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Abstract: Clinical management of sacroiliac disease has proven challenging from both diagnostic and therapeutic perspectives.
Although it is widely regarded as a common source of low back pain, little consensus exists on the appropriate clinical management of
sacroiliac joint pain and dysfunction. Understanding the biomechanics, innervation, and function of this complex load bearing joint is
critical to formulating appropriate treatment algorithms for SI joint disorders. ASPN has developed this comprehensive practice
guideline to serve as a foundational reference on the appropriate management of SI joint disorders utilizing the best available evidence
and serve as a foundational guide for the treatment of adult patients in the United States and globally.
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Introduction

The sacroiliac (SI) joint (S1J) has been a major source of pain in many patients as either a primary problem or an issue
secondary to gait disorders, spinal pathology, or certain risk factors. Despite the high prevalence of this disorder, it is
underdiagnosed and may go untreated, poorly treated, or treated with highly invasive methods. The goal of this paper is
to better define the anatomy, diagnosis, and best practices for treatment of this common and often poorly misunderstood
pathology. These guidelines should be utilized by all clinicians involved in the care of patients suffering from SI
disorders (SID) to improve clinical outcomes and safety.

Methodology

Development Process
The American Society of Pain and Neuroscience (ASPN), through its mission to increase evidence-based access to treatment, has
commissioned a systematic guideline process to outline the current state of the art in treatment of sacroiliac joint disease. Members
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of the consensus group were selected from among experts across a broad spectrum of specialties interested in the treatment of
sacroiliac joint disease within both ASPN and other societies. Specialists from anesthesiology, neurosurgery, pain medicine,
physiatry, primary care, and radiology participated in the formulation of these guidelines. The current guidelines will examine the
evidence and current treatment options. The consensus work group was convened and at regular intervals, members have
evaluated the level of current evidence in the peer-reviewed literature for topics that have been identified as critical for treatment.
The purpose and scope of this guideline is to serve as reference for the appropriate treatment of adults with sacroiliac disease for
both clinicians and payors.

Work groups convened to conduct literature searches and examine the evidence for the topics developed by lead authors in
outline form. After the literature search was completed, each author was asked to provide cited references, and evidence rank.
The section leaders then formulated the recommendation grades, based on the evidence, which were reviewed by at least three
different, nonconflicted working group members. If conflicts of interest were identified, recusal was required as outlined
below. ASPN utilizes the United States Preventative Services Task Force (USPSTF) format with slight modification for
interventional pain treatment. This process has been established in previous ASPN publications. Once literature was reviewed,
consensus statements were created and graded based upon the ASPN-USPSTF criteria listed in Table 1. The process by which
section leaders then created consensus points included in-person meetings, teleconference, or other electronic or audio-video
communications to define the consensus; agreement by at least 80% of the contributing authors was considered a quorum.
Consensus strength was defined, as described in previous ASPN guidelines. If a recommendation was proposed with <50%
consensus, based on assigned evidence rank and recommendation grade, then no consensus was achieved.

This consensus guideline gives guidance to clinicians concerning sacroiliac treatment and evidence-based practice
and outcome optimization. However, these recommendations should not be construed as a standard of care, but instead
represent best practices. This guidance is based on several factors and peer-reviewed evidence, and regardless of the
strength of evidence, requires interpretation for clinical application.

Management of Conflict of Interest
All authors were required to disclose conflicts of interest prior to assignment of topics. The senior authors determined the
extent of the conflict of interest ensuring balanced inquiry and evaluation for each manuscript section. One of the co-primary

Table | ASPN Criteria for Quality of Evidence

Grade Definition Suggestions for Practice
A ASPN recommends the service. There is high certainty that the | Offer or provide this service.
net benefit is substantial.
B ASPN recommends the service. There is high certainty that the | Offer or provide this service.
net benefit is moderate or there is moderate certainty that the
net benefit is moderate to substantial.
C ASPN recommends selectively offering or providing this service | Offer or provide this service for selected patients depending on
to individual patients based on professional judgment and patient | individual circumstances.
preferences. There is at least moderate certainty that the net
benefit is small.
D ASPN recommends against the service. There is moderate or Discourage the use of this service.
high certainty that the service has no net benefit or that the
harms outweigh the benefits.
| Statement | ASPN concludes that the current evidence is insufficient to Read the clinical considerations section of USPSTF
assess the balance of benefits and harms of the service. Evidence | Recommendation Statement. If the service is offered, patients
is lacking, of poor quality, or conflicting, and the balance of should understand the uncertainty about the balance of benefits
benefits and harms cannot be determined. and harms.

Notes: Adapted with permission from Dove Medical Press. Deer TR, Grider |S, Pope JE, et al. Best practices for minimally invasive lumbar spinal stenosis treatment 2.0
(MIST): consensus guidance from the American Society of Pain and Neuroscience (ASPN). J Pain Res. 2022;15:1325-1354.'
Abbreviations: ASPN, American Society of Pain and Neuroscience; USPSTF, United States Preventative Services Task Force.

1602

https:

Dove!

Journal of Pain Research 2024:17


https://www.dovepress.com
https://www.dovepress.com

Dove Sayed et al

authors without conflict were identified for each section and was the adjudication determination official for any issues of
potential conflict. All authors were asked to recuse themselves on any recommendation potentially affected by a disclosed
conflict. Additionally, authors without conflict vetted all recommendations for bias.

Literature Search, Evidence Ranking

The world literature in English was searched using Medline, EMBASE, Cochrane CENTRAL, BioMed Central, Web of
Science, Google Scholar, PubMed, Current Contents Connect, Meeting Abstracts, and Scopus to identify and compile the
evidence for sacroiliac joint treatments (per section as listed in the manuscript) for the treatment of pain. Manuscripts
from 2000-present were included in the search process. Search words were selected based upon the section represented.
Identified peer-reviewed literature was critiqued using the USPSTF criteria for quality of evidence,? with modifications
for interventional pain studies (Table 1). After USPSTF letter grading was assigned, the working subgroup then assigned
the “level of certainty regarding benefit” as described in Table 2.

For each major section or topic, ASPN formulated consensus points. Consensus points should not be confused with
recommendations based on consensus alone (Evidence Level II), which were rendered as clinical guidance in the
situations where, due to the lack of evidence-based literature (such as randomized controlled trials [RCTs]), prospective
observational studies, and retrospective cohort/case series) the best available guidance is expert opinion.

Relevant Anatomy
The SIJ is the largest axial joint in the human body and is diarthrodial in nature. Specifically, there are two bony surfaces
of the joint, the sacrum and the ilium. The joint space is approximately 1-2 millimeters wide and is largely limited to the

Table 2 Level of Certainty Regarding Benefit

Level of Description
Certainty
High The available evidence includes consistent results from well-designed, well-conducted studies in representative primary care

populations. These studies assess the effects of the preventive service on health outcomes. This conclusion is therefore
unlikely to be strongly affected by the results of future studies.
Evidence Level: I-A - At least one controlled and randomized clinical trial, properly designed

Moderate The available evidence is sufficient to determine the effects of the preventive service on health outcomes, but confidence in the
estimate is constrained by such factors as:

® The number, size, or quality of individual studies.

® [nconsistency of findings across individual studies.

® Limited generalizability of findings to routine primary care practice.

® |ack of coherence in the chain of evidence.

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

Evidence Level I-B- Well-designed, controlled, non-randomized clinical trials (prospective observational studies conforming
to STROBE criteria) or

Evidence Level I-C — Retrospective cohort or large case studies (>20 subjects)

Low The available evidence is insufficient to assess effects on health outcomes. 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.

Findings not generalizable to routine primary care practice.

Lack of information on important health outcome

Evidence Level Il- Expert opinion based of risk: benefit or based upon case reports

Note: Reprinted with permission from Dove Medical Press. Deer TR, Grider JS, Pope JE, et al. Best practices for minimally invasive lumbar spinal stenosis treatment 2.0
(MIST): consensus guidance from the American Society of Pain and Neuroscience (ASPN). J Pain Res. 2022;15:1325-1354.!
Abbreviations: STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.
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anterior third of the sacral-iliac interface, whereby synovium exists.>** The remaining two-thirds of the joint is comprised
primarily of ligamentous tissue, including the ventral, interosseous, and iliolumbar ligaments, which contribute to overall
stability by limiting movement.*” Stability is also due to discontinuity of the posterior capsule, which has many ridges
and depressions that serve to limit movement of the joint.® Unique to the SIJ is the existence of both hyaline cartilage and
fibrocartilage.’

The innervation of the SIJ has yet to be clearly defined; however, several nerves have been implicated in signaling
pain from the SIJ. The posterior SIJ, which is a common location of pain, has been thought to receive innervation from
the lateral branches of the L4 to S3 dorsal rami nerve roots;8 however, the L3 and S4 dorsal rani nerve roots have also
been considered.” In addition, minor innervation may come from the superior gluteal nerve.'® Although ventral rami
nerve roots may also have a contribution, this is thought to be relatively minor and clinically unimportant. In contrast to
the posterior aspect, the anterior S1J is thought to be innervated by the lateral branches of the L2 to S2 ventral rami nerve
roots; however, some have also suggested a lack of innervation to this area.**

The bony anatomy of the SIJ can vary between individuals and drastically changes with age. The sacral aspect of the
joint is generally concave whereas the iliac component is convex. With age, this iliac surface can degenerate and become
rough in texture.’ In contrast, the sacral surface, which already has a rough and irregular surface, can also undergo similar
degenerative changes; however, these occur many years after iliac degeneration has begun. With age, the joint space also
decreases and becomes a less effective shock absorber; however, age-related autofusion does not typically occur.

Biomechanics
The primary function of the SIJ is to preserve truncal stability. This is aided by its wedge-shaped structure with ridges and
depressions on the articular surface.'' The shape of the articular surface changes with age and degree of joint stress, but
overall, joint motion is kept to a minimum and generally does not exceed 2 to 3 degrees in either transverse or longitudinal
planes and 2 millimeters in translation.'*'? Changes to the supporting ligaments, however, may be seen with pregnancy,
where hormonal changes assist with joint laxity and hypermobility for childbirth.> As opposed to other joints, there are no
muscles that specifically act on the SIJ,'* and movement is indirectly assisted by truncal and lower extremity muscles.
The SIJ itself can move in all three axes, but overall, movement in each is limited and relatively static. This has largely
been confirmed by exposing the joint to various static load forces with fixation of the ilia. Specifically, Miller et al'* found
that with fixation of both ilia, the movement of the SIJ was minimal; however, fixation of one ilia resulted in significantly
larger motion in all the planes. Further, in the single S1J tests, forces as high as 1440 newtons (N) or 160 newton-meters did

1,'® the SIJ was found to be mobile but largely

not result in failure of the joint."* Similarly, in another study by Vleeming et a
limited to about 4 degrees. Thus, specific motions of the SIJ, which was previously thought to be immobile, are nutation
(sacral base movement anteroinferior in relation to ileum) and counter nutation (sacral base movement posterosuperior in
relation to the ileum).'> Ligaments that oppose nutation include the sacrotuberous and sacrospinous ligaments, whereas the
long dorsal ligaments oppose counter nutation (see Figure 1)."°

It is important to note that significant axial compressive/shear force and torsion can lead to SIJ dysfunction and pain
complaints. Specifically, this is more pronounced when forces are applied in a unidirectional and asymmetric manner,
which can disrupt overall joint stability and lead to ligamentous strain.'*'> The ligaments which contribute most to this

stability include the iliolumbar, posterior SI, interosseous, sacrotuberous, and sacrospinous ligaments.'?

Best Practice Statement on S| Anatomy
It is recommended that clinicians should have a thorough understanding of the anatomy and biomechanics of the SIJ.

Diagnosis

SIDs comprise various more discrete pathologies, which include SIJ dysfunction, sacroiliitis, and SIJ arthropathy, all of
which can occur independently or collectively.!”'® Given the varying pathophysiological mechanisms underlying these
different entities and because of the plethora of non-SID diagnoses that can also cause chronic low back pain, the specific
and reliable diagnosis of SID can be challenging. However, a nuanced appreciation of SIJ anatomy and biomechanics
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a)

Figure | Anatomy of the Sl). (a) Posterior-oblique view of the sacrum and iliac bones, ligaments, and nervous supply. Sl) is highlighted in pink overlay. (b) Diarthrodial nature
of the SlJ space (pink overlay). The joint consists of an anterior one-third consisting of synovium and posterior two-thirds which is primarily ligamentous. (c) Exaggeration of
sacral movement in nutation and counternutation. Original medical illustration by Kamil Sochacki, DO.

along with the collective utilization of the patient history, physical examination with provocative maneuvers, imaging
modalities, and anesthetic blocks can facilitate the diagnosis of SID.'” 2!

Patient History

While low back pain is the most prevalent patient complaint, descriptions of mechanical pain that radiates into the
buttock and sometimes to the proximal lower extremity or groin is most consistent with the SID pain referral.'® " There
exist some studies that have associated upper buttock pain and groin pain with upper SID involvement. With regard to
provocative positions, transitions from sitting to standing and vice versa are particularly implicated.

Risk factors predisposing towards SID include the following clinical and epidemiological factors:

a. Gait abnormalities, scoliosis, and leg-length discrepancies, as they facilitate asymmetric SIJ load bearing.

b. Lumbar fusion surgeries, particularly fusions extended to the sacrum and more extensive fusions can translate
excess shear onto the inferior SIJs.

c. Obesity, particularly in patients with excessive abdominal girth.

d. Pregnancy, given ligamentous laxity during pregnancy and hypermobility of the SIJ.

e. Inflammatory spondyloarthropathies, including ankylosing spondylitis can particularly cause focal inflammation
in bilateral SIJs.

f. Connective tissue disorders, such as Ehlers—Danlos syndrome, that affect the supporting ligaments.

Best Practice Statement on Patient History

It is recommended that a relevant history should be taken consistent with complaints in the diagnostic criteria of SID, and
that risk factors that put the patient at a higher incidence of SID of the patient should heighten the clinician’s suspicion
for it as the source of lower back pain.

Physical Examination
While there exist several specialized tests to support a diagnosis of SID, the Fortin finger test is one of the more specific
tests in the physical exam.'®2° This test is positive if the patient’s major foci of pain is within 1 cm of the posterior
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superior iliac spine, generally inferomedially. Laslett et al described the presence of 3 of the following 5 provocative tests
is associated with a high specificity of SID pathology.?* These provocative tests are positive if they serve to reproduce the
patient’s pain. All the following tests are performed with the patient supine, unless otherwise specified:

a. SIJ distraction: lateral pressure over the anterior iliac spine impinges the SIJs bilaterally.

b. SIJ compression: posterior-to-anterior compression over the sacrum or medially directed compression (with the
patient in a lateral decubitus position) of the iliac crest.

c. Gaenslen’s maneuver: excessive hip flexion of the contralateral SIJ with hip extension of the implicated laterality
(by having this leg hanging off the exam table).

d. Patrick’s test: hip flexion (to at least 90 degrees), abduction, and external rotation of the implicated laterality.

e. Thigh thrust: applying a high-velocity thrust into the femur (in 90 degrees of flexion) from superior to inferior into
the SIJ.

Best Practice Statement on the Physical Examination in SlJ Dysfunction

The clinician should understand the validated physical examination maneuvers that play a role in the diagnosis of SID.
The presence of three positive provocative maneuvers increases the specificity of diagnosing SIJ dysfunction, although
less than three positive provocation maneuvers does not entirely rule out the SIJ as a source of pain.

Imaging Modalities

For chronic low back pain overall, the utility of imaging modalities has been shown to lack clinical relevance in certain
etiologies.'® %% Moreover, the presence of various degenerative findings on imaging tests has not been shown to
correlate to clear pathology with reliable specificity. In a review of computed tomography (CT) scans of 373 patients
without low back pain, Eno et al found that radiographic signs of SIJ degeneration were present in 65.1% of patients.**
These findings are expected given that the presence of non-specific radiographic degenerative changes increases with
age. However, imaging studies may be helpful to rule out alternate non-degenerative pathologies including tumor,
infection, fracture, etc. Moreover, imaging studies may also prove useful in assisting with the planning of advanced
interventions and surgeries.

Best Practice Statement on Imaging of the Sl

The clinician should obtain appropriate imaging and rule out other pathologies such as fracture, malignancy, and spinal
disease. If planning surgical treatment, advanced imaging such as CT or magnetic resonance imaging (MRI) should be
performed within 12 months or with any change in symptomatology.

Diagnostic Intra-Articular Injections

While injections into the SIJ can prove therapeutic, they can additionally provide valuable diagnostic utility.'”'"2!
Injectates with anesthetic only will be expected to provide rapid analgesic benefit that persists for only hours, depending
on the anesthetic type used. Steroid injections will be expected to provide pain relief that is delayed 2—5 days and can be
sustained for weeks to months. Close follow-up with the patient following the procedure and incorporation of a pain
diary will help characterize the diagnostic utility of intra-articular injections. The pain diary will ideally include
recordings of the patient’s pain severity along with functional measures. Evidence does not suggest that degree of pain
relief over 50% corresponds with improved outcomes when considering surgical fusion.>> See Table 3 for a summary of

SIJ pain diagnosis methods.

Best Practice Statement on Diagnostic Intra-Articular Injection of the Sl

The patient should experience greater than 50% relief when an appropriately performed local anesthetic only injection is
completed that is consistent with duration of the local anesthetic utilized. A second confirmatory local anesthetic
injection can be considered, but not mandatory, when using diagnostic injections to determine candidacy for surgical
treatment.
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Table 3 Diagnosis of Sl Pain

Three of Five Provocative | Intra Articular SlJ Injections Imaging

Maneuvers

SlJ Distraction >50% pain relief with local anesthetic intra Absence of other source of pathology on
articular SlJ injection imaging (CT/MRI)

SIj Compression
Gaenslen’s Maneuver
Patrick’s Test

Thigh Thrust

Abbreviations: Sl), sacroiliac joint; CT, computed tomography; MRI, magnetic resonance imaging.

Conservative Care of SlJ Disorders

Conservative therapies for SIJ dysfunction focus on elimination of pain generators, restoration of normal mechanics in
the hip/lumbopelvic region, and on restoring functionality and activity of the patient. Conservative measures include
physical therapy, anti-inflammatories, and external supports such as pelvic belts. Conservative measures should be
optimized prior to consideration of interventional pain techniques or surgical intervention. Similar to other causes of
acute back pain, acute SIJ pain resolves in the majority of patients with conservative care.

With acute presentation of SIJ-related pain, activity modification is typically recommended. Avoidance of triggering
activities is suggested in the first 1-3 days. The next subacute (or recovery) phase (3 days to 8 weeks) is typically focused
on physical therapy and efforts to increase range of motion, stretch, and strengthen the affected areas. Physical therapy
seeks to address not only the acute pain but also the underlying etiologies of pain to include muscle imbalances and
postural imbalances.

Orthoses also have a role in conservative management of SIJ pain. In pelvis-spine anatomical preparations, SI belts
were found to limit sagittal motion of the SIJ in response to load bearing.?® SI belts have also been shown to modify large
muscle group activation patterns in patients with SIJ pain on electromyographic analysis.”” Whether the magnitude of
electromyographic change is enough to translate into lower pain scores and improved SIJ pain symptoms is of clinical
interest. Hammer et al demonstrated a nonsignificant reduction in pain scores between belt-wearing and non-belt wearing
individuals with SIJ pain and significant improvement in gait speed and cadence suggesting functional lifestyle
improvement.”* The available body of evidence supporting significant reductions on a long-term basis using SI orthoses
is lacking, however use of SI belts in SIJ dysfunction has been associated with improvements in pain (measured by visual
analog scale [VAS]) when coupled with physical therapy.”

Medication management typically involves non-steroidal anti-inflammatory drugs (NSAIDs). When looking at all
causes of low back pain (to include SI1J pain), NSAIDS were found to significantly reduce pain scores and disability.
Depending on the patient presentation, there may also be a role for muscle relaxant medications. Topical agents such as
lidocaine or menthol patches may also provide some mild relief for patients.

The chronic, or maintenance phase, involves continued participation in a home exercise program and utilization of
medications as needed. In this phase, more invasive interventions are frequently considered for unresolved pain.

Best Practice Statement on Conservative Care
Appropriate conservative care should be considered and when acceptable attempted prior to interventional or surgical
treatment of SID. See Table 4 for a summary of conservative care.

SlJ Injections

SIJ injections can be used for both diagnostic and therapeutic purposes using various imaging techniques including but
not limited to CT, fluoroscopy, and ultrasound. Absolute contraindications to injections include local malignancy and
infection. Relative contraindications include coagulopathy, pregnancy (depending on the imaging type), systemic
infection or osteomyelitis. All procedures should be performed under sterile conditions as a standard of care.
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Table 4 Conservative Care of Sl Disorders

Acute (1-3 days) Subacute (3 days - 8 weeks) Chronic/Maintenance
Phase (>8 weeks)

Avoid Triggering Focus on increasing activity, increasing mobility, Interventional Pain

Activities strengthening, and stretching musculature with physical | Management Options, home
therapy, normalizing posture, and mechanics exercise program

Medications: NSAIDs Medications: NSAIDs Medications: NSAIDs

Abbreviation: NSAID, non-steroidal anti-inflammatory drug.

According to Pulisetti et al, the most precise method of confirmatory diagnostic injections of the SIJ is with CT guidance.*®
The most common complications are vasovagal reactions.”® The majority of SIJ injections are typically performed under
fluoroscopic guidance in an ambulatory setting.”® With the patient prone on the table, the image intensifier is positioned in
a contralateral oblique fashion from 10 to 20 degrees to help visualize the joint space.”® Joint access may be confirmed with the
administration of contrast in anteroposterior, oblique and lateral views under fluoroscopy.”® Once location is confirmed, an
injectate of an average of 3-5 cc is administered intra-articular.® Both Khuba et al and Chauhan found that the oblique
angulation may be unnecessary and that one might enter the lower part of the posterior joint in an anterior-posterior image
alone allowing for access to the joint with lower fluoroscopy times.***°

Complications from SIJ injections can range from none®' to increased pain in approximately 15-30% of patients.”®
Transient perineal anesthesia or a temporary sciatica-like syndrome post injection have also been reported.”® Although rare,
complications of septic arthritis can occur in patients with increased risk factors including diabetes mellitus, presence of
prosthetic material, localized infections, in the elderly, and patients on immunosuppressive medications.

Under ultrasound, the SIJ is a hypoechoic cleft area between the 2 echogenic lines of the sacrum and iliac bone as
described by Hartung.*® Saunders et al modified Hartung’s technique by targeting the synovial portion of the joint with
the goal of injecting into and around the dorsal interosseous ligament while avoiding the synovial part of the joint.**
Commonly, the location of the dorsal interosseous ligament is at the S1/S2 level.**

Serious complications of ultrasound guided intra-articular injections like advancement of the needle into the retro-pelvic
area are uncommon.>> Under ultrasound, accuracy of the placement is less likely intraarticular.”® For most, the duration of

procedure time is much greater with ultrasound than other modalities but this is likely related to other variables.*®

Best Practice Statement on Intra-Articular Corticosteroid Injections for SlJ Pain
Image-guided, intra-articular corticosteroid injections are recommended for persistent SIJ pain that has persisted
despite conservative measures for 4 weeks. Fluoroscopic and CT guided injections are the preferred imaging
modality of choice, although ultrasound guidance can be considered in situations where radiation exposure may
be problematic.

Neuroablative Treatment of SlJ Pain

After an appropriate trial of conservative care, and appropriate response to diagnostic blockade, neuroablative techniques
can be considered in patients with SIJ pain and dysfunction. The most common neuroablative approach involves
radiofrequency ablation (RFA) of the lateral branches of the S1-S3 dorsal rami along with medial branches of L5 dorsal
rami and possibly L4.2° However, rarer modalities of ablation, such as intra-articular chemical neurolysis as well as
cryoablation, have also been offered with low-quality evidence supporting mild efficacy and limitations due to adverse

effect profile.?!*78

Lateral Branch Blocks

Soto et al describe a multi-site, multi-depth 16-injection technique under fluoroscopy where the sacral foramina are
compared to a clock face with the lateral margin being the center of the face.** On the right side, at the S1 and S2 levels,
the needles are placed at the 2:30, 4:00, and 5:30 positions.29 At the same levels on the left, needles are placed at 9:30,
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8:00, and 6:30 positions.>® At the S3 level, needles are placed at 2:30 and 4:00 on the right and 9:30 and 8:00 on the
left.>® Each of these targets are then injected with 0.2 mL of 0.75% bupivacaine, pulled back approximately 3 mm, and
injected with another 0.2 mL of bupivacaine.*” The goal of this technique is to capture all the lateral branches that do not
run in a constant plane nor do they emerge from the posterior sacral foramina at a consistent location.*!

Ultrasound (US)-guided lateral branch block uses the probe placed on the lower sacrum to identify the sacral hiatus
which is midline.*” The probe is then moved to visualize the posterior foramina which will appear as gaps in the
hyperechoic bony contour of the sacrum. The injections should also be placed at the lateral sacral crest between the S2
and S3 transverse tubercle, immediately above the S2 transverse tubercle, and at the level of the S1 tubercle directly.*

Both intra-articular SIJ injections and lateral branch blocks have been utilized as a diagnostic tool for SIJ pain and as
a precursor prior to performing lateral branch radiofrequency neurotomy. The specificity of intra-articular blocks has
been questioned due to leakage of local anesthetic from the joint space, spread of local anesthetic to nearby structures,
and coverage of the synovial portion of the joint without coverage of the interosseous or dorsal SI ligaments.**
Diagnostic blockade of the S1-3 lateral branches and the L5 primary dorsal rami (with possible inclusion of the L4
primary dorsal rami) is the preferred diagnostic approach prior to performing neuroablative techniques. In a pilot study
by Cohen et al, 13 of 18 patients with SIJ pain experienced significant relief after undergoing diagnostic blocks at the L4-
5 dorsal rami and S1-3 lateral branches. Among nine patients who achieved >50% pain relief from diagnostic blocks,
eight patients (89%) achieved >50% pain relief after lateral branch and L4-5 dorsal rami RFA which persisted at the
9-month follow-up.* Dreyfuss et al performed a study on multi-site, multi-depth lateral branch blocks on twenty
asymptomatic patients. Ten patients were randomized to receive 0.75% bupivacaine while ten patients were randomized
to receive sham (normal saline) multi-site, multi-depth lateral branch blocks. After performing this procedure, provoca-
tion testing using a 25-gauge spinal needle probe into each subject’s interosseous and dorsal SI ligaments was performed.
Seventy percent of subjects in the cohort receiving 0.75% bupivacaine had an insensate interosseous and dorsal SI
ligament, versus only 0—10% in the sham cohort. However, only 20% of the interventional cohort and 10% of the sham
cohort did not feel SIJ capsular distention. Therefore, this study concluded that multi-site, multi-depth lateral branch
blocks are effective in diagnosing extra-articular SIJ pain and may be a valuable tool in determining if lateral branch RFA
may help with SIJ pain.*® However, multi-site, multi-depth lateral branch blocks may possibly not effectively block the
intra-articular portion of the SIJ, which is innervated by both ventral and dorsal nerves.

There is variability among studies in terms of what nerves to target during diagnostic blocks, minimum pain relief
threshold that designates a successful block (ranging from 50% to 80% pain relief), and the number of successful
diagnostic blocks necessary prior to proceeding with RFA. In addition to targeting S1-3 lateral branches, some studies
targeted both L4 and L5 dorsal rami,*> whereas other studies targeted only the L4 dorsal rami.*’ Although many studies
utilized a pain relief threshold of >50% to define a successful diagnostic block, others implemented stricter criteria of
>75% or >80% pain relief. Implementing a stricter threshold for diagnostic blocks (eg, >80%) in clinical trials allows the
study team to selectively choose patients with a higher likelihood of benefitting from RFA and conduct a study with
a higher likelihood of producing positive results. In real-world clinical practice, implementing this strict threshold would
prevent patients who obtained >50% pain relief but under 80% pain relief from proceeding to lateral branch RFA, even
though a substantial portion of these patients may attain clinically meaningful pain relief from lateral branch RFA.
Therefore, we recommend that a threshold of >50% pain relief from diagnostic blocks of lateral branches (S-1) and L5
dorsal rami (£ L4 dorsal rami) be utilized prior to proceeding with RFA. This is consistent with the IMMPACT
guidelines which propose that 50% or greater pain relief is considered as substantial improvement in pain.** Finally,
diagnostic accuracy of single diagnostic blocks may be poor, which has been highlighted in the literature for lumbar
medial branch blocks.*” In addition to inducing a possible robust placebo response, other reasons for a false-positive
diagnostic block include leakage of local anesthetic to surrounding pain-generating structures that will not be targeted
with RFA, excessive topical and superficial anesthesia, utilization of sedation, and patient non-compliance with
participating in pain-generating activities after diagnostic blockade. For these reasons, dual diagnostic blocks at the
lateral branches and L5 dorsal rami (= L4 dorsal rami) are recommended prior to proceeding with RFA.
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Radiofrequency Ablation

Prior to performing radiofrequency ablation (RFA), a diagnostic block of the lateral sacral branches (S1-3) and L5 dorsal
rami is recommended,*® even if the patient has previously received intra-articular SIJ injections. Although many older
studies have utilized intra-articular SI1J injection as the standard for selecting candidates for lateral branch RFA, this
strategy does not account for extra-articular sources of pain such as the posterior sacral ligaments as well as posterior
joint complex that are targeted by lateral branch RFA.'® A cutoff of 50% pain relief or higher from lateral branch
diagnostic block may be implemented prior to offering RFA. Furthermore, a multi-site, multi-depth lateral branch block
approach is recommended as an important tool that may prognosticate if lateral branch RFA may assist with extra-
articular SIJ pain.*® Contraindications to offering neuroablative modalities for SIJ pain include sacral fracture, malig-

nancy, infection, and coagulation.45

Best Practice Statement on Diagnostic Blockade Prior to Neuroablative Procedures of
the Sl

Dual diagnostic blockade of the LS primary dorsal ramus and sacral lateral branches (S1-3) with 50% improvement in
pain and function is the preferred strategy prior to neuroablative procedures of the SIJ.

Historically, a leapfrogging RFA technique (see Figure 2) has been utilized sequentially within the SIJ, but only 36%
of patients experienced over 50% pain relief at six months Figure 2. This was attributed to only partial denervation of the
S11.°° Currently, the lateral sacral branches (S1-3) and L5 dorsal rami are the preferred targets for RFA to treat SIJ joint,
with sustained relief for at least six months reported in over 60% of participants.*>!

Monopolar RFA modalities comprise both conventional monopolar RFA and cooled monopolar RFA, with perpendi-
cular and periforaminal placement of RFA probes about 3—5 mm laterally and 8-10 mm laterally, respectively, from the
posterior sacral foramina border.’>>* Using clock face positions, S1 and S2 periforaminal RFA probe placement targets
the 1:00, 3:00, and 5:30 positions on the right side, and 6:30, 9:00, and 11:00 positions on the left side.’*>* In addition,
S3 periforaminal RFA probe placement targets 1:30 and 4:30 positions on the right side, and 7:30 and 10:30 positions on
the left side.”® >* Cooled RF probes limit the impact of tissue charring on lesion size and can increase lesion diameter by
200-300% compared to conventional monopolar RFA (see Figure 3).25°
Several bipolar RFA modalities are available and involve current flow between needles to create lesions between the

needles, in contrast to the lesion created around each single needle tip using monopolar RFA modalities.”' The

Figure 2 Leapfrog Radiofrequency Ablation Technique: A bipolar radiofrequency ablation strategy utilizing two probes placed within 10mm of one another along the SIJ.
A lesion is made before moving the superior probe inferior to the second probe. A lesion is made, and the process is repeated with the lead probe being positioned
inferiorly once again. Original medical illustration by Kamil Sochacki, DO.
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Figure 3 Conventional versus Cooled Radiofrequency Ablation. (a) Conventional RFA requires precise placement of the RFA probe within -2 mm of the intended target.
Conventional RFA probes can reach temperatures of 100°C and insulating properties prevent heat radiofrequency waves from reaching further target tissue. (b) Cooled RFA
needles utilize continuously circulating coolant within a hollow exterior shell to modulate temperature at the tip of the probe to around 60°C. This cooling mechanism
avoids charring surrounding tissue, allowing for more effective heat transfer beyond the immediate proximity of the probe tip. The result is a significant difference in the
overall size, shape, and area of effect of the ablated lesion, as compared to conventional RFA. Original medical illustration by Kamil Sochacki, DO.

periforaminal bipolar leapfrog technique involves lesions created 5 mm laterally from the posterior sacral foramina
border and spans from the 12:00 position to the 6:00 position along the lateral half of the foramen.>” Another bipolar
RFA modality involves bipolar lesions created in a straight line about 4 mm laterally from the posterior sacral foramina
and spanning from superior of S1 foramen to inferior of S3 foramen.>® However, given that needles using this method are
placed close to the border of the sacral foramina, the risk exists for inadvertent heating and nerve damage to the sacral
spinal nerves. Similarly, RFA probes have been developed which contain a multi-tined expandable electrode and is
positioned 10 mm laterally from the posterior sacral foramina and spans in a straight line from the base of S1 superior
articular process to the S3 foramen level. These RFA probes are spaced 15 mm apart from each other. Another variation
of this technique is highlighted by the posterior sacral network (PSN) lateral crest technique that involves US-guided
needle insertion and lesions from the first to third transverse sacral tubercles.’® The linear strip lesion techniques may
achieve similar capture rates of lateral branch nerves compared to the periforaminal bipolar leapfrog technique, but avert
the need for precise identification of posterior sacral foramina borders.>

Another approach to RFA is performed by using a multilesion probe (Simplicity III, NeuroTherm®, Wilmington,
MA).>® The multilesion probe contains a radiofrequency electrode with three active regions, which create two bipolar and
three monopolar lesions across the lateral branches of S1-S4 with a single percutaneous entry point (see Figure 4).
Additional advantages with the multilesion probe include no requirement for introducer needles and the creation of
a continuous strip lesion. Schmidt et al reported that 71.4% of patients with refractory SIJ pain experienced >50% pain
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Figure 4 RFA with multilesion probe. This technique utilizes a singular probe which is tunneled through the tissue via a single site to generate a true strip lesion at the SlJ.
The probe contains three electrodes creating a combination of monopolar and bipolar lesions. Original medical illustration by Kamil Sochacki, DO.

relief six weeks and 54.5% of patients experienced >50% pain relief at six months after lateral branch ablation using the

multilesion probe.>

Outcomes and Challenges with Radiofrequency Ablation
Dilemmas in RFA for SIJ pain can stem from whether targeting lateral sacral branches (S1-3) and L5 dorsal rami are sufficient
to treat pain of SIJ etiology, and which RFA modalities adequately ablate these targets. Evidence from histological,
anatomical, and in vivo studies demonstrates that the posterior aspect of the SIJ, or extra-articular component, receives
innervation from the lateral branches of the posterior rami of S1-3 and varying innervation from L5 and S4.%-"->7% Ths is
consistent with a randomized, double-blind study demonstrating that multisite, multi-depth sacral lateral branch blocks mainly
relieve pain from the extra-articular component of the SIJ, and not from the intra-articular component of the SIJ.*® The intra-
articular component of the SIJ may predominantly receive innervation from the ventral rami of L5-S2 nerve roots (lumbo-
sacral trunk) and the obturator and superior gluteal nerves.*® Thus, in addition to course variability of lateral branch nerves,
lateral sacral RFA may not provide benefit in all painful manifestations of SIJ pain because it predominantly targets the
posterior nerve supply to the SIJ and may not address pain originating from the ventral aspect of the joint.”’

In terms of RFA modality, a cadaveric study demonstrated that bipolar techniques may capture a larger percentage of
lateral branches compared to monopolar techniques.’? This may account for the suboptimal clinical outcomes using

monopolar techniques, which create a relatively small lesion size and may spare lateral branches between non-lesioned
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gaps.”® The continuous and overlapping lesions from bipolar techniques may be capable of capturing all lateral
branches.>* This cadaveric study demonstrated that the Palisade™ and PSN lateral crest technique had the highest
probability of capturing 100% of targeted lateral branches, followed by peri-foraminal bipolar RFA and cooled mono-
polar RFA.>

Synthesis of the available evidence generally reveal that lateral branch RFA is effective and treatment responder rates
range between 32% and 89%.>* High-quality evidence is limited to two randomized, sham-controlled trials.’*>® One trial
randomized 28 patients to either receive cooled RFA of L4-5 primary dorsal rami and S1-3 lateral branches, or placebo
denervation. A cross-over arm also allowed patients who failed from placebo injections to be treated with monopolar
conventional RFA. At one month, 79% of subjects who received cooled RFA met the endpoint of >50% relief from their
baseline pain, while only 14% met this endpoint in the placebo group. Persistent efficacy in relief was reported in 64% and
57% of subjects at the three- and six-month time points after cooled RFA.>* Another trial randomized 51 participants (2:1
ratio) to either receive cooled RFA of L5 primary dorsal ramus and S1-3 lateral branches, or placebo denervation. The study
demonstrated that 47% of treated patients achieved the primary endpoint (>50% pain relief at three months) versus only 12%
in the sham group.’® In summary, a pooled analysis of these two trials revealed subjects treated with sacral lateral branch
ablation were about four times more likely to achieve 50% reduction in pain intensity at three months compared to those
treated with placebo denervation.®® These results are consistent with other observational studies highlighting efficacy of sacral
lateral branch block in treating posterior SIJ pain.®' Limitations across studies exist due to heterogeneity in selection criteria
and RF technique utilized, which may impact success rates and external validity of results.

Studies comparing RFA modalities for SIJ pain are lacking. While some studies demonstrate slightly higher efficacy
with cooled RFA versus monopolar RFA for SIJ pain, others reveal no difference.**® Another observational study
highlighted that multi-electrode RFA probe may be more favorable versus monopolar periforaminal technique, although
statistical significance was not indicated.®'

Best Practice Statement on Neuroablative Technique and Approach for Sl Pain
RFA of the SIJ should be performed by an established and researched method and repeated no more than at six-month
intervals when an improvement of 50% pain relief and functional improvement is seen.

Regenerative Medicine

When patients with confirmed SIJ pain do not obtain satisfactory pain relief with conservative measures or intra-articular
steroid injections, and want to avoid more invasive options, intra-articular regenerative medicine injections may be
considered. Specifically, this term refers to platelet-rich plasma (PRP), bone marrow aspirate stem cell concentrate
(BMAC), stromal vascular fraction (SVF), or a combination of these injectates. These options aim to reverse the
underlying causative pathology by healing the damaged tissues.

The two options most commonly utilized and well-studied are PRP and BMAC.®* Platelet rich plasma is whole blood
that is centrifuged to create a concentrate of plasma full of platelets and associated platelet-derived growth factors
(PDGF). The PDGF are important for the healing process through increasing fibroblast and/or osteoblast metabolic
activity, reducing cellular apoptosis, promoting angiogenesis, and increasing the expression of the specific growth factors
to increase the tensile strength of new tissue.®*

Unfortunately, there is a scarcity of peer-reviewed published data pertaining to regenerative medicine injections for
SIJ-related pain, and there is no evidence to suggest that one regenerative medicine injectate is superior to another. There
has been one RCT®” and two prospective observational studies on this topic.>'**® In 2015, Navani and Gupta performed
a prospective case series on 10 adult patients with SIJ pain of greater than six months duration and had failed
conservative treatments.>' All patients underwent a single SIJ injection with 4 cc of PRP utilizing fluoroscopic guidance.
All patients experienced at least a 50% reduction in the VAS score and improved function at 12 months post-injection.
None of the patients required additional treatments after the PRP injection during the 12-month study follow-up. In 2017,
Ko et al reported a prospective case series of four patients that underwent ultrasound guided SIJ PRP injection.®® At 12-
months post-injection all patients reported a statistically significant reduction in pain and improvement in quality of life.
Also in 2017, Singla et al performed a prospective RCT studying the efficacy and safety of PRP versus
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methylprednisolone in ultrasound guided SIJ injections.®” They enrolled 40 patients with chronic low back pain and
a diagnosis of SIJ pathology, and subjects were randomly assigned to either Group S (1.5 mL of methylprednisolone
(60 mg), 1.5 mL of 2% lidocaine, and 0.5 mL of saline) or Group P (3 mL of leukocyte-free PRP and 0.5 mL of calcium
chloride). Subjects were evaluated at 2 weeks, 4 weeks, 6 weeks, and 3 months. Group P had higher improvements in
pain relief, disability, and quality of life at 3 months compared to Group S. In a systematic review, Sanapati et al
described the evidence grade for regenerative medicine as Level IV (scale Level I to V), based on the studies above.®’
They reported that there is a lack of high-quality RCTs, but that the published evidence suggests that regenerative

medicine may be effective in managing SIJ pain.

Best Practice Statement on the Use of Regenerative Medicine Techniques for SlJ Pain
The use of regenerative medicine is an evolving therapy with developing evidence. The current use of these therapies
should be used based on current literature, and application of these treatments should be considered on an individualized
basis when other more validated treatments fail to provide benefit or are contraindicated.

Surgical Techniques — Minimally Invasive Approaches

Minimally Invasive Posterior S| Fusion with Allograft

Options for minimally invasive methods for SIJ fixation include the posterior, oblique, and lateral approaches. When
considering these approaches, several considerations need to be met. These include a history and physical exam findings
indicating sacroiliitis, failure of previous conservative management, the performance of a diagnostic anesthetic injection at the
S1J on two occasions, and exclusion of more serious disease states such as malignancy. Additionally, three out of five physical
exam findings that are diagnostic of SIJ dysfunction must be positive which include the S1J distraction test, the thigh thrust, the
Gaenslen’s maneuver, the compression test, and the flexion, abduction and external rotation (FABER) test.**! Depending on
the technique of posterior fixation, one or two allografts may be used.”® In addition, a titanium construct is possible.”’ The
procedure is normally performed in the prone position, with either local anesthetic and mild sedation, or in some settings,
general endotracheal anesthesia. A stab incision is made to access the Steinmann pin to the middle third of the SIJ in
procedures where one allograft is used. In a procedure where two allografts are used, the Steinmann pins are placed in the
inferior third and superior third of the SIJ as seen in Figure 5. After placement of the Steinmann pin, the inside dilator is placed
into the outside dilators and advanced until localized to the SIJ. Next, a decorticator is placed at the location and 1-2 allografts
are placed depending on the type of procedure used as described above and shown in Figure 5. After confirmation with the use
of fluoroscopy, the incision is properly irrigated, and wound closure is performed.

Various studies have been conducted on the use and outcomes with minimally invasive posterior SIJ fixation with
allografts. Sayed et al performed a retrospective analysis of the efficacy and safety of a posterior SI cadaveric allograft
implant (PainTEQ, Tampa, FL, USA).” In the study, fifty patients were assessed for outcomes 12-months post implant.
In the group, the average NRS score improved from 6.98 pre-fusion to 3.06 at 12 months post-op. There were no
procedure-related adverse events or complications. In a study by Deer et al, a retrospective data analysis was conducted
on a total of 111 patients who underwent posterior SIJ fixation as a salvage method after failing spinal interventions
(PainTEQ, Tampa, FL, USA) and reported an overall pain relief of 67.6% while the overall pain reduction in patients
who reported a history of failed back surgery syndrome was 76.5%.”> Prospective data from the SECURE trial at 6
months demonstrated a mean VAS reduction of 34.9 and functional improvement was demonstrated by a mean reduction
in Oswestry Disability Index (ODI) of 17.7.7* Updated 12 month data from this prospective, multicenter SECURE trial
was recently published.”” Results displayed consistency and durability, with responder rates of 66%, 74.4%, and 73.5% at
the 3, 6, and 12-month follow-ups. Pain scores, ODI, and PROMIS 29 where all significantly improved at 12 months
(p<0.0001).

Posterior Oblique Approach

In the posterior oblique approach, one to three surgical implants are placed across the SIJ (Figure 6b).”*”” In one
described method, a sacral outlet view is obtained with the fluoroscope and the posterior sacral iliac spine is positioned
between the S1 and S2 foramina.”® The trajectory is lateral to the posterior sacral iliac spine and towards the sacral
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Figure 5 Surgical Techniques: Posterior Allograft Fusion. (a) A large pin (not shown here) is inserted into the joint between the sacrum and the ilium. Next, a tissue dilator
and cannula (shown) are inserted to create joint space separation. (b) A rasp is inserted into the cannula to prepare the site for the allograft while decorticating the area. (c)
Finally, the allograft which contains the demineralized bone matrix is inserted into the decorticated site to allow for healing and stabilization of the joint. Original medical
illustration by Kamil Sochacki, DO.

promontory.”® A pedicle access kit (PAK) needle is placed through the ilium, across the SIJ, and into the sacrum.”®
A guidewire replaces the PAK needle and a threaded implant is placed across the S1J until the proximal end is flush with
the ilium cortex.”® This process is repeated up to three times, placing an implant each time as deemed necessary by the

surgeon.”®

Lateral Minimally Invasive Sl Fusion

Minimally invasive lateral approach to SIJ fusion currently accounts for the most common approach to minimally
invasive SIJ fusions and is the most published and studied. The lateral transarticular approach to SIJ fusion involves
the placement of devices across the SIJ from lateral to medial which fixate the ilium and sacrum together
(Figure 6a).”” At least two, and generally three, implants are placed through the ilium, or wing bone of the pelvis,
across the SlIJ, and into the sacrum, the large bone at the base of the spine, to immediately reduce the motion of the
joint and facilitate long-term fusion of the ilium to the sacrum. This approach, although with higher risk than the
posterior approach, has gained popularity because it is less invasive than other previous open approaches and results
in less disruption of muscles, ligaments, and tendons. When compared to open SIJ fusion, this approach was
associated with shorter operative times, fewer operative complications, and a greater improvement in pain scores at

2 years.80

Journal of Pain Research 2024:17 hetps: 1615

Dove:


https://www.dovepress.com
https://www.dovepress.com

Sayed et al Dove

)

Figure 6 Surgical Techniques: Lateral and Posterior-Oblique Sacral Fusions. (a) The lateral fusion involves the placement of devices across the SIJ from lateral to medial
which fixate the ilium and sacrum together. At least two titanium implants are placed through the ilium, or wing bone of the pelvis, across the SlJ, and into the sacrum, the
large bone at the base of the spine, to immediately reduce the motion of the joint. This technique involves disruption of musculature. (b) The posterior-oblique approach
involves placing implants in a medial to lateral trajectory. The insertion point is the posterior-superior iliac spine which spares dissection of the musculature and minimizes
potential injury to other structures. Original medical illustration by Kamil Sochacki, DO.

Lateral SI fusion is most commonly performed under general anesthesia. Favorable patient satisfaction and reduction
of pain scores have been reported.*® In a prospective study of 172 patients treated with lateral SI fusion, Duhon et al
found that SIJ pain decreased from 79.8 at baseline to 30.4 at 12 months and remained low at 26.0 at 24 months
(p<0.0001 for change from baseline). ODI decreased from 55.2 at baseline to 31.5 at 12 months and remained low at 30.9
at 24 months (p<0.0001 for change from baseline). Quality of life (SF-36 and EQ-5D) improvements seen at 12 months
were sustained at 24 months. The proportion of subjects taking opioids for SIJ or low back pain decreased from 76.2% at
baseline to 55.0% at 24 months (p < 0.0001).%' Polly et al conducted a multicenter prospective randomized controlled
trial of 148 patients with SIJ pain randomized to lateral fusion or non-surgical care with the option for crossover. By
month 24, in the fusion group, 83.1% and 82.0% received either clinical improvement or substantial clinical benefit in
VAS S1J pain score. Similarly, 68.2% and 65.9% had received clinical improvement or substantial clinical benefit in ODI
score at month 24. In the NSM group, these proportions were <10% with non-surgical treatment only. Parallel changes
were seen for EQ-5D and SF-36, with larger changes in the surgery group at 6 months compared to NSM.*? Clinical data
from studies on patients who have undergone this technique have shown that it generally reduces the pain caused by SIJ
dysfunction, reduces disability, and improves the quality of life of patients.®® Risks of the minimally invasive lateral

approach appear to be significantly less than risks of open invasive techniques.®'"**

Surgical Techniques (Open)

Traditionally, SIJ fusions were conducted with the use of an open technique. One of the first techniques for an open SIJ
fusion is the lateral open transiliac subgluteal approach initially described by Smith-Petersen et al in 1921.%° In this
procedure, the surgical incision is made in the posterior aspect of the iliac crest to access the lateral aspect of ilium.®
During the incision, the direction of the incision is from the posterior superior spine toward the direction of the gluteus
maximus for 3—4 inches until the junction of the ilium and sacrum is accessed. After the incision has been made, the flap
is retracted, and the posterior-lateral surface of the ilium is exposed. Additionally, cartilaginous tissue at the SI junction is
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removed to allow for access to the joint. After access has been obtained, the joint is fixed with joints and screws and the
aforementioned flap is sutured in place.®® Over the course of years, various other methods and variations of the Smith—
Petersen method have been described.® For example, another technique by Gaenslen et al describes a posterior approach
to avoid excessive gluteal dissection described in the original Smith-Petersen et al procedure.®* Additionally, in recent
years, another procedure by Khurana et al describes the use of demineralized bone matrix in a screw accessing the SIJ.*°
Despite many years of use of the open technique, one of the first procedures to shift towards a minimally invasive
approach was described by Wise et al that used a percutancously inserted fusion cage and initiated the shift towards
minimally invasive techniques for SIJ arthrodesis.*®

Best Practice Statement on Surgical Treatment for Sl Pain

Minimally invasive surgical treatment can be considered when patients have failed 6 months of conservative treatment and the
diagnosis has been confirmed via history, physical exam, and greater than 50% pain relief after a diagnostic, image guided, SIJ
injection. Currently, there is no comparative evidence to claim superiority of one minimally invasive technique over another.
The recommendation is to choose the safest approach with the greatest chance of clinical success. Approach and implants used
should have peer reviewed prospective clinical evidence which demonstrate clinical efficacy and safety.

Algorithm of SlJ Treatments

Given the numerous treatment options available for treating SIJ pain, Falowski et al recently published an evidence-based,
proposed algorithm for the appropriate and sequential use of physical therapy, medications, injections, radiofrequency
denervation, and joint fusion.”' Largely, they propose the sequential escalation to more interventional therapies if and when
conservative measures like physical therapy and medications prove to have suboptimal benefit. However, the early use of a S1J
injection may provide additive diagnostic benefit following which the algorithm can continue to be utilized. In addition to the
evidence-based proposal, they also cite that patient-directed algorithms may be susceptible to insurance coverage policies.

Evidence and Recommendations for Sacroiliac Joint Interventions and Surgery
Clinical Evidence on SlJ Injections
An evidence summary for SIJ injections is in Table 5, and recommendations can be found in Table 6.

Table 5 Evidence Summary for SlJ Injections

Study Author Study Type Study | End Point | Evidence | Notes
Size Level
Maugars et al, Prospective 10 NRS I-A Compared to sham injection, 62% and 58% of patients at 3
1996 Double blind months and 6 months after IA steroid injections noted
RCT improvement of pain
Kim et al, 2010% Prospective 48 NRS I-A Study comparing prolotherapy to Sl) steroid injections found
RCT that 58.7% of patients undergoing prolotherapy and 10.2% of

patients having Sl) injections noted >50% improvement in pain
at |5 months. Interestingly, to be eligible, patients had to have
local only Sl injections that lasted 3 months.

Jee et al, 2014% Prospective 120 NRS, ODI I-B Study comparing US v. fluoroscopically guided SlJ injections.
RCT Accuracy was greater with fluoroscopic guidance (98.2%)
compared to US guidance (87.3%). At 2 weeks, 48.7% decrease
in pain and 56.2% decrease in debility for US guided injections
while 48.1% decrease in pain and 55.5% decrease in debility
seen in fluoroscopic guided Sl injections. At 12 weeks, 39.7%
decrease in pain and 45.6% decrease in debility was seen in US
guided injections while 39.7% decrease in pain and 44.8%
decrease in debility seen in fluoroscopically guided injections.

(Continued)
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Table 5 (Continued).

Study Author Study Type Study | End Point | Evidence | Notes
Size Level
Liliang et al, 201158 Prospective 52 NRS I-B Study evaluating efficacy of dual SIJ blocks in diagnosing Sl
cohort study disease in patients prior lumbar and lumbosacral fusions. Pain
reduction of >75% within 1—4 hours of injection defined
a positive block. Overall, 32.7% of patients were diagnosed with
SI) disease with two diagnostic blocks. A third block was used
to diagnose an additional 7.7% of patients who had one positive
and | negative block initially. In total 40.4% of patients were
diagnosed with SlJ disease with SlJ block. False positive rate was
deemed 26.0% and false negative was 10.3%.
Chou et al, 2004%° Retrospective 194 NRS I-C Patients with back and buttock pain were evaluated for SlJ
cohort study disease. Of 194 patients, 81 (41.7%) had a positive single
diagnostic block. Of these 81 patients, 54 (66.7%) had
improvement in their pain after a therapeutic SlJ steroid
injection defined as >80% improvement in pain for at least 2
weeks. Several injections were allowed to achieve this definition
and duration of relief not defined.
Irwin et al, 2007%° Retrospective 158 NRS I-C Study evaluating Sl] blocks to diagnosis Sl disease. Of 158
chart review patients, 91 (57.5%) had a positive diagnostic block with local.
Of these 91 patients, 42 (46.2%) had pain relief with local and
steroid SlJ injection, defining this group as having true SlJ
dysfunction.
Hawkins et al, Retrospective 155 Subjective I-C Practice audit of 155 patients with SIJ dysfunction. Of the |55
2009°" chart review % pain patients, 120 (77%) responded to SlJ injection. Mean duration of
relief relief for patients receiving multiple injections was 9.3 months
per injection.
Borowsky et al, Retrospective 120 VAS, I-C Study comparing intraarticular to intraarticular and periarticular
20082 review of two Subjective SlJ injections. At 3 months, 12.5% of patients with intra articular
case series (Relief SIJ injection versus 31.25% of patients with combined intra-
defined as articular and periarticular injection had relief at 3 months
>50%
decrease in
VAS Pain
score or
ability to
perform
ADLs as
“greatly
improved”)
Maugars et al, Retrospective 22 Subjective I-B Diagnosis of sacroiliitis with a sero-negative
19927 chart review % pain spondyloarthropathy % improvement maintained for at | month
relief after 1A steroid injection.
100% improvement: 26.2%
80-90% improvement: 40.5%
70-80% improvement: 14.3%
50-70% improvement: 4.8
(Continued)
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Table 5 (Continued).

Study Author

Study Type

Study
Size

End Point

Evidence
Level

Notes

Visser et al, 2013%*

Single blinded
RCT

51

VAS,
RAND-36

I-B

Evaluating physiotherapy, manual therapy, and IA SIJ steroid
injection. In total, |8 patients randomized to IA SlJ injections
with success rate of 50%, defined as complete relief of pain at 6
weeks or |12 weeks post treatment or a VAS score less than
baseline at 12 weeks. Physiotherapy was found to be successful
in 20% of patients while 72% was successful with manual
therapy.

Mohi Eldin et al,
2019%

Prospective
nonrandomized

control trial

186

VAS

Study comparing PRP to PRF IA injection for treatment of
sacroiliitis. Both showed decreased VAS at |- and 6-months
post injection compared to baseline though only the difference
at 6 months was statistically significant. There was no
statistically significant difference between PRP and PRF.

Schneider et al
2020%°

Prospective

cohort

34

NRS, ODI

Study evaluating if physical findings prior to Sl injection,
diagnostic block, or combination of the two would help better
predict outcomes after |A Sl) steroid injections. Physical exam
alone was unsuccessful to predict >2 decrease in NRS, >50%
decrease in NRS or >30% decrease in ODI at 2—4 weeks or 6
months follow up. Local anesthetic response only could predict
>50% NRS decrease at 2—4 weeks after injection but not at 6
months. However, combination of >3/6 positive physical exam
findings and 100% improvement immediately after injection was
successful in predicting >50% NRS decrease and >30% ODI
decrease at 6 months.

Singla et al, 2016%”

Prospective
RCT

40

VAS,
MODQ,
SF-12

US guided IA steroid injection versus IA PRP for sacroiliitis.
Both decreased post injection VAS however, PRP found to have
statistically significant improvement in VAS scores compared to
steroids at 6 weeks and 3 months with preserved improvement
in MODQ and SF-12 past 6 weeks only in the PRP group.

Soneji et al, 2016°°

Prospective
RCT

40

NRS

Study comparing US guided to fluoroscopic guided IA SIJ
injection. Both groups provided statistically significant decrease
in NRS at | month and other follow up points compared to
baseline. However, there was no statistically significant
difference in post injection NRS reductions between US and
fluoroscopic guided injection though it took statistically
significant less time to perform the IA injection with

fluoroscopy.

Cohen et al, 2019%7

Prospective
RCT

125

NRS

Study evaluating fluoroscopic versus anatomic landmark
guidance (site of maximum tenderness) Sl] injection. Success
was defined as an NRS decrease >2. There was no statistically
significant difference in outcomes at | month, though there was
statistically significant difference at 3 months with improved

pain relief in the fluoroscopically guided approach.

Wallace et al, 2020%%

Prospective

cohort

50

NRS, ODI

Study evaluating US guided IA PRP injections for sacroiliitis.
There was a notable decrease in NRS and ODI by 6 months,

but no p values reported.

(Continued)
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Study Author

Study Type

Study
Size

End Point

Evidence
Level

Notes

Liliang et al 2009%°

Prospective
observational
study

39

VAS, ODI

I-C

Study evaluating effects of A Sl injection with steroids. A group
of 150 patients with presumed SIJ pain received an |A SlJ
injection with steroid. Those with improvement underwent

a second injection with steroids and this group of 39 with
improvement with both injections were diagnosed with
sacroiliitis. Of this group, 26 (66.7%) had improvement in VAS
pain >50% for over 6 weeks with mean duration of relief being
36.8 weeks and a reduction in ODI at last follow up as well.

Chen et al, 2022'%°

Double blinded
RCT

26

NRS, ODI

Double blinded RCT comparing fluoroscopically guided IA
steroid v. PRP injection for sacroiliitis. Both treatment arms
resulted in reduction in NRS and ODI. However, steroids had
a statistically significant improvement in pain from baseline at |
and 3 months compared to PRP. The statistically significant
difference in NRS reduction was also seen at 6 months in favor
of steroids.

Luukkainen et al,
1999'°'

Double blinded
RCT

20

VAS, pain
index

Patients with seronegative spondyloarthropathy of SIJ were
randomized into periarticular injection of steroids versus saline.
At 2 months follow up, there was a statistically significant
reduction in VAS and pain index in patients treated with

steroids compared to saline.

Luukkainen et al,
2002'

Double blinded
RCT

24

VAS, pain
index

Patients without spondyloarthropathy but with back pain in S
region were randomized into periarticular injection of steroids
versus saline. At | month follow up, there was a statistically
significant reduction in VAS and pain index in patients treated
with steroids compared to saline.

Rosenberg et al,
2000'%

Double blinded
prospective

study

37

Imaging

accuracy

CT was used to evaluate location of needle placement and
contrast injection in anatomic/clinically guided SlJ injection for
sacroiliitis. A placement was accomplished in 22% of the time
with injected material | cm away from the joint 68% of the
time. Epidural injection was seen in 24% of the patients.

Lee et al, 2010'%*

Prospective
Case Control
Study

39

NRS, ODI

Study comparing Botox to steroid for sacroiliac ligament
injections for Sl] pain. NRS and ODI were same at | month
after injection but statistically significantly lower than steroid at
2 and 3 months.

Abbreviations: RCT, Randomized Control Trial; NRS, Numeric Rating Scale; Sl), Sacroiliac Joint; IA, Intraarticular; ODI, Oswestry Disability Index; US, Ultrasound; VAS,
Visual Analog Scale; ADL, Activities of Daily Living; RAND-36, Research and Development Corporation 36 Item Health Survey; PRP, Platelet rich plasma; PRF, Platelet rich
fibrin; MODQ, Modified Oswestry Disability Questionnaire; SF-12, Short Form Health Survey; CT, Computed Tomography.

Clinical Evidence on SIJ RFA
A summary of the published evidence for SIJ RFA is in Table 7 and recommendations are in Table 8.

Clinical Evidence on SlJ Fusion

There are more than 60 studies currently available in the literature. Table 9 summarizes their findings. There is a mix of

retrospective, prospective and randomized studies. Of these, 58 studies report pain outcomes, while 38 report disability

outcomes following sacroiliac fusion. A recent meta-analysis showed no impact of study design on pain and disability

scores following sacroiliac fusion.''® Substantial literature supports the safety and efficacy of minimally invasive SIJ
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Table 6 Best Practice Recommendations for Sl) Injections

when utilized jointly.

Recommendation Grade | Level | Consensus
Fluoroscopic and CT guidance should be used for Sl injection given safety and increased duration of relief B I-A Moderate
US guidance can be considered for SlJ injections where radiation exposure may be problematic B I-B Moderate
IA steroid injections may offer benefit compared to conservative therapy for sacroiliitis. A I-B Strong

PRP and PRF IA injections may offer benefit compared to conservative therapy for sacraoiliitis. B I-B Moderate
Diagnostic SlJ IA injections combine with physical exam are effective in determining and confirming sacroiliitis | A I-B Strong

Abbreviations: CT, Computed tomography; SlJ, Sacroiliac joint; US, Ultrasound; PRP, Platelet rich plasma; PRF, Platelet rich fibrin.

Table 7 Evidence Summary for Sl Radiofrequency Ablations

Study Author

Study
Type

Study
Size

End Point

Evidence
Level

Notes

Cohen et al,
2008°*

Prospective
RCT

28

NRS, ODI

I-A

RCT comparing cooled Sl RFA (L4, L5 dorsal rami
and S1-3 lateral branch) to sham RFA with option
for 6-month crossover from placebo/sham RFA to
conventional RFA. A decrease in NRS was seen from
baseline (6.1) at | month (2.4), 3 month (2.4), and 6
months (2.6) in the randomized arm. This decrease
in NRS was also seen from baseline (6.3) at | month
(3.6), 3 month (2.1), and 6 months (3.1) in the cross
over arm while the NRS remained at 6.5 at baseline,
6.3 at | month, and 6.0 at 3 months follow up for
the Sham procedure. ODI was also seen to decrease
appreciably after RFA and cross over.

Patel et al, 2012%°

Prospective
RCT

51

NRS, SF-36BP, SF-36PF,
ODI

RCT comparing cooled Sl RFA (L5 dorsal rami and
S1-3 lateral branches) to sham RFA with option for
sham to RFA cross over at 3 months. Success was
deemed 250% decrease in NRS at final time points
compared to baseline with either a 10-point increase
in SF-36 or a 10-point decrease in ODI. At 3
months, 47% of RFA group was deemed successful
compared to 12% of sham. RFA is superior (47%) to
sham (12%) at 3 months. This success for initial
cooled SlJ RFA was seen to be 59% at 9 months.
Those that crossed over at 3 months had a 44% rate

of success at 6 months post RFA follow up.

Van Tilburg et al,
2016'%

Prospective
RCT

60

NRS, GPE

RCT comparing traditional (85°C) RFA of L5 dorsal
rami and S|-4 lateral branches to sham with follow up
3 months after treatment. No statistically significant
difference seen between sham and treatment group in

NRS or GPE at | month or 3 months follow up.

(Continued)
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Table 7 (Continued).

Study Author Study Study End Point Evidence | Notes

Type Size Level
Salman et al, Prospective | 30 VAS I-A RCT comparing IA Sl steroid injections to
2016'% RCT traditional (80°C) SIJ RFA (L4, L5 dorsal rami and

S1-3 lateral branches). Success was defined as >50%
decrease in pain intensity compared to baseline. At
one month, 20% of steroid group and 73% RFA
group was deemed successful. The steroid injection
group did not have any notable success at 3 or 6
months while the RFA group had 60% and 53%
success at 3 and 6 months respectively.

Juch et al, 2017'%7 | Prospective | 228 (Sl | NRS, GPE, ODI, EQ-5D- | I-A RCT comparing exercise to exercise and RFA in
RCT arm) 3L, RAND-36, West treatment of facetogenic and Sl dysfunction as cause
Haven-Yale of low back pain. There was no statistically
Multidimensional Pain significant difference between outcomes comparing
Inventory exercise alone to exercise with RFA.
Burnham et al, Prospective | 37 NRS, PDQQ I-B Study evaluating efficacy of US and fluoroscopic
2022'°8 Cohort guided longitudinal axis lateral crest approach for Sl)
Study RFA via single monopolar needle compared to

classic palisade technique. Results for relief
comparable between this new approach and the
palisade technique at 3 months after treatment

Dutta et al, Prospective | 30 NRS, ODI I-A RCT comparing IA Sl) steroid injections to Sl pulsed
2018'%° RCT RFA (L4, L5 dorsal rami and S1-3 lateral branches).
Both IA Sl injections and RFA provided
improvement in NRS and ODI at 3 months and 6
months after treatment. However, there is
statistically significant improvement in pain and
functioning in patients with SlJ Pulsed RFA compared

to |IA SIJ.
Patel, 2016'"° Prospective | 41 NRS, SF-36BP, SF-36PF, I-B Twelve month follow up data from the Patel et al
RCT ODI 2012 paper showing statistically significant

improvement in NRS, ODI, SF36-BP, and SF36-PF
from baseline at 12 months after SIj cooled RFA.

Zheng et al, Prospective | 155 VAS, ASAS20, ASDAS, I-A RCT comparing Celebrex to CT guided SIJ RFA (SI-
2014'"! RCT BASMI, BASFI 4) RFA. There were statistically significant greater
improvements in VAS, BASFI, total back pain, and
nocturnal back pain in both groups at 12 weeks and
24 weeks. However, there was only statistically
significant improvement in BASFI in the SI) RFA arm
at 12 weeks and 24 weeks. SlJ RFA was found to
result in statistically significant greater reduction in
VAS, BASMI, BASFI, total back pain, and nocturnal
back pain compared to Celebrex at 12 weeks and 24

weeks.

(Continued)
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Study Author Study Study End Point Evidence | Notes
Type Size Level
Vallejo et al, Prospective | 22 VAS, FACIT I-C Study evaluating pulsed RFA (L4, L5 dorsal rami and
2006''2 Case Series S1-3) for treatment of sacroiliitis refractory to IA Sl

steroid injections. In total, 126 patients with SIJ
dysfunction underwent IA Sl steroid injection and
22 patients failed to respond. These 22 patients
underwent RFA and there was a statistically
significant reduction in VAS and improvement in
physical as well as functional wellbeing at 6 months
compared to baseline.

Abbreviations: RCT, Randomized Control Trial; NRS, Numeric Rating Scale; ODI, Oswestry Disability Index; Sl}, Sacroiliac Joint; RFA, Radiofrequency ablation; SF-36BP,
Research and Development Corporation 36 Item Health Survey bodily pain; SF-36PF, Research and Development Corporation 36 Item Health Survey Physical Functioning;
GPE, Global Perceived Effect; VAS, Visual Analog Scale; IA, Intraarticular; EQ-5D-3L, 3 Level EuroQOL 5D Health Questionnaire; RAND-36, Research and Development
Corporation 36 Item Health Survey; PDQQ, Pain Disability Quality of Life Questionnaire; US, Ultrasound; ASAS20, 20% improvement from baseline of ASA response
criteria; ASDAS, Ankylosing Spondylitis Disease Activity Score; BASMI, Bath Ankylosing Spondylitis Metrology Index; BASFI; Bath Ankylosing Spondylitis Functional Index;

FACIT, Functional Assessment of Chronic lliness Therapy; CT, Computed tomography.

Table 8 Best Practice Recommendations on SIj RFA

Recommendation Grade | Level | Consensus
SIJ RFA may be considered for treatment of sacroiliitis refractory to conventional conservative care. B I-B Strong
There are no comparative studies thus there is no recommended preferred modality of SlJ RFA for sacroiliitis. | | I-A Strong
SIJ RFA seems to provide longer lasting relief compared to Sl steroid injections for treatment of sacroiliitis. C I-A Moderate
Abbreviations: SlJ, Sacroiliac Joint; RFA, Radiofrequency ablation,
Table 9 Summary of Clinical Studies on SlJ Fusion/Stabilization
Author, Year Study design | Device Approach Sample Outcome Results Level of
size measures evidence
Al-Khayer, 2008''* Case series HMA Lateral 9 VAS, ODI Mean VAS decreased from 8.1 to 4.6; Il
screw mean ODI decreased from 59 to 45
Wise and Dall, Case series Threaded 13 VAS Average improvement of 4.9 cm and Il
2008%¢ cage 2.4 cm on VAS for axial pain and leg pain
respectively
Khurana, 2009%° Case series HMA Lateral 15 SF-36, Majeed score Mean SF-36 improved from 37 to 80 I
screw for physical function and 53 to 86 for
general health; mean Majeed score
increased from 37 to 79
Rudolf, 2012'"® Retrospective, iFuse Lateral 50 Created Statistically significant improvement in I-C
observational questionnaire with pain and function was identified at all post-
questions from NRS, operative time points; clinically significant
SF-36 and ODI improvement was observed in 7 out of 9
domains of daily living
Sachs and Case series iFuse Lateral I NRS Mean NRS was 7.9 (+ 2.2) and Il
Capobianco, 2012''® decreased to 2.3 (% 3.1), resulting in
clinically and statistically significant
improvement
(Continued)
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Author, Year Study design

Device

Approach

Sample

size

Outcome

measures

Results

Level of
evidence

Sachs and
Capobianco, 201 37

Retrospective,

observational

iFuse

Lateral

40

NRS

Mean pain score improved from 8.7
(1.5 SD) at baseline to 0.9 (1.6) at 12

months, a 7.8-point improvement

I-C

Cummings and
Capobianco, 201 318

Retrospective,

observational

iFuse

Lateral

VAS, ODI, SF-12 PCS,
SF-12 MCS

All patient-reported outcomes showed
both clinically and statistically
significant improvement at 12 months

Endres, 2013'"? Case series

DIANA

Posterior

ODI, VAS

Mean ODI decreased 64.1 to 57; Mean
VAS decreased from 8.5 to 6.0

Gaetani, 2013 120 Retrospective,

observational

iFuse

Lateral

NRS, ODI, RMDQ

Clinical and statistically significant mean
improvement in NRS by 4 points, ODI
by 19.4 points, and in RMDQ by 13.6

points

Smith, 2013'?' Retrospective,

observational

iFuse

Lateral

263

VAS, surgical

parameter

Lateral compared to open approach
demonstrated a 3.5 lower VAS score,
and lower hospitalization duration,
operating time and estimated blood

loss

19

Mason, 2013'22 Prospective,

observational

HMA

screw

Lateral

55

VAS, SF-36, Majeed

score

VAS improved from 8 to 4.5; SF-36
improved from 26.6 to 42.9; Majeed

score increased from 36.9 to 64.8

Schroeder, 2013'% Case series

iFuse

Lateral

VAS, ODI, SRS22

Leg VAS score improved from 6.5 to
2.0, while back VAS decreased from
7.83 to 2.67; ODI scores dropped from
22.2 to 10.5 and SRS22 scores
increased from 2/93 to 3.65

Sachs, 2014'2* Retrospective,

observational

iFuse

Lateral

144

VAS

Mean VAS improved by 6.1 points (5.7—
6.6) at last follow up with substantial
clinical benefit (decreased >2.5 points)

achieved in 91.9% of patients

Ledonio, 2014a 125 Retrospective,

observational

iFuse

Lateral

39

ODI

Open and lateral Sl fusion techniques
resulted in statistically and clinically
significant improvement in pain and
disability, however, the number of
patients reaching the minimal clinically
important difference and those
showing overall improvement were
greater in the lateral approach versus

open

Ledonio, 2014b 125 Retrospective,

observational

iFuse

Lateral

44

Surgical parameters,
ODI

Comparison between open and lateral
approach revealed that the open group
had a higher mean estimated blood
loss, surgical time and duration of
hospital stay; mean postoperative ODI
scores were not different between

groups

(Continued)
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Author, Year Study design | Device Approach Sample Outcome Results Level of
size measures evidence
Rudolf, 2014'%¢ Retrospective, iFuse Lateral 17 VAS, ODI, Mean VAS improved from 8.3 to 2.4; I-C
observational radiographic bony mean ODI cohort was 21.5 (moderate
fusion disability) postoperatively; radiographic
fusion was seen in 87% of patients
Duhon, 2016°' Prospective, iFuse Lateral 172 VAS, ODI, opioid use VAS decreased from 79.9 to 26; ODI 1-B
observational decreased from 55.2 to 30.9; Opioid
use decreased from 76.2% to 55%
Kube, 2016'%7 Retrospective, Simmetry Lateral 18 VAS, ODI, fusion rate | Overall fusion rate was 88%; VAS I-C
observational improved from 81.7 to 44.1 points for
back pain and from 63.6 to 27.7 points
for leg pain. ODI scores improved from
61.0 to 40.5
Polly, 201652 RCT iFuse Lateral 148 VAS, ODI Substantial clinical benefit in VAS and I-A
ODI reported by 82% and 66% of
subjects respectively within the fusion
group compared to control
Sachs, 2016'% Retrospective, iFuse Lateral 107 VAS, ODI Mean VAS at baseline reduced from 7.5 | |-C
observational to 2.6; mean ODI was 28.2 at last
follow up
Araghi, 2017'% Prospective, Simmetry Lateral 50 VAS, ODI, opioid use VAS decreased from 76.2 to 35.1; ODI 1-B
observational decreased from from 55.5 to 35.3 and
opioid use reduced from 66 to 30%
Kancherla, 2017'° Retrospective, iFuse Lateral 45 VAS, ODI, SF-12 Mean SF-12 physical score statistically I-C
observational improved comparing early to late
survey follow-up, while ODI and VAS
did not.
Rappoport, 2017'3'! Prospective, SI-LOK Lateral 32 VAS, ODI Statistically significant decrease in mean | |-B
observational VAS
Bornemann, 2017'%2 Prospective, iFuse Lateral 24 VAS, ODI VAS and ODI improved 84.3 £+ 9.2 mm | I-B
observational to 40.7 £ 9.2 mm and from 76.8 + 9.2%
to 40.7 + 9.2% respectively
Vanaclocha, 2018'33 Retrospective, iFuse Lateral 137 VAS, ODI Comparison between conservative, |I-C
observational denervation and lateral fusion
treatment. Patients treated with lateral
fusion had longer clinical responses
with lower opioid use, reduced pain
and disability, compared to
intermediate response with
denervation and short term with
conservative treatment
Cross, 2018'%* Prospective, Simmetry | Lateral 19 NRS, fusion rate Significant reduction in NRS (74%) 1-B
observational noted; 79% bridging bone fusion at 12-
month and 94% at 24-month
Fuchs and Ruhl, Retrospective, DIANA Posterior 171 VAS, ODI, SF-12, SF- VAS decreased from 74 to 37mm; ODI |I-C
2018”' observational MPQ improved from 51 to 33; SF-MPQ
decreased from 50% to 31%, SF-12
physical component increased from
22% to 41% and mental component
increased from 40 to 55%
(Continued)
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Author, Year Study design | Device Approach Sample Outcome Results Level of
size measures evidence
Rajpal and Retrospective, RIALTO Posterior 24 NRS, self-reported NRS decreased from 6.6 to 3.7 and I-C
Burneikiene, 2018'3° observational satisfaction from 4.8 to 1.5 for back and leg pain,
respectively; Mean total satisfaction
score was 79%
Darr, 2018'3¢ Prospective, iFuse Lateral 103 VAS, ODI, EQ-5D 55 points mean improvement in pain; |1-B
observational mean ODI improved of 28 points; 0.3
points improvement on EQ-5D
Rainov, 2019'7 Prospective, iFuse Lateral 160 VAS, ODI SIJ pain decreased from 8.0 to 2.5 (p < | I-B
observational 0.0001) and disability (ODI) decreased
from 45.3 to 16.4 (p < 0.0001). The
proportion with clinically significant
improvements in Sl pain and ODI was
high (> 95%)
Cleveland, 2019'%® Retrospective, iFuse Lateral 50 VAS, ODI, DSI)Q Statistically significant improvement in I-C
observational VAS, ODI and DSI)Q
Dengler, 2019'3° RCT iFuse Lateral 103 VAS, ODI 43.3-point improvement in mean VAS I-A
and 26-point improvement in ODI in
the surgery group compared to control
Whang, 2019'% RCT iFuse Lateral 103 NRS, ODI, EQ-5D, Fusion versus nonsurgical management. | |-A
opioid use, fusion Mean NRS decreased by a mean of 54
rate points, ODI decreased by 26 points,
ED-5D increased by 0.29 points; opioid
use decreased from 77% to 41%; 88%
joint fusion rate
Patel, 2020'' Prospective, iFuse Lateral 51 ODI, NRS, opioid use | ODI decreased from 52.8 to 27.9; NRS | |-B
observational decreased from 78 to 21; opioid use
decreased from 57% to 22%
Claus, 20207¢ Retrospective, iFuse Lateral vs 156 VAS, ODI, SF-12 Significant improvement in VAS, ODI |I-C
observational RIALTO Posterolateral and SF-12 in both cohorts; but no
statistical difference between the two
groups
Schmidt, 2020'*? Retrospective, iFuse Lateral 19 VAS, SF-36 Mean VAS score improved from 7 to 3; | |-C
observational all patients had improvement in their
SF-36 physical function scores (mean
40 preoperatively to 55 at final follow
up)
Abbasi, 2021'* Retrospective, Simmetry Lateral 62 ODI Mean ODI improved from 52.2% to I-C
observational Corelink 34.9%
LnK
Chin, 202177 Case series Sacrofuse Lateral 3 VAS, ODI, SF-12 Mean VAS decreased from 8.33 to 2.33, | |l
while mean ODI decreased from 62.00
to 19.00 and mean SF PCS increased
from 25.53 to 52.32 and mean SF MCS
increased from 26.80 to 56.30
Sayed, 20212 Retrospective, LINQ Posterior 50 NRS, % pain relief Mean NRS reduced from 6.98 to 3.06; | I-C
observational average overall 66.5% relief
(Continued)
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Author, Year

Study design

Device

Approach

Sample

size

Outcome

measures

Results

Level of
evidence

Sayed, 2021b7°

Cadaveric case

series

LINQ

Posterior

Optical tracking
system range of
motion of the joint
versus implantation
shift

Unilateral and bilateral fixations
generated Sl motion reductions in
flexion-extension, lateral bending, and
axial rotation motions; reduction in the
total range of motion had a moderate
correlation with the shift of the center

of instantaneous axis of rotation

N/A

Patel, 2021'**

Prospective,

observational

iFuse

Lateral

51

ODI, NRS

Mean ODI decreased from 52.8 to
28.3; NRS decreased from 78.5 to 21.5

Deer, 202173

Retrospective,

observational

LINQ

Posterior

% pain relief

Mean overall relief of 67.6% + 28.9%;
91.9% reported >30% pain relief; 46.8%
reported >80% pain relief

Kurosawa, 2021 145

Retrospective,

observational

Sacral alar
iliac
screws

and plate

Lateral

26

VAS, RMDQ,
Preoperative
identifiers of poor

outcome

Mean VAS improved from 86.8 to 24.6
and RMDQ from 18.9 to 4 on the good
outcome group compared to the poor
outcome group. Preoperative features
associated with poor surgical
outcomes were female sex, pain in
multiple regions, walking with a cane,
and the use of a wheelchair

preoperatively

Kurosawa, 2022'4¢

Case series

iFuse

Lateral

VAS, ODI

Mean VAS improved from 88.0 + 8.4 to
33.6 £ 31.9 mm at 3 months and 46.4 +
30.9 mm at 36 months. Mean ODI
improved significantly from 76.4% +
3.8% to 46.2% * 21.9% at 6 months,

but not after

Rappoport, 2021 '+

Prospective,

observational

SI-LOK

Lateral

32

VAS, ODI

Mean VAS decreased significantly to
20.0, 5.8 and 11.5 for back, left leg and
right leg respectively; ODI score
decreased significantly to 27.5 points

Novak, 2021 '8

Prospective,

observational

iFuse

Lateral

20

VAS

Clinical improvement was reported in
81% of patients; mean VAS reduced
from 6.1 points to 2.9 points
postoperatively

Wales, 2021'%°

Prospective,

observational

SI-LOK

Lateral

33

SF-36, ODI, ED-5D,
Majeed

Overall improvement in all patient
reported outcomes, however, only
mental component of SF-36, ODI,
Majeed scores, and ED-5D-5L were

statistically significant

Calodney, 202274

Prospective,

observational

LINQ

Posterior

69

VAS, ODI

VAS mean average reduction 34.9; 17.7

mean ODI reduction

Amer, 2022'%°

Case series

iFuse

Lateral

20

VAS, ODI, SF-36

Mean VAS improved from 81.25 + 10.7
SD preoperatively to 52.5 * 26.8; mean
ODI improved from 54.8 + 11.21 SD

to 41.315 £ 15.34; mean PCS and MCS
of SF36 improved by |7 and 20 points,

respectively

(Continued)
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Table 9 (Continued).

Author, Year Study design

Device

Approach

Sample

size

Outcome

measures

Results

Level of
evidence

Kasapovic, 2022'°' Prospective,

observational

iFuse

Lateral

26

VAS, ODI, EQ-5D,

opioid use

Mean VAS decreased 8.4 to 4.6; mean
ODI decreased from 58.1 to 32.; mean
EQ-5D improved from 0.5 to 0.7;

opioid use decreased from 82% to 39%

I-B

Kasapovic, 2022 152 Prospective,

observational

Torpedo

Lateral

NRS, ODI, opioid use

ODI median values were 62%
(quartiles 1-3: 53—67) lower than
preoperatively; opioid use decreased
from 87% to 20%; NRS decreased in all

subjects

Chaves, 2022 153 Retrospective,

observational

SI-LOK

Lateral

36

VAS

The mean preoperative VAS score
decreased from 7.2 £ I.1 to 1.6 + 1.46

postoperatively

Hermans, 2022 154 Retrospective,

observational

iFuse

Lateral

29

VAS, EQ-5D, opioid

use

Mean VAS improved from 7.83 + |.71
to 4.97 * 2.63; EQ-5D improved from
0.266 * 0.129 to 0.499 + 0.260; opioid
consumption decreased from 44.8 to
24.1%

Kucharzyk, 2022 155 Prospective,

observational

Simmetry

Lateral

250

VAS, ODlI, opioid use,

fusion rate

Mean VAS reduced from 76.4 to 33.0;
mean ODI improved from 54.4 to 30.5;
opioid use reduced from 62.7% to
26.9%; 68.7% fusion rate at the last

follow-up

Lynch, 2022'%¢ Retrospective,

observational

PSiF

Posterior

57

Back pain severity,

pain tolerance

Post-market registry analysis revealed
that all clinical outcomes showed
statistically significant improvement for
back pain severity by 44% (6.8 £ 2 to
3.8 + 3), pain-tolerant standing time by
183% (29 + 53 mins. to 82 * 36 mins.),
and pain-tolerant walking distance by
55% (87 £ 267 steps to 135 + 374
steps)

Sarkar, 2022'%7 Retrospective,

observational

SI-LOK
RIALTO

Lateral vs
Posterolateral

43

VAS, fusion rate

Lateral versus posterolateral approach
using robotic guidance versus Stealth
Navigation System. Mean baseline VAS
score decreased from 7.52 + 1.3 to
1.43 + 1.22; SIJ fusion rate was 61% at
6 months, 96.4% at 12 months, and
100% at 18 months

Sayed, 2022'°8 Retrospective,

observational

LINQ

Posterior

NRS, opioid use,

fusion rate

Subjects who failed fusion with a lateral
approach underwent re-surgery with
a posterior approach. The mean NRS
improvement following posterior
fusion was 80%; opioid use decreased
with median morphine milliequivalents
20 pre-procedure and 0 post-
procedure

Soliman, 2022'° Retrospective,

observational

iFuse

Lateral

33

VAS, ODI

Mean VAS was 68.9 at baseline and
decreased to 53.1; similarly showed
a significant improvement

postoperatively

(Continued)
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Table 9 (Continued).

Author, Year Study design | Device

Approach

Sample

size

Outcome

measures

Results

Level of
evidence

Wessell, 2022a'¢° Retrospective, iFuse

observational

Lateral

45

VAS, ODI, opioid use,
DSIjQ

No change in opioid use from baseline.
Significant improvements in VAS from
6.2 to 3.9; ODI and DSIJQ patient-
reported outcomes scores also
showed significant improvements at 12
months after surgery (ODI: 48.9
preoperative vs 24.6 postoperative,
DSIJQ: 53.2 preoperative vs 17.4
postoperative

I-C

Wessell, 2022b'¢" Retrospective, iFuse

observational Simmetry

Lateral

77

Anatomical variants

A positive trend towards better
outcomes in bipartite/dysmorphic and
accessory joint variants, while
semicircular defect and crescent
variants trended toward worse
outcomes. There appears to be a trend
toward differences in surgical

outcomes based on Sl anatomy.

Wang, 2022'¢2 Retrospective, SI-LOK

observational

Lateral

NRS, opioid use

The average NRS was 5.2 * 1.0, and
the average opioid administration was
27.6 £ 10.3 morphine equivalents
preoperative. At the last follow-up,
patients reported an average of 73.1%
+ 30.1% improvement in their

preoperative pain

Anton, 2023'¢? Retrospective, | RIALTO

observational

Posterolateral

118

VAS, ODI, fusion rate

94.9% fusion rate based on imaging;
ODI and VAS statistically significantly
improved from baseline

Cahueque, 2023'%* Retrospective, Sacrix

observational

Posterior

45

VAS, ODI

The posterior approach cohort
demonstrated greater VAS reduction,
shorter operative time and duration of
hospital stay, and improved ODI
scores, compared to lateral approach

Cross, 2023'¢* Retrospective, Integrity-

observational S|

Posterolateral

75

ODI, NRS, SANE,
PROMIS

Statistically significant improvement in
ODI, NRS, PROMIS and SANE (patient
satisfaction) scores and 81% fusion rate
noted up to 12-month

Jedi, 2023'%¢ Retrospective, | SI-LOK

observational

Lateral

85

VAS

Statistically and clinically significant
improvement in VAS in all patients at

final follow-up

Raikar, 2023 167 Case series Sacrix

Posterior

NRS, radiographic
fusion, self-reported
function

improvement

Mean NRS decreased from 8.95 to

2.32; 94.7% of subjects had >50% pain
relief; 100% radiographic fusion noted
at |2-month follow up and 94.7% self-

reported improvement in function

Sayed, 2023 168 Cadaveric case LINQ

series

Posterior

Range of motion
evaluation by optical
tracking system
between posterior
versus lateral

approach

During flexion-extension, the posterior
approach is equivalent to the lateral
approach, however the posterior
fusion approach produced superior
stabilization during lateral bend and

axial rotation

N/A

(Continued)
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Table 9 (Continued).

Author, Year Study design | Device Approach Sample Outcome Results Level of
size measures evidence
Calodney, 20247 Prospective, LINQ Posterior 86 VAS, ODI, PROMIS 66.0%, 74.4%, and 73.5% of participants | |-B
observational 29, Adverse Events classified as responders at the 3-, 6-

and [2-month follow-up visits,
respectively. VAS scores were
significantly reduced (p < 0.0001) and
ODI scores were significantly
improved (p < 0.0001). All domains of
the PROMIS-29 were also significantly
improved (all p’s < 0.0001). Only one

procedure-related serious AE was

reported in the study.

Abbreviations: HMA, Hollow modular anchorage; RCT, Randomized clinical trial; VAS, Visual analog scale; NRS, Numeric rating scale; ODI, Oswestry disability index; SF
12/ 36, Short-form (SF) health assessment; PCS, Physical components scale; MCS, Mental components scale; SF-MPQ, Short form McGill Pain Questionnaire; EQ-5D, Euro
quality of life health questionnaire; SD, Standard deviation; DSIJQ, Denver Sacroiliac joint questionnaire; SANE, single assessment numeric evaluation; RMDQ, Roland Morris
Disability Questionnaire; SRS22, Scoliosis Research Society questionnaire; Sl, Sacroiliac joint; PROMIS, Patient-Reported Outcomes Measurement Information System®

113

fusion.” ” While the quantity of evidence is currently more robust with the lateral approach given its preexistence,

available studies suggest that that the posterior approach has at least similar efficacy with a lower risk profile.”*”*

Summary of Safety in SlJ Fusion

Direct comparison of adverse event rates across different procedure approaches is generally not available. Minimally invasive SIJ
fusion utilizing a lateral approach has been shown to have a total procedural complication rate of up to 11.11%, with the most
common adverse events of wound infection, trochanteric bursitis, and hematoma formation. Shamrock et al reviewed the safety
of transiliac SIJ fusion and reported 14 studies of a total of 720 patients with 91 procedural-related, including infection and
hematoma, and a revision rate of 2.56%.% Similarly, Heiney et al reported surgical wound infection as the most common
complication associated with the transiliac SIJ fusion in a systematic review of 432 subjects.'® Implant malposition causing
symptoms resulting from inadvertent nerve root injury is more likely with the lateral approach, and published data suggests
a lower rate of adverse events with the posterior approach.”* Meta-regression analysis showed that acute malposition was
significantly associated with the lateral approach. Table 10 summarizes these findings from Whang et al 2023."" Findings from
this meta-analysis suggest a lower rate of serious adverse events compared to previous studies. including the following: implant
malposition, 0.43%; wound infection, 0.15%; major bleeding, 0.4%."3 Risks of the lateral approach are significantly less than
risks of open approach but are higher than risks associated with the posterior approach.?""* In a combined cohort of four studies
involving 237 subjects who underwent posterior approach sacroiliac fusion, there were no serious adverse events reported,
including no implant breakage, bone fracture, infection, bleeding requiring surgery, viscous perforation, but only one device
migration.”>’*'*® Rajpal et al reported two hematomas and one infection on a cohort of 24 subjects.'* Posterior sacroiliac fusion
approach appears to have a significantly lower safety risk profile due to avoidance of critical neurovascular structures that can be

Table 10 Summary of Adverse Events Reported in the Current Literature

Approach Total Number Total Number of | Safety Rate
of Studies Subjects

Lateral 47 2348 0.43% implant malposition; 0.145% infection; 0.002% fracture; 0.4% bleeding; 0.6%
removal for pain; 0% breakage, migration

Posterolateral | 8 317 1.11% removal for pain; 0% malposition, breakage, migration, infection, fracture,
bleeding

Posterior 8 497 0.48% removal for pain; 0.35% migration; 0.2% malposition; 0% bleeding, infection,
breakage, fracture

Notes: Data from Whang et al.''?
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encountered with lateral and posterolateral approaches.'”® There have been no reported serious complications as a result of
percutaneous posterior allograft SIJ fusion.”

ASPN Best Practice Statements on Minimally Invasive Sacroiliac Fusion
Recommendations
¢ Minimally invasive posterior SI stabilization with allograft is considered medically necessary when the appropriate
clinical criteria have been met.
¢ Inclusions

1) A failure of conservative measures to at least include physical therapy and injections.

2) Pain persisting a minimum of 6 months that interferes with functional activities as documented by both a pain
score of VAS/NRS of 5 or greater and an ODI of 30 or more.

3) Failure of at least one therapeutic sacroiliac joint injection (less than 50% pain relief for three months duration).
4) Predominant pain pattern consistent with sacroiliac joint pathology.

5) Positive response from at least three validated maneuvers for sacroiliac joint dysfunction.

6) Positive Fortin finger test.

7) Diagnostic imaging: either CT or MRI that excludes destructive lesions of the sacroiliac joint.

8) Diagnostic confirmation of the SI joint as the pain generator demonstrated by at least one image guided (CTor
fluoroscopy) intraarticular injection of the SI joint with 50% or greater pain relief for the expected duration of the
local anesthetic.

e Exclusions

1) Infection or fracture (unrelated to implant).
2) Tumor.
3) Acute traumatic instability.

1. Grade: A

2. Level of Evidence: 1-B

3. Level of Certainty of Net benefit: High

e Minimally invasive SI fusion with lateral transfixing devices is considered medically necessary when the appro-
priate clinical criteria have been met (as above).

1. Grade: A

2. Level of Evidence: 1-A

3. Level of Certainty of Net benefit: High

e Minimally invasive SI fusion implants should be used according to FDA labeling.

1. Grade: A

2. Level of Evidence: 1-A

3. Level of Certainty of Net benefit: High

e The use of implants composed of human cell and tissue products for sacroiliac fusion is considered medically
necessary only if the guidelines set forth by the FDA Regulation of Human Cells and Tissue is followed and should
be registered in the FDA Human Cell and Tissue Establishment Registration.

1. Grade: A

2. Level of Evidence: N/A

3. Level of Certainty of Benefit: High

e ASPN supports the utilization of sacroiliac fusion and stabilization devices with published, peer-reviewed, multi-
center, prospective evidence of at least 6 months duration to assess efficacy and safety.

1. Grade: A
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2. Level of Evidence: 1-A

3. Level of Certainty of Benefit: High

e The current evidence is insufficient to determine the medical necessity of emerging techniques for minimally
invasive sacroiliac fusion such as posterior-transfixing, and hybrid approaches.

1. Grade: 1

2. Level of Evidence: 11

3. Level of Certainty: Low

Conclusion
The treatment of SID is a complex and important matter in the management of patients with back, buttock and leg pain.
The best practice of treating this disorder involves 1) An understanding of anatomy; 2) Proper history taking of factors
suggesting this pathology; 3) An understanding of comorbid pathologies that can cause similar complaints; 4) An
understanding of imaging and ruling out other significant disease processes; 5) An understanding of physical examination
for SID; 6) An understanding of diagnostic injections and evaluation of response; 7) An understanding of the proper use
and methods of neuroablative procedures; and 8) An understanding of the risk to benefit assessment of various methods
of minimally invasive and surgical methods of SID treatment.

When each of these goals are met using best practices, the patient has the most likely chance of an optimal outcome
with improvements in both safety and efficacy.

Abbreviations

ASAS20, 20% improvement from baseline of ASA response criteria; ASDAS, Ankylosing Spondylitis Disease Activity
Score; ASPN, American Society of Pain and Neuroscience; BASFI, Bath Ankylosing Spondylitis Functional Index;
BASMI, Bath Ankylosing Spondylitis Metrology Index; BMAC, Bone marrow aspirate stem cell concentrate; CT,
Computed tomography; DSIJQ, Denver Sacroiliac joint questionnaire; EQ-5D, Euro quality of life health questionnaire;
FABER test, Flexion, abduction and external rotation; FACIT, Functional Assessment of Chronic Illness Therapy; FDA,
United States Food and Drug Administration; GPE, Global Perceived Effect; HMA, Hollow modular anchorage; IA,
Intraarticular; MAUDE, Manufacturer and User Facility Device Experience; MODQ, Modified Oswestry Disability
Questionnaire; MRI, Magnetic resonance imaging; NRS, Numeric rating scale; NSAID, Non-steroidal anti-inflammatory
drug; ODI, Oswestry Disability Index; PAK, Pedicle access kit; PDGF, Platelet-derived growth factors; PDQQ, Pain
Disability Quality of Life Questionnaire; PRF, Platelet rich fibrin; PRP, Platelet rich plasma; PSN, Posterior sacral
network; RAND-36, Research and Development Corporation 36-Item Health Survey; RCT, Randomized controlled trial;
RFA, Radiofrequency ablation; RMDQ, Roland Morris Disability Questionnaire; SANE, Single assessment numeric
evaluation; SD, Standard deviation; SF, Short-form health questionnaire (eg, SF-36, SF-12); SI, Sacroiliac; SID,
Sacroiliac disorders; SIJ, Sacroiliac joint; SRS22, Scoliosis Research Society; SVF, Stromal vascular fraction; US,
Ultrasound; USPSTF, United States Preventative Services Task Force; VAS, Visual analog scale.
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