284

Extra-articular injections as stand-alone prognostic blocks
There are no randomized trials that have used only response 
to EA injections to select patients for RFA and the few that 
have used this approach are small, observational, and older 
studies that used non-validated RFA techniques. In one of the 
earliest observational studies evaluating SLBRFA, Yin et al. 
required at least 70% pain relief after two high-volume EA 
injections with corticosteroid before proceeding to RFA25; 
the success rate in this small (n¼ 14) retrospective study, in 
which sacral lateral branch targets were selected based on 
sensory stimulation before lesioning (L5 and S1 in all 
patients, S2 and S3 in select patients), was 64%. In a 2002 
prospective observational study, Gevargez et al. performed 
CT-guided L5 dorsal ramus and posterior interosseous liga
ment RFA in 38 (of 43) patients who obtained only short- 
term (<2 weeks) but “definite” improvement following 
“intra-ligamentous neural blockade.” Three months post- 
procedure, 65.8% of patients reported at least substantial 
pain relief.20

Diagnostic-prognostic sacroiliac joint injections and sacral 
lateral branch blocks before radiofrequency ablation and 
categorical outcome thresholds
For randomized trials evaluating RFA, studies have been 
roughly equally divided in using 50% (n¼ 3) or higher 
(n¼ 4) cutoffs for both IA SIJ injections and SLBBs in select
ing patients for RFA, with no differences in 
outcomes.14,16,18,21,22,24,27 In the only negative study, a cut
off of ≥2-points was used, but the investigators inexplicably 
included patients with radicular pain and also used an unvali
dated technique for SLBRFA.24,122 No study used a higher 
cutoff value than 50% to designate a categorical outcome as 
“positive,” with most of the more recent studies , 14,16,24,27

including the two largest comparative-effectiveness stud
ies14,16 using ≥2-points as the designation standard for a clin
ically important outcome, consistent with the IMMPACT 
guidelines.278 In two studies comparing SLBRFA outcomes 
stratified by percent pain relief following SIJ injections or 
SLBBs, both Cohen et al. and Amatto et al. found no differ
ence between 50% and 80% thresholds.119,285

Diagnostic-prognostic sacroiliac joint injections before 
surgery and categorical outcome thresholds
In a randomized trial by Whang et al. comparing minimally- 
invasive SIJ fusion to nonsurgical management, the authors 
used ≥50% pain relief from an IA SIJ local anesthetic injec
tion to select patients for enrollment, and a ≥ 20 mm reduc
tion on a 0-100 VAS pain scale (equivalent to ≥2-points on a 
0-10 pain scale) as the binary primary outcome measure to 
assess the effect of the SIJ fusion intervention.286 In a subse
quent randomized trial that also compared minimally- 
invasive SIJ fusion using triangular titanium implants to con
servative therapy, Sturesson et al. used the same diagnostic 
injection cutoff (≥ 50% pain relief) and the same criteria for 
a positive binary outcome (≥20 mm on a 0-100 VAS 
scale).287 A randomized study comparing SIJ fusion to sham 
fusion also used ≥50% pain relief from an IA SIJ local anes
thetic injection to select patients, and similar to other SIJ 
fusion trials, the authors designated an outcome as positive if 
a ≥ 2-point change was reported on a 0-10 NRS pain scale.288

In this first-ever sham-controlled trial comparing minimally- 
invasive fusion to sham placement and removal of a single 
blunt pin from the surface of the ilium, the authors reported 
no significant difference in any outcome measure between 
treatment groups.288

Summary:

� ≥50% pain relief should be considered the cutoff for con
sidering a diagnostic or prognostic SIJ injection to be 
“positive” with regard to selecting patients for SLBRFA; 
Grade B recommendation, moderate level of certainty. 

� For EA injections as stand-alone prognostic tools, there is 
insufficient evidence to designate their use, or a specific 
cutoff threshold, before RFA given the low-quality studies 
and invalid RFA techniques; Grade I evidence. 

� Evidence is mixed for using >50% pain relief as the prog
nostic threshold to select patients for SIJ fusion, with two 
pragmatic RCTs showing effectiveness but a sham- 
controlled study failing to distinguish SIJ fusion from 
sham outcomes. Considering the invasiveness of SIJ 
fusion surgery, in the context of these data, dual prognos
tic SIJ injections without corticosteroid and with a high 
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pain relief threshold (with documented functional 
improvement) are recommended to select patients for SIJ 
fusion; Grade I recommendation for the number of blocks 
and designating a specific high cutoff percentage. 

� For prognostic procedures before lateral branch RFA, since 
SLBBs have greater face validity to predict outcomes than 
IA (and possibly EA) SIJ injections, we recommend using a 
50% cutoff for SLBBs. The rationale for this is that the 
pain relief from RFA is generally less than from prognostic 
injections because of the lower specificity of the latter; 
Grade B recommendation, moderate level of certainty. 

� For designating an outcome as positive when performing 
a therapeutic SIJ complex procedure, the most recent liter
ature and guidance from the IMMPACT group and the 
FDA suggest using thresholds of ≥2 points or 30% 
improvement provided there are other objective measures 
of benefit (eg, satisfaction, improved quality of life, 
decreased resource utilization); Grade B evidence, moder
ate level of certainty. 

Dissent: On this question, three societies—IPSIS, NASS, 
and the NASS Fellowship Consortium—dissented, recom
mending more stringent criteria: Dual blocks with ≥75% 
relief for SLBRFA, and ≥75% relief on two separate diagnos
tic injections for SIJ fusion.289

Q16. Who are the best candidates for sacral lateral 
branch radiofrequency ablation?
Identifying the most appropriate patients for any interven
tional procedure is important.290–293 Appropriate selection 
may be even more critical for procedures involving the SIJ 
complex due to its intricate anatomy and varied presenta
tions.43,79 Numerous studies demonstrate marked referral 
map variability in selection criteria when investigating SIJ 
complex denervation.19,20,294 It is likely that different areas 
of the SIJ complex contribute to these different referral pat
terns. Thus, given that SLBRFA does not disrupt all the affer
ent input from the SIJ complex, identifying which referral 
patterns are most conducive to SLBRFA could improve out
comes and promote economic savings.119

The first consideration in identifying patients who may 
benefit from SLBRFA is to appropriately diagnose SIJ com
plex dysfunction as the source of LBP. Approximately 15%- 
30% of mechanical LBP predominantly below L5 can be 
attributed to SIJ dysfunction.295 SIJ dysfunction can result 
from prior spinal fixation, pregnancy, true and apparent leg 
length discrepancy, trauma, systemic inflammation, natural 
degeneration, and other factors leading to abnormal SIJ 
motion, and joint and soft tissue injury.1,2 After putatively 
diagnosing suspected SIJ dysfunction with physical exam 
maneuvers,2 in an attempt to better identify which patients 
are more likely to achieve improvement following SLBRFA, 
studies have used both prognostic SLBBs with local anes
thetic294,296 and/or confirmatory IA SIJ injections.80,281

These differences are important because the sacral lateral 
branches innervate the dorsal ligament complex, posterior 
aspect of the SIJ capsule, and posterior bone structure of the 
SIJ, but not the anterior components of the SIJ complex.117

In addition, identifying the ideal nerves to target and optimiz
ing the cutoff threshold used to delineate a diagnostic or 
prognostic injection as “positive” have been the focus of 

investigation.119 Clinical and psychosocial factors have also 
been investigated.

Failure of non-invasive therapies
Treatment options for SIJ complex pain include conservative 
therapies such as PT, yoga, tai chi, chiropractic care, acupunc
ture, analgesic medications, as well as minimally-invasive IA, 
EA injections, SLBB, SLBRFA and SIJ fusion surgery.297 The 
noninvasive modalities and joint injections can all be considered 
first-line therapies under different circumstances2 and may be 
offered to the patient based on a shared decision model. A pro
gression of SLBB followed by SLBRFA is typically offered after 
failure of noninvasive therapies.298

General factors associated with decreased response to 
invasive procedures
In a multicenter study aiming to identify responders to vari
ous LBP procedures, Cohen et al. found that individuals with 
greater disease burden, depression, sleep dysfunction, con
comitant pain conditions, smoking history, and obesity were 
more likely to fail interventions, indicating a need to address 
these comorbid conditions prior to or concurrent with proce
dures.73 Additional factors reported to be associated with 
poorer outcomes to invasive procedures include psychosocial 
pathology (poorly controlled depression or anxiety, poor 
coping skills, high levels of catastrophizing, untreated sub
stance use disorders, and sedentary life-style), greater disease 
burden (opioid use, numerous previous failed treatments, 
higher pre-procedure pain scores, and reduced physical func
tion), central sensitization, and work-related factors (disabil
ity, secondary gain, poor job satisfaction, performing manual 
labor).38,293

Demographic and clinical factors
In their bi-institutional study evaluating outcome predictors 
for SLBRFA, Cohen et al. reported that sex, physical exami
nation signs (including SIJ tenderness, positive Patrick’s test, 
positive Gaenslen’s test), previous surgery, etiology, concomi
tant medical conditions, and disability claims, were not pre
dictive of outcome in 77 patients with SIJ complex pain.119

One consideration for the lack of association between provo
cation tests and outcomes may be that provocation tests are 
more likely to reproduce pain from IA vs EA pathology, as 
most studies examining correlations between exam maneu
vers and interventional procedures have used IA injections. 
Since SLBRFA reduces pain primarily from EA pathology, 
commonly used “SIJ provocation maneuvers” on physical 
examination may be less predictive of SLBRFA outcome. 
Most prior randomized studies have reported favorable 
results despite requiring one or no provocative tests as a crite
rion for enrollment.21,22,27

Referral patterns and opioid use may also impact out
comes. Although not statistically significant, Cohen et al. 
noted a higher percentage of unsuccessful outcomes in 
patients with pain radiation below the knee and on chronic 
opioid therapy, which is consistent with studies evaluating 
RFA outcomes for other regions.119,194,299,300 Since <30% 
of SIJ complex-associated LBP produces pain distal to the 
knee and there is a high false-positive rate for diagnostic 
injections, many of these patients may be misdiagnosed.79

Baseline opioid consumption has been shown to decrease the 
likelihood of treatment success in other studies assessing the 
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effectiveness of RFA interventions for chronic LBP as well as 
other chronic pain conditions.194,301,302

Pre-procedure pain intensity, duration of symptoms, and 
age ≥65 years also increased the odds of failure in the study 
by Cohen et al.119 It is not uncommon for duration of symp
toms, a hallmark of greater disease burden, to be negatively 
correlated with outcomes,291 which can be a consequence of 
neuroplasticity or refractory psychosocial issues.303,304 In a 
retrospective study by Amatto et al., the authors also found 
younger age to be associated with a higher odds for success 
for SLBRFA.285 Whereas age has not traditionally been 
found to be a negative predictor for outcome,291 it may play 
a larger role in SLBRFA outcomes given that older patients 
are more likely to have IA as opposed to EA sources SIJ com
plex pain. These results suggest that while no single demo
graphic or clinical variable strongly influences outcome, 
selecting patients without risk factors for treatment failure 
may improve success rates.118 One limiting factor is that 
many studies employed only anterior-posterior fluoroscopic 
views, raising questions regarding the accuracy of prognostic 
injections.305

In contrast to the finding that older age is associated with 
SLBRFA treatment failure, a recent multi-center randomized 
study comparing standard medical management (SMM) to 
internally cooled SLBRFA reported that age ≥65 years was 
associated with reduced pain in both the SMM and internally 
cooled (ic) SLBRFA groups.14 The study also reported a trend 
toward higher BMI being associated greater pain reduction. 
One possible explanation for this may be that posterior EA 
structures (innervated by the sacral lateral branches) contrib
ute to a greater amount of total SIJ complex pain in patients 
with higher BMI. Although duration of symptoms has consis
tently been associated with reduced effectiveness, the investi
gators of this multi-center clinical trial found that patients 
with long-standing (mean duration >115 months) SIJ com
plex pain can be effectively treated with SLBRFA.14

Prognostic/diagnostic procedures
Number and type of injections
The SIJ is complex with numerous potential pain generators. 
The sacral lateral branches do not run at a consistent depth 
or location on the sacrum. Therefore, single-site, single-depth 
SLBBs may fail to consistently anesthetize the nerve supply. 
The use of multi-site, multi-depth SLBBs may more effectively 
target the sacral lateral branches. Dreyfuss et al. reported the 
use of multi-site, multi depth SLBBs resulted in staining of 
91% of targeted nerves in cadavers. The authors also 
reported a 70% clinical success rate, defined as no evoked 
pain following EA (interosseous and dorsal sacroiliac liga
ment) and dorsal IA SIJ entry when using this technique. 
Most patients, however, did report pain upon joint disten
sion. Given these findings, the authors concluded that IA or 
single-site, single-depth SLBBs may not reliably predict ideal 
candidates for SLBRFA compared to multi-site, multi-depth 
SLBBs.117 Among RCTs, all three studies that used prognos
tic SLBBs reported positive outcomes at the primary 
endpoint.14,16,22

Dual injections are thought to decrease false-positive rates 
and increase diagnostic accuracy, though a false-positive rate 
with dual injections ranging between 12.5% and 26% has been 
reported.298,306,307 Most studies to date have used single injec
tions or IA corticosteroid injections as selection criteria for 
SLBRFA, possibly leading to inappropriate patient selection.298

Yet, the few studies that have been performed do not show that 
more rigorous selection criteria lead to better SLBRFA out
comes. Cohen et al. reported no correlation between a positive 
SLBB, multiple positive SIJ injections, or percent pain relief 
(50%-79% vs ≥80%) from diagnostic injection(s) and 
SLBRFA outcomes.119 Several other studies also suggest no 
association between the use of multiple prognostic injections 
and SLBRFA outcomes.294,308,309 In the recent study by 
Amatto and colleagues, the authors found no differences in out
come stratified by single or double blocks (SIJ or lateral branch), 
2 vs 1 SLBB, and 50% vs 80% cutoff thresholds, though in uni
variate analysis those who experienced <80% pain relief with 
only a single SLBB fared slightly worse.285

Predictive modeling
Predictive modeling utilizing large sets of data is a growing 
resource that may help predict responders to pain procedures. 
The Initiative on Methods, Measurement, and Pain 
Assessment in Clinical Trials (IMMPACT) guidelines high
light the association of certain phenotype domains (psychoso
cial, pain variability and quality, sleep and fatigue, 
quantitative sensory testing (QST) and sensory profiling, and 
condition pain modulation) as areas of interest when adapt
ing predictive modeling profiles.310

Summary:

� Older age (≥65 years), longer duration of symptoms, 
higher baseline pain levels, and opioid use are associated 
with negative outcomes; Grade C evidence, low level of 
certainty. 

� Considering the innervation of the nerves targeted during 
SLBRFA, there is deductive evidence that anterior intra- 
articular pathology and, like nearly all pain therapies, 
poorly controlled psychopathology (eg, depression, cata
strophizing) and central sensitization are associated with 
treatment failure; Grade C evidence, low-to-moderate 
level of certainty. 

� Although studies have reported positive outcomes using 
both prognostic intra-articular and extra-articular injec
tions, the preponderance of evidence supports the use of 
prognostic SLBBs to select SLBRFA candidates; Grade C- 
B evidence, low level of certainty. 

Recommendation:

� Currently, there are no single, stand-alone clinical, imag
ing, or injection-based factors that strongly predict the 
outcome of SLBRFA; future studies will need to identify 
patient phenotypes of success and failure 

Q17. What is the ideal technique and evidence for 
performing sacral lateral branch radiofrequency 
ablation?
Significant variation in the posterior sacral neuroanatomy 
poses challenges to successful treatment with SLBRFA.113

There are numerous techniques described for SLBRFA treat
ment. The largest fluoroscopic anatomical study to date cor
related the location of the sacral lateral branches of 40 
hemipelves to the published SLBRFA techniques.122 It found 
that standard monopolar techniques published at the time of 
the study did not reliably capture the sacral lateral branch 
nerves; thus, such techniques are not anatomically valid and 

882                                                                                                                                                                                    Pain Medicine, 2025, Vol. 26, No. 12 



should not be used. Several bipolar strip lesion techniques, 
and one icRFA technique using new targets published in 
2018311 were considered anatomically valid, achieving 
expected 100% capture of the lateral branches in 95% or 
more of the specimens. The Simplicity probe (multi-electrode 
radiofrequency cannula) technique was not considered ana
tomically valid, as the described technique can result in the 
probe being too far from the periosteum where the nerves lie, 
thus eluding capture.122 This is consistent with the fact that 
the only clearly negative sham-controlled trial of SLBRFA 
used this technology.24

Sensory stimulation used to guide denervation during 
radiofrequency treatments has been described in clinical stud
ies.25,312 However, this technique is not described in fluoro
scopic anatomical detail, and thus, cannot be validated 
anatomically. There is clear evidence of lack of sensitivity of 
electrical stimulation for identification of electrode contact or 
close proximity to sensorimotor nerves.313 In the lumbar 
spine where there is usually one medial branch being tar
geted; two prospective studies provide conflicting evidence 
for a correlation between sensory stimulation and lumbar 
facet RFA outcomes.314,315 For SLBRFA, where multiple 
nerves carrying sensory information can converge on a single 
foramen, obtaining concordant sensory stimulation for a sin
gle nerve even at low thresholds cannot guarantee interrup
tion of nociception.

In animal and ex vivo models, the size and type of RFA 
probe tip used and the lesioning parameters influence the size 
and shape of the ablation zone formed, which are critical in 
determining procedural success.269,316,317 To date, however, 
most ablation zone measurements of RFA techniques have 
been made using ex vivo chicken breast or bovine liver 
models.269,316,317 Ex vivo study of RFA lesion characteristics 
is intrinsically limited by lack of blood perfusing through the 
subject tissue. Chicken breast and bovine liver are homogene
ous tissues without adjacent osseous structures, which makes 
them suboptimal surrogates for predicting in vivo response to 
SLBRFA. In vivo tissue effects of icRFA and standard monop
olar RFA procedures in rats have been studied with MRI 
prior to sacrifice and verification through histological analy
sis.318 Structural changes with icRFA may outlast those 
lesions created with conventional RFA. This has been shown 
in retrospective data analyses but has not been formally 
studied in clinical trials, though one study found that among 
successful SLBRFA procedures, there was a slower success 
drop-off rate with icRFA compared to conventional.319,320

A small, in vivo human study of icRFA MRI lesion size 
showed significant lesion morphology variability at the same 
targets and between different target locations.321 Notably, 
the icRFA coagulation zone volume was significantly smaller 
at periforaminal sacral locations compared to lumbar medial 
branch target locations [0.6915 (±1.08) vs. 1.685 (±2.51) 
cm3] despite using the same size probe tip (4 mm) and lesion 
parameters. It was determined that icRFA probe placement 
very close to bone negatively altered the shape and reliability 
of the ablation zone. Although this study was small, it is 
known that bone disperses radiofrequency energy, with these 
results providing a potential explanation for inconsistent 
results of SLBRFA outcomes associated with icRFA and other 
RFA techniques.

As noted above, icRFA, especially using the targets defined 
in 2018,122 and several bipolar strip lesion techniques appear 
to be the most anatomically-valid SLBRFA techniques, 
though these findings are based on ex vivo lesion size data, 
with limited clinical data to confirm or challenge these 
assumptions. The theoretically increased capture rate, and 
ensuing improved effectiveness, are particularly important 
given the anatomical variability in the number and location 
of sacral lateral branches. One non-randomized study com
pared treatment outcomes following SLBRFA using a bipolar 
strip lesion technique to a historical comparison group who 
had received icRFA.322 The investigators observed a higher 
proportion of treatment responders (based on at least 50% 
reduction in NRS pain score) in the bipolar strip lesion group 
compared to the icRFA group for up to 12 months post- 
procedure. In two additional studies that compared SLBRFA 
outcomes stratified by RF electrode type, one study found a 
trend for superiority of icRFA over conventional SLBRFA, 
while the other found better outcomes with an 18-gauge 
quadripolar electrode inserted perpendicularly compared to a 
16-gauge longitudinal approach and an 18-gauge bipolar per
pendicular approach, which was attributed to an enhanced 
ability to navigate and accommodate the undulant lateral 
sacral crest topography.119,285 This is consistent with studies 
for other conditions demonstrating that larger lesions lead to 
better RFA outcomes.319,323,324 For the sacral lateral 
branches, the proximity of the nerves to the undulating oss
eous surface of the sacrum and thick dorsal ligaments 
requires further in vivo study to determine the best RFA tech
nique(s) for successful nerve capture.

Clinical studies use heterogenous selection criteria, which 
limit comparison of SLBRFA techniques to a degree. Due to 
several factors including selection and RFA technique hetero
geneity, a recent systematic review downgraded the original 
“high” quality evidence rating to “moderate” quality evi
dence that SLBRFA provides clinically-significant reductions 
in pain and disability for up to one year.121 The authors of 
this review then examined the data for only anatomically 
valid techniques. There were three sham-controlled RCTs. 
The quality rating was downgraded one level due to concern 
for bias and heterogeneous selection criteria but upgraded by 
one level for large attributable effect sizes. The authors deter
mined there was high-quality evidence that SLBRFA effec
tively reduces pain and disability for up to one year when 
using anatomically-valid periforaminal icRFA and bipolar 
strip lesioning techniques. Figure 2 illustrates three among 
many different RFA techniques used to target the innervation 
of the SIJ.

Summary:

� For the anatomically-valid techniques (including specifi
cally icRFA monopolar lesion techniques and bipolar 
strip lesion techniques), SLBRFA improves pain and dis
ability for at least 6 months post-treatment; Grade B evi
dence, moderate level of certainty. 
� Without excluding anatomically-invalid techniques, 

the evidence for improving pain and disability is 
Grade C, low level of certainty. 

� Given differences in outcome likely related to neuroana
tomical variability, there is direct and indirect evidence 
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supporting techniques that create large lesion sizes; Grade 
B evidence, moderate level of certainty. 

Q18. What are the most common complications 
with sacral lateral branch radiofrequency ablation 
and how can they be minimized?
Potential and reported complications of sacral lateral branch 
radiofrequency ablation
SLBRFA has been shown in numerous studies to improve 
quality of life in well-selected patients if performed safely and 
in a technically sound manner. Because it is elective, aggres
sive prevention of complications is paramount. Adequate 
data collection regarding complications and research on pre
venting complications is critical to establishing and maintain
ing patient and clinician confidence in the safety of this 
procedure.

Data on complications from SLBRFA are usually collected 
and reported as part of clinical studies. Although common 
complications are usually self-limiting, rarer but more serious 
or even catastrophic complications may need to be garnered 
from sources such as large databases, quality and safety 
reports (ie, from the Food and Drug Administration) or even 
from autopsy reports. In theory (never before reported), and 
based on proximal anatomy, such complications could 
include rectal perforation or injury to nerves of the sacral 
plexus innervating the bladder or bowel.

In addition to the theoretical potential for injury to the 
sacral plexus and rectum, SLBRFA may cause predictable 
complications such as RFA of other peripheral nerves, skin 
burns, infection, hematomata, localized neuritis, sensory dis
turbance at the skin due to denervation of cutaneous nerves 
branching from sacral lateral branches, and a localized 
increase in persistent pain following thermal lesioning.

A systematic review by De Salvatore et al. reported on 
complications in the analyzed studies that included the largest 
and most rigorous RCTs performed, finding that the majority 
related to post-procedure local complications such as 
increased localized pain, transient paresthesias and hema
toma.325 No serious complications were reported.

Specific complications
Neuritis and other forms of post-procedural pain
As noted above, neuritis is a risk for all ablative procedures 
and may present as worsening pain of neuropathic quality. In 
some cases, it can be difficult to distinguish from inflamma
tory post-procedure pain. In a placebo-controlled trial evalu
ating icRFA in 28 patients, Cohen et al. reported that a 
majority of patients experienced temporary worsening of 
pain lasting between 5 and 10 days attributed to either the 
procedure itself or temporary neuritis, though only one 
reported paresthesias.21 This study did not use preventative 
corticosteroids or non-steroidal antiinflammatory drugs 
before or after lesioning. In a large, multicenter, randomized 
trial comparing icRFA to standard medical management that 
did not report on the procedural use of prophylactic cortico
steroids, Cohen et al. reported that 11 of 96 patients experi
enced worsening pain in the lower back or around the SIJ 
complex, but the presence of neurological symptoms was not 
reported.14 In a small, retrospective study by Hegarty evalu
ating SLBRFA using a 10-cm single mono- and bipolar elec
trode in 11 women, two patients reported new paresthesias 
surrounding the SIJ complex, while a third patient reported a 

burning sensation 3-months post-procedure that responded 
to infiltration with local anesthetic and corticosteroid as well 
as topical lidocaine.326 The authors recommended post- 
procedure bupivacaine and corticosteroid as a possible pre
ventive measure to reduce the incidence of neuritis and post
procedural pain. The prevention of neuritis has been 
evaluated in several studies, most for lumbar medial branch 
RFA. Although one small, randomized trial found that post- 
RFA pentoxifylline or corticosteroids reduced the severity of 
post-procedure pain compared to saline,327 a larger retro
spective study failed to find benefit for post-lesioning cortico
steroid injection.328 In the only study that included patients 
who underwent SLBRFA with icRFA technology (n¼2 out 
of 39 patients and 47 procedures), Fitzpatrick et al. found a 
0% incidence of neuritis based on numerical rating scale pain 
scores and the administration of Douleur Neuropathique 4 
Questionnaires (DN4) in both patients who received post- 
procedure corticosteroids (betamethasone) at ablation sites 
and those who did not.329 Although the DN4 score was 
lower in the non-corticosteroid group (0.1 vs 0.4), both val
ues fell far below the 4-point cutoff required to detect neuro
pathic pain, and this difference was no longer statistically 
significant when accounting for repeat procedures. A 2025 
systematic review that included two studies not limited to 
any region concluded that post-RFA corticosteroid adminis
tration has not been demonstrated to reduce the risk of post- 
procedure neuritis.330

The effectiveness of adjuvants and non-steroidal anti- 
inflammatory drugs to prevent post-RFA neuritis has been 
reported, also with mixed results. A large retrospective study 
performed in 215 patients who underwent lumbar and cervi
cal medial branch RFA found a non-significantly lower inci
dence of neuritis in individuals taking gabapentin for at least 
2 weeks prior to the procedure (7.1% vs 13.2%).331

However, a later retrospective study by Singh et al. conducted 
in 164 patients found no difference in the incidence of neuri
tis post-lumbar medial RFA based on whether patients were 
receiving pre-procedure membrane stabilizers and antidepres
sants.328 In a placebo-controlled study performed by Ma 
et al. in 66 patients, the authors found that 3- and 7-day 
post-treatment regimens with diclofenac significantly reduced 
post-procedure pain compared to placebo.332 Aside from the 
small, underpowered retrospective study by Fitzpatrick 
et al.,329 a major limitation in most of these studies was the 
failure of the investigative team to discriminate between neu
ritis secondary to nerve ablation and inflammatory post- 
procedure-related pain from radiofrequency cannula 
insertion.

Impact of radiofrequency ablation on existing implanted 
devices
Monopolar RFA of innervation to the SIJ complex involves 
the use of electrical current that emerges from the tip of the 
radiofrequency cannula and flows through the body before 
exiting through the dispersive electrode (a.k.a., grounding 
pad). Electromagnetic fields created from the use of short- 
wave diathermy can result in interference with the function
ing of implanted electrical devices (eg, battery and electrical 
leads) such as deep brain or spinal cord stimulators.333 A ret
rospective chart review examining interference of implantable 
devices following lumbar medial branch, peripheral nerve, 
and SIJ complex monopolar RFA found no alteration in 
implantable device function.334 Although this single study 
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did not discuss the location of the implantable device, the 
safe use of monopolar lumbar medical branch RFA has also 
been reported in a patient with deep brain stimulators, with 
one of the implanted pulse generators located in the anterior 
abdominal wall.335 Similar to lumbar medial branch nerve 
RFA, a procedure in which the grounding pad is usually 
placed on the lower extremity, SLBRFA theoretically carries 
a lower risk in the case of an implantable device placed in the 
torso or chest as the dispersive pad can be placed at a distance 
greater than the recommended 15 cm away from the leads 
and battery.336 It may, however, present a greater risk of 
damage to implanted device placed in the low back or below 
the iliac crest as many spinal cord stimulators are implanted 
in the gluteal region, meaning the current will likely pass near 
the implantable device before exiting at the grounding pad. If 
using monopolar RFA, placing the grounding pad close to 
and caudal to the RFA site will reduce the size of the induced 
electromagnetic field. This will minimize the risk of heating 
the neurostimulator battery and electrodes. However, placing 
the grounding pad too close to the RFA site can increase the 
risk of tissue burns,337–339 particularly when using high cur
rent, long activation times, and the use of conductive fluid, 
since the energy has less tissue through which to dissipate.340

There is some evidence that bipolar RFA may be safer than 
monopolar RFA in patients with implanted devices, with 
report of its safe use for cervical and lumbar medial branch 
RFA.341 In bipolar RFA, the electromagnetic field is limited 
to the tissue region between the two electrodes, which is sig
nificantly smaller compared to the distance between a 
monopolar RFA electrode and the grounding pad (when the 
grounding pad is placed at a safe distance away from the 
RFA electrode side to prevent a skin burn). In a position 
paper by IPSIS, the authors recommended consultation with 
the device manufacturer and cardiologist or electrophysiolo
gist, with consideration of the following: (1) Having on-site 
support for interrogation of the cardiac device during the 
procedure in the event that reprogramming of the device is 
required; (2) Placing a magnet over the device to inhibit trig
gering the device by RFA; and (3) Removing the magnet or 
using external defibrillator/pacing electrodes in case cardiac 
arrhythmias occur during the RFA procedure.342

Radiofrequency ablation in proximity to surgical hardware
In the context of lumbosacral or SIJ fusion, the intervention
alist may encounter posterior surgical hardware during a 
SLBRFA procedure. Indeed, SIJ complex pain is more preva
lent in patients with arthrodesis of L5 to the sacrum, as the 
SIJ complex becomes the “adjacent segment” accepting 
greater forces post-fusion compared to when the L5-S1 seg
ment (or additional lumbar segments) remains mobile. As 
such, the interventionalist must be aware of safety considera
tions when SLBRFA is performed in this context, as an RFA 
electrode may be placed in close proximity to posterior surgi
cal hardware.343 Cadaveric and human studies have demon
strated that direct contact of an RFA electrode with pedicle 
screws results in heating344,345 of metal. In a 2015 cadaveric 
study, investigators observed significant temperature changes 
in pedicle screws and surrounding soft tissues when an RFA 
electrode directly contacted a screw, compared to control 
conditions. The thermal impact was more pronounced with 
titanium screws than with stainless steel. Specifically, 

titanium screw heads exhibited temperature increases of 
6.66�C, and screw tip temperatures increased by 16.72�C 
when the RFA electrode was positioned directly over the 
screws and heated to 80�C for 90 s. Alternatively, stainless 
steel screw heads demonstrated temperature increases of 
4.4�C at the head and 2.46�C at the tip under similar condi
tions.344 A 2016 human study evaluated temperature changes 
at posterior surgical hardware during lumbar medial branch 
RFA procedures.345 A temperature probe was inserted via a 
cannula adjacent to posterior hardware to monitor tempera
ture changes during each RFA procedure. The investigators 
observed that pedicle screw head temperatures increased in 
six out of the 10 RFA procedures. Notably, in two cases, tem
peratures escalated to 42�C, necessitating termination of the 
procedure. The clinical implications of this depend on hard
ware location. If hardware is contained completely within 
corticated bone, it is unlikely that adjacent soft tissues 
(including neural structures) would be heated. However, in 
cases of hardware malpositioning (for example, a pedicle 
screw that breaches the spinal canal), heating of the hardware 
may be of concern. Separately, in a patient with minimal tis
sue (either due to intrinsic body habitus or weight-loss fol
lowing surgery) separating the head of a pedicle screw from 
the skin, screw heating could cause a skin burn. Notably, this 
risk remains theoretical (never before reported in the pub
lished literature). Regardless, in order to optimize patient 
safety, and consistent with IPSIS recommendations,346 inter
ventionists should avoid direct contact between the RFA elec
trode and posterior hardware.

Bleeding and anticoagulation
As noted above, the risk of clinically-relevant bleeding is 
exceedingly low, even with the large cannulas associated with 
icRFA and single-cannula combination mono- and bipolar 
lesions. The ASRA guidelines do not directly address anticoa
gulation and SLBRFA, but do not recommend withholding 
anticoagulation for low-risk procedures such as SLBBs or IA 
SIJ injections. However, the ASRA and ASIPP guidelines cur
rently consider lumbosacral RFA and lumbosacral transfora
minal injections to be intermediate risk; therefore, if finder 
needles are used during a SLBRFA to locate the foramina it 
may be considered an intermediate-risk procedure.347,348 For 
physicians considering use of finder needles, this theoretical 
increase in risk should be weighed against possible enhance
ment in procedural accuracy. When performing a SLBRFA 
without a finder needle, it can be considered the same risk as 
a peripheral joint or nerve block procedure. The ASRA guide
lines generally recommend stopping anticoagulants, including 
non-steroidal, anti-inflammatory drugs (NSAIDs), before 
intermediate-risk procedures, while the ASIPP guidelines tend 
to be slightly more liberal (ie, stopping NSAIDS and aspirin is 
a shared decision based on weighed risks and benefits). Both 
sets of guidelines recommend stopping warfarin and platelet 
aggregation and thrombin inhibitors. The risk of periproce
dural thromboembolic events must be weighed against the 
risk of epidural hematoma. When anticoagulants are held 
before pain procedures, the risk of a serious thromboembolic 
event is estimated at between 0.2% and 0.5%,349,350 far 
exceeding the risk of a serious complication from bleed
ing.348,350 There are very few (<5) reports of hematoma (sev
eral with unclear etiology) following lumbar transforaminal 
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epidural corticosteroid injections, and none during S1 or S2 
injections, or that resulted in permanent neurological seque
lae.351–355 Alternatively, for lumbar and sacral RFA proce
dures, there are no reported cases of epidural or foraminal 
hematomas, and no reports of serious sequelae from bleeding 
complications. Furthermore, guidelines from IPSIS conclude 
that the risks clearly outweigh the benefits from withholding 
anticoagulants for lumbosacral RFA and transforaminal pro
cedures based on evidence from large cohort stud
ies.349,350,356–359 As such, the risk: benefit ratio favors 
continuing rather than withholding anticoagulant and anti
platelet agents for SLBRFA procedures when technically 
sound and safe technique is implemented.

Prevention of complications
Safety precautions for SLBRFA based on synthesis of recom
mendations from reviews cited above:

Preoperatively

� Use an adequate consent process to advise patients of 
common, non-serious, but painful complications includ
ing transient localized increase in pain, painful paresthe
sias, or hematomata. 

� Manage anticoagulant and antiplatelet risks on an indi
vidual patient level following a shared decision-making 
model, favoring continuation of these agents (ie, excep
tions can be considered when multiple finder needles 
placed into the foramina are needed). 

� Review existing imaging preoperatively to identify any 
anatomical variations which may require accommodation 
during the procedure. 

� RFA can be performed safely in patients with SCS, cardiac 
pacemakers and surgical metalware if direct contact with 
the implant is avoided. Use of bipolar rather than monop
olar RFA may be considered to limit the size of the elec
tromagnetic field, which might disrupt or heat an 
implanted device in close proximity. 

� Patients with impaired glucose tolerance should be 
warned of the potential for transient hyperglycemia if cor
ticosteroids are used to prevent neuritis. 

Intraoperatively

� Use sound, aseptic technique. 
� Optimize fluoroscopic imaging (typically by introducing 

relative cephalic tilt, and possibly ipsilateral tilt at S1) 
such that the sacral foramina can be visualized 
adequately, and thus needle trespass can be avoided. 

� Maintain a safe distance between the lateral margin of 
each sacral foramina and the RFA needle/electrode during 
the entire procedure. 

� Sensory testing has limited safety value or therapeutic 
value when an aggressive lesioning strategy accounting 
for multiple lateral branches is employed. Its use is at the 
discretion of the interventionalist. Motor stimulation test
ing can be used if there is concern for foraminal proximity 
that could result in the heating of the neural elements 
within the foramen during lesioning. If employed, place 
hand on or clearly observe the lower extremity during 
motor stimulation to ensure there is no muscular contrac
tion in the lower leg. Stimulation of sacral nerves 

innervating the bowel and bladder may be ascertained via 
patient communication. 

� Ensure a grounding pad has been correctly placed in full 
contact with a large area of the skin remote from the 
lesion site. 

� Routinely check lateral radiographic views to ensure that 
the RFA probes remain on the dorsal surface of the sac
rum, avoiding the sacral plexus and rectum. 

� Avoid direct contact of the RFA probe with posterior sur
gical hardware in relevant situations. 

Summary:

� There is weak evidence supporting non-steroidal anti- 
inflammatory drugs to prevent or treat neuritis; Grade C 
evidence, low level of certainty. 

� There is insufficient evidence for the use of corticosteroids 
and membrane stabilizers, which themselves carry risks, 
in the prevention or treatment of neuritis; Grade I 
evidence. 

� In patients on anticoagulants, consultation with an anti
coagulation specialist or review with the patient’s pre
scriber should be conducted to determine the risk of 
stopping anticoagulants. However, in most cases, anticoa
gulants may be continued during SLBRFA; Grade C-B 
recommendation, moderate level of certainty. 

� SLBRFA can be safely used in patients with implanted 
devices, with bipolar lesioning conferring an increased 
measure of safety; Grade B recommendation, moderate 
level of certainty. 

� Radiographs in multiple views should be checked to ensure 
that RFA electrodes avoid contact with surgical hardware; 
Grade B recommendation, moderate level of certainty. 

� Sensory stimulation confers minimal safety value, and 
limited therapeutic value when employing an aggressive 
lesioning approach that accounts for multiple lateral 
branches; Grade C evidence, low level of certainty. 

� Motor stimulation can be used in conjunction with obser
vation of lower extremity movement and patient feedback 
(eg, to detect bowel or bladder sensations) to reduce the 
risk of collateral nerve injury; Grade C recommendation, 
low level of certainty. 

Surgical treatment
Q19. How effective is surgery for the treatment of 
sacroiliac joint complex pain?
One of the earliest descriptions of surgery for SIJ pathology 
was by Smith-Peterson and Rogers in 1926.360 The authors 
of that study suspected that the SIJ was an underappreciated 
anatomic site of pain, and that better understanding was 
needed. It was not until almost a century later that the num
ber of publications describing surgical treatment of SIJ path
ology significantly increased. Open fusion techniques involve 
either anterior or lateral approaches to the SIJ. More recently, 
minimally-invasive lateral and posterior techniques have been 
introduced to achieve arthrodesis (see Figure 3 illustrating 2 
locations for minimally invasive rod placement). The follow
ing is a summary of available literature evaluating the efficacy 
and effectiveness of surgery for SIJ complex pain.

Open surgery
Early indications for open surgery included history and physi
cal (typically at least three positive provocative tests), and 
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subsequent studies added positive response to at least one 
local anesthetic SIJ injection.

Sham-controlled randomized controlled trials
We identified no published RCTs comparing open surgery 
for fusion of the SIJ to sham surgery.

Pragmatic randomized controlled trials
We identified no published RCTs comparing open surgery 
for fusion of the SIJ to an active treatment.

Observational studies
We identified four cohort studies. In 1926, Smith-Peterson 
and Rogers described an open, lateral approach to fuse the 
joint with bone transport from ilium through the SIJ in 26 
patients.360 Twenty-five of the 26 patients returned to their 
original occupation. Two were deemed treatment failures due 
to continued postoperative pain. Buchowski et al. reported 
on a series of 20 patients who underwent open anterior plat
ing, in which all patients demonstrated statistically significant 
improvement in all SF-36 categories—except for General 
Health and Mental Health, and 17 of the 20 had radio
graphic evidence of joint fusion.361 Sixty percent of the 
cohort stated that they would choose to have the surgery 
again. Slinkard et al.362 and Murakami et al.363 published 
case series of open, anterior plating for fusion of the SIJ. In 
the former, the average ODI in 19 patients significantly 
decreased by 17.9 ± 25.4 (P¼ .007).362 The open plating 
technique described by Murakami et al. resulted in a mean 
change in VAS pain score in 21 patients from 84.4 to 26.6 
(P< .001), and the Roland Morris disability questionnaire 
score for 17 patients decreased from 21.2 to 7.2 postopera
tively (P< .001).363

We found two retrospective case-control studies comparing 
open anterior fusion to lateral minimally-invasive surgical 
(MIS) fusion. In a study involving 263 patients, Smith et al. 
found that 82% patients achieved a clinically significant pain 
score improvement (2 points on a 0-10 NRS) at 24 months in 

the lateral MIS group compared to only 50% in the open 
group.364 Ledonio et al. reviewed 63 patients with a mini
mum 12-month follow-up after SIJ fusion using an open ante
rior vs an MIS lateral approach. The authors reported 
statistically significant improvements in ODI in both the 
open and MIS groups. The average change in VAS pain score 
at 12 months was −2.7 in the open group and −6.2 in the 
MIS group.365 Both studies reported increased blood loss, 
operative time and hospitalization length in the open anterior 
approach group compared to the lateral approach 
group.364,365

Minimally-invasive lateral approach
Criteria for surgery in the following studies included history 
and physical (typically at least 3 positive provocative tests), 
and many modern studies added positive response to at least 
one local anesthetic SIJ injection.

Sham-Controlled randomized controlled trials
We identified one single-blind, sham-controlled study 
(n¼ 63) evaluating percutaneous lateral SIJ fusion by 
Randers et al. that demonstrated no statistically significant 
improvement in pain scores at 6-months post-procedure.288

The sham group was placed under anesthesia, an incision 
made, and the procedure was “simulated” without implant 
placement. The average improvement in VAS pain score for 
the treated group was 2.6 vs 1.7 in the sham group. Patient- 
reported impression of change revealed that 45% of partici
pants in the operative group felt they were “better” or “much 
better” after surgery vs 31% in the sham group. Other out
comes reported included average ODI in the surgery group of 
47% vs 50% in the sham group, and a “Timed Up and Go” 
test of 10.6 s in the surgery group vs 11.7 s in the sham group. 
None of these differences were statistically significant.

Pragmatic randomized controlled trials
We identified four publications stemming from the iMIA 
study (iFuse Implant System Minimally Invasive Arthrodesis), 

Figure 3. Animated drawing showing possible locations for instrumentation used for sacroiliac joint fusion, as well as a posterior sacroiliac joint bone 
allograft placement. (A) A lateral screw and a posterior-lateral screw are each shown, transfixing the sacroiliac joint. (B) Two lateral screws are shown 
transfixing the sacroiliac joint. (C) On the left side of this image, bone allograft is shown within the posterior limb of the sacroiliac joint; on the right-side of 
the image, both lateral and posterior-lateral screws are shown, transfixing the sacroiliac joint.
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a RCT comparing lateral MIS fusion to nonsurgical manage
ment for refractory SIJ complex pain involving nine 
European medical centers. In the first publication, Dengler 
et al.366 reported on improvement in referred leg pain (RLP) 
related to SIJ dysfunction over 6 months in patients conserva
tively managed or treated by MIS SIJ fusion. Overall, there 
was a 76.2% prevalence of RLP in the study population. 
After 6 months, the VAS pain score (0-100 mm) in the opera
tive group decreased from 58 to 13.5 but was unchanged in 
the conservatively managed group. The 6-month outcomes 
for the primary outcome measure, self-reported reduction in 
LBP, were reported in 2017.287 The VAS pain score in the 
operative group decreased from 77.7 to 34.4, which favor
ably compared to a reduction from 77 to 67.8 in the CM 
group (P< .001). The difference in ODI score at 6 months 
was 19.8% (P< .001), with the SIJ fusion group also report
ing less disability. One-year data from the iMIA trial was 
reported by Dengler et al.367 on 52 participants at 12-month 
follow-up, while the fourth publication reported on 103 par
ticipants at 24-month follow-up.368 Treatment success, 
defined as a 20-point or greater improvement in VAS pain 
score (0-100 scale), occurred in 79% (37 of 47) of the opera
tive patients, but fewer than 25% (11 of 46) of conservatively 
treated participants at the 24-month endpoint. Statistically 
significant improvements in mean VAS pain and ODI scores 
were reported in the SIJ fusion compared to the nonsurgical 
management group at both 12 and 24 months. Of note, the 
publications resulting from these studies were sponsored by 
industry, increasing the risk of bias.

There are two published studies for the INSITE trial, which 
was a prospective, multicenter, parallel group, unblinded 
RCT comparing minimally-invasive fusion with triangular 
titanium implants to conservative management. The 12- 
month outcome study of 148 subjects (102 with fusion, 46 
with CM) revealed a clinically important improvement in 
ODI (≥15%) in 73.3% of surgical patients vs only 13.6% in 
the CM group, which was sustained until the end of trial at 
12 months.369 EuroQol-5D, a validated instrument evaluat
ing generic quality of life, improved by 0.29 points (P< .001) 
in the SIJ fusion group but only 0.06 points (P¼ .17) in the 
NSM group (P< .001) at 6 months. Thirty-five of 46 patients 
in the CM cohort crossed over at 6 months, and their collec
tive improvement after surgery mirrored that in the operative 
group. The 24-month outcomes were similar, with 83.1% of 
operative patients experiencing clinical improvement in their 
VAS pain scores vs <10% in the CM group (P< .01).146 The 
ODI scores at 24 months were also much better in the SIJ 
fusion group vs the CM group (68.2% improved >15% vs 
10%). Similar to the iMIA study, the publications resulting 
from these studies were sponsored by industry.

Observational studies
Numerous published series are available regarding the effec
tiveness of the lateral MIS fusion approach. Details relevant 
to each of these studies are provided in Table 19. A retrospec
tive study of 137 patients compared outcomes of conservative 
medical management vs SIJ complex denervation by SLBRFA 
vs the lateral MIS fusion approach with 6-year follow-up.370

Patients were selected in this study based on at least 3 of 8 
positive provocative SIJ tests and a positive response to an IA 
injection. The authors reported minimal improvement in pain 

and function at long-term follow-up with conservative medi
cal management, an intermediate response to denervation by 
SLBRFA, and significant improvements in VAS pain and ODI 
scores in the surgical group. The surgical group was more 
likely to be working (70.4%) than the conservatively man
aged (19%) and SI denervation (34%) groups (P< .01 for 
both). Similarly, the percentage of patients taking opioids in 
the surgery group was initially 63%, and decreased to 7.4% 
at last follow-up, which favorably compared to the conserva
tive management only group (49% to 82%) and the SI dener
vation group (55% to 85%), which both increased usage of 
opioid medications. A caveat to this study is that while IA 
injections are used to identify patients with degenerative joint 
changes—an indication for surgery—they have not been vali
dated to identify EA posterior ligamentous pathology, which 
is the primary indication for denervation. Multiple case series 
(summarized in Table 19, section 2c) provide additional evi
dence of statistically significant improvements in pain relief 
and/or functional measures with operative treatment.145,371– 

382 In a retrospective study comparing cylindrical threaded 
implants to triangular titanium implants, both groups experi
enced a statistically significant improvement in VAS pain and 
ODI scores at 6 months when compared to their preoperative 
scores.372 Of note, most of the available literature for MIS 
lateral fusion involves the use of triangular titanium implants, 
with most publications disclosing sponsorship by industry.

Minimally-invasive posterior approach
Criteria for surgery in the following studies included history 
and physical (typically at least three positive provocative 
tests), with most recent studies requiring a positive response 
to at least one local anesthetic IA SIJ injection.

Sham-Controlled randomized controlled trials
We identified no published RCTs comparing the posterior 
MIS approach for fusion of the SIJ to sham surgery.

Pragmatic randomized controlled trials
We identified no published RCTs comparing the posterior 
MIS approach for fusion of the SIJ to an active treatment.

Observational studies
Details relevant to each of these studies are provided in Table 19. 
In brief, we identified a case series of 19 patients treated with a 
posterior distraction screw. The authors reported an improve
ment in VAS pain intensity (mean preop 8.5 to 6 postoperatively) 
and ODI (64.1 to 57.0%, P¼ .19) scores at a mean follow-up of 
13months. Additionally, 79% of patients indicated that they 
would “go through the procedure again in order to achieve their 
current results.”383 Another report of 171 patients with a posteri
orly placed MIS SIJ distraction screw demonstrated improvement 
in VAS pain and ODI scores over the 24-month study period.384

Further, 73.3% of patients reported they felt better or much bet
ter at 24months than prior to surgery, and when asked if they 
would recommend the surgery to a friend, 79% said “yes” at 
12months, and 78.5% replied affirmatively at 24months. The 
results of five additional studies investigating the effectiveness of 
a specific posterior SIJ stabilization system have been published, 
all funded by the device manufacturer. Deer et al. reported results 
on 111 participants, of whom 47% experienced at least 80% 
pain relief at an average follow-up of 12months.385 A second 
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study reported results at an interim 6-month time point. In this 
study 68% of participants experienced at least a 20-point VAS 
pain score improvement and 57% of participants reported an 
ODI improvement of at least 15 points at 6-month follow-up.386

A third study (the final results) reported on 122 implanted partic
ipants at 12-month follow-up.387 When excluding participants 
lost to follow-up, at 12months, 61% of participants reported at 
least 50% improvement in pain and 69% of participants 
reported an ODI improvement of at least 15 percentage points 
from baseline. In a worst-case scenario analysis counting partici
pants lost to follow-up as treatment failures, these proportions 
decrease to 46% for pain and 51% for ODI responders, respec
tively. One recent study evaluating the results of inferior-posterior 
transarticular MIS SIJ fusion in 36 patients selected based on pos
itive response to an IA corticosteroid injection and at least 3 pro
vocative tests reported a decline in average 0-100 VAS pain score 
from 79 mm to 23 mm at 12-month follow-up, and a decrease in 
mean ODI score from 52% to 21% at the same endpoint. The 
12-month satisfaction rate in this study was 83%, with successful 
fusion confirmed in 83% of cases.388 Finally, another study 
reported the 12-month outcomes of 50 participants following the 
posterior MIS procedure. At the end of the study, the authors 
reported an average pain score of approximately 4 points.389

Database reviews
In one database review performed in 4666 patients who 
underwent minimally-invasive SIJ fusion between 2010 and 
2022, the authors found that patients who were opioid-naïve 
before surgery required fewer postoperative opioids com
pared to chronic preoperative users, yet continued opioid use 
one year post-surgery was higher in the MIS SIJF group than 
in patients undergoing other spine surgeries.390

Summary:

� An open approach to SIJ fusion can provide pain relief 
and functional benefit in carefully selected patients who 
are refractory to other therapies; Grade C evidence, low- 
to-moderate level of certainty. 

� There is conflicting evidence (two positive pragmatic RCTs 
vs one negative sham-controlled RCT) that SIJ fusion via 
the minimally-invasive (MIS) lateral approach is effective 
at improving pain and function in carefully selected 
patients; Grade C evidence, very low level of certainty. 

� The MIS posterior approach to SIJ fusion can be considered 
in patients with refractory intra-articular degeneration with 
instability who fail to respond to more conservative thera
pies; Grade C recommendation, low level of certainty. 

Q20. How does one best select patients 
appropriately for sacroiliac joint fusion surgery?
Given the complex anatomy and variable presentation of SIJ 
complex pain, appropriate selection for surgical intervention 
is of upmost importance.43,79 Surgical intervention for the SIJ 
should be reserved as a last treatment option, only after all 
conservative and less invasive interventional options have 
been exhausted.391,392 In a subset of well-selected patients, 
SIJ fusion can provide pain relief and functional benefit with 
both open and minimally-invasive fusion techniques.370,391–394

Minimally invasive SIJ fusions have been shown to be relatively 
safe with low revision rates.392,395,396 Patient selection for sur
gical intervention should be based on a combination of clinical 
history, physical examination, and diagnostic SIJ injections, 

after ruling out other sources of pain, and failing trials with 
nonoperative integrative, pharmacological and interventional 
treatments.397

Clinical presentation and physical examination
Adequately identifying patients with SIJ complex pain by his
tory and physical exam alone is challenging.398 Whereas no 
single element of clinical history or physical exam finding is 
diagnostic of SIJ complex pain, there are some commonalities 
suggestive of pain originating from the SIJ.66,140,282

Historically, patients describe unilateral pain below L5 verte
bra, frequently present with a history of trauma, spondy
loarthropathy, or lumbosacral fusion, and complain of pain 
aggravation with sitting or standing.66 A combination of phys
ical exam maneuvers can be more reliable than single tests for 
identifying possible IA SIJ-mediated symptoms.140,282,399

Namely, three of six SIJ provocation maneuvers, including 
Patrick’s or FABER, Gaenslen’s, thigh thrust, sacral thrust, 
distraction, and compression should be positive, though recent 
studies have called into question the validity of physical exam 
findings.73,74,140 In addition to identifying relevant history 
and physical exam findings to diagnose SIJ complex pain, 
other sources of pain such as radicular pain, discogenic pain, 
facetogenic pain, generalized pain disorders such as fibromyal
gia, and autoimmune arthropathy should be ruled out.400

Failure of nonoperative treatment
According to the International Society for the Advancement 
of Spine Surgery (ISASS), all patients who are considered for 
SIJ fusion surgery should have had at least 6 months of SIJ 
complex pain which impacts quality of life, and have failed 
nonsurgical treatments including PT, therapeutic exercise, 
and either an IA SIJ corticosteroid injection, or EA injection 
or SLBRFA if an EA component is suspected.397

Factors associated with treatment outcome
In a secondary analysis from three RCTs comparing nonsur
gical management (n¼97) to minimally-invasive fusion 
(n¼ 316), predictors of treatment failure after surgery were 
smoking, opioid use, younger age and shorter duration of 
pain, with the latter more common in individuals with EA 
than IA pathology.401 Separately, the INSITE study reported 
no association between pain relief associated with the diag
nostic IA SIJ injection and pain relief after SIJ fusion, with 
the parameters of the injection not noted.146 In a presentation 
at the 2016 Congress of Neurological Surgeons meeting, 
decreased postsurgical dyspareunia (a possible symptom of 
nociplastic pain) and not taking opioids were the only factors 
associated with a successful SIJ fusion.402

Radiologic findings
Imaging modalities such as plain radiographs, CT, and MRI 
can be useful for identifying sacroiliitis, SIJ arthropathy, or 
for monitoring treatment response in inflammatory spondy
loarthropathy.40,403 However, the absence of imaging abnor
malities neither rules out the SIJ as a source of pain nor 
reduces the likelihood that patients have IA pathology ame
nable to fusion.40,65 In one study performed in 18 patients 
with moderate to severe ankylosing spondylitis, no associa
tion was found between MRI abnormalities and back 
pain.404 In the non-inflammatory spondyloarthropathy pop
ulation, no imaging modality (including x-rays, CT, and 
MRI) has been shown to be superior to clinical selection to 
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diagnose SIJ complex pain, and no imaging modality has 
been shown to be superior to diagnostic SIJ injections in pre
dicting responsiveness to therapeutic SIJ procedures.405 As 
such, imaging modalities should not be solely relied upon for 
diagnosing SIJ complex pain or predicting responsiveness to 
SIJ fusion. However, imaging should be used to rule out other 
sources of pain, including lumbar radiculopathy, IA hip path
ology, autoimmune arthropathy, tumor, or infection.

Diagnostic injections
Diagnostic injections play an important role in confirming 
SIJ-mediated symptoms.8,64,80 However, a single SIJ injection 
has a high false-positive rate which may exceed 50% in some 
poorly selected populations.8,405 Based on the available liter
ature, dual local anesthetic injections alone (without cortico
steroid) result in the strictest criteria for diagnosing SIJ 
complex pain, while single uncontrolled injections of local 
anesthetic and corticosteroid result in the lowest specificity.8

Using a stricter benchmark for a positive test also decreases 
the number of responders. For controlled dual anesthetic IA 
SIJ injections, increasing the threshold from 50% to 80% 
relief reduces the percentage of positive injections from 45% 
to 10% based on single studies. When steroid is added to the 
local anesthetic, the decrease in positive rate is smaller, from 
33% to 27%, again based on single studies.  For single anes
thetic injections, 60%-62% are positive at an 80% threshold, 
which paradoxically compares with 54%-63% without seda
tion at a 50% threshold, underscoring differences in selection 
criteria.8 Several SIJ fusion studies used single injections 
with a 50% pain relief cutoff for the diagnosis of SIJ complex 
pain; however, most did not specify the volume of anesthetic 
used for the injection.286,287,369,394 As noted above, one 
study found no correlation between pain relief during diag
nostic IA injections and SIJ fusion outcome, with this 
study employing a 50% cutoff threshold for enrollment.146

Given that the volume of a symptomatic SIJ joint is only 1- 
2.7 mL,129 low volume diagnostic injections of anesthetic 
only, with a documented arthrogram and absence of contrast 
flow to adjacent structures, is the best way to ensure target 
specificity.8

There are significant EA sources of pain near the SIJ that 
can undermine the specificity of an IA SIJ injection.139 The 
SIJ joint can communicate with the S1 foramen, and there are 
often defects in the anterior capsule, which can result in anes
thetic extravasation outside the SIJ into muscles and/or the 
lumbosacral plexus, potentially leading to a false-positive 
response.42 Given the anatomic complexity of the joint and 
necessity of confirming target-specific flow with contrast 
medium, diagnostic SIJ injections are typically performed 
using either fluoroscopic or CT guidance, not under ultra
sound guidance, which frequently results in EA 
spread.150,154,406 The addition of corticosteroid does not 
contribute to the diagnostic value of an injection and adds 
more volume, increasing the chance of a false-positive 
response from EA spread and/or systemic effects.8 In random
ized trials evaluating SIJ fusion, all studies have used 50% 
pain relief as the threshold for designating a diagnostic injec
tion as positive.146,286,287 Considering the rate of false- 
positive injections and the costs and risks of SIJ fusion, strict 
criteria for a positive anesthetic injection should be used 
including the use of dual IA SIJ local anesthetic injections.

Summary:

� Appropriate patient selection for SIJ fusion should include 
a combination of the following; Grade C recommenda
tion, low level of certainty: 
� At least 6 months of non-radicular pain below L5, 

consistent with SIJ pain. 
� Failure of at least 12 weeks of conservative care (eg, 

physical therapy, therapeutic exercise, medications) 
and other nonsurgical interventions. 

� Patients who smoke should be referred for smoking 
cessation, and those on opioids should ideally be 
weaned off or tapered down. 

� Physical exam indicating a positive response on at 
least 3 out of 6 SIJ provocation tests. 

� History and radiologic studies that rule out other pos
sible sources of pain, including generalized pain disor
ders, lumbar radiculopathy, hip pathology, 
autoimmune arthropathy, or destructive lesions such 
as tumor or infection. 

� Positive responses to low-volume, dual prognostic IA 
SIJ injections (without corticosteroid), under fluoro
scopic or CT guidance. 

� Evidence is mixed on using >50% pain relief as the 
prognostic threshold to select patients for SIJ fusion 
(two pragmatic RCTs showed effectiveness, but a 
sham-controlled study did not distinguish fusion from 
sham outcomes). Given the invasiveness of SIJ fusion 
surgery, a higher pain relief threshold than 50%, 
along with documented functional improvement, is 
recommended to select patients for SIJ fusion; Grade I 
recommendation (no consensus on number of blocks 
or specific cutoff was achieved in the working group. 

Dissents: IPSIS, NASS and the NASS Fellowship 
Consortium recommend dual IA blocks with ≥75% pain 
relief to select patients for SIJ fusion.

Q21. What are the most common complications 
with sacroiliac joint fusion surgery and how can 
they be minimized?
Over the past 25 years, numerous reports on SIJ fusion have 
been published, but complication rates remain challenging to 
ascertain with precision. Studies employing stringent report
ing methodologies have documented high numbers of adverse 
events, although many are unrelated to the procedure itself. 
Conversely, other studies report low-to-no complications. 
The most frequently reported complications associated with 
minimally invasive SIJF generally include lumbosacral radicu
litis, persistent pain, and pseudarthrosis necessitating revi
sion. An analysis of SIJF complications from the 
Manufacturer and User Facility Device Experience (MAUDE) 
database identified device malposition as the predominant 
complication, accounting for approximately 50% of all 
reported complications.407 Malposition may lead to nerve 
and blood vessel injury, and the authors reported the root 
cause as surgical error, not device related, in 644 of the 1107 
(58%) total complications reported in this series. Given the 
heterogeneity of data analyzed, further evaluation of the 
complications will be presented by approach and implant(s) 
used.

Pain Medicine, 2025, Vol. 26, No. 12                                                                                                                                                                                    895 



Open fusion361,362,364,365,376,377

Two case series from the same institution describe an open 
anterior approach to the SI joint, involving decortication for 
fusion and fixation with a 4.5 mm reconstruction plate. 
Ledonio et al.365 reported complications in 14% of patients 
(3 out of 22) undergoing open fusion, including a pulmonary 
embolus and two revisions due to pseudarthrosis, with 
greater blood loss, operative time, and length of stay com
pared to minimally-invasive lateral fusion. Another study376

reported a 21% complication rate (4 out of 19 patients), with 
three reoperations: One pulmonary embolus, one wound 
hematoma, one non-union, and an overlong screw causing 
soft tissue irritation. Buchowski et al.361 found pseudarthro
sis (15%), wound infection (10%), and painful hardware 
(5%) were the most common complications in their case ser
ies of 20 patients. Interestingly, earlier studies by Smith- 
Peterson et al.360 in 1926 reporting on 26 patients, and 
Giannikas et al.377 in 2004 describing an open lateral techni
que without implants in five patients, reported no complica
tions. A retrospective study364 comparing open posterior 
fusion to minimally-invasive lateral fusion found a 23% 
adverse event rate (34 events in 149 patients), with trochan
teric bursitis (n¼4), postoperative neuropathy (n¼4), and 
leg pain (n¼3) being the most common complications. 
Notably, 44% of patients (66 out of 149) in this study 
required reoperation for implant removal.

Minimally-invasive lateral fusion 
techniques145,364,365,367,368,370,371,373-376,378-383,408

Multiple reports have described complications related to 
implantation of a minimally-invasive, laterally placed inter
ference device for fusion of the SIJ.

A prospective, multicenter RCT by Dengler et al.367,368

provided comprehensive one- and two-year complication 
data for SI joint fusion. Out of 101 documented complica
tions in the entire study population (including operative, con
servative, and crossover groups), only four of 39 severe 
adverse events were likely procedure-related: Two cases of 
increased post-procedural pain, a gluteal muscle hematoma, 
and a case of nerve impingement requiring revision. 
Radiographic analysis of 43 patients in the fusion group at 
12 months revealed cortical breach by implants in 8.6% (17 
patients) of 198 evaluated implants. Three retrospective 
cohort studies involving triangular titanium implants 
reported varying complication rates. Smith et al.364 reported 
no intraoperative complications in 114 patients treated with 
triangular titanium implants, with postoperative issues 
including falls (n¼4), facet joint pain (n¼4), and cellulitis 
(n¼3); four patients returned to the operating room, three 
for nerve impingement and one for “radiographic findings.” 
Ledonio et al.365 noted two revisions for implant loosening 
and one pulmonary embolus in a group of 27 minimally-inva
sive fusions. Another study by Vanaclocha et al.370 reported 
only two cases of temporary sciatic pain among 27 mini
mally-invasive fusions, with no revisions required. 
Additionally, a case report by Maxwell et al.408 described a 
superior gluteal artery injury following percutaneous lateral 
SIJ fusion, necessitating open revision and branch ligation 
due to a large hematoma in the gluteal musculature and a sig
nificant hemoglobin drop within 24 h post-operation. Further 
case series are summarized in Table 20.

Minimally-invasive screw-based fusion 
techniques371,378-380,383

Screw-based, minimally-invasive SIJ fusion techniques have 
been reported and are summarized in Table 21. With low 
numbers, the complications most reported include postopera
tive pain, hematoma, and infection.

Posterior, minimally-invasive, percutaneous 
fusion385,386,389

In the published observational studies that used a percutaneous, 
minimally-invasive, posteriorly implanted device to treat SIJ 
complex pain, relatively few complications were reported. In 
one study involving 111 treated patients, there was no comment 
on complications.385 The only complication noted in another 
series of 50 treated patients with 12-month follow-up data was 
a case of device migration, treated with revision.389 A multicen
ter, prospective series of 122 participants followed for 
12 months and treated with the same device reported four seri
ous adverse events although only one was deemed related to the 
study, which involved an aspiration event after initiation of 
monitored anesthesia care.387 There was one patient in this 
study who reported increased SIJ pain.

Summary:

� SIJ fusion procedures are associated with standard post
operative complications such as infection, worsening or 
new-onset pain at the surgical site, hematoma, pseudarth
rosis, and other device-related complications; Grade A 
evidence, high level of certainty. 

� Postoperative neuropathy is a common and procedure- 
specific complication, likely due to the proximity of the 
L5 and S1 nerve roots to the operative field and has been 
reported in both open and minimally-invasive series. 
Proper evaluation of imaging is paramount to reducing 
this complication. Postoperative neuropathy appears to 
be more common with the lateral MIS fusion procedure 
than with anterior or posterior approaches; Grade C evi
dence, low level of certainty. 

� There is evidence for a higher incidence of hematomas 
and neuropathic leg pain with open and lateral MIS 
(screw-based) SIJ fusion than with other minimally-inva
sive techniques; Grade C evidence, low level of certainty. 

� There is a higher rate of device migration with posterior 
minimally-invasive SIJ percutaneous fusion than with other 
approaches; Grade C evidence, low level of certainty. 

Discussion
Purpose of the guidelines
The present guidelines were developed to clarify evidence- 
based best practices in the diagnosis and treatment of SIJ 
complex pain. As a joint complex that interacts with the 
spine, pelvis, and hip, this structure is biomechanically dis
tinct and innervated in a different fashion from other joints 
of the axial skeleton. Although it may be tempting to apply 
principles of spinal facet joint diagnosis and treatment to the 
SIJ complex,28,29 doing so uniformly is inappropriate. 
Appreciation of the unique characteristics of the SIJ complex 
is vital to optimizing diagnosis and treatment. Table 22 pro
vides a summary of statements and recommendations, and 
Figure 4 provides an algorithmic flow chart that can be used 
to guide treatment.
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Table 21. Summary of complications of MIS screw-based fusion techniques.

Study Study type No. of patients Implant Complications noted

Al-Khayer 371 Retrospective Case Series 9 Lateral screw 1 deep wound infection treated with debridement
Endres & Ludwig 383 Prospective Case Series 19 Posterior screw None reported
Khurana 378 Retrospective Case Series 15 Lateral screw No neurological or wound complications, no 

implant failures/revisions
Kube & Muir 379 Retrospective Case Series 18 Lateral screw � 1 guide wire fracture 

� 1 case of prolonged postoperative pain 
� 2 cases required prolonged surgery time 
� No postoperative complications 

Rajpal & Burneikiene 380 Retrospective Case Series 24 Lateral Screw � 2 subcutaneous hematomas, which resolved 
spontaneously 

� 2 superficial wound infections treated with 
antibiotics 

� 1 osteophyte adjacent to implant, later excised 

Table 22. Summary of statements and recommendations.

Question Statement/recommendation Grade Level of evidence

Q1
The prevalence of SIJ-mediated chronic LBP is estimated to be 15%-30% in patients 
with axial pain predominantly below L5.

B Moderate

The prevalence of dorsal ligament-mediated pain is unknown but appears to be at least 
as common as intra-articular pain based on IA vs EA injection responses.

I N/A

The prevalence of SIJ complex pain is suspected to be higher in patients with a prior 
lumbar or lumbosacral fusion, estimated between 33% and 59%.

C Low

Chronic LBP after fusion surgery may be related to adjacent segment stress, accelerated 
degeneration, missed SIJ pain before fusion, or violation of SIJ ligaments/synovium dur
ing bone grafting.

C Low

Recommendation - Further studies are needed to evaluate the prevalence of dorsal liga
ment-mediated pain using EA injections and SLBBs.

Q2
There is low-quality evidence that history (eg, groin pain) and physical exam features 
(provocative tests) may help predict IA SIJ injection response.

B Moderate

There is little data on using history and physical exam features to predict outcomes for 
patients with EA dorsal ligament pathology.

C Low-moderate

Specificity of PE tests (single or clustered) is lower than sensitivity, with negative tests 
being more predictive than positive ones.

A High

Inter-rater reliability of SIJ provocation tests varies widely; FABER test has highest 
reliability.

C Low

History and physical exam can help guide injections. IA injections may still be reason
able even without positive provocation tests when suspicion is strong.

B Moderate

Q3
Radionuclide bone scan sensitivity (13%-46%) is inadequate for diagnosis though spe
cificity is high (>90%).

D Moderate

CT scan shows inadequate sensitivity (57.5%) and specificity (69%) for diagnosis. D Low
MRI: insufficient evidence, low sensitivity and specificity. I N/A
SPECT/CT may show high sensitivity (95%) and specificity (99%) but evidence limited 
by using exam (not anesthetic injections) as the reference standard.

I N/A

SPECT/CT can identify uptake but there is insufficient evidence to distinguish IA SIJ 
from dorsal ligament pain.

I N/A

Q4
IA SIJ injections are diagnostically valid for SIJ pain. B Moderate
IA SIJ anesthetic injections have unreliable predictive value for steroid response. I N/A
IA SIJ injections have unreliable prognostic value for SLBRFA. C Low
SLBBs are diagnostic for pain from interosseous ligament, dorsal SIJ ligament, and infe
rior dorsal SIJ.

B Low-Moderate

Insufficient evidence to assess prognostic value of SLBBs vs other criteria. I N/A
Recommendation: Systematic reviews partially support diagnostic validity but more 
studies are needed.
Recommnedation: Further pragmatic trials directly comparing diagnostic criteria are 
warranted.

(continued)
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Table 22. (continued)

Question Statement/recommendation Grade Level of evidence

Q5
IA SIJ injections should use a maximum of 2.5 mL injectate to avoid capsular rupture 
and spread; injection may be halted at lower volumes if resistance is met.

B Moderate

In patients with combined IA and EA pathology, volumes exceeding 3 mL may some
times be required to treat dysfunction.

C Low

Response to diagnostic IA SIJ injections can be used to select candidates for fusion 
surgery.

B Moderate

Corticosteroids should not be added to diagnostic IA injections as they provide no diag
nostic benefit and may increase extra-articular spread risk.

D Low

SLBB local anesthetic volumes should be 0.67-1.2 mL per foraminal region at multiple 
depths to address neuroanatomy.

C Very Low

Q6
Fluoroscopically guided IA SIJ injections are more accurate than landmark-guided. B Moderate
Landmark-guided IA SIJ injections should not be performed. A High
Image guidance should be strongly considered when extra-articular involvement is 
suspected.

B Moderate-High

Fluoroscopy should include contrast injection to confirm intra-articular placement. C Low
Ultrasound guidance may be used in patients with contraindications to radiation/con
trast (eg, pregnancy).

C-B Moderate

Evidence insufficient to confirm ultrasound non-inferiority to fluoroscopy. I N/A
Accuracy of ultrasound depends on proceduralist experience and patient BMI. C Low
Insufficient evidence comparing CT to fluoroscopy. I N/A
CT guidance may be considered in advanced degenerative SIJ or failed fluoroscopy 
cases.

C Low

Q7
Extra-articular injections with corticosteroid have slightly stronger evidence of efficacy 
than intra-articular injections for at least one month.

C Low

Evidence conflicting on superiority of EA vs IA injections at 3 months. C Low
Q8

Preferred IA SIJ injection technique: fluoroscopic guidance, inferior joint access, con
trast confirmation, and low injectate volume (<2.5 mL).

B Moderate

If inferior access not possible, middle/superior access or CT guidance may be 
considered.

C Low-Moderate

For SLBRFA, fluoroscopic guidance with multi-site, multi-depth SLBBs (targeting S1- 
S3) is recommended.

C-B Moderate

Ultrasound-guided multi-site SLBBs may be considered for prognostic use. C Low
Q9

Routine sedation is not recommended for diagnostic or prognostic SIJ/SLB injections 
due to increased false-positive rates.

B Low-Moderate

Routine sedation not recommended for therapeutic injections but may be used in select 
cases (needle phobia, psychiatric issues, severe vasovagal reactions).

C Low

Light or moderate sedation may be used during SLBRFA depending on patient/provider 
preference.

C Low

If sedation is required, the lowest dose of short-acting agents should be used. A High
Q10

Physical therapy and structured exercise may provide intermediate-term benefit. C Low
CBT may benefit patients with comorbid psychological issues. C Low
PT combined with CBT does not reduce risk of transition to chronic low back pain. B Low-Moderate
SIJ belts may provide benefit in some patients. C Low
Insufficient evidence for chiropractic therapy effectiveness. I N/A
NSAIDs and SNRIs may help; other antidepressants are not effective. C Low
Insufficient evidence for acute opioid use. I N/A
No benefit from long-term opioid therapy. D Low
Acetaminophen is ineffective for SIJ complex pain. D Low

Q11
Insufficient evidence for autologous/allogeneic orthobiologics, HA, prolotherapy (non- 
dextrose), botulinum toxin, and saline.

I N/A

Dextrose prolotherapy may be effective at 6 months. C Low
Platelet-rich plasma may be effective at 3 months. C Low

Q12
Insufficient evidence to assess efficacy of cryoablation for SIJ pain. I N/A
Recommendation: Further RCTs and anatomical studies are needed.

Q13
SLBRFA is effective for ≥3 months with ≥50% pain reduction. B Moderate-High
SLBRFA is effective at ≥6 months when invalid techniques excluded. B Moderate

(continued)

900                                                                                                                                                                                    Pain Medicine, 2025, Vol. 26, No. 12 



Epidemiology
Although the prevalence of other specific anatomical sources 
of LBP have been relatively well defined in select populations 
(namely, the lumbar facet joint and intervertebral disc),409

accurate prevalence estimates are more challenging regarding 
the SIJ complex given its articular and EA ligamentous com
ponents, as well as intrinsic technical challenges in reliably 
performing diagnostic IA-only injections.5 A literature review 
performed for the present guidelines demonstrated the preva
lence of SIJ-mediated chronic LBP to be between 15% and 
30%, but the epidemiological studies are methodologically 

insufficient to estimate the prevalence of EA ligamentous 
pain with any precision.

Diagnosis
There are some features pertaining to clinical history (maxi
mal pain within 1 cm of a location just inferomedial to the 
posterior superior iliac spine,57 groin pain,43,61,62 and inju
ries with specific mechanisms,64 and lumbosacral fusion,65

among others) that may increase the likelihood of a positive 
response to an IA SIJ local anesthetic injection, suggesting IA- 
mediated pain, but studies have not typically distinguished 

Table 22. (continued)

Question Statement/recommendation Grade Level of evidence

Q14
Cadaveric studies show dorsal innervation from S1-S3 in >90% of specimens; L5 and 
S4 branches are often involved.

B Moderate

S1-S3 lateral branches should always be targeted during SLBRFA. A High
Consider targeting L5 and S4 lateral branches for complete denervation. B Moderate

Q15
≥50% pain relief should be considered the cutoff for positive diagnostic/prognostic SIJ 
injections for SLBRFA selection.

B Moderate

Insufficient evidence to define EA prognostic cutoff before RFA. I N/A
Mixed evidence for using >50% cutoff to select SIJ fusion candidates. I N/A
Dual prognostic IA SIJ injections without corticosteroid and with higher thresholds rec
ommended for fusion candidate selection.

I N/A

SLBBs should use 50% cutoff as prognostic threshold for RFA selection. B Moderate
Therapeutic outcome success should follow IMMPACT/FDA thresholds of ≥2 points 
or 30% improvement with functional benefit.

B Moderate

Q16
Older age (≥65), longer pain duration, higher baseline pain, and opioid use predict 
poorer outcomes after SLBRFA.

C Low

Anterior pathology or uncontrolled psychopathology predict treatment failure. C Low-Moderate
Prognostic SLBBs are preferred for selecting SLBRFA candidates. C-B Low

Q17
Anatomically-valid techniques (cooled monopolar, bipolar strip lesioning) improve 
pain/disability ≥6 months.

B Moderate

Without excluding invalid techniques, evidence quality drops. C Low
Techniques that create larger lesions are supported for efficacy. B Moderate

Q18
NSAIDs have weak evidence for preventing/treating neuritis. C Low
Insufficient evidence for corticosteroids/membrane stabilizers for neuritis. I N/A
Anticoagulation: consult specialist; in many cases anticoagulants may be continued. C-B Moderate
SLBRFA safe in patients with implanted devices; bipolar lesioning may be safer. B Moderate
Radiographs should be checked to ensure electrodes avoid hardware. B Moderate
Sensory stimulation offers minimal safety or therapeutic value. C Low
Motor stimulation can reduce risk of collateral nerve injury. C Low

Q19
Open SIJ fusion can provide pain relief and functional improvement in selected 
patients.

C Low-to-moderate

Evidence for minimally-invasive lateral SIJ fusion is conflicting (two positive RCTs vs 
one negative sham RCT).

C Very Low

MIS posterior SIJ fusion may be considered for refractory degeneration with instability. C Low
Q20

Appropriate selection should include ≥6 months non-radicular pain, failed ≥12 weeks 
of conservative therapy, ≥3 of 6 positive provocation tests, exclusion of other causes, 
and positive dual IA injections.

C Low

Evidence mixed on >50% cutoff for SIJ fusion candidate selection; higher thresholds 
with functional improvement recommended.

I N/A

Q21
SIJ fusion associated with standard surgical risks (infection, pain, hematoma, pseu
darthrosis, device-related issues).

A High

Postoperative neuropathy is common, especially with lateral MIS approach. C Low
Higher incidence of hematomas and neuropathic leg pain with open and lateral MIS 
compared to other approaches.

C Low

Posterior MIS SIJ fusion has higher device migration risk than other approaches. C Low

CT, computed tomography EA, extra-articular; IA, intra-articular; LBP, low back pain; MRI, magnetic resonance imaging; NSAIDs, Non-steroidal anti- 
inflammatory drugs; SIJ, sacroiliac joint; SLBB, sacral lateral branch blocks; SLBRFA, sacral lateral branch radiofrequency ablation; SPECT, single photon 
emission computed tomography.
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between IA pain and dorsal ligament pain. Whereas a physi
cal examination in isolation is an imperfect tool for diagnos
ing SIJ complex pain, the sensitivity of individual and clusters 
of SIJ complex provocation tests is associated with a reason
able negative predictive value for the outcome of an IA SIJ 
injection. Notably, there remains a lack of research on distin
guishing IA-mediated pain from dorsal ligament pain by 
physical examination. Although the latter may elicit more 
tenderness due to the closer proximity to skin and younger 
demographic, this has not been tested in clinical trials.

Imaging is important for ruling out inflammatory, infec
tious, malignant, and other non-degenerative/biomechanical 
causes of SIJ complex pain but otherwise has minimal or 
unclear utility for diagnosing SIJ complex pain. This is the 
case regardless of imaging modality (radiographs, MRI, CT 
scan, radionuclide bone scan, SPECT/CT).

Given the limitations of history, physical examination, and 
imaging, interventional-based diagnosis remains the reference 
standard for diagnosing and distinguishing between IA- 
mediated pain and dorsal ligament pain given. Although 
medial branch blocks represent the reference standard for 
diagnosing articular lumbar facet joint pain as opposed to IA 
injection,29 this is not the case for isolated IA pain, wherein 
IA injection represents the reference standard for diagnosis. 
Alternatively, SLBBs represent the reference standard for 
diagnosing dorsal ligament complex pain.116

Conservative and minimally-invasive treatment 
results
The evidence supporting conservative treatments for SIJ com
plex pain is limited and largely indirect. While PT, structured 
exercise, and cognitive behavioral therapy (particularly for 

those with comorbid psychopathology) may offer some 
short-term benefits, the level of certainty remains low. 
Indirect evidence from LBP studies suggests that NSAIDs and 
antidepressants may be beneficial, but the efficacy of opioids, 
especially for long-term use, is not supported. SIJ belts show 
weak evidence of potential benefit in some patients, while evi
dence for chiropractic treatment is insufficient. Notably, acet
aminophen appears ineffective for LBP in general, with no 
direct evidence for SIJ complex pain. Given the paucity of 
high-quality, direct evidence, further research is needed to 
establish the effectiveness of conservative treatments specifi
cally for SIJ complex pain.

Injection-based treatment
There is reasonable evidence that both IA and EA/ligamen
tous corticosteroid injections are effective in the short-term 
for the treatment of SIJ and/or dorsal ligament complex pain, 
which is in contrast to IA facet joint corticosteroid injection 
which does not reliably differ from placebo.29 There is pres
ently insufficient evidence to recommend non-corticosteroid- 
based injection treatments for SIJ complex pain. This is an 
area in which further study is needed. The accuracy of such 
injections relies on image guidance by either fluoroscopy of 
CT. Fluoroscopic guidance provides better accuracy com
pared to landmark-based injection. Whereas some evidence 
suggests ultrasound guidance is less accurate than 
fluoroscopic-guidance for achieving reliable IA injection,150

the evidence is insufficient to determine non-inferiority.

Radiofrequency ablation-based treatment
It is well established that best practices for selecting individu
als for lumbar facet denervation are based on the use of 
medial branch blocks, not IA facet joint injections.29

Figure 4. Flow chart demonstrating treatment of suspected sacroiliac joint complex pain based on history, physical exam and response to interventions.
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Alternatively, the literature review performed for the present 
guidelines demonstrated that both SLBBs and IA SIJ injec
tions have reasonable prognostic value for the predicting the 
outcome of SLBRFA; however, there are no data on patients 
who have undergone SLBRFA without prognostic blocks, or 
with negative blocks. Whereas SLBBs have greater face valid
ity as a prognostic test, the present evidence indicates that 
either type of prognostic (SLBB or IA SIJ) injection can be 
reasonably used (Grade C evidence, low level of certainty). In 
clinical studies, since they are prognostic, SLBB are almost 
never used without a preceding positive SIJ injection.

It is well established that the most effective way to achieve 
facet joint denervation by RFA involves targeting the medial 
branch nerves with a large-gauge electrode, using a near- 
parallel technique.29 The literature review performed for the 
present guideline revealed that, while many techniques have 
been proposed, only two techniques reliably capture the 
sacral lateral branch nerves necessary for effective 

denervation of the dorsal ligament complex121,122: (1) com
prehensive periforaminal large-gauge monopolar RFA; and 
(2) continuous bipolar-strip lesions lateral to the sacral fora
mina. For these anatomically valid techniques, there is grade 
B evidence for improving pain and disability for at least 
6 months post-treatment. As such, sacral lateral branch RFA 
should be performed using one of these two techniques unless 
future evidence validates additional techniques that provide 
the same reliability for sacral lateral branch capture.

Sacroiliac joint fusion
Utilization of SIJ fusion has increased substantially in the 
past two decades. One study that queried Medicare databases 
found a 2351% increase in utilization of SIJ fusion between 
2010 and 2020 in the United States.410 This trend is likely to 
continue in the United States given coverage restrictions 
implemented within the past two years on other treatments 
for SIJ complex pain for Medicare beneficiaries, including 

Table 23. Summary of agreement of committee members and partner societies.

Question Organization-specific committee members Organizationsa,b,c

Guidelines en bloc 27 approved 24 endorsed
Prevalence of SIJ pain 27 approved 24 endorsed
Use of history and physical exam to diagnose 
SIJ pain

27 approved 24 endorsed

Radiological imaging for diagnosis 27 approved 24 endorsed
Diagnostic and prognostic value of IA injec
tions and SLBB

27 approved 24 endorsed

Volume and composition of SIJ IA injections 27 approved 24 endorsed
Accuracy of using anatomical landmarks and 
imaging for IA injectate spread

27 approved 24 endorsed

Relative effectiveness for IA vs EA SIJ 
injections

27 approved 23 endorsed, 1 abstainedd

Technique for IA injections and SLBB 27 approved 24 endorsed
Use of sedation for diagnostic and prognostic 
blocks and RFA

27 approved 24 endorsed

Effectiveness of non-invasive treatments for 
SIJ complex pain

27 approved 24 endorsed

Evidence for non-steroid injections for SIJ 
complex pain

27 approved 24 endorsed

Evidence for cryoablation 27 approved 24 endorsed
Effectiveness of SLBRFA 27 approved 24 endorsed
Targeted nerves for SLBRFA 27 approved 24 endorsed
Cutoff thresholds for selecting patients for 
SLBRFA and SIJ fusion & designating 
outcomes

25 approved 24 endorsed the summary, but 3 dissented on 
cutoff threshold for selecting patientse

Ideal candidates for SLBRFA 27 approved 24 endorsed
Optimal technique for SLBRFA 27 approved 24 endorsed
Minimizing the most common complications 
from SLBRFA

27 approved 24 endorsed

Effectiveness of surgery for SIJ pain 27 approved 24 endorsed
Selecting patients for SIJ fusion 27 approved 24 endorsed the summary, but 3 dissented on 

a specific cutoff for a positive block before 
surgerye

Identifying and minimizing the most common 
complications from SIJ fusion

27 approved 25 endorsed

EA, extra-articular; IA, intra-articular; SIJ, sacroiliac joint; SLBB, sacral lateral branch blocks; SLBRFA, sacral lateral branch radiofrequency ablation.
a The Departments of Defense and Veterans Affairs did not vote on the guidelines but their representatives approved them.
b The American Academy of Neurology declined to affirm the benefit of the guideline citing lack of relevance to their membership.
c The American Society of Anesthesiologists, American Academy of Physical Medicine & Rehabilitation and the North American Spine Society “affirmed 

the benefit” of the guidelines rather than formally endorsed them. For simplicity sake, these votes are listed in the table as “endorsements”, while dissents are 
listed as such. Since these documents were not formally approved by these societies’ Boards of Directors or Houses of Delegates, they do not represent official 
or approved statements or policies of these Societies. Although the document is supported by the ASA, variations from the recommendations contained in the 
document may be acceptable based on the judgment of the responsible anesthesiologist.

d The Latin American Society for Regional Anesthesia abstained on the issue of stronger evidence for EA than IA injections.
e NASS, NASS Fellowship Consortium and IPSIS recommend dual SLBBs with ≥75% cutoff threshold, and dual IA injections with ≥75% cutoff 

threshold, to select patients for SLBRFA and SIJ fusion, respectively. The multisociety guidelines recommend a single block with ≥50% cutoff before 
SLBRFA to maximize access to care and improve sensitivity and recommend dual IA blocks with “a higher threshold than 50% pain relief” to select patients 
for SIJ fusion, without designating what that threshold is. For SIJ fusion, all 24 voting societies concurred on the other selection criteria.
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SLBRFA. The present review found that the lateral mini
mally-invasive surgical (MIS) approach to SIJ fusion can be 
considered in patients with refractory IA degeneration with 
instability who fail to respond to more conservative therapies 
(Grade C recommendation, very low level of certainty). 
Additionally, there is weak evidence that both an open 
approach to SIJ fusion and the MIS posterior approach can 
provide pain relief and functional benefit in carefully selected 
patients who have not responded to other therapies (Grade C 
recommendation, low level of certainty). Appropriate selec
tion of patients for fusion includes the following criteria: (1) 
At least 6 months of non-radicular pain below L5, consistent 
with SIJ complex pain; (2) failure of at least 12 weeks of con
servative care that may include PT, therapeutic exercise and 
medications, as well as nonsurgical interventions; (3) physical 
exam indicating positive response to at least 3/6 SIJ provoca
tive tests; (4) history and radiologic studies that rule out other 
possible sources of pain, including generalized pain disorders, 
lumbar radiculopathy, hip pathology, autoimmune arthrop
athy, or destructive lesions such as tumor or infection; (5) at 
least 50% pain improvement following low-volume, dual 
comparative diagnostic SIJ injections without corticosteroid, 
under fluoroscopic or CT guidance.

Approval of participating organizations
All voting organizations endorsed or affirmed the guidelines 
except one; the American Academy of Neurology (AAN) 
declined to affirm the guidelines citing a lack of relevance to 
their membership. The American Society of Anesthesiologists 
(ASA), American Academy of Physical Medicine and 
Rehabilitation (AAPMR), and North American Spine Society 
(NASS) affirmed the benefit of the guidelines but did not for
mally approve them per their bylaws. Whereas the Departments 
of Defense and Veterans Affairs did not per policy formally 
review these non-federally sponsored guidelines for endorse
ment, their representatives approved them. Consensus was 
obtained on all 21 questions by all committee members, and 18 
of 21 questions by the 24 voting organizations who formally 
endorsed or affirmed the benefit of the guidelines (see 
Table 23). On one question (stronger evidence for EA than IA 
injections), one society, the Latin American Society of Regional 
Anesthesia (LASRA) abstained, believing the evidence was not 
strong enough to render any recommendation. On 2 recommen
dations, there were dissensions from 3 participating societies 
that overlap in membership and leadership: NASS, the NASS 
Fellowship Consortium, and the International Pain and Spine 
Intervention Society (IPSIS). These organizations all dissented 
on the recommendation for ≥50% cutoff from a single block to 
select patients for RFA (which prioritized access to care and 
enhancing sensitivity at the expense of specificity), instead advo
cating for ≥75% pain relief after 2 SLBBs; for the designation 
of a positive outcome, all concurred. The second question that 
these three organizations dissented on was related to the first, 
with the guidelines recommending dual blocks without steroids 
and an unspecified threshold exceeding 50% with documented 
functional improvement to select patients for SIJ fusion (ie, no 
cutoff percentage designated). The 3 dissenting organizations 
believe that the percent pain relief required should equal or 
exceed 75%. On the other selection criteria for SIJ fusion, the 
organizations concurred.

Guideline context and limitations
As with many areas of medicine, not all clinical questions 
have been definitively answered; yet, patients, physicians, 
payers, and regulatory agencies need a structural framework 
to make decisions and create reasonable policies. The present 
guidelines provide a foundation for understanding evidence- 
based best practices in the diagnosis and treatment of SIJ 
complex pain, but they are also meant to be interpreted 
through the lens of reasonable judgment by physicians. 
Clinical practice guidelines are meant to allow for variations 
in practice, based on case-specific patient scenarios, as well as 
shared decision-making between the patient and physician. 
Whereas a “guideline-concordant” decision may be the best 
choice for one patient, this is not necessarily true for the next 
patient.

Some of our findings are limited in part by the lack of large 
high-quality studies, with several of the randomized trials 
evaluating invasive therapies being sponsored by industry, 
which are more likely to yield positive results.411 Differences 
in study design, selection criteria, outcome measures, follow- 
up, and technique amplify the issues surrounding low sample 
sizes and power inherent to interventional studies, and limit 
generalization. Although we included several societies with 
significant or predominant spine surgeon membership and 
one spine surgeon on our guidelines, their inclusion on these 
guidelines is underrepresented. We failed to include any phys
ical therapists or physical therapy societies, which are also 
important stakeholders.

Conclusions
These international, multi-society clinical practice guidelines 
provide a framework for evidence-based best practices in the 
diagnosis and treatment of SIJ complex pain. These guide
lines are meant to inform patients, physicians, payers, and 
regulatory agencies in arriving at clinical care decisions and 
in creating reasonable policy. The recommendations con
tained represent consensus amongst 27 different academies, 
societies, and other organizations (eg, U.S. Departments of 
Defense and Veteran Affairs) spanning much of North 
America, Europe, Latin America, Asia, and the South Pacific.

Supplementary material
Supplementary material is available at Pain Medicine online.

Funding
Research reported in this publication was supported by the 
National Institutes of Health HEAL Initiative and National 
Institute on Drug Abuse of the National Institutes of Health 
under grant number R24DA055306 (R.W.H.). SPC receives 
funding including effort spent working on these guidelines 
from the National Institutes of Health National Institute for 
Arthritis and Musculoskeletal and Skin Disorders 
(1UH3135804), U.S. Department of Defense (Neu-92- 
13337), and the Dept. of Health and Human Services 
Advanced Research Projects Agency for Health (ARPA-H), 
TDL 24-ICHUB-0001.

904                                                                                                                                                                                    Pain Medicine, 2025, Vol. 26, No. 12 

https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnaf129#supplementary-data


Disclaimer
This report does not represent the official view of the 
National Institute of Drug Abuse, the National Institutes of 
Health, or any part of the US Federal Government. No offi
cial support or endorsement of this article by the NIDA or 
NIH is intended or should be inferred.

Conflicts of interest
Z.L.M.: Research grants (not related to this work): Avanos 
Medical, Boston Scientific, Presidio Medical, Saol 
Therapeutics, Spine Biopharma, SPR Therapeutics, Stratus 
Medical (paid directly to the University of Utah); Consulting 
(not related to this work): Saol Therapeutics, Stryker, Avanos 
(all relationships ended 2025). R.W.H.: Cooperative (eg, U 
grants) NIH grants, NIH grants not related to this work; 
Nevro, Inc—research funds to the institution (topic—painful 
diabetic neuropathy) and not related to this work, and State 
Farm—expert/consulting not related to this work; Avanos 
Medical research funds to the institution (topic—SIJ 
Complex Pain) which ended 2023. M.A.: Consulting for 
Medtronic (self), Abbott (self), Boston Scientific (self); 
President Elect NANS; Medtronic (Institution for fellowship 
grants), Abbott (Institution for fellowship grant and 
research), Boston Scientific (Institution for fellowship grant 
and research). A.B.: No conflicts to report. A.B.: Honoraria 
for speaking and advising—Bioventus, Boston Scientific, 
Medtronic. R.C.C.: Consultant, Johnson & Johnson, 2023, 
course instructor. A.S.C.: Instructor (travel): International 
Pain and Spine Society, Instructor (travel): North American 
Spine Society, Educational Grant (to institution): Medtronic. 
T.C.D.: No conflicts to report. J.D.A.A.: No conflicts to 
report. J.L.d.C.: Consulting for Hospital Vera Cruz— 
Campinas-SP (34 years); Sobramid—Former President and 
now Director Board; Adora Clinic-Medical Director. S.M.H.: 
Ex-officio North American Neuromodulation Society. B.C. 
H.-P.: Vice President, Asociaci�on Mexicana para el Estudio y 
Tratamiento del Dolor. N.R.K.: Consulting fees from Vertex 
Pharmaceuticals for unrelated topics; On Board of Directors 
for non-profit “Neuro Hospitality House” which provides 
affordable housing to patients receiving neurological cares. 
Institution receives research funding for unrelated topics 
from Shiratronics and NIH. L.R.K.: Consulting—FUS mobile 
(Institution). Vertex (Institution), Averitas (Institution), NIH 
(Institution); ASRA Pain Medicine BOD; AAPM BOD; 
SAAAPM BOD. M.F.E.L.B.: No conflicts to report. J.Y.M.: 
No disclosures to report. D.A.P.: Consulted for Avanos, 
Boston Scientific, Medtronic, SI Bone, and Wavegate; ASRA 
Board Of Directors; Pain Diagnostics and Interventional 
Care has received research support from Avanos, Boston 
Scientific, Brixton, and Medtronic. D.E.R.:—PainTEQ— 
Teaching Faculty (Absolute Pain Management)—No stocks/ 
investments. Honoraria for teaching cadaver laboratory 
training and didactic for civilian physician practices. N.M.S.: 
Consulting for Averitas, Lohocla, Lundbeck, Salvia, Rapport, 
Schedule 1, Syneos, Syqe, Vertex (individual); Expert 
Testimony to various law firms and State of California 
(Individual and Institution); Board of Directors of American 
Academy of Pain Medicine (Individual); ShiraTronics 
(Clinical Trial, Institution). C.C.S.: Research support from 
Discogen. A.S.: Consulting for State Farm (individual) and 
Atlas Health (unpaid); PSIS BOD, Vice President (payment 

for travel), IPSIS Ultrasound Committee (payment for travel), 
NASS DEI committee (unpaid) and NASS Section Chair, 
Comprehensive Episodes of Spine Care (unpaid); NIH grant, 
ASTRAL lumbar radiofrequency trial (Institution). K.S.: Vice 
president World Institute of Pain Benelux chapter. D.-A.T.: 
No conflicts to report. N.T.: No conflicts to report. M.F.V.: 
Director of Professional Affairs, Faculty of Pain Medicine, 
ANZCA (Paid role concerned with liaison with external 
stakeholders and professional documents for FPM) - No 
direct COI with the topic of the Guidelines. J.V.Z.: President- 
elect of the World Institute of Pain (unpaid), Liaison 
Algology Belgian Professional Society of Anesthesia and 
Reanimation (unpaid). A.W.: United States Association for 
the Study of Pain (Board of Directors (term completed), 
unpaid); American Society of Anesthesiologists Abstract 
Review Committee on Chronic and Cancer Pain (Vice Chair, 
unpaid); received funding from the VA and royalties from 
Elsevier for Pain Management Board Review book (paid to 
University) received some speaker honoraria from the 
Michigan Society of Anesthesiologists. S.P.C.: Avanos, SPR 
Therapeutics, Vertex, Persica, Sword Health: Consulting 
Scilex: Consulting (ended 2024).

References
001. Cohen SP, Chen Y, Neufeld NJ. Sacroiliac joint pain: A compre

hensive review of epidemiology, diagnosis and treatment. Expert 
Rev Neurother. 2013;13:99-116. https://doi.org/10.1586/ern.12. 
148

002. Gartenberg A, Nessim A, Cho W. Sacroiliac joint dysfunction: 
Pathophysiology, diagnosis, and treatment. Eur Spine J. 
2021;30:2936-2943. https://doi.org/10.1007/s00586-021-06927-9

003. Szadek KM, Hoogland PV, Zuurmond WW, de Lange JJ, Perez 
RS. Nociceptive nerve fibers in the sacroiliac joint in humans. 
Reg Anesth Pain Med. 2008;33:36-43. https://doi.org/10.1016/j. 
rapm.2007.07.011

004. Szadek KM, Hoogland PV, Zuurmond WW, De Lange JJ, Perez 
RS. Possible nociceptive structures in the sacroiliac joint carti
lage: An immunohistochemical study. Clin Anat. 
2010;23:192-198. https://doi.org/10.1002/ca.20908

005. Schneider BJ, Rosati R, Zheng P, McCormick ZL. Challenges in 
diagnosing sacroiliac joint pain: A narrative review. PM R. 
2019;11:S40-s45. https://doi.org/10.1002/pmrj.12175

006. Cohen SP, Bicket MC, Kurihara C, et al. Fluoroscopically guided 
vs landmark-guided sacroiliac joint injections: A randomized 
controlled study. Mayo Clin Proc. 2019;94:628-642. https://doi. 
org/10.1016/j.mayocp.2018.08.038

007. Khalil IA, Horn P, Kanaan A, et al. Efficacy of peri-articular ver
sus intra-articular sacroiliac joint blocks under fluoroscopy guid
ance: A multicentric study. Chonic Pain Manag J. 2022;6:141. 
https://doi.org/10.29011/2576-957X.100041

008. Kennedy DJ, Engel A, Kreiner DS, Nampiaparampil D, 
Duszynski B, MacVicar J. Fluoroscopically guided diagnostic and 
therapeutic intra-articular sacroiliac joint injections: A systematic 
review. Pain Med. 2015;16:1500-1518. https://doi.org/10.1111/ 
pme.12833

009. Luukkainen R, Nissil€a M, Asikainen E, et al. Periarticular cortico
steroid treatment of the sacroiliac joint in patients with seronegative 
spondylarthropathy. Clin Exp Rheumatol. 1999;17:88-90.

010. Luukkainen RK, Wennerstrand PV, Kautiainen HH, Sanila MT, 
Asikainen EL. Efficacy of periarticular corticosteroid 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.

011. Maugars Y, Mathis C, Berthelot JM, Charlier C, Prost A. 
Assessment of the efficacy of sacroiliac corticosteroid injections in 

Pain Medicine, 2025, Vol. 26, No. 12                                                                                                                                                                                    905 

https://doi.org/10.1586/ern.12.148
https://doi.org/10.1586/ern.12.148
https://doi.org/10.1007/s00586-021-06927-9
https://doi.org/10.1016/j.rapm.2007.07.011
https://doi.org/10.1016/j.rapm.2007.07.011
https://doi.org/10.1002/ca.20908
https://doi.org/10.1002/pmrj.12175
https://doi.org/10.1016/j.mayocp.2018.08.038
https://doi.org/10.1016/j.mayocp.2018.08.038
https://doi.org/10.29011/2576-957X.100041
https://doi.org/10.1111/pme.12833
https://doi.org/10.1111/pme.12833


spondylarthropathies: A double-blind study. Br J Rheumatol. 
1996;35:767-770. https://doi.org/10.1093/rheumatology/35.8.767

012. Colen S, Haverkamp D, Mulier M, van den Bekerom MP. 
Hyaluronic acid for the treatment of osteoarthritis in all joints 
except the knee: What is the current evidence? BioDrugs. 
2012;26:101-112. https://doi.org/10.2165/11630830-000000000- 
00000

013. Goodwin B, Averell N, Al-Shehab U, et al. Efficacy of platelet- 
rich plasma for sacroiliac joint dysfunction: A qualitative system
atic review with pooled analysis. Regen Med. 2023;18:505-514. 
https://doi.org/10.2217/rme-2022-0211

014. Cohen SP, Kapural L, Kohan L, et al. Cooled radiofrequency 
ablation versus standard medical management for chronic sac
roiliac joint pain: A multicenter, randomized comparative effec
tiveness study. Reg Anesth Pain Med. 2024;49:184-191. https:// 
doi.org/10.1136/rapm-2023-104568

015. Dutta K, Dey S, Bhattacharyya P, Agarwal S, Dev P. Comparison 
of efficacy of lateral branch pulsed radiofrequency denervation 
and intraarticular depot methylprednisolone injection for sacroil
iac joint pain. Pain Phys. 2018;21:489-496.

016. Juch JNS, Maas ET, Ostelo R, et al. Effect of radiofrequency 
denervation on pain intensity among patients with chronic low 
back pain: The mint randomized clinical trials. JAMA. 
2017;318:68-81. https://doi.org/10.1001/jama.2017.7918

017. Lowe M, Okunlola O, Raza S, et al. Radiofrequency ablation as 
an effective long-term treatment for chronic sacroiliac joint pain: 
A systematic review of randomized controlled trials. Cureus. 
2022;14:e26327. https://doi.org/10.7759/cureus.26327

018. Salman OH, Gad GS, Mohamed AA, Rafae HH, Abedlfatah 
AM. Randomized, controlled blind study comparing sacroiliac 
intra-articular steroid injection to radiofrequency denervation for 
sacroiliac joint pain. Egyptian J Anaesthesia. 2016;32:219-225.

019. Ferrante FM, King LF, Roche EA, et al. Radiofrequency sacroil
iac joint denervation for sacroiliac syndrome. Reg Anesth Pain 
Med. 2001;26:137-142. https://doi.org/10.1053/rapm.2001. 
21739

020. Gevargez A, Groenemeyer D, Schirp S, Braun M. CT-guided per
cutaneous radiofrequency denervation of the sacroiliac joint. Eur 
Radiol. 2002;12:1360-1365. https://doi.org/10.1007/s00330- 
001-1257-2

021. Cohen SP, Hurley RW, Buckenmaier CC, 3rd, Kurihara C, 
Morlando B, Dragovich A. Randomized placebo-controlled 
study evaluating lateral branch radiofrequency denervation for 
sacroiliac joint pain. Anesthesiology. 2008;109:279-288. https:// 
doi.org/10.1097/ALN.0b013e31817f4c7c

022. 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. 
https://doi.org/10.1111/j.1526-4637.2012.01328.x

023. Ramasubba C, Cohen SP. Cooled sacroiliac radiofrequency 
denervation for the treatment of pain secondary to tumor infiltra
tion: A case-based focused literature review. Pain Physician. 
2013;16:1-8.

024. van Tilburg CW, Schuurmans FA, Stronks DL, Groeneweg JG, 
Huygen FJ. Randomized sham-controlled double-blind multicen
ter clinical trial to ascertain the effect of percutaneous radiofre
quency treatment for sacroiliac joint pain: Three-month results. 
Clin J Pain. 2016;32:921-926. https://doi.org/10.1097/ajp. 
0000000000000351

025. Yin W, Willard F, Carreiro J, Dreyfuss P. Sensory stimulation- 
guided sacroiliac joint radiofrequency neurotomy: Technique 
based on neuroanatomy of the dorsal sacral plexus. Spine (Phila 
Pa 1976). 2003;28:2419-2425. https://doi.org/10.1097/01.Brs. 
0000085360.03758.C3

026. Maccagnano G, Noia G, Cassano GD, et al. Thermal versus 
cooled radiofrequency in patients with sacroiliac joint pain: A 
systematic review of the literature and pooled analysis of clinical 
outcomes. J Neurosurg Sci. 2022;66:485-493. https://doi.org/10. 
23736/s0390-5616.22.05525-4

027. Mehta V, Poply K, Husband M, Anwar S, Langford R. The 
effects of radiofrequency neurotomy using a strip-lesioning 
device on patients with sacroiliac joint pain: Results from a 
single-center, randomized, sham-controlled trial. Pain Phys. 
2018;21:607-618.

028. Hurley RW, Adams MCB, Barad M, et al. Consensus practice 
guidelines on interventions for cervical spine (facet) joint pain 
from a multispecialty international working group. Pain Med. 
2021;22:2443-2524. https://doi.org/10.1093/pm/pnab281

029. Cohen SP, Bhaskar A, Bhatia A, et al. Consensus practice guide
lines on interventions for lumbar facet joint pain from a multispe
cialty, international working group. Reg Anesth Pain Med. 
2020;45:424-467. https://doi.org/10.1136/rapm-2019-101243

030. USPSTF. Grade Definitions. U.S. Preventive Services Task Force. 
2024. Accessed August 5, 2024. https://www.uspreventiveservices
taskforce.org/uspstf/about-uspstf/methods-and-processes/grade- 
definitions

031. Brouwers MC, Kho ME, Browman GP, et al. AGREE Next Steps 
Consortium. AGREE II: Advancing guideline development, 
reporting and evaluation in health care. CMAJ. 2010;182: 
E839-E842. https://doi.org/10.1503/cmaj.090449

032. Cohen SP, Bhatia A, Buvanendran A, et al. Consensus guidelines on 
the use of intravenous ketamine infusions for chronic pain from the 
American Society of Regional Anesthesia and Pain Medicine, the 
American Academy of Pain Medicine, and the American Society of 
Anesthesiologists. Reg Anesth Pain Med. 2018;43:521-546. https:// 
doi.org/10.1097/aap.0000000000000808

033. Deer TR, Narouze S, Provenzano DA, et al. The 
Neurostimulation Appropriateness Consensus Committee 
(NACC): Recommendations on bleeding and coagulation man
agement in neurostimulation devices. Neuromodulation. 
2017;20:51-62. https://doi.org/10.1111/ner.12542

034. Deer TR, Pope JE, Hayek SM, et al. The Polyanalgesic Consensus 
Conference (PACC): Recommendations for intrathecal drug 
delivery: guidance for improving safety and mitigating risks. 
Neuromodulation. 2017;20:155-176. https://doi.org/10.1111/ 
ner.12579

035. Helm Ii S, Simopoulos TT, Stojanovic M, Abdi S, El Terany MA. 
Effectiveness of thermal annular procedures in treating disco
genic low back pain. Pain Physician. 2017;20:447-470.

036. GRADE. GRADE Working Group. 2024. Accessed August 5, 
2024. https://www.gradeworkinggroup.org/

037. CEBM. OCEBM Levels of Evidence. https://www.cebm.ox.ac. 
uk/resources/levels-of-evidence/ocebm-levels-of-evidence

038. Cohen SP, Wallace M, Rauck RL, Stacey BR. Unique aspects of 
clinical trials of invasive therapies for chronic pain. Pain Rep. 
2019;4:e687. https://doi.org/10.1097/pr9.0000000000000687

039. Wong CK, Mak RY, Kwok TS, et al. Prevalence, incidence, and 
factors associated with non-specific chronic low back pain in 
community-dwelling older adults aged 60 years and older: A sys
tematic review and meta-analysis. J Pain. 2022;23:509-534. 
https://doi.org/10.1016/j.jpain.2021.07.012

040. Simopoulos TT, Manchikanti L, Singh V, et al. A systematic eval
uation of prevalence and diagnostic accuracy of sacroiliac joint 
interventions. Pain Phys. 2012;15:E305-E344.

041. Zheng P, Schneider BJ, Yang A, McCormick ZL. Image-guided 
sacroiliac joint injections: An evidence-based review of best prac
tices and clinical outcomes. PM R. 2019;11: S98-S104. https:// 
doi.org/10.1002/pmrj.12191

042. Fortin JD, Washington WJ, Falco FJ. Three pathways between 
the sacroiliac joint and neural structures. AJNR Am J 
Neuroradiol. 1999;20:1429-1434.

043. Schwarzer AC, Aprill CN, Bogduk N. The sacroiliac joint in 
chronic low back pain. Spine (Phila Pa 1976). 1995;20:31-37. 
https://doi.org/10.1097/00007632-199501000-00007

044. Cohen SP, Hameed H, Kurihara C, et al. The effect of sedation 
on the accuracy and treatment outcomes for diagnostic injec
tions: A randomized, controlled, crossover study. Pain Med. 
2014;15:588-602. https://doi.org/10.1111/pme.12389

906                                                                                                                                                                                    Pain Medicine, 2025, Vol. 26, No. 12 

https://doi.org/10.1093/rheumatology/35.8.767
https://doi.org/10.2165/11630830-000000000-00000
https://doi.org/10.2165/11630830-000000000-00000
https://doi.org/10.2217/rme-2022-0211
https://doi.org/10.1136/rapm-2023-104568
https://doi.org/10.1136/rapm-2023-104568
https://doi.org/10.1001/jama.2017.7918
https://doi.org/10.7759/cureus.26327
https://doi.org/10.1053/rapm.2001.21739
https://doi.org/10.1053/rapm.2001.21739
https://doi.org/10.1007/s00330-001-1257-2
https://doi.org/10.1007/s00330-001-1257-2
https://doi.org/10.1097/ALN.0b013e31817f4c7c
https://doi.org/10.1097/ALN.0b013e31817f4c7c
https://doi.org/10.1111/j.1526-4637.2012.01328.x
https://doi.org/10.1097/ajp.0000000000000351
https://doi.org/10.1097/ajp.0000000000000351
https://doi.org/10.1097/01.Brs.0000085360.03758.C3
https://doi.org/10.1097/01.Brs.0000085360.03758.C3
https://doi.org/10.23736/s0390-5616.22.05525-4
https://doi.org/10.23736/s0390-5616.22.05525-4
https://doi.org/10.1093/pm/pnab281
https://doi.org/10.1136/rapm-2019-101243
https://www.uspreventiveservicestaskforce.org/uspstf/about-uspstf/methods-and-processes/grade-definitions
https://www.uspreventiveservicestaskforce.org/uspstf/about-uspstf/methods-and-processes/grade-definitions
https://www.uspreventiveservicestaskforce.org/uspstf/about-uspstf/methods-and-processes/grade-definitions
https://doi.org/10.1503/cmaj.090449
https://doi.org/10.1097/aap.0000000000000808
https://doi.org/10.1097/aap.0000000000000808
https://doi.org/10.1111/ner.12542
https://doi.org/10.1111/ner.12579
https://doi.org/10.1111/ner.12579
https://www.gradeworkinggroup.org/
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-levels-of-evidence
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-levels-of-evidence
https://doi.org/10.1097/pr9.0000000000000687
https://doi.org/10.1016/j.jpain.2021.07.012
https://doi.org/10.1002/pmrj.12191
https://doi.org/10.1002/pmrj.12191
https://doi.org/10.1097/00007632-199501000-00007
https://doi.org/10.1111/pme.12389


045. Telli H, H€uner B, Kuru €O. Determination of the prevalence from 
clinical diagnosis of sacroiliac joint dysfunction in patients with 
lumbar disc hernia and an evaluation of the effect of this combina
tion on pain and quality of life. Spine (Phila Pa 1976). 
2020;45:549-554. https://doi.org/10.1097/brs.0000000000003309

046. Vleeming A, Pool-Goudzwaard AL, Hammudoghlu D, Stoeckart 
R, Snijders CJ, Mens JM. The function of the long dorsal sacroil
iac ligament: Its implication for understanding low back pain. 
Spine (Phila Pa 1976). 1996;21:556-562. https://doi.org/10. 
1097/00007632-199603010-00005

047. Zhu W, Zhao Q, Ma R, et al. Anatomical study of the innerva
tion of different parts of the posterior ligamentous region of the 
sacroiliac joint. Reg Anesth Pain Med. 2021;46:410-415. https:// 
doi.org/10.1136/rapm-2020-102366

048. Yang AJ, McCormick ZL, Zheng PZ, Schneider BJ. 
Radiofrequency ablation for posterior sacroiliac joint complex 
pain: A narrative review. PM R. 2019;11:S105-S113. https://doi. 
org/10.1002/pmrj.12200

049. Ivanov AA, Kiapour A, Ebraheim NA, Goel V. Lumbar fusion 
leads to increases in angular motion and stress across sacroiliac 
joint: A finite element study. Spine (Phila PA 1976). 2009;34: 
E162-9. https://doi.org/10.1097/BRS.0b013e3181978ea3

050. Kiapour A, Joukar A, Elgafy H, Erbulut DU, Agarwal AK, Goel 
VK. Biomechanics of the Sacroiliac Joint: Anatomy, Function, 
Biomechanics, Sexual Dimorphism, and Causes of Pain. Int J 
Spine Surg. 2020;14:3-13. https://doi.org/10.14444/6077

051. Ebraheim NA, Elgafy H, Semaan HB. Computed tomographic find
ings in patients with persistent sacroiliac pain after posterior iliac 
graft harvesting. Spine (Phila Pa 1976). 2000;25:2047-2051. 
https://doi.org/10.1097/00007632-200008150-00008

052. Delawi D, Dhert WJ, Castelein RM, Verbout AJ, Oner FC. The 
incidence of donor site pain after bone graft harvesting from the 
posterior iliac crest may be overestimated: A study on spine frac
ture patients. Spine (Phila PA 1976). 2007;32:1865-1868. 
https://doi.org/10.1097/BRS.0b013e318107674e

053. Liliang PC, Lu K, Liang CL, Tsai YD, Wang KW, Chen HJ. 
Sacroiliac joint pain after lumbar and lumbosacral fusion: Findings 
using dual sacroiliac joint blocks. Pain Med. 2011;12:565-570. 
https://doi.org/10.1111/j.1526-4637.2011.01087.x

054. Katz V, Schofferman J, Reynolds J. The sacroiliac joint: A potential 
cause of pain after lumbar fusion to the sacrum. J Spinal Disord Tech. 
2003;16:96-99. https://doi.org/10.1097/00024720-200302000-00015

055. DePalma MJ, Ketchum JM, Saullo TR. Etiology of chronic low 
back pain in patients having undergone lumbar fusion. Pain Med. 
2011;12:732-739. https://doi.org/10.1111/j.1526-4637.2011. 
01098.x

056. Maigne JY, Planchon CA. Sacroiliac joint pain after lumbar 
fusion. A study with anesthetic blocks. Eur Spine J. 
2005;14:654-658. https://doi.org/10.1007/s00586-004-0692-6

057. Fortin JD, Falco FJ. The Fortin finger test: An indicator of sacroil
iac pain. Am J Orthop (Belle Mead NJ). 1997;26:477-480.

058. Murakami E, Aizawa T, Noguchi K, Kanno H, Okuno H, 
Uozumi H. Diagram specific to sacroiliac joint pain site indicated 
by one-finger test. J Orthop Sci. 2008;13:492-497. https://doi. 
org/10.1007/s00776-008-1280-0

059. van der Wurff P, Buijs EJ, Groen GJ. Intensity mapping of pain 
referral areas in sacroiliac joint pain patients. J Manipulative 
Physiol Ther. 2006;29:190-195. https://doi.org/10.1016/j.jmpt. 
2006.01.007

060. Fukui S, Nosaka S. Pain patterns originating from the sacroiliac joints. 
J Anesth. 2002;16:245-247. https://doi.org/10.1007/s005400200033

061. Kurosawa D, Murakami E, Aizawa T. Referred pain location 
depends on the affected section of the sacroiliac joint. Eur Spine J. 
2015;24:521-527. https://doi.org/10.1007/s00586-014-3604-4

062. Kurosawa D, Murakami E, Ozawa H, et al. A diagnostic scoring 
system for sacroiliac joint pain originating from the posterior lig
ament. Pain Med. 2017;18:228-238. https://doi.org/10.1093/pm/ 
pnw117

063. Jung JH, Kim HI, Shin DA, et al. Usefulness of pain distribution 
pattern assessment in decision-making for the patients with lum
bar zygapophyseal and sacroiliac joint arthropathy. J Korean 
Med Sci. 2007;22:1048-1054. https://doi.org/10.3346/jkms. 
2007.22.6.1048

064. Chou LH, Slipman CW, Bhagia SM, et al. Inciting events initiating 
injection-proven sacroiliac joint syndrome. Pain Med. 
2004;5:26-32. https://doi.org/10.1111/j.1526-4637.2004.04009.x

065. Cohen SP. Sacroiliac joint pain: A comprehensive review of anatomy, 
diagnosis, and treatment. Anesth Analg. 2005;101:1440-1453. 
https://doi.org/10.1213/01.Ane.0000180831.60169.Ea

066. Young S, Aprill C, Laslett M. Correlation of clinical examination 
characteristics with three sources of chronic low back pain. Spine J. 
2003;3:460-465. https://doi.org/10.1016/s1529-9430(03)00151-7

067. Dreyfuss P, Michaelsen M, Pauza K, McLarty J, Bogduk N. The 
value of medical history and physical examination in diagnosing 
sacroiliac joint pain. Spine (Phila PA 1976). 1996;21:2594-2602. 
https://doi.org/10.1097/00007632-199611150-00009

068. Laslett M, Young SB, Aprill CN, McDonald B. Diagnosing pain
ful sacroiliac joints: A validity study of a McKenzie evaluation 
and sacroiliac provocation tests. Aust J Physiother. 2003;49 
(2):89-97. https://doi.org/10.1016/s0004-9514(14)60125-2

069. Bittar M, Deodhar A. Axial spondyloarthritis: A review. JAMA. 
2025;333:408-420. https://doi.org/10.1001/jama.2024.20917

070. Kim YH, Yao Z, Kim K, Park WM. Quantitative investigation of 
ligament strains during physical tests for sacroiliac joint pain 
using finite element analysis. Man Ther. 2014;19:235-241. 
https://doi.org/10.1016/j.math.2013.11.003

071. Han CS, Hancock MJ, Sharma S, et al. Low back pain of disc, 
sacroiliac joint, or facet joint origin: A diagnostic accuracy sys
tematic review. EClinicalMedicine. 2023;59:101960. https://doi. 
org/10.1016/j.eclinm.2023.101960

072. Mekhail N, Saweris Y, Sue Mehanny D, Makarova N, Guirguis 
M, Costandi S. Diagnosis of sacroiliac joint pain: predictive value 
of three diagnostic clinical tests. Pain Pract. 2021;21:204-214. 
https://doi.org/10.1111/papr.12950

073. Cohen SP, Doshi TL, Kurihara C, et al. Multicenter study evalu
ating factors associated with treatment outcome for low back 
pain injections. Reg Anesth Pain Med. 2022;47:89-99. https:// 
doi.org/10.1136/rapm-2021-103247

074. Schneider BJ, Ehsanian R, Rosati R, Huynh L, Levin J, Kennedy 
DJ. Validity of physical exam maneuvers in the diagnosis of sac
roiliac joint pathology. Pain Med. 2020;21:255-260. https://doi. 
org/10.1093/pm/pnz183

075. Vleeming A, de Vries HJ, Mens JM, van Wingerden JP. Possible 
role of the long dorsal sacroiliac ligament in women with peripar
tum pelvic pain. Acta Obstet Gynecol Scand. 2002;81:430-436. 
https://doi.org/10.1034/j.1600-0412.2002.810510.x

076. Saueressig T, Owen PJ, Diemer F, Zebisch J, Belavy DL. 
Diagnostic accuracy of clusters of pain provocation tests for 
detecting sacroiliac joint pain: Systematic review with meta-anal
ysis. J Orthop Sports Phys Ther. 2021;51:422-431. https://doi. 
org/10.2519/jospt.2021.10469

077. van der Wurff P, Hagmeijer RH, Meyne W. Clinical tests of the 
sacroiliac joint. A systematic methodological review. Part 1: 
Reliability. Man Ther. 2000;5:30-36. https://doi.org/10.1054/ 
math.1999.0228

078. Kokmeyer DJ, Van der Wurff P, Aufdemkampe G, Fickenscher 
TC. The reliability of multitest regimens with sacroiliac pain 
provocation tests. J Manipulative Physiol Ther. 2002;25:42-48. 
https://doi.org/10.1067/mmt.2002.120418

079. Slipman CW, Jackson HB, Lipetz JS, Chan KT, Lenrow D, 
Vresilovic EJ. Sacroiliac joint pain referral zones. Arch Phys Med 
Rehabil. 2000;81:334-338. https://doi.org/10.1016/s0003-9993 
(00)90080-7

080. Maigne JY, Aivaliklis A, Pfefer F. Results of sacroiliac joint double 
block and value of sacroiliac pain provocation tests in 54 patients 
with low back pain. Spine (Phila PA 1976). 1996;21:1889-1892. 
https://doi.org/10.1097/00007632-199608150-00012

Pain Medicine, 2025, Vol. 26, No. 12                                                                                                                                                                                    907 

https://doi.org/10.1097/brs.0000000000003309
https://doi.org/10.1097/00007632-199603010-00005
https://doi.org/10.1097/00007632-199603010-00005
https://doi.org/10.1136/rapm-2020-102366
https://doi.org/10.1136/rapm-2020-102366
https://doi.org/10.1002/pmrj.12200
https://doi.org/10.1002/pmrj.12200
https://doi.org/10.1097/BRS.0b013e3181978ea3
https://doi.org/10.14444/6077
https://doi.org/10.1097/00007632-200008150-00008
https://doi.org/10.1097/BRS.0b013e318107674e
https://doi.org/10.1111/j.1526-4637.2011.01087.x
https://doi.org/10.1097/00024720-200302000-00015
https://doi.org/10.1111/j.1526-4637.2011.01098.x
https://doi.org/10.1111/j.1526-4637.2011.01098.x
https://doi.org/10.1007/s00586-004-0692-6
https://doi.org/10.1007/s00776-008-1280-0
https://doi.org/10.1007/s00776-008-1280-0
https://doi.org/10.1016/j.jmpt.2006.01.007
https://doi.org/10.1016/j.jmpt.2006.01.007
https://doi.org/10.1007/s005400200033
https://doi.org/10.1007/s00586-014-3604-4
https://doi.org/10.1093/pm/pnw117
https://doi.org/10.1093/pm/pnw117
https://doi.org/10.3346/jkms.2007.22.6.1048
https://doi.org/10.3346/jkms.2007.22.6.1048
https://doi.org/10.1111/j.1526-4637.2004.04009.x
https://doi.org/10.1213/01.Ane.0000180831.60169.Ea
https://doi.org/10.1016/s1529-9430(03)00151-7
https://doi.org/10.1097/00007632-199611150-00009
https://doi.org/10.1016/s0004-9514(14)60125-2
https://doi.org/10.1001/jama.2024.20917
https://doi.org/10.1016/j.math.2013.11.003
https://doi.org/10.1016/j.eclinm.2023.101960
https://doi.org/10.1016/j.eclinm.2023.101960
https://doi.org/10.1111/papr.12950
https://doi.org/10.1136/rapm-2021-103247
https://doi.org/10.1136/rapm-2021-103247
https://doi.org/10.1093/pm/pnz183
https://doi.org/10.1093/pm/pnz183
https://doi.org/10.1034/j.1600-0412.2002.810510.x
https://doi.org/10.2519/jospt.2021.10469
https://doi.org/10.2519/jospt.2021.10469
https://doi.org/10.1054/math.1999.0228
https://doi.org/10.1054/math.1999.0228
https://doi.org/10.1067/mmt.2002.120418
https://doi.org/10.1016/s0003-9993(00)90080-7
https://doi.org/10.1016/s0003-9993(00)90080-7
https://doi.org/10.1097/00007632-199608150-00012


081. Broadhurst NA, Bond MJ. Pain provocation tests for the assess
ment of sacroiliac joint dysfunction. J Spinal Disord. 
1998;11:341-345.

082. Slipman CW, Sterenfeld EB, Chou LH, Herzog R, Vresilovic E. 
The predictive value of provocative sacroiliac joint stress maneu
vers in the diagnosis of sacroiliac joint syndrome. Arch Phys Med 
Rehabil. 1998;79:288-292. https://doi.org/10.1016/s0003-9993 
(98)90008-9

083. Szadek KM, van der Wurff P, van Tulder MW, Zuurmond WW, 
Perez RS. Diagnostic validity of criteria for sacroiliac joint pain: 
A systematic review. J Pain. 2009;10:354-368. https://doi.org/10. 
1016/j.jpain.2008.09.014

084. Stanford G, Burnham RS. Is it useful to repeat sacroiliac joint 
provocative tests post-block? Pain Med. 2010;11:1774-1776. 
https://doi.org/10.1111/j.1526-4637.2010.00968.x

085. Nejati P, Sartaj E, Imani F, Moeineddin R, Nejati L, Safavi M. 
Accuracy of the diagnostic tests of sacroiliac joint dysfunction. J 
Chiropr Med. 2020;19:28-37. https://doi.org/10.1016/j.jcm.2019. 
12.002

086. McCombe PF, Fairbank JC, Cockersole BC, Pynsent PB. 1989 
Volvo Award in clinical sciences. Reproducibility of physical 
signs in low-back pain. Spine (Phila Pa 1976). 1989;14:908-918. 
https://doi.org/10.1097/00007632-198909000-00002

087. Laslett M, Williams M. The reliability of selected pain provocation 
tests for sacroiliac joint pathology. Spine (Phila PA 1976). 
1994;19:1243-1249. https://doi.org/10.1097/00007632-199405310- 
00009

088. Potter NA, Rothstein JM. Intertester reliability for selected clini
cal tests of the sacroiliac joint. Phys Ther. 1985;65:1671-1675. 
https://doi.org/10.1093/ptj/65.11.1671

089. Strender LE, Sj€oblom A, Sundell K, Ludwig R, Taube A. 
Interexaminer reliability in physical examination of patients with 
low back pain. Spine (Phila PA 1976). 1997;22:814-820. https:// 
doi.org/10.1097/00007632-199704010-00021

090. Bertilson BC, Bring J, Sj€oblom A, Sundell K, Strender LE. Inter- 
examiner reliability in the assessment of low back pain (LBP) using 
the Kirkaldy-Willis classification (KWC). Eur Spine J. 
2006;15:1695-1703. https://doi.org/10.1007/s00586-005-0050-3

091. Tuite MJ. Sacroiliac joint imaging. Semin Musculoskelet Radiol. 
2008;12:72-82. https://doi.org/10.1055/s-2008-1067939

092. Lee KH, Lee RW, Lee KH, Park W, Kwon SR, Lim MJ. The 
development and validation of an ai diagnostic model for sacroi
liitis: A deep-learning approach. Diagnostics (Basel). 
2023;13:272-279. https://doi.org/10.3390/diagnostics13243643

093. Cusi M, Saunders J, Van der Wall H, Fogelman I. Metabolic distur
bances identified by SPECT-CT in patients with a clinical diagnosis 
of sacroiliac joint incompetence. Eur Spine J. 2013;22:1674-1682. 
https://doi.org/10.1007/s00586-013-2725-5

094. Poddubnyy D, Sieper J. Similarities and differences between nonra
diographic and radiographic axial spondyloarthritis: A clinical, epide
miological and therapeutic assessment. Curr Opin Rheumatol. 
2014;26:377-383. https://doi.org/10.1097/bor.0000000000000071

095. Protopopov M, Proft F, Wichuk S, et al. Comparing MRI and 
conventional radiography for the detection of structural changes 
indicative of axial spondyloarthritis in the ASAS cohort. 
Rheumatology (Oxford). 2023;62:1631-1635. https://doi.org/ 
10.1093/rheumatology/keac432

096. Poddubnyy D, Gaydukova I, Hermann KG, et al. Magnetic reso
nance imaging compared to conventional radiographs for detec
tion of chronic structural changes in sacroiliac joints in axial 
spondyloarthritis. J Rheumatol. 2013;40:1557-1565. https://doi. 
org/10.3899/jrheum.130141

097. Puhakka KB, Jurik AG, Schiøttz-Christensen B, et al. MRI abnor
malities of sacroiliac joints in early spondylarthropathy: A 1-year 
follow-up study. Scand J Rheumatol. 2004;33:332-338. https:// 
doi.org/10.1080/03009740410005881

098. Yoon EC, Kim JS, Lim CH, et al. Visual scoring of sacroiliac joint/ 
sacrum ratios of single-photon emission computed tomography/ 
computed tomography images affords high sensitivity and negative 

predictive value in axial spondyloarthritis. Diagnostics (Basel). 
2023;13:1725. https://doi.org/10.3390/diagnostics13101725

099. Vanaclocha V, Jord�a-G�omez P, Saiz-Sapena N, Vanaclocha L, 
Kennedy J. Diagnostic accuracy of clinical examination to distin
guish sacroiliac joint pain as a cause of chronic low back pain. Br 
J Neurosurg. 2024;1-8. https://doi.org/10.1080/02688697.2024. 
2433492

100. Slipman CW, Sterenfeld EB, Chou LH, Herzog R, Vresilovic E. 
The value of radionuclide imaging in the diagnosis of sacroiliac 
joint syndrome. Spine (Phila PA 1976). 1996;21:2251-2254. 
https://doi.org/10.1097/00007632-199610010-00013

101. Maigne JY, Boulahdour H, Chatellier G. Value of quantitative 
radionuclide bone scanning in the diagnosis of sacroiliac joint 
syndrome in 32 patients with low back pain. Eur Spine J. 
1998;7:328-331. https://doi.org/10.1007/s005860050083

102. Elgafy H, Semaan HB, Ebraheim NA, Coombs RJ. Computed 
tomography findings in patients with sacroiliac pain. Clin 
Orthop Relat Res. 2001;382:112-118. https://doi.org/10.1097/ 
00003086-200101000-00017

103. Fritz J, Henes JC, Thomas C, et al. Diagnostic and interventional 
MRI of the sacroiliac joints using a 1.5-T open-bore magnet: A 
one-stop-shopping approach. AJR Am J Roentgenol. 
2008;191:1717-1724. https://doi.org/10.2214/ajr.08.1075

104. Tofuku K, Koga H, Komiya S. The diagnostic value of single- 
photon emission computed tomography/computed tomography 
for severe sacroiliac joint dysfunction. Eur Spine J. 
2015;24:859-863. https://doi.org/10.1007/s00586-014-3375-y

105. Saunders J, Cusi M, Van der Wall H. What’s old is new again: The 
sacroiliac joint as a cause of lateralizing low back pain. 
Tomography. 2018;4:72-77. https://doi.org/10.18383/j.tom.2018. 
00011

106. Bradley KC. The anatomy of backache. Aust N Z J Surg. 
1974;44:227-232. https://doi.org/10.1111/j.1445-2197.1974.tb04409.x

107. Cox M, Ng G, Mashriqi F, et al. Innervation of the anterior sac
roiliac joint. World Neurosurg. 2017;107:750-752. https://doi. 
org/10.1016/j.wneu.2017.08.062

108. Cox RC, Fortin JD. The anatomy of the lateral branches of the 
sacral dorsal rami: Implications for radiofrequency ablation. 
Pain Phys. 2014;17:459-464.

109. Grob KR, Neuhuber WL, Kissling RO. [Innervation of the sac
roiliac joint of the human]. Z Rheumatol. 1995;54:117-122.

110. Horwitz MT. The anatomy of (A) the lumbosaral nerve plexus– 
its relation to variations of vertebral segmentation, and (B), the 
posterior sacral nerve plexus. Anat Rec. 1939;74:91-107.

111. Ikeda R. [Innervation of the sacroiliac joint. Macroscopical and his
tological studies]. Nihon Ika Daigaku Zasshi. 1991;58:587-596. 
https://doi.org/10.1272/jnms1923.58.587

112. McGrath MC, Zhang M. Lateral branches of dorsal sacral nerve 
plexus and the long posterior sacroiliac ligament. Surg Radiol Anat. 
2005;27:327-330. https://doi.org/10.1007/s00276-005-0331-x

113. Roberts SL, Burnham RS, Ravichandiran K, Agur AM, Loh EY. 
Cadaveric study of sacroiliac joint innervation: Implications for diag
nostic blocks and radiofrequency ablation. Reg Anesth Pain Med. 
2014;39:456-464. https://doi.org/10.1097/aap.0000000000000156

114. Solonen KA. The sacroiliac joint in the light of anatomical, roent
genological and clinical studies. Acta Orthop Scand Suppl. 
1957;27:1-127.

115. Steinke H, Saito T, Kuehner J, et al. Sacroiliac innervation. Eur 
Spine J. 2022;31:2831-2843. https://doi.org/10.1007/s00586- 
022-07353-1

116. Vilensky JA, O'Connor BL, Fortin JD, et al. Histologic analysis 
of neural elements in the human sacroiliac joint. Spine (Phila PA 
1976). 2002;27:1202-1207. https://doi.org/10.1097/00007632- 
200206010-00012

117. Dreyfuss P, Henning T, Malladi N, Goldstein B, Bogduk N. The 
ability of multi-site, multi-depth sacral lateral branch blocks to anes
thetize the sacroiliac joint complex. Pain Med. 2009;10:679-688. 
https://doi.org/10.1111/j.1526-4637.2009.00631.x

908                                                                                                                                                                                    Pain Medicine, 2025, Vol. 26, No. 12 

https://doi.org/10.1016/s0003-9993(98)90008-9
https://doi.org/10.1016/s0003-9993(98)90008-9
https://doi.org/10.1016/j.jpain.2008.09.014
https://doi.org/10.1016/j.jpain.2008.09.014
https://doi.org/10.1111/j.1526-4637.2010.00968.x
https://doi.org/10.1016/j.jcm.2019.12.002
https://doi.org/10.1016/j.jcm.2019.12.002
https://doi.org/10.1097/00007632-198909000-00002
https://doi.org/10.1097/00007632-199405310-00009
https://doi.org/10.1097/00007632-199405310-00009
https://doi.org/10.1093/ptj/65.11.1671
https://doi.org/10.1097/00007632-199704010-00021
https://doi.org/10.1097/00007632-199704010-00021
https://doi.org/10.1007/s00586-005-0050-3
https://doi.org/10.1055/s-2008-1067939
https://doi.org/10.3390/diagnostics13243643
https://doi.org/10.1007/s00586-013-2725-5
https://doi.org/10.1097/bor.0000000000000071
https://doi.org/10.1093/rheumatology/keac432
https://doi.org/10.1093/rheumatology/keac432
https://doi.org/10.3899/jrheum.130141
https://doi.org/10.3899/jrheum.130141
https://doi.org/10.1080/03009740410005881
https://doi.org/10.1080/03009740410005881
https://doi.org/10.3390/diagnostics13101725
https://doi.org/10.1080/02688697.2024.2433492
https://doi.org/10.1080/02688697.2024.2433492
https://doi.org/10.1097/00007632-199610010-00013
https://doi.org/10.1007/s005860050083
https://doi.org/10.1097/00003086-200101000-00017
https://doi.org/10.1097/00003086-200101000-00017
https://doi.org/10.2214/ajr.08.1075
https://doi.org/10.1007/s00586-014-3375-y
https://doi.org/10.18383/j.tom.2018.00011
https://doi.org/10.18383/j.tom.2018.00011
https://doi.org/10.1111/j.1445-2197.1974.tb04409.x
https://doi.org/10.1016/j.wneu.2017.08.062
https://doi.org/10.1016/j.wneu.2017.08.062
https://doi.org/10.1272/jnms1923.58.587
https://doi.org/10.1007/s00276-005-0331-x
https://doi.org/10.1097/aap.0000000000000156
https://doi.org/10.1007/s00586-022-07353-1
https://doi.org/10.1007/s00586-022-07353-1
https://doi.org/10.1097/00007632-200206010-00012
https://doi.org/10.1097/00007632-200206010-00012
https://doi.org/10.1111/j.1526-4637.2009.00631.x


118. Dreyfuss P, Snyder BD, Park K, Willard F, Carreiro J, Bogduk N. The 
ability of single site, single depth sacral lateral branch blocks to anes
thetize the sacroiliac joint complex. Pain Med. 2008;9:844-850. 
https://doi.org/10.1111/j.1526-4637.2008.00517.x

119. Cohen SP, Strassels SA, Kurihara C, et al. Outcome predictors for 
sacroiliac joint (lateral branch) radiofrequency denervation. Reg 
Anesth Pain Med. 2009;34:206-214. https://doi.org/10.1097/ 
AAP.0b013e3181958f4b

120. CMS. LCD - Sacroiliac Joint Injections and Procedures (L39383). 
Centers for Medicare and Medicaid Services. 2024. Accessed July 
17, 2024. https://www.cms.gov/medicare-coverage-database/ 
view/lcd.aspx? lcdId=39383&ver=9

121. Lee DW, Cheney C, Sherwood D, et al. The effectiveness and 
safety of sacral lateral branch radiofrequency neurotomy 
(SLBRFN): A systematic review. Interv Pain Med. 
2023;2:100259.

122. Roberts SL, Stout A, Loh EY, Swain N, Dreyfuss P, Agur AM. 
Anatomical comparison of radiofrequency ablation techniques 
for sacroiliac joint pain. Pain Med. 2018;19:1924-1943. https:// 
doi.org/10.1093/pm/pnx329

123. Schneider BJ, Huynh L, Levin J, Rinkaekan P, Kordi R, Kennedy 
DJ. Does immediate pain relief after an injection into the sacroil
iac joint with anesthetic and corticosteroid predict subsequent 
pain relief? Pain Med. 2018;19:244-251. https://doi.org/10. 
1093/pm/pnx104

124. North RB, Kidd DH, Zahurak M, Piantadosi S. Specificity of 
diagnostic nerve blocks: A prospective, randomized study of scia
tica due to lumbosacral spine disease. Pain. 1996;65:77-85. 
https://doi.org/10.1016/0304-3959(95)00170-0

125. Carette S, Marcoux S, Truchon R, et al. A controlled trial of cor
ticosteroid injections into facet joints for chronic low back pain. 
N Engl J Med. 1991;325:1002-1007. https://doi.org/10.1056/ 
NEJM199110033251405

126. Barnsley L, Lord SM, Wallis BJ, Bogduk N. Lack of effect of 
intraarticular corticosteroids for chronic pain in the cervical zyg
apophyseal joints. N Engl J Med. 1994;330:1047-1050. https:// 
doi.org/10.1056/NEJM199404143301504

127. Yilmaz E, D'Antoni AV, Olewnik L, et al. Are the nerves supply
ing the anterior sacroiliac joint nociceptive? Folia Morphol 
(Warsz). 2023;82:96-101. https://doi.org/10.5603/FM.a2022. 
0009

128. Manchikanti L, Singh V, Pampati V, et al. Evaluation of the rela
tive contributions of various structures in chronic low back pain. 
Pain Phys. 2001;4:308-316.

129. Fortin JD, Aprill CN, Ponthieux B, Pier J. Sacroiliac joint: pain 
referral maps upon applying a new injection/arthrography techni
que. Part II: Clinical evaluation. Spine (Phila PA 1976). 
1994;19:1483-1489.

130. Fortin JD, Dwyer AP, West S, Pier J. Sacroiliac joint: Pain referral 
maps upon applying a new injection/arthrography technique. 
Part I: Asymptomatic volunteers. Spine (Phila PA 1976). 
1994;19:1475-1482.

131. Engel A, MacVicar J, Bogduk N. A philosophical foundation for 
diagnostic blocks, with criteria for their validation. Pain Med. 
2014;15:998-1006. https://doi.org/10.1111/pme.12436

132. Vleeming A, Schuenke MD, Masi AT, Carreiro JE, Danneels L, 
Willard FH. The sacroiliac joint: An overview of its anatomy, 
function and potential clinical implications. J Anat. 
2012;221:537-567. https://doi.org/10.1111/j.1469-7580.2012. 
01564.x

133. Fortin JD, Tolchin RB. Sacroiliac arthrograms and post- 
arthrography computerized tomography. Pain Phys. 
2003;6:287-290.

134. Visser LH, Woudenberg NP, de Bont J, et al. Treatment of the 
sacroiliac joint in patients with leg pain: A randomized- 
controlled trial. Eur Spine J. 2013;22:2310-2317. https://doi.org/ 
10.1007/s00586-013-2833-2

135. Sakamoto N, Yamashita T, Takebayashi T, Sekine M, Ishii S. An 
electrophysiologic study of mechanoreceptors in the sacroiliac joint 

and adjacent tissues. Spine (Phila PA 1976). 2001;26:E468-E471. 
https://doi.org/10.1097/00007632-200110150-00008

136. Murakami E, Kurosawa D, Aizawa T. Treatment strategy for 
sacroiliac joint-related pain at or around the posterior superior 
iliac spine. Clin Neurol Neurosurg. 2018;165:43-46. https://doi. 
org/10.1016/j.clineuro.2017.12.017

137. Murakami E, Tanaka Y, Aizawa T, Ishizuka M, Kokubun S. Effect 
of periarticular and intraarticular lidocaine injections for sacroiliac 
joint pain: Prospective comparative study. J Orthop Sci. 
2007;12:274-280. https://doi.org/10.1007/s00776-007-1126-1

138. Bernard TN, Jr., Cassidy, J.D. The sacroiliac joint syndrome: 
Pathophysiology, diagnosis, and management. In: Frymoyer JW, 
et al. ed. The Adult Spine: Principles and Practice, 2nd ed. 
Lippincott-Raven Publishers; 1997:2343-2363.

139. Borowsky CD, Fagen G. Sources of sacroiliac region pain: 
Insights gained from a study comparing standard intra-articular 
injection with a technique combining intra- and peri-articular 
injection. Arch Phys Med Rehabil. 2008;89:2048-2056. https:// 
doi.org/10.1016/j.apmr.2008.06.006

140. Laslett M, Aprill CN, McDonald B, Young SB. Diagnosis of sac
roiliac joint pain: Validity of individual provocation tests and 
composites of tests. Man Ther. 2005;10:207-218. https://doi.org/ 
10.1016/j.math.2005.01.003

141. Shanthanna H, Busse J, Wang L, et al. Addition of corticosteroids 
to local anaesthetics for chronic non-cancer pain injections: A 
systematic review and meta-analysis of randomised controlled 
trials. Br J Anaesth. 2020;125:779-801. https://doi.org/10.1016/ 
j.bja.2020.06.062

142. Karabacakoglu A, Karak€ose S, Ozerbil OM, Odev K. 
Fluoroscopy-guided intraarticular corticosteroid injection into 
the sacroiliac joints in patients with ankylosing spondylitis. Acta 
Radiol. 2002;43:425-427. https://doi.org/10.1080/j.1600-0455. 
2002.430415.x

143. Maugars Y, Mathis C, Vilon P, Prost A. Corticosteroid injection 
of the sacroiliac joint in patients with seronegative spondylarthr
opathy. Arthritis Rheum. 1992;35:564-568. https://doi.org/10. 
1002/art.1780350512

144. Cohen SP, Larkin TM, Barna SA, Palmer WE, Hecht AC, 
Stojanovic MP. Lumbar discography: A comprehensive review of 
outcome studies, diagnostic accuracy, and principles. Reg Anesth 
Pain Med. 2005;30:163-183. https://doi.org/10.1016/j.rapm. 
2004.10.006

145. Hermans SMM, Knoef RJH, Schuermans VNE, et al. Double- 
center observational study of minimally invasive sacroiliac joint 
fusion for sacroiliac joint dysfunction: One-year results. J Orthop 
Surg Res. 2022;17:570. https://doi.org/10.1186/s13018-022- 
03466-x

146. Polly DW, Swofford J, Whang PG, et al. INSITE Study Group. 
Two-year outcomes from a randomized controlled trial of mini
mally invasive sacroiliac joint fusion vs. non-surgical manage
ment for sacroiliac joint dysfunction. Int J Spine Surg. 
2016;10:28. https://doi.org/10.14444/3028

147. Rosenberg JM, Quint TJ, de Rosayro AM. Computerized tomo
graphic localization of clinically-guided sacroiliac joint injec
tions. Clin J Pain. 2000;16:18-21. https://doi.org/10.1097/ 
00002508-200003000-00004

148. Waisbrod H, Krainick JU, Gerbershagen HU. Sacroiliac joint 
arthrodesis for chronic lower back pain. Arch Orthop Trauma 
Surg (1978). 1987;106:238-240. https://doi.org/10.1007/ 
bf00450461

149. Sch€utz U, Grob D. Poor outcome following bilateral sacroiliac 
joint fusion for degenerative sacroiliac joint syndrome. Acta 
Orthop Belg. 2006;72:296-308.

150. Stelzer W, Stelzer D, Stelzer E, et al. Success rate of intra-articular 
sacroiliac joint injection: fluoroscopy vs ultrasound guidance—A 
cadaveric study. Pain Med. 2019;20:1890-1897. https://doi.org/ 
10.1093/pm/pnz059

151. Soneji N, Bhatia A, Seib R, Tumber P, Dissanayake M, Peng PW. 
Comparison of fluoroscopy and ultrasound guidance for 

Pain Medicine, 2025, Vol. 26, No. 12                                                                                                                                                                                    909 

https://doi.org/10.1111/j.1526-4637.2008.00517.x
https://doi.org/10.1097/AAP.0b013e3181958f4b
https://doi.org/10.1097/AAP.0b013e3181958f4b
https://www.cms.gov/medicare-coverage-database/view/lcd.aspx? lcdId=39383&ver=9
https://www.cms.gov/medicare-coverage-database/view/lcd.aspx? lcdId=39383&ver=9
https://doi.org/10.1093/pm/pnx329
https://doi.org/10.1093/pm/pnx329
https://doi.org/10.1093/pm/pnx104
https://doi.org/10.1093/pm/pnx104
https://doi.org/10.1016/0304-3959(95)00170-0
https://doi.org/10.1056/NEJM199110033251405
https://doi.org/10.1056/NEJM199110033251405
https://doi.org/10.1056/NEJM199404143301504
https://doi.org/10.1056/NEJM199404143301504
https://doi.org/10.5603/FM.a2022.0009
https://doi.org/10.5603/FM.a2022.0009
https://doi.org/10.1111/pme.12436
https://doi.org/10.1111/j.1469-7580.2012.01564.x
https://doi.org/10.1111/j.1469-7580.2012.01564.x
https://doi.org/10.1007/s00586-013-2833-2
https://doi.org/10.1007/s00586-013-2833-2
https://doi.org/10.1097/00007632-200110150-00008
https://doi.org/10.1016/j.clineuro.2017.12.017
https://doi.org/10.1016/j.clineuro.2017.12.017
https://doi.org/10.1007/s00776-007-1126-1
https://doi.org/10.1016/j.apmr.2008.06.006
https://doi.org/10.1016/j.apmr.2008.06.006
https://doi.org/10.1016/j.math.2005.01.003
https://doi.org/10.1016/j.math.2005.01.003
https://doi.org/10.1016/j.bja.2020.06.062
https://doi.org/10.1016/j.bja.2020.06.062
https://doi.org/10.1080/j.1600-0455.2002.430415.x
https://doi.org/10.1080/j.1600-0455.2002.430415.x
https://doi.org/10.1002/art.1780350512
https://doi.org/10.1002/art.1780350512
https://doi.org/10.1016/j.rapm.2004.10.006
https://doi.org/10.1016/j.rapm.2004.10.006
https://doi.org/10.1186/s13018-022-03466-x
https://doi.org/10.1186/s13018-022-03466-x
https://doi.org/10.14444/3028
https://doi.org/10.1097/00002508-200003000-00004
https://doi.org/10.1097/00002508-200003000-00004
https://doi.org/10.1007/bf00450461
https://doi.org/10.1007/bf00450461
https://doi.org/10.1093/pm/pnz059
https://doi.org/10.1093/pm/pnz059


sacroiliac joint injection in patients with chronic low back pain. 
Pain Pract. 2016;16:537-544. https://doi.org/10.1111/papr. 
12304

152. Hansen HC. Is fluoroscopy necessary for sacroiliac joint injec
tions? Pain Phys. 2003;6:155-158.

153. Hasoon J, Chung M, Yazdi C, Robinson CL. Evaluation of land
mark-based and fluoroscopic-guided sacroiliac joint injections-A 
pilot series. Orthop Rev (Pavia). 2025;17:143090. https://doi. 
org/10.52965/001c.143090

154. Jee H, Lee JH, Park KD, Ahn J, Park Y. Ultrasound-guided versus 
fluoroscopy-guided sacroiliac joint intra-articular injections in 
the noninflammatory sacroiliac joint dysfunction: A prospective, 
randomized, single-blinded study. Arch Phys Med Rehabil. 
2014;95:330-337. https://doi.org/10.1016/j.apmr.2013.09.021

155. De Luigi AJ, Saini V, Mathur R, Saini A, Yokel N. Assessing the 
accuracy of ultrasound-guided needle placement in sacroiliac 
joint injections. Am J Phys Med Rehabil. 2019;98:666-670. 
https://doi.org/10.1097/phm.0000000000001167

156. Fouad AZ, Ayad AE, Tawfik KAW, Mohamed EA, Mansour 
MA. The success rate of ultrasound-guided sacroiliac joint ste
roid injections in sacroiliitis: Are we getting better? Pain Pract. 
2021;21:404-410. https://doi.org/10.1111/papr.12967

157. Pekkafahli MZ, Kiralp MZ, Başekim CC, et al. Sacroiliac joint 
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