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ABSTRACT

Background:
are now available.
Methods:

Sacroiliac (SI) joint fusion is increasingly used to treat chronic SI joint pain. Multiple surgical approaches

Data abstraction and random effects meta-analysis of safety and efficacy outcomes from published patient

cohorts. Patient-reported outcomes (PROs) and safety measures were stratified by surgical technique: transiliac, including
lateral transiliac (LTI) and posterolateral transiliac (PLTI), and posterior interpositional (PI) procedures.

Results:

Fifty-seven cohorts of 2851 patients were identified, including 43 cohorts (2126 patients) for LTI, 6 cohorts (228

patients) for PLTI, and 8 cohorts (497 patients) for PI procedures. Randomized trials were only available for LTI. PROs were
available for pain (numeric rating scale) in 57 cohorts (2851 patients) and disability (Oswestry Disability Index [ODI]) in 37

cohorts (1978 patients).

All studies with PROs showed improvement from baseline after surgery. Meta-analytic improvements in pain scores were
highest for LTI (4.8 points [0—10 scale]), slightly lower for PLTI (4.2 points), and lowest for PI procedures (3.8 points, P =
0.1533). Mean improvements in ODI scores were highest for LTI (25.9 points), lowest for PLTI procedures (6.8 points), and

intermediate for PI (16.3 points, P = 0.0095).

For safety outcomes, acute symptomatic implant malposition was 0.43% for LTI, 0% for PLTI, and 0.2% for PI procedures.
Wound infection was reported in 0.15% of LTI, 0% of PLTI, and 0% of PI procedures. Bleeding requiring surgical intervention
was reported in 0.04% of LTI procedures and not reported for PLTI or PI. Breakage and migration were not reported for any
device. Radiographic imaging evaluation reporting implant placement accuracy and fusion was only available for LTI.

Discussion:

Literature support for SI joint fusion is growing. The LTI procedure contains the largest body of available

evidence and shows the largest improvements in pain and ODI. Only LTI procedures have independent radiographic evidence
of fusion and implant placement. The adverse event rate for all procedures was low.

Level of Evidence: 1.

Minimally Invasive Surgery

Keywords: sacroiliac joint, sacroiliac joint fusion, lateral transiliac, systematic review, meta-analysis

INTRODUCTION

The sacroiliac (SI) joint is a common cause of chronic
low back pain (15%—-30%)."? In patients with low back
pain following lumbar fusion, SI joint pain may be a
more common cause (as high as 40%).> Nonsurgical
treatments for SI joint pain include physical therapy,
pain medications, SI joint injections (corticosteroids or
other substances), and radiofrequency ablation.

Fusion of the SI joint was first reported in the early
1900s.* While several technical variations on open SI
joint fusion have been reported,” open fusion techniques
solely to address discrete SI joint pain are now rarely
performed due to significant operative and postoperative

morbidi‘[y.6 The American Medical Association (AMA)
assigned a Current Procedural Technology (CPT) to the
open SI joint fusion procedure in the 1980s and refined
the description in 2014.

In the early 2000s, minimally invasive transiliac
procedures for SI joint stabilization and fusion were
developed. These procedures follow the lateral tra-
jectory described by Routt for the stabilization of
traumatic injuries involving the SI joint.” The earliest
(and most common) version of this procedure involves
the placement of metallic devices laterally to medi-
ally through the ilium, across the SI joint and into the
sacrum (Figure 1). The term lateral transiliac (LTI) is
used here to describe this procedure. Although standard
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Figure 1. Diagram of trajectories for minimally invasive sacroiliac joint fusion.

bone screws were used initially, in the late 2000s, trian-
gular titanium implants (TTI) (iFuse Implant System,
SI-BONE, Santa Clara, CA) were designed specifically
for SI joint fusion procedures using an LTI approach.
Typically, 3 devices are placed such that the implants
traverse 3 bony cortices and terminate near or at the
sacral body. Termination at or near the sacral body is
advantageous as the body has superior bone quality
compared with the ala.’ These implants stabilize the
SI joint acutely through their triangular shape, which
resists rotation within bone, as well as forming multiple
points of fixation. Long-term (permanent) stabilization
is achieved via bone growth onto the implant surface
and through the implant fenestrations and across the
SI joint. Several biomechanical studies provide addi-
tional support for these implants.'>'? Early studies of
the use of TTI for SI joint fusion via the LTI proce-
dure showed that this approach provides immediate and
sustained improvement in pain and related disability,
with improvements that exceeded those of nonsurgi-
cal treatment.”>™"> With accumulating evidence, AMA
CPT published a code (27279) that describes mini-
mally invasive SI joint fusion using this LTI approach.
Subsequently, and not surprisingly, additional metallic
devices were developed and cleared for SI joint fusion
by the US Food and Drug Administration.

More recently, a variation of the LTI procedure, in
which the devices are placed at a posterior lateral angle
across the SI joint (see Figure 1), was developed. Here,
this is referenced as a posterolateral transiliac (PLTT)
procedure. Examples of US Food and Drug Adminis-
tration—cleared devices for PLTI procedures include
RIALTO (Medtronic), Sacrofuse (Sacrix), SI-LOK
(Globus Medical), and Transloc (Foundation Fusions

Systems). As these procedures involve placement of
devices through the ilium across the SI joint into the
sacrum, they are considered a variant on transiliac pro-
cedures described by CPT 27279. In contrast to LTI, the
PLTI technique has a more posterior starting point and
takes an oblique trajectory across the SI joint. It was
developed to lower the risk of injury/irritation of the S1
and S2 nerves within the foramina and to the branches
of the superior gluteal artery.

Another procedure involves placing implants (either
structural bone allografts or metallic devices) directly
into the SI joint from a posterior approach without
transfixing the joint, that is, a posterior interpositional
or intra-articular (PI) approach. Examples of metallic
devices include NADIA (Ilion Medical) and DIANA
(SIGNUS). The same PI procedure can be performed
with structural allografts, which are available from mul-
tiple vendors. The PI procedure relies on ligamentotaxis
for early/short-term SI joint stabilization and distrac-
tion arthrodesis (DA) for long-term SI joint fusion. The
AMA CPT panel provided clarification that such PI
procedures are fundamentally different than transiliac
procedures (LTI and PLTI), and a new tracking code
(0775T) was assigned. A new AMA CPT Category I
code for minimally invasive SI joint fusion with a PI
procedure will become effective on 1 January 2024.

Finally, some recently marketed devices are placed in
a posterior procedure with device elements that span or
bridge the SI joint and engage in both the medial ilium
and the lateral sacrum. Examples of such devices include
Catamaran (Tenon) and Transfix (Aurora). Published clin-
ical literature describing the safety and/or effectiveness of
this type of device and this procedure variation is currently
lacking.

Previous meta-analyses of the safety and effective-
ness of various procedures for minimally invasive SI
joint fusion have been published. To date, no meta-
analysis has characterized minimally invasive SI joint
fusion safety and effectiveness on the basis of implant
placement procedure using the most recently updated
AMA CPT procedural descriptions. In the present
article, we identify and analyze published clinical
cohorts of patients undergoing minimally invasive SI
joint fusion using transiliac (LTI and PLTT) procedures
and PI procedures.

METHODS

The reporting of this systematic review was guided
by the standards of the Preferred Reporting Items for
Systematic Review and Meta-Analysis Statement.
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Table 1. Summary of data abstraction from each identified study.

Characteristic Variable Type Choices/Comment

Study design Binary Prospective vs retrospective

Procedure type Nominal Transiliac (either lateral or posterolateral) or posterior
interpositional

Device/allograft used Nominal Name of device

Number of patients treated Integer

Number of patients with follow-up scores Integer

Baseline and last follow-up pain score (visual analog scale or numeric pain Continuous Converted to 0- to 10-point scale

rating scale)
Baseline and last ODI Continuous For both pain score and ODI, when multiple scheduled
follow-up visits were available, the last available
reported mean score was extracted.
Safety outcomes: Integer Fracture defined as involving both cortices of the ilium

e Symptomatic implant malposition—typically resulting in new onset acute
radicular pain—requiring surgical intervention.

e Symptomatic implant malposition causing bowel/bladder perforation.

e Implant breakage.

e Implant migration.

e Late removal—typically for ongoing or recurrent pain.

e Dislodgement of bone fragment into foramen during placement.

e Fracture (sacral or ilial) during placement.

e Wound infection requiring notable treatment such as wound exploration
or implant removal.

e Bleeding requiring surgical intervention.

or sacrum and displacement of a significant fragment
of bone.

Abbreviation: ODI, Oswestry Disability Index.

Literature Search

Published literature describing cohorts of patients
undergoing SI joint fusion was identified through
structured Medline searching using the search term
“sacroiliac joint fusion” or “sacroiliac joint arthrod-
esis.” Articles published between January 2010 and
June 2023 were included. A literature search was per-
formed on 28 March 2023 and updated in July 2023.
Studies were included if they included patients seeking
operative care for chronic SI joint pain diagnosed via
medical history, physical examination, and diagnostic
SI joint block and reported operative and/or long-term
(>3 months) outcomes after minimally invasive SI joint
fusion using metallic devices or allografts. Studies with
incomplete reporting, or those reporting only follow-up
scores (e.g., Beck16), were excluded. Where possible,
duplicate reports of the same cohort were excluded.

Data Abstraction

Abstracts from Medline searches were reviewed, and
relevant full-text articles were obtained. Studies were
reviewed by at least 2 authors. Any discrepancies in
data abstraction were resolved by discussion. For each
article, information shown in Table 1 was reviewed and
extracted into an Excel worksheet. Results from studies
reporting the use of more than 1 device were, where
possible, extracted separately. Hence, reporting is on
the basis of cohorts, not studies.

Study design is a potentially important source of
bias. Studies that noted prospective capture of data but
no systematic reporting of follow-up data (eg, number
withdrawn, loss to follow-up, etc) were deemed retro-
spective.

Statistical Analysis

Excel data were imported into and analyzed in R on
the RStudio platform. Random effects meta-analysis
and meta-regression were performed using the metafor
library."” Meta-regression focused on change scores
only. Graphical analysis was performed using the
ggplot2 library.

Poolability was assessed on the basis of the combina-
tion of study design, target patient population, interven-
tions, and data reporting. Although study reporting was
not all complete, all identified studies appeared to target
the same patient population and use similar approaches
to data capture.

Many studies did not report change scores or mea-
sures of variation (ie, SD). Missing SDs were imputed
as the average of available reported SDs. Studies not
reporting baseline scores were generally excluded. For
those studies using more than 1 device that reported
outcomes separately, results were separately abstracted.
When duplicate studies were identified, only the latest
study was used for abstraction. Funnel plots were
examined within procedure type to detect evidence of
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Table 2. Summary of available studies for efficacy (pain scores and ODI).

Table 3. Proportion of studies noted to be prospective.

Procedure Device Cohorts  Patients
Studies reporting SI
Joint Pain Scores
LTI HMA screw 3 79
iFuse 31 1605
Sacrofuse 1 3
SI-LOK 3 136
SImmetry 4 288
Torpedo 1 15
Total 43 2126
PLTI Rialto 3 122
Sacrix 1 19
SI-LOK 1 36
Total 6 228
PI DIANA 2 190
LINQ 4 237
Threaded cage 1 13
Total 8 497
Total 57 2851
Studies reporting ODI
LTI HMA screw 1 9
iFuse 23 1161
Sacrofuse 1 3
SI-LOK 2 72
SImmetry screw 3 269
Torpedo 1 15
Simmetry, Corelink, or 1 55
LnK
Total 32 1584
PLTI Rialto 2 135
PI DIANA threaded cage 2 190
LINQ 1 69
Total 3 259
Total 37 1978

Abbreviations: HMA, hollow modular anchor; LTI, lateral transiliac; ODI, Oswestry
Disability Index; PI, posterior interpositional; PLTI, posterolateral transiliac.

publication bias. Data are available upon reasonable
request.

RESULTS
Dataset

The literature search resulted in 464 hits. After review
of abstracts and addition of 4 previously known cohorts
not identified via Medline hits, a total of 122 full-text
articles were obtained and reviewed, of which 56 met
eligibility criteria. An additional literature search in
July 2023 revealed 5 additional relevant cohorts. One
study of placement of plates (not minimally invasive) or
implants placed in a sacroalar iliac trajectory (not com-
monly performed in the United States and Europe) was
excluded."®

Efficacy

Efficacy results were reported in 57 cohorts (2851
patients, Table 2) for pain scores and 37 cohorts (1978
patients) for Oswestry Disability Index (ODI). The
largest number of studies involved use of iFuse Implant

Studies Reporting Studies Reporting
Pain Scores Oswestry Disability Index
Procedure N/Total % N/Total %
LTI 9/43 21% 8/32 25%
PLTI 0/6 0% 0/2 0%
PI 3/8 38% 2/3 67%
Total 12/57 21% 10/37 27%

Abbreviations: LTI, lateral transiliac; ODI, Oswestry Disability Index; PI, posterior
interpositional; PLTI, posterolateral transiliac.

System (SI-BONE, Inc., Santa Clara, CA, USA), placed
through the LTI procedure. There were fewer PI studies
reporting pain or ODI scores, but these studies were
more likely to be prospective (Table 3).

Baseline (green) and last follow-up (blue) mean
scores for each cohort are shown in Figure 2 for pain
scores and Figure 3 for ODIL.

ODI was reported in 31 LTI cohorts (1584 patients),
2 PLTI cohorts (135 patients), and 3 PI cohorts (259
patients). Prospective study designs were used in 25%
of LTI cohorts, 0% of PLTI cohorts, and 67% of PI
cohorts. Meta-analytic mean scores at baseline and
last follow-up were as follows: for LTI procedure, 56.2
(52.5-60) and 30.9 (26.8-34.9); for PLTI procedure,
51.5 (47.4-55.6) and 44.8 (39.3-50.3), and for the PI
procedure, 54.6 (48.3-60.9) and 40.6 (28.2-53.1).

Change scores for pain ratings and ODI are shown
in Figure 4 and Figure 5. These figures similarly show
that meta-analytic mean improvements for pain scores
were larger for LTI procedures (4.8 points, 95% CI 4.5—
5.2), slightly lower with PLTI (4.2 points, 2.6-5.8), and
lowest with PI procedures (3.8 points, 2.9-4.7, analy-
sis of variance [ANOVA] P = 0.1533). Similarly, ODI
scores were larger for LTI procedures (25.8, 22.8-28.9)
vs PLTI (6.8, 4.0-9.6) and PI (16.3, 12.0-20.6, analysis
of variance P = 0.0095) procedures. This analysis was
limited as only 2 PLTI studies and 3 PI studies included
ODI. Funnel plots (not shown) did not indicate publi-
cation bias.

Meta-regression showed no impact of study design
(ie, prospective vs retrospective studies) on change
scores for either SI joint pain or ODIL.

Safety

Safety outcomes by procedure and study are shown
in Table 4. In total, 63 cohorts reported outcomes on
3162 patients (Table 5). Prospective designs were used
in 9/47 (19%) of LTI cohorts, 0/8 (0%) of PLTI cohorts,
and 3/8 (38%) of PI cohorts. Most published studies
involved LTI placement of metal implants (47 cohorts
and 2348 patients). In the LTI category, iFuse Implant
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Figure 2. Baseline and last follow-up sacroiliac (Sl) joint pain scores by procedure, study, and device. Baseline scores are shown in green, and last follow-up
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Table 5. Summary of available studies for safety outcomes.

Procedure Device Cohorts  Patients
Posterior DIANA 2 190
interpositional LINQ 4 237
PSiF 1 57
Threaded cage 1 13
Total 8 497
Lateral transiliac  Hollow modular anchor screw 3 79
iFuse 32 1637
Samba 1 9
SI-LOK 3 157
SImmetry 4 288
Torpedo 1 15
Various 2 101
Simmetry, Corelink, and Lnk 1 62
Total 47 2348
Posterolateral Rialto 4 240
transiliac Sacrix 1 19
Sacrofuse 1 3
SI-LOK 2 55
Total 8 317
All Total 63 3162

System was the most commonly reported device used
(32 cohorts and 1637 patients). The PLTI procedure
was reported in 8 cohorts (317 patients). The PI proce-
dure (with placement of structural allograft[s] or metal-
lic implants) was reported in 8 cohorts (497 patients).

The rate of selected safety outcomes is shown in
Table 6. Acute implant malposition was reported in
0.43% of patients undergoing placement of devices in
the LTI procedure, 0% in the PLTI procedure, and 0.2%
in the PI procedure. In the PI procedure, malposition
was reported for a metallic device but not for structural
allografts (though radiographic assessment was not per-
formed in any PI allograft study).*’ Several outcomes
were not reported in any study (fracture, dislodgment
of bone into the foramen, implant breakage, or bowel
perforation). Bleeding requiring surgery was reported
in 6 LTI studies (1 patient each, meta-analytic rate of
0.039% [95% CI 0%—0.163%]) but not in any PLTI or
PI report. Device removal for pain was reported for all
procedures (rates of 0.06% for LTI, 1.1% for PLTI, and
0.48% for PI). Wound infections were reported in LTI
studies only (rate of 0.15%).

Table 6. Meta-analytic summary of safety outcomes.

Including all studies, meta-regression showed that
study design (prospective vs retrospective) did not sta-
tistically significantly impact safety outcome estimates.
Similarly, study design did not have any effect on safety
estimates within LTI studies. Meta-regression was not
done for PLTI and PI studies due to the small number
of reports.

Within LTI studies, meta-regression showed that
device type was significantly associated with 2 of 9
safety outcomes. Acute malposition occurred more
commonly with the Samba screw (2/9 cases in one
study,® ¥* P < 0.0001). Late removal due to pain
occurred more commonly with SI-LOK (4/157 cases,
2.5%, y* P = 0.0165); this result was driven by a single
study> reporting 4 removals in 40 patients. Analysis
across device types was not performed for PI and PLTI
studies due to the low number of cohorts.

DISCUSSION

Evidence for the safety and efficacy of minimally
invasive SI joint fusion has grown substantially over the
past decade. Multiple procedural approaches are now
available, including LTI, PLTI, and PI (less common).
However, previous meta-analyses have not distin-
guished outcomes by procedure type. This distinc-
tion is key as the procedural approaches differ in their
approach to acute and long-term stabilization and fusion
of the complex SI joint. Thus, the clinical outcomes and
safety data for the different procedures should not be
generalized; they are fundamentally different. These
fundamental differences have been recognized by the
AMA, resulting in separate CPT codes to describe the
procedures.

The evidence base for minimally invasive SI joint
fusion is fairly large. However, the great majority of
published evidence involves the LTI procedure. The LTI
procedure was based, in part, on previous reports of per-
cutaneous screw fixation for sacral fractures as well as
early results of an identical procedure for the treatment

Lateral Transiliac

Posterolateral Transiliac Posterior Interpositional

Outcome PE LCL UCL PE LCL UCL PE LCL UCL
Acute symptomatic malposition 0.429 0.156 0.836 0.000 0.000 0.303 0.2 0.000 1.42
Breakage 0.000 0.000 0.041 0.000 0.000 0.303 0.000 0.000 0.253
Migration 0.000 0.000 0.041 0.000 0.000 0.303 0.035 0.000 0.476
Bowel perforation 0.000 0.000 0.043 0.000 0.000 0.303 0.00 0.000 0.253
Removal for pain 0.059 0.002 0.199 1.11 0.000 3.83 0.48 0.000 1.72
Dislodgment of bone 0.001 0.000 0.054 0.000 0.000 0.303 0.000 0.000 0.253
Fracture 0.002 0.000 0.063 0.000 0.000 0.303 0.000 0.000 0.253
Wound infection 0.145 0.015 0.408 0.000 0.000 0.303 0.000 0.000 0.253
Bleeding requiring surgery 0.039 0.000 0.163 0.000 0.000 0.303 0.000 0.000 0.253

Abbreviations: LCL, lower 95% confidence limit; PE, point estimate; UCL, upper 95% confidence limit.
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of chronic SI joint pain. Within the LTI procedure, the
most commonly reported device (constituting approx-
imately 3 quarters of all LTI patients reported) was
triangular titanium implants (iFuse Implant System, SI-
BONE). The evidence base for PLTI and PI procedures
(7.6% and 15.2% of all patients with follow-up pain
scores) was far less.

Our results generally suggest that minimally invasive SI
joint fusion provides high levels of pain relief and disability
improvement (as reflected by improvements in ODI) along
with a reasonable safety profile. Of note, no cohort showed
mean worsening of pain and/or disability. Meta-regression
provided evidence to suggest that improvements in pain
and disability were highest in LTI procedures and lower
in the other procedures. In the PLTI procedure, implants
are placed obliquely across the SI joint axis of rotation. A
biomechanical study showed that this approach provided
less stability compared with placement of implants par-
allel to the axis of rotation (as done with the LTI proce-
dure).” This decreased stability may be due in part to less
bony engagement in the sacrum and implant termination
point in the sacral ala vs nearer the sacral body. Moreover,
because implants placed in the PLTI trajectory traverse
the ligamentous portion of the joint, bone surfaces may
be separated by several millimeters of ligamentous tissue,
which is not conducive to new bone formation.”* In a com-
parative study, PTLI procedures had a higher incidence
of persistent SI joint pain with radiographic evidence of
lucency and nonunion compared with LTL*

LTT procedures also appeared to show superior efficacy
(pain and ODI response) compared with PI procedures.
The PI procedure relies on DA, namely stabilization of
the SI joint through ligamentotaxis achieved by distracting
the joint with an implant. DA was previously used in the
lumbar spine, but the technique is now rarely used due to
substantial rates of implant subsidence, low rates of per-
manent fusion, and poor overall responses.”””> Rather,
current practices in the lumbar spine involve full prepa-
ration of the disc space with complete removal of disc
material, preparation of the endplate, and stabilization of
the motion segment with rigid anterior and/or posterior
instrumentation. In the SI joint, DA with metallic devices
was successful at achieving fusion only when the joint was
thoroughly prepared and augmented with oft-label use of
th-BMP* In early PI studies using metallic implants,
the rate of poor implant position was high (5/19%* and
“large percentage”).” Also note that DA of the SI joint
relies on accurate intra-articular placement of implants; a
recent case series suggests a high rate of structural allograft
placements outside the joint with consequent lack of joint
fusion.”

The rates of some events (major bleeding and
symptomatic implant malposition) have been called
into question, especially for the LTI procedure.’”’
Our results suggest that event rates are low across
all procedures, including the LTI. Implant malposi-
tion causing symptoms resulting from inadvertent
nerve root irritation is more likely in the LTI proce-
dure compared with other procedures as implants are
directed toward the sacral foramina. However, the
rate of this outcome was low in the LTI procedure
(0.43%). This rate is consistent with postmarket sur-
veillance reported by the manufacturer,”®”® includ-
ing a decrease in rate over time.”” This rate is also
consistent with the reported symptomatic malposi-
tion/revision rate for pedicle screws during lumbar
fusion placed freehand (0.8%—3.25%).80’81 The rate
of implant malposition varied across LTI device
types, but this finding was driven by only 2 studies.
Symptomatic malposition was reported in some PI
procedure studies but no PLTI procedure studies.
Direct comparisons of adverse event rates across pro-
cedures are generally not available. A single-center
retrospective comparison of LTI and PLTI procedures
published in an abstract only suggests a lower rate
of adverse events with the PLTI approach.®” Detailed
analyses of revision rates (mostly for implant mal-
position) have been reported for triangular implants
only.”®” Information on implant location in SI joint
fusion procedures has not been fully evaluated.
Symptom recurrence with implant malposition after
PI procedures (allografts) has been reported.’

The rates of other outcomes (implant removal, dis-
lodgment of bone fragments into the sacral foram-
ina, fracture, wound infection, and bleeding requiring
surgery) were low in all groups. The rate of LTI
implant removal varied across device types, but these
results were driven by a small number of studies. No
study reported breakage or migration of implants. In
studies of the PI procedure using structural allograft,
follow-up radiographic assessment was not per-
formed. This prevents assessment of migration, sub-
sidence, fracture of the structural allograft, or fusion
status.

Implants for SI joint fusion are likely effec-
tive only if placed accurately in the target loca-
tion. Placement accuracy as assessed by implant
engagement length into the sacrum was reported in
one LTI study.'* Placement accuracy was indirectly
assessed in other LTI studies of the iFuse Implant
System through independent radiographic analysis of
fusion outcomes.?” No other studies reported implant
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placement accuracy. Inaccurate placement of struc-
tural allografts leading to revision surgeries has been
reported.”® To our knowledge, prospective studies of
PI allograft placement have not included radiographic
assessment. Only studies of iFuse implants have used
independent radiologists for assessment.

Other than for some LTI devices, published studies
of SI joint fusion have not extensively evaluated
radiographic joint fusion. Whang et al reported high
joint fusion rates (88%) for iFuse implants based on
independent radiographic analysis.”’” Some studies
reported high joint fusion rates but without indepen-
dent assessment.”>® Other studies reported “proba-
ble fusion” on the basis of clinical findings (absence
of loosening on x-ray plus symptom improve-
ment).”!" As noted above, some studies excluded all
radiographic assessment, including fusion.®® There
appears to be no consensus on the definition of fusion
of the SI joint. Successful fusion of the lumbar spine
appears to predict increased improvement in pain
and disability scores.®® The rate of SI joint fusion
across procedures, as well as the correlation between
SI joint fusion and symptom relief, remains under-
explored.

Overall literature quality was moderate. A minority
of included cohorts were prospective, that is, a higher
level of study design. Most studies were retrospective
case series. No prospective studies were available for
the PLTI procedure. Only LTI included randomized
trials. Except for one peer-reviewed cohort showing
no differences between an LTI and a PLTI proce-
dure,*® prospective comparative data are not avail-
able.

Of interest is the difference between metallic
devices and structural allografts. Whether head-to-
head studies need to be executed is a matter of dis-
cussion.

Detailed per-study information was not sufficient
to determine with confidence whether pooling results
across studies was reasonable. However, it appears
that the same diagnostic algorithm was used for diag-
nosis in most studies (history, physical examination
with the use of 3 or more physical examination tests
that provoke typical pain near the PSIS, and diagnos-
tic intra-articular SI joint block using a small amount
of local anesthetic). Moreover, all studies showed
improvement in one or both efficacy parameters (pain
and ODI), and all studies showed low overall adverse
event rates, suggesting the observation of similar
phenomena across studies. Funnel plots showed no
systematic bias.

Other aspects of SI joint fusion procedures remain
underexamined. For example, cost-effectiveness
has been estimated only for triangular titanium
implants.* Opioid consumption is reported in a
minority of studies (not reviewed further here) with
variable results (some showing reduced opioid use®
and others showing no reduction®).

CONCLUSIONS

Substantial literature supports the safety and effec-
tiveness of minimally invasive SI joint fusion. The
evidence base for the LTI procedure is largest and of
the highest quality. However, only one implant (iFuse)
has level 1 evidence and independent radiographic
assessment of joint fusion. Studies reporting out-
comes with the LTI procedure show larger improve-
ments in pain and disability compared with those on
PLTI or PI procedures. All procedures appeared to
have low rates of safety outcomes; direct compari-
sons are not available; such studies are potentially
limited by event rarity. Outstanding issues for PLTI
and PI procedures include implant placement accu-
racy, fusion rates, and impact on opioid use. No infor-
mation is available for devices placed posteriorly that
span the joint.
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