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Abstract
Background

Sacroiliac (SI) joint pain is a prevalent, underdiagnosed cause of lower back pain. SI joint fusion can relieve pain
and improve quality of life in patients who have failed nonoperative care. To date, no study has concurrently com-
pared surgical and non-surgical treatments for chronic SI joint dysfunction.

Methods

We conducted a prospective randomized controlled trial of 148 subjects with SI joint dysfunction due to degenera-
tive sacroiliitis or sacroiliac joint disruptions who were assigned to either minimally invasive SI joint fusion with
triangular titanium implants (N=102) or non-surgical management (NSM, n=46). SI joint pain scores, Oswestry
Disability Index (ODI), Short-Form 36 (SF-36) and EuroQol-5D (EQ-5D) were collected at baseline and at 1, 3 and
6 months after treatment commencement. Six-month success rates, defined as the proportion of treated subjects
with a 20-mm improvement in ST joint pain in the absence of severe device-related or neurologic SI joint-related
adverse events or surgical revision, were compared using Bayesian methods.

Results

Subjects (mean age 51, 70% women) were highly debilitated at baseline (mean SI joint VAS pain score 82, mean
ODI score 62). Six-month follow-up was obtained in 97.3%. By 6 months, success rates were 81.4% in the surgical
group vs. 23.9% in the NSM group (difference of 56.6%, 95% posterior credible interval 41.4-70.0%, posterior proba-
bility of superiority >0.999). Clinically important (=15 point) ODI improvement at 6 months occurred in 75% of
surgery subjects vs. 27.3% of NSM subjects. At six months, quality of life improved more in the surgery group and
satisfaction rates were high. The mean number of adverse events in the first six months was slightly higher in the
surgical group compared to the non-surgical group (1.3 vs. 1.0 events per subject, p=0.1857).

Conclusions

Six-month follow-up from this level 1 study showed that minimally invasive SI joint fusion using triangular titani-
um implants was more effective than non-surgical management in relieving pain, improving function and improv-
ing quality of life in patients with SI joint dysfunction due to degenerative sacroiliitis or SI joint disruptions.

Clinical relevance
Minimally invasive SI joint fusion is an acceptable option for patients with chronic SI joint dysfunction due to de-
generative sacroiliitis and sacroiliac joint disruptions unresponsive to non-surgical treatments.

KEYWORDS: MINIMALLY INVASIVE SURGERY, SACROILIAC JOINT, SACROILIAC JOINT DYSFUNCTION, SACROILIAC JOINT ARTHRODESIS, MINIMALLY INVA-
SIVE SPINE SURGERY, RANDOMIZED CONTROLLED TRIAL
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Background

The sacroiliac (SI) joint was initially identified as a
potential pain generator in the early 1900s’ but still
remains an under-recognized source of pain localiz-
ing to the lower back and buttock.” The SI joint con-
tains mechanoreceptors® as well as nociceptive fibers
and receptors,’ providing strong evidence that the
joint can be a cause of pain. SI joint pathology char-
acteristically gives rise to buttock pain, which may ra-
diate into the lower back, groin, or leg.’ The clinical
presentation is often variable and may be mimicked
by disorders of the lumbar spine or hip. Blinded
studies of local anesthesia to block provoked pain as
well as cadaveric nerve root dissections have helped
to define the complex innervation of the joint.*” The
SI joint requires a combination of articular congruity
and balanced muscular/ligamentous compression
(i.e. “form and force closure”®) in order to maintain
functional stability and facilitate load transfer be-
tween the spine and lower extremities. When one or
more of these components is compromised, the joint
surfaces may be subject to increased stresses result-
ing in pathologic motion, degeneration and pain.
Electromyography has confirmed that, compared to
normal patients, those with SI joint pain have altered
muscle activation.?

History and physical examination may be suggestive
of SI joint-mediated pain, especially when multiple
provocative tests that stress the SI joint are found to
be positive.'” However, the diagnosis is confirmed
when image-guided injection of local anesthetic into
the SI joint results in marked pain reduction; a diag-
nostic approach that has been advocated by numer-
ous practice guidelines."" While radiographic abnor-
malities of the SI joint are common, they may not re-
liably correlate with symptoms.'*” Multiple investi-
gations have indicated that SI joint-mediated pain is
common with a prevalence estimated to be between
15% - 25% among patients with back pain, and even
higher following lumbar fusion surgeries.>""

Non-surgical treatments for SI joint conditions in-
clude medical management, physical therapy (PT),
manipulation, steroid injections, prolotherapy, and
radiofrequency (RF) ablation. High quality clinical
evidence corroborating the benefits of these non-sur-

gical therapeutic options is limited by small patient
populations, lack of placebo controls, and failure to
utilize validated outcome measures. Blinded con-
trolled trials of intra-articular steroid SI joint injec-
tions and RF ablation have demonstrated only short-
term”** (and in one case long-term**) improvements
in ST joint pain.

Arthrodesis of the SI joint was first described in the
1920s” with several small retrospective case series
reporting this operation to be effective for relieving
chronic ST joint-mediated pain.”** Pain relief is likely
mediated by SI joint stabilization, reducing the need
for active coordinated musculoligamentous effort to
facilitate effective load transfer across the SI joint.
However, these open approaches to SI joint fusion
typically require long skin incisions with extensive
dissection of the soft tissues, subjecting patients to
considerable morbidity, pain, substantial blood loss,
lengthy hospital stays, prolonged recovery periods,
high nonunion rates (9%-41%28,32,33), and an inherent
risk of serious complications (13.7%**), all of which
contribute to wide variation in satisfaction rates
(18-80%).%

Minimally invasive arthrodesis of the SI joint has re-
cently been introduced to avoid many of the disad-
vantages associated with traditional open techniques.
The number of these operations being performed in-
creased 4-fold between 2009 and 2012. Currently,
they account for over 90% of all SI joint fusions.*
The most widely used system involves the placement
of multiple triangular titanium implants coated with
a porous titanium plasma spray (iFuse Implant Sys-
tem®, SI-BONE, Inc., San Jose, CA, USA) across
the SI joint under fluoroscopic guidance. Several ret-
rospective case series,***” a combined multicenter
analysis,* as well as preliminary results from an on-
going prospective multicenter clinical trial (SIFI,
NCT01640353),* have demonstrated that subjects
undergoing this procedure exhibited meaningful im-
provements in pain, disability, and quality of life with
high satisfaction rates. Previously published longer-
term data demonstrates that this intervention is asso-
ciated with a high incidence of radiographic fusion
across the SI joint with significant pain relief that is
maintained at 5-year follow-up.”
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To date no published study has concurrently com-
pared surgical and nonoperative treatments for this
condition. Herein, we report six-month results of a
prospective multicenter randomized controlled trial
assessing the safety and efficacy of minimally inva-
sive SI joint fusion relative to staged non-surgical
management for patients with symptomatic chronic
ST joint dysfunction due to degenerative sacroiliitis
or sacroiliac joint disruption.

Methods

Investigation of Sacroiliac Fusion Treatment (IN-
SITE) is an ongoing prospective, open-label multi-
center randomized controlled trial. Enrollment took
place between January 2013 and May 2014 at 19
spine surgery clinics in the United States. The study
protocol (registered on Clinical Trials.gov [NC-
T01681004]) was IRB approved at each participating
clinical site prior to patient enrollment. The study
was sponsored by the device’s manufacturer (SI-
BONE, Inc., San Jose, CA, USA). All study sites un-
derwent both remote and periodic on-site data moni-
toring so that all study data were 100% source veri-

fied.

Patients were given the opportunity to participate if
they were between the ages of 21 and 70 and had a
confirmed diagnosis of unilateral or bilateral SI joint
dysfunction due to degenerative sacroiliitis and/or
sacroiliac joint disruption. Identification of the SI
joint as the pain generator was based on a combina-
tion of a history of SI joint-localized pain,* positive
provocative testing on at least 3 of 5 established
physical examination tests (distraction, compression,
FABER test, thigh thrust and Gaenslen’s test),'* and
at least a 50% decrease in S joint pain 30 to 60 min-
utes after image-guided local anesthetic injection in-
to the SI joint performed within 3 months prior to
screening. Degenerative sacroiliitis was defined in
the study as established SI joint-mediated pain in the
context of either radiographic evidence of SI joint de-
generation (sclerosis, osteophytes, subchrondral
cysts, or vacuum phenomenon) on CT or X-rays or a
history of prior lumbar fusion. Sacroiliac joint disrup-
tion was defined in the study as SI joint-mediated
pain in the context of asymmetric widening of SI
joints on CT or X-rays, or the presence of significant

contrast leakage during a diagnostic SI joint block.
Study inclusion also required the patient to have a
baseline score of at least 30% on the Oswestry Dis-
ability Index (ODI) and a SI joint pain score (“aver-
age Sl joint pain in the last week”) of at least 50 on a
0-100 mm visual analog scale (VAS), where 0 repre-
sents no pain and 100 represents worst imaginable
pain.

Patients were excluded if they met any of the follow-
ing conditions: inability to diagnose pain related to
the SI joint, SI joint pain due to inflammatory condi-
tions, severe back pain deemed to be due primarily to
other causes (e.g., lumbar disc degeneration, spinal
stenosis, etc.), history of recent (<1 year) major trau-
ma to the pelvis, metabolic bone disease (either in-
duced or idiopathic), or any condition that made
treatment with the study devices infeasible or inter-
fered with the ability to participate in physical thera-
py. Patients involved in litigation, on disability leave,
or receiving workers’ compensation related to their
back or SI joint pain were also excluded. Patients
who agreed to enroll subsequently signed a study-
specific informed consent form.

Baseline (pre-randomization) assessments included a
detailed medical history, physical examination, and
the following quality of life questionnaires, adminis-
tered by the study coordinator: SI joint and lower
back pain using the above-described VAS, ODL* Eu-
roQoL-5D (EQ-5D),* and Short Form-36 (SF-36).*
Oswestry Disability Index (ODI) is a validated ten-
question survey for disability due to back pain.
EQ-5D is a five-question broad quality of life mea-
sure that can be combined into a single index and
represents the time trade-off (T'TO) utility of cur-
rent health. EQ-5D also includes a 0-100 mm health
thermometer, where 0 means death and 100 means
perfect health. SF-36 is a 36-question 8-subscaled
generic quality of life measure. SF-36 physical com-
ponent summary (PCS) summarizes overall physical
health, with population norms with mean 50 and
standard deviation of 10. Similarly SF-36 mental
component summary (MCS) summarizes overall
mental health, with similar population norms.
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Randomization and Masking

After baseline assessment, subjects were randomly
assigned to either SI joint fusion or non-surgical
management (NSM). Randomization was stratified
by site and underlying condition (degenerative
sacroiliitis or sacroiliac joint disruption) in a 2:1 ratio
with randomly chosen block sizes of 6 or 9. The 2:1
ratio allowed more precise statistical estimates re-
garding surgical subject outcomes and promoted en-
rollment in this patient population seeking relief
from chronic SI joint pain. Randomization sequences
were computer-generated using a custom algorithm
and obtained via a password-protected website after
study enrollment. Subjects were not blinded to treat-
ment.

Interventions

NSM, designed to be consistent with current US
practices, consisted of pain medications as directed
by the site investigator, physical therapy following
American Physical Therapy Association (APTA)
guidelines,* intraarticular SI joint steroid injections
and radiofrequency (RF) ablation of sacral nerve
roots, all of which were delivered in a stepwise fash-
ion and tailored to each individual patient’s needs.
No cognitive behavioral therapy (CBT) for SI joint
pain treatment was used since: 1) no published data
supported effectiveness of this method, and 2) stan-
dardization of CBT would be challenging, and 3)
CBT is not representative of modern healthcare in
the US.

Minimally invasive SI joint fusion was performed as
described previously® within 30 days of baseline as-
sessment. All procedures were performed under gen-
eral anesthesia using fluoroscopy or 3-D computer
navigation based on intraoperative CT (O-arm) imag-
ing. A 3-5 cm lateral incision is made over the but-
tock region and the gluteal fascia is bluntly dissected
to reach the outer table of the ilium. A guide pin is
passed through the ilium across the SI joint into the
center of the sacrum, lateral to the neural foramina.
A drill is used to create a pathway into the sacrum
and decorticate the bony surfaces. A triangular
broach is then passed to prepare the pathway for
placement of the implant, which is manually driven

into place. In total, two to four implants are placed
across the SIjoint. The incision is irrigated and the
tissue layers are sequentially closed. Subjects requir-
ing treatment of both SI joints could undergo either
bilateral same-day surgery or staged procedures.
Recorded perioperative measures included estimated
blood loss, fluoroscopy time, operating time, number
of devices used, and complications. Multiplanar
post-placement X-ray or fluoroscopic images of the
pelvis were obtained. Subjects were discharged home
at the surgeon’s discretion; prior to discharge, sub-
jects were re-evaluated for the occurrence of adverse
events.

Postoperatively, subjects were asked to remain at
heel-toe touch-down weight-bearing using a front-
wheeled walker or crutches for three weeks which
was progressively increased until fully ambulatory.
Beginning 1-3 weeks postoperatively, subjects were
asked to undergo individualized physical therapy
twice a week for 6 weeks.

Subjects underwent in-clinic follow-up visits at 1, 3
and 6 months postoperatively and study follow-up in-
cludes 12, 18 and 24 month visits. Follow-up assess-
ments consisted of a review of adverse changes in
health, ambulatory and work status, medication use
for pain, physical examination, and quality of life
questionnaires. Outcomes of radiographic assess-
ments of subjects assigned to surgery, including
pelvic X-ray at 3 and 6 months and high-resolution
CT at 24 months, will be reported elsewhere.

Crossover

Subjects were permitted to cross over from NSM to
surgery after the 6 month visit was complete.
Crossover was required as a design component be-
cause investigators believed that: 1) patients with SI
joint dysfunction have markedly reduced quality of
life (borne out by study data®), and 2) only limited
evidence was available to support the effectiveness of
non-surgical treatments in this patient population,
and 3) promising preliminary results from SI joint fu-
sion using the study device. Investigators also be-
lieved that trial enrollment would be severely limited
(and potentially not generalizable to standard prac-
tice) if the study disallowed crossover in subjects as-
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signed to non-surgical treatment for 24 months.
Moreover, because the device was commercially
available, patients could have elected to obtain the
surgical procedure outside of the study. No subject
crossed early and this manuscript focuses on
6-month outcomes only.

Adverse events, defined according to an international
clinical trial standard (ISO14155:2011), were moni-
tored continuously and assessed at all study visits.
For each event, investigators were asked to rate
severity and relationship to the study device, the de-
vice placement procedure and, if present, pre-exist-
ing conditions. Relatedness was captured as definite-
ly, probably, possibly, unlikely and unrelated to the
device, procedure or pre-existing condition. All ad-
verse events were grouped by body system.

Device Description

The iFuse Implant System is a FDA-cleared
(K080398) triangular titanium implant that is coated
with a porous titanium plasma spray. The triangular
shape allows an interference fit that provides imme-
diate stabilization and minimizes micromotion and
rotation of the instrumented SI joint. The porous
plasma spray coating allows biological fixation of
bone, a concept which is commonly utilized by sever-
al orthopaedic devices such as hip, knee, and shoul-
der implants. The iFuse implant is available in con-
figurations ranging from 30-70 mm in length and ei-
ther 4 or 7 mm in inscribed diameter. The manufac-
turer recommends placement of at least two implants
across the SI joint.

Cohorts, Study Endpoints and
Statistical Analysis

The primary analysis cohort consists of subjects who
were enrolled (i.e., were eligible and consented) and
underwent the assigned study treatment. The prima-
ry study endpoint, evaluated at 6 months after the
most recent SI joint fusion (to accommodate subjects
with staged bilateral surgery), was a binary success/
failure composite endpoint. A subject was considered
a success if all of the following were met at 6 months:
reduction from baseline VAS SI joint pain by at least

20 mm, absence of device-related serious adverse
events, absence of neurological worsening related to
the sacral spine, and absence of surgical re-interven-
tion (removal, revision, reoperation, or supplemental
fixation) for SI joint pain. The 20 mm threshold was
selected as the minimum clinically important differ-
ence in chronic lower back pain.”** Missing values
for the primary endpoint were assumed to be fail-
ures. The protocol specified a Bayesian approach to
analysis of the primary endpoint; study success was
to be declared if the posterior probability that the
success rate in the MIS SI joint fusion group exceed-
ed that of the control group was at least 0.975. A
non-informative Jeffreys prior distribution was
used.” The study’s sample size of 150 subjects was
determined to have >80% power under baseline as-
sumptions about success rates (70% for SI joint fu-
sion vs. 30% for NSM). Power calculations assumed
no early crossover (none occurred). Full study enroll-
ment was achieved before the first pre-planned inter-
im analysis could be done. Prespecified subgroup
analyses included underlying condition (degenerative
sacroiliitis vs. sacroiliac joint disruption), history of
prior lumbar fusion, smokers vs. non-smokers, and
unilateral vs. bilateral SI joint fusion. The study’s
secondary endpoints included an analysis of patient
success rates at other time points as well as improve-
ment from baseline in VAS, ODI, SF-36 PCS and
EQ-5D scores. Changes from baseline were com-
pared using t tests or repeated measure analysis of
variance (ANOVA). The number of adverse events
per subject was compared using Poisson regression
and the change in the proportion of subjects using
opioids was calculated with a conditional relative
odds ratio.** Confidence intervals for proportions
were calculated using standard methods. Analysis of
procedure-related variables focused on the index
(first side) procedure only. All statistical analyses
were performed using R.*

Results

421 subjects were screened for participation, of
whom 159 (37.8%) were enrolled. One subject with-
drew prior to randomization and 10 withdrew after
assignment (7 to surgery, 3 to NSM) but prior to ini-
tiation of any SI joint-related treatment, giving rise to
a final study population of 148 randomized and treat-
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ed subjects. All subjects met eligibility criteria with
the exceptions of 2 subjects who were over the age of
70 years, 1 subject who had previously been diag-
nosed with osteoporosis and rheumatoid arthritis,
and 1 subject who was currently receiving workers
compensation. As the subjects appeared to meet eli-
gibility criteria at study enrollment, their outcomes
are included in all analyses.

Baseline Characteristics

Patient characteristics are listed in Table 1. The
mean subject age was 51 years and 18 (12.2%) were 65
years of age or older. The majority (94.6%) of sub-
jects were Caucasian and approximately two-thirds
were female. Subjects were highly debilitated by SI
joint pain as indicated by high baseline pain ratings
(mean 82.3 on the 0-100 scale) and ODI scores
(mean 61.9). Nineteen percent were not working due
to chronic pain. The duration of pain prior to enroll-
ment averaged 6.4 years (range 0.47 - 40.7 years);
87.2% had pain for =1 year and 73.6% had pain for >2
years. Reported pain locations centered over the pos-
terior superior iliac spine, but distant and/or pain ra-
diating anteriorly or posteriorly was also frequently
reported (Figure 1). A large proportion of subjects
(37.8%) had a history of prior lumbar fusion, 14.9%
had a history of lumbar stenosis, 10.1% had a history
of hip disorders, and 7.4% had a history of sacral trau-
ma. SI joint pain persisted despite prior treatments
with physical therapy (72.3% of subjects), SI joint
steroid injections (85.8%) and RF ablation of the SI
joint (16.2%). Approximately two-thirds were taking
opioid pain medications at baseline and all reported
that multiple activities commonly caused or wors-
ened their SI joint pain. Quality of life (QOL) was
substantially diminished, as indicated by low EQ-5D
scores (mean of 0.45 on T'TO and 55 on health ther-
mometer) and low SF-36 scores (mean PCS of 30.4
and MCS of 43.1), confirming that their SI joint pain
represented a significant burden of disease.50

Procedure Characteristics

All study procedures were performed according to
the manufacturer’s instructions for use. Most sub-
jects underwent unilateral treatment (Figure 2); 26
(25.5%) underwent same-day or staged bilateral treat-

ment. The mean procedure time was 45 minutes
with a range of 14-140 minutes (Table 2) and only
21.6% of procedures lasted over one hour. The mean
fluoroscopy time was 2.5 minutes (range 0.13 - 25
minutes) and the mean estimated blood loss was 33
cc (range 0.5-250 cc). In the vast majority of cases
(91.2%) three implants were used; 2 and 4 implants
were placed in 5 (4.9%) and 4 (3.9%) cases, respec-
tively. In addition, 99.3% of implants placed were 7
mm in diameter. Four procedure-related technical
complications occurred (3 cases of sacral deformity
either complicating implant delivery or preventing
placement of a third device and one case of pin bind-
ing) but all cases were successfully completed. The
hospital length of stay ranged from 0-7 days (median
1day). All prolonged hospital stays (=3 days, 3 cases,
2.9%) were related to patient comorbidities and not
procedure-related adverse events.

Non-Surgical Management

Of the 46 subjects assigned to NSM, all but 1 re-
ceived PT during the six months after treatment as-
signment. During the first 6 months after assignment
to NSM, 34 subjects (73.9%) underwent at least one
steroid injection (6 subjects underwent 2 injections)
and 21 (45.7%) underwent radiofrequency ablation of
the SI joint. Thirty-nine (84.8%) underwent at least 2
types of NSM treatments in addition to pain medica-
tions.

Subject Trial Flow

Six-month follow-up was obtained in 44 of 46 (95.7%)
NSM subjects and 100 of 102 (98.0%) surgery sub-
jects (Figure 3). Three subjects withdrew voluntary
consent and one did not have sufficient follow-up.

Primary Endpoint

By month 6, 83 of 102 SI joint fusion subjects (81.4%,
95% posterior credible interval [CI] 72.4-88.4%) and
11 of 46 NSM subjects (23.9%, 95% CI 12.6-38.8%)
met the study’s primary success endpoint. The dif-
ference in success rates was 56.6% (95% CI
41.4-70.0%) and the posterior probability that the
success rate was higher in the SI joint fusion group
was >0.999. Pre-specified subgroup analysis (Table
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3) showed similar differences in success rates by un-
derlying diagnosis, a history of prior lumbar fusion,
smoking status or unilateral vs. bilateral SI joint fu-

sion surgery.

Table 1. Characteristics of enrolled subjects.

Characteristic
Age, mean (SD, range)

>65 years old, n (%)
Women, n (% female)
Race, n (%)

White

Black

American Indian

Other
Ethnicity

Hispanic or Latino, n (%)
Body mass index, mean(SD, range)
Smoking status, n (%)

Current smoker

Former smoker

Never smoker

Ambulatory without assistance (n, %)

Work status (n, %)
Working full time
Working part time
Not working, student
Not working, retired
Not working due to back pain
Not working, other reason

Prior lumbar fusion (n, %)

Underlying diagnosis
Degenerative sacroiliitis
Sacroiliac joint disruption

Years of pain, mean (range)

Pain syndrome
Pain began peripartum
Pain radiates down leg
Groin pain
Pain worse with sitting
Pain worse with rising
Pain worse with walking
Pain worse with climbing stairs
Pain worse descending stairs

Prior treatments

Physical therapy

Steroid SI joint injection

RF ablation
Taking opioids (n, %)
Proportion with lumbar stenosis (n, %)
Proportion with hip diagnosis (n, %)
Proportion with sacral trauma (n, %)
VAS SI joint pain score, mean (+SD)
ODI score, mean (+SD)
SF-36, mean (+£SD)

PCS

MCS
EQ-5D

TTO index

Health Thermometer

*Fisher p-value for ordinal variables; t test for continuous variables.

DOI: 10.14444/2006

Pain and Quality of Life Outcomes

In the ST joint fusion group, the mean SI joint pain
improved from 82.3 at baseline to 29.8 at 6 month
follow-up (a 53-point drop). In contrast, in the NSM

Non-Surgical Management (n=46)
54.0 (11.0, 29.5-76.0)

8 (17.4%)

28 (60.9%)

43 (93.5%)
2 (4.3%)

0 (0%)

1 (2.2%)

4(8.7%)
30.6 (6.6, 19.4-48.9)

3(6.5%)
13 (28.3%)
30 (65.2%)

41 (89.1%)

21 (45.7%)
4(8.7%)

0 (0%)

9 (19.6%)
8 (17.4%)
4(8.7%)
17 (37.0%)

40 (87.0%)
6 (13.0%)
5.0 (0.48-38.9)

4 (8.7%)
41 (89.1%)
29 (63.0%)
41 (89.1%)
41 (89.1%)
42 (91.3%)
41 (89.1%)
37 (80.4%)

36 (78.3%)
42 (91.3%)
4(8.7%)
29 (63.0%)
7 (15.2%)
2 (4.3%)
3(6.5%)
822 (9.9)
61.1(15.3)

30.8 (6.1)
433 (12.1)

0.47 (0.19)
57.8 (22.9)

SI Joint Fusion (n=102)
50.2 (11.4,25.6-71.7)
10 (9.8%)

75 (73.5%)

97 (95.1%)
3 (2.9%)
1(1.0%)
1(1.0%)

4(3.9%)
30.3 (6.5, 14.1-49.5)

26 (25.5%)
30 (29.4%)
46 (45.1%)

89 (87.3%)

45 (44.1%)
9 (8.8%)
1(1.0%)

21 (20.6%)

20 (19.6%)
6 (5.9%)

39 (38.2%)

88 (86.3%)
14 (13.7%)

7.0 (0.5-40.7)

8 (7.8%)
89 (87.3%)
60 (58.8%)
89 (87.3%)
88 (86.3%)
87 (85.3%)
93 (91.2%)
82 (80.4%)

71 (69.6%)
85 (83.3%)
20 (19.6%)

69 (67.6%)
15 (14.7%)
13 (12.7%)

8 (7.8%)
82.3(11.9)
62.2 (14.5)

30.2(6.2)
43.0(11.5)

0.44 (0.18)
53.2(23.8)
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P-value*

0.0561

0.1279

0.6759

0.2552

0.7961

0.0117

0.9850

0.1270

0.2287
1.0
0.7177
1.0
0.7926
0.4285
0.7638
1.0

0.3247
0.3082
0.1467

0.5798
0.8215
0.1481
1.0000
0.9280
0.6902

0.5709
0.8624

0.3526
0.2716
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group, Sl joint pain improved from 82.2 to 70.4 (a
12-point drop, see Table 4 and Figure 4). Changes in
ST joint pain from baseline were statistically signifi-
cant in both groups but the 6-month change was 40.5
points larger in the surgery group (p<.0001). 83% of
the surgery group and 25% of the NSM group exhib-
ited a pain improvement of >20 points (p<.0001). By
6 months, Oswestry Disability Index (ODI), a mea-
sure of disability due to back pain, improved in both
groups (mean 30-point improvement in surgery
group [p<.0001] vs. 4.9-point improvement in NSM
[p=.0524]), but the change was 25 points larger in
the surgery group (p<.0001). 75% of the surgery
group vs. 27.3% of the NSM group had ODI improve-
ment of >15 points (p<.0001). There were no differ-
ences in pain improvement or ODI observed across

Fig. 1. Pain location in subjects reporting primarily left-sided Sl joint pain.
Dot size is proportional to the number of subjects reporting pain in that
location. Only locations shown with small squares were asked.

Fig. 2. Postoperative outlet view of iFuse devices in the right Sl joint.
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pre-specified subgroups.

Quality of life was measured using two generic as-
sessments, EQ-5D and SF-36. The mean EQ-5D
time trade-off index which was substantially de-
pressed in both groups consistent with a marked bur-
den of disease,” improved at 6 months by 0.05 points
in the NSM group (p=.1969) and 0.29 in the iFuse
group (p<.0001); the mean difference in EQ-5D
TTO improvement was 0.23 points (p<.0001).

At the present time, the mean ratings for all SF-36
domains improved significantly in the surgery group
(p<-0001 each) but not in the NSM group (all p>.05,
Figure 5). The mean SF-36 PCS improved by 12.7
points in the surgery group and 1.2 points in the
NSM group (p<.0001 for comparison). Similarly,
SF-36 MCS improved by 6.2 points in the surgery
group and 0.6 points in the NSM group (p=0.0053

for comparison).

Table 2. Minimally invasive Sl joint fusion procedure characteristics

(n=102). Only the index side procedure is reported.

Characteristic
Target joint, n (%)
Right
Left
Procedure time, minutes
Mean (SD, range)
<30
30-60
>60

Fluoroscopy time, minutes
Mean (SD, range)
0-1 min
1-2 min
2-5 min
>5 min
Estimated blood loss, cc
Mean (SD, range)
0-50
50-100
>100

Number of implants used, n (%)

Implant length, mm, mean (SD)
First implant, n=102
Second implant, n=102
Third implant, n=97
Fourth implant, n=4

Implant diameter, n (%)

4 mm
7 mm

Hospital length of stay, days
Mean (SD, range)
Discharged same day
1-2
3 or more

INTERNATIONAL JOURNAL OF SPINE SURGERY

Value

55 (53.9%)
47 (46.1%)

44.9 (22.3, 14-140)
30 (29.4%)
50 (49.0%)
22 (21.6%)

2.5(3.6,0.13-25)
17 (16.7%)

51 (50.0%)

21 (20.6%)
7(6.9%)

32.7 (32.8, 0.5 — 250)
92 (90.2%)

9 (8.8%)

1(1.0%)

5 (4.9%)
93 (91.2%)
4 (3.9%)

50.5 (6.4)
45.4 (6.1)
43.8 (6.1)
42.5 (5.0)

2(0.7%)
303 (99.3%)

0.78 (0.97, 0-7)
42 (41.2%)

57 (55.9%)
3(2.9%)
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Six-month satisfaction rates were higher in the
surgery group compared to the NSM group (79.0 vs.
27.3% very satisfied, p<.0001); specifically, 81% of
surgery subjects said they would definitely have the
procedure again. Compared to baseline, opioid use at
6 months decreased from 67.6% to 58% in the surgery
group and increased from 63 to 70.5% in the NSM
group (p=0.082).

r ~
Withdrew prior
Enrolled P
5 1o randomization
N=159
L N=1

s - .
Randomized “:‘(:h‘itz:“z::)r
N=158 N=10
L J

Non-surgical

management il joj"l iimeza
= N=102
N=46
= _
. Month 1 Month 1
Withdrew Visit.done, N=d4 Visit done, N=100
L2 Visit not done, N=2 Visit not done, N=2
Month 3 Month 3 .
Visit done, N=43 Visit done, Nel00 || Withdrew
Visit not done, N=1 Visit not done, N=2 =l
Month 6
it © Visit done, N=100
Vi o, MR Visit not done, N=1

Fig. 3. Patient flow.

Table 3. Six-month success rates by group.

Adverse Events

As of the 6-month follow-up time point, 181 adverse
events were reported (133 in the surgery group and
48 in the NSM group). The mean number of events
per subject was slightly higher in the surgery group
(1.3 vs. 1.0 events, p=0.1857). Leg and pelvic pain
were the most common adverse events (Table 5); the
likelihood of adverse events in the pelvis was slightly
higher in the surgery group (33.3% vs. 21.7%,
p=0.1773) and the likelihood of pulmonary events
was slightly higher in the NSM group (p=0.0326).
Surgical wound problems occurred in 6 (5.9%) sub-
jects. Otherwise there were no statistically significant
differences in the rate of adverse event categories
across treatment groups. 57 events were rated as
probably or definitely related to a pre-existing under-
lying condition. Of all the adverse events, 125 had re-
solved and 56 were ongoing.

Device-Related Events

Two adverse events were rated as definitely related to
the iFuse device. One subject had implant-related
impingement on a sacral nerve root requiring imme-
diate revision. Pain resolved promptly on reposition
of the device. A second subject developed a hairline
(undisplaced) fracture of the ilium adjacent to the
caudal-most implant, diagnosed on CT scan, causing

Subgroup

Underlying condition
Degenerative sacroiliitis

Sacroiliac joint disruption

Prior lumbar fusion
Yes
No

Smoking
Current smoker
Never smoker

Former smoker

Bilateral procedure
Yes
No

Overall

*Point estimate (95% posterior credible interval)

SI Joint Fusion

70/86 (81.4%, 71.6-89.0%)
13/14 (92.9%, 66.1 - 99.8%)

33/39 (84.6%, 69.5-94.1%)
50/61 (82.0%, 70.0-90.6%)

20/25 (80.0%, 59.3-93.2%)
38/45 (84.4%, 70.5-93.5%)
25/30 (83.3%, 65.3-94.4%)

25/33 (75.8%, 57.7-88.9%)
58/67 (86.6%, 76.0-93.7%)

83/102 (81.4%, 72.4-88.4%)

NSM

10/38 (26.3%, 13.4-43.1%)
1/6 (16.7%, 0.4-64.1%

2/17 (11.8%, 1.5-36.4%)
9/27 (33.3%, 16.5-54.0%)

1/3 (33.3%, 0.8-90.6%)
6/29 (20.7%, 8.0-39.7%)
4/12 (33.3%, 9.9-65.1%)

2/11 (18.2%, 2.3-51.8%)
9/33 (27.3%, 13.3-45.5%)

11/46 (23.9%, 12.6-38.8%)
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Rate Difference*

54.1(37.2-69.0%)
68.6 (31.2-93.1%)

69.9% (48.0-86.0%)
47.5% (26.9-66.1%)

41.4% (0-79.3%)
62.0% (42.6-78.2%)
47.6% (17.7-73.4%)

54.2% (24.7-76.8%)

58.1% (40.1-73.8%)

56.6% (41.5-70.0%)
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buttock pain 3-4 months after the index procedure,
possibly related to lifting a heavy object. Pain re-
solved gradually with conservative treatment. A third
subject developed contralateral SI joint pain, which
was deemed probably related to the implant as a re-
sult of a change in biomechanics related to the place-
ment of the study device (Table 6).

Procedure-related Events

Seventeen events (16.7% rate) were probably or defi-
nitely related to the surgical procedure and 4 events
(8.7% rate) were probably or definitely related to SI
joint treatments in the NSM group. Events related to
the surgical procedure included neuropathic symp-
toms (n=2, 1 case directly attributed to the iFuse im-

Table 4. Change in Sl joint pain, Oswestry Disability Index, SF-36, and
EQ-5D by group and visit.

Outcome, mean (SD) NSM S1J Fusion | P-Value*
VAS SIJ pain
Baseline 82.2(9.9) 82.3(11.9)
Mo 1 69.2(18.2)  33.3(27.3)
Mo 3 63.5(26.2)  25.5(25.0)
Mo 6 70.4 (25.9)  29.8(29.3)
Change from baseline
Mo 1 -13.0(14.3) -49.2(26.4) <.0001
Mo 3 -18.7(23.7)  -56.5(27.0) <.0001
Mo 6 -12.1(22.7)  -52.6(29.2) <.0001

Oswestry Disability Index (ODI)

Baseline 61.1(15.3)  62.2(14.5)

Mo 1 57.1(17.5)  44.8(22.1)

Mo 3 51.1(21.5)  323(21.2)

Mo 6 56.4(20.8)  31.9(22.7)
Change in ODI

Mo 1 -3.7(11.6)  -17.4(22.2) <.0001

Mo 3 -10.3 (16.4)  -29.5(21.3) <.0001

Mo 6 -49(16.4) -30.3(21.9) <.0001
SF-36 PCS

Baseline 30.8 (6.1) 30.2 (6.2)

Mo 6 32.0(7.5)  42.8(10.0)

Change from baseline 1.2 (8.0) 12.7 (10.3) <.0001
SF-36 MCS

Baseline 433(12.1)  43.0(11.5)

Mo 6 44.0 (12.5) 493 (11.5)

Change from baseline 0.6 (9.7) 6.2(11.4) .0054

EQ-5D Time Trade-Off Index

Baseline 0.47(0.19)  0.44 (0.18)
Mo 6 0.52(0.22)  0.72(0.21)
Change from baseline 0.05 (0.27) 0.29 (0.22) <.0001

*T test for comparison of individual time points. **Repeated measures
analysis of variance (VAS, ODI, SF-36) or t test (EQ-5D).

plant itself ), postoperative medical problems (n=4,
e.g., urinary retention, nausea/vomiting, atrial fibril-
lation), ST joint pain or trochanteric bursitis (n=4),
surgical wound problems (n=>5), iliac fracture (n=1)
and an asymptomatic physical exam finding (n=1).
All events resolved except for 2 subjects with ongo-
ing pain. Three NSM subjects experienced increased
back or SI joint pain after physical therapy, SI joint
steroid injection or RF ablation (one case each) and
another subject had flushing and shortness of breath
associated following a SI joint steroid injection. Fi-
nally, one subject reported worsening SI joint pain
related to postoperative rehabilitation after surgery.

Event Severity

Twenty-seven of the 181 reported events were rated
as severe (21 in the surgery group and 6 in the NSM
group, p=0.3241). In the surgery group, 2 severe
events were device-related (described above) and 4
were procedure-related (one each of wound
hematoma, iliac bone fracture, postoperative im-
pingement of the implant on a sacral nerve root and
postoperative atrial fibrillation/respiratory failure).
The one severe event in the NSM group attributed to
NSM was back pain attributed to physical therapy.

Discussion

Back pain is one of the most important causes of dis-
ability worldwide®** and SI joint pain has been
shown to be a common cause of lower back pain.’
Our study enrolled patients with SI joint pain due to
degenerative sacroiliitis or sacroiliac joint disruption
that was carefully diagnosed using a rigorous defini-
tion of disease that combines medical history (in-
cluding risk factors for SI joint pain), the presence of
at least 3 SI joint-directed physical examination find-
ings,10 and confirmation using a diagnostic SI joint
block performed within 3 months of enrollment. As
evidenced by our subjects’ baseline Oswestry Dis-
ability, SF-36 and EQ-5D scores, patients with
chronic ST joint pain can be quite debilitated and
have a very poor quality of life.”

Because traditional open SI joint arthrodesis is now
rarely performed unless direct visualization of the
joint surfaces is required,” this type of procedure was
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not feasible to use as a control group. Since the opti-
mal non-surgical treatment for chronic SI joint pain
is not known, all available non-surgical treatments,
especially those for which there is high-quality evi-
dence for at least short-term responses,”** were of-
fered in a stepwise fashion to subjects assigned to
non-operative care.

Within 1 month after undergoing surgery, subjects
assigned to SI joint fusion reported statistically and
clinically significant improvements in pain, disability
and quality of life. In contrast, subjects assigned to
NSM were found to have mean changes that were of
minor clinical importance. Clinical success at 6
months occurred in >80% in the surgical cohort as
compared to <25% in the NSM cohort (posterior

1004
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25-
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Fig. 4. Improvement in VAS Sl joint pain (top) and Oswestry Disability Index (bottom). Numbers in blue and green show the number of subjects in which the

outcome was assessed.
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probability of superiority >0.999). Similarly, a larger
proportion of surgical subjects experienced a clinical-
ly important improvement in disability as measured
by Oswestry Disability Index compared to the NSM
group (75 vs. 27% with =15 point improvement).
Changes in quality of life paralleled these findings,
with marked improvements in EQ-5D and all do-
mains of SF-36 in the surgical group but small im-
provements in the NSM group. Pre-planned sub-
group analysis showed similar treatment effect sizes
across subgroups. The proportion of subjects using
opioid analgesics in the surgery group decreased in
our present results, while that in the NSM group in-
creased.

The findings from our study are consistent with the
results from prior studies. While randomized trials of

non-surgical interventions such as SI joint steroid in-
jections’»* or RF ablation’** have shown short-term
effectiveness, there is no currently published evi-
dence that suggests that these interventions will give
rise to long-term relief. Physical therapy, performed
according to APTA guidelines and tailored to indi-
vidual needs, did not appear to be effective during
the first 6 months in this patient population. At the
time of trial design, a comprehensive review showed
no high-quality published literature suggesting that
PT is effective in this patient population.” CBT-
based treatments were not used as they were deemed
unstandardizable, impracticable and unrepresenta-
tive of modern US healthcare. The few published
randomized trials of SI joint steroid injections®>”
used peri-articular injection rather than the intra-ar-
ticular technique in current use in the US and were

80 —
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Fig. 5. Improvement in SF-36 domains at 6 months compared to baseline. Green = surgery, blue = NSM, solid line = baseline, dotted line = 6 months. SF-36
domains are BP (bodily pain), GH (general health), MH (mental health), PF (physical function), RE (role emotional), RP (role physical), SF (social function), and

VT (vitality).
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limited by very short-term follow-up (maximum
2-month follow-up). Patients in our study were diag-
nosed with SI joint pain as confirmed by intraarticu-
lar anesthetic block. Because of the known multiple
innervation of the SI joint’, RF ablation may have
been less effective in these subjects. The improve-
ments in pain, disability and quality of life seen in our
study’s surgically treated subjects at 6 months essen-
tially mirror those observed in multiple other single-
center case series,’**? a combined multicenter analy-
sis,” and a single-arm prospective multicenter trial**
assessing the iFuse device, including studies that re-
port 2,*** 4* and 5-year* follow-up. Furthermore,
the 6-month improvements seen in the surgical
group were remarkable given the high prevalence of
failure of both prior treatments (72% had received
physical therapy and 86% had received SI joint
steroid injections) and prior back surgery and com-
peting diagnoses (37% had prior lumbar fusion which
is a well-accepted risk factor for degenerative
sacroiliitis58 and 15% had a history of spinal stenosis).

Table 5. Adverse events by category and group.

NSM SI Joint Fusion

(n=46) (n=102)
Body system N (%) N (%) P-value
Arm/hand 2 (4.3%) 9 (8.8%) 0.5035
Back 4 (8.7%) 16 (15.7) 0.3070
Cardiovascular 1(2.2%) 6 (5.9%) 0.4360
Endocrine 1(2.2%) 1 (1.0%) 0.5265
Gastroenterologic 4 (8.7%) 11 (10.8%) 0.7779
Genitourinary 0 (0%) 5(4.9%) 0.3248
Infection 3 (6.5%) 3(2.9%) 0.3752
Leg 8 (17.4%) 21 (20.6%) 0.8234
Miscellaneous 4(8.7%) 3(2.9%) 0.2042
Neck 0(0.0%) 2 (2.0%) 1.0000
Pelvis 10 (21.7%) 34 (33.3%) 0.1773
Psychiatric 0(0.0%) 1 (1.0%) 1.0000
Pulmonary 4 (8.7%) 1 (1.0%) 0.0326
Surgical wound 0 (0.0%) 6 (5.9%) 0.1774
Trauma 7 (15.2%) 14 (13.7%) 0.8033

*Number of events and rate (events divided by total number of trial
subjects)

The presence of concomitant pathology like this can
make the diagnosis of SI joint-mediated pain chal-
lenging and can limit the overall restoration of
health. The high prevalence of prior lumbar fusion
also raises the possibility that some patients had pre-
viously undergone lumbar spine fusion when a com-
ponent of their true underlying diagnosis may have
included pain arising from the SI joint.

Two mechanisms likely explain the significant pain
relief and improvements in disability demonstrated
by the surgical group. First, the unique triangular
shape of the implants as well as the fact that at least 2
implants were anchored within the cortical surfaces
of each side of the joint (i.e. both the ilium and
sacrum), would be expected to immediately stabilize
the SI joint; stabilization (and subsequent fusion) of
joints is a known technique which alleviates pain
caused by degenerative arthrosis. Given the altered
muscle activation in patients with SI joint pain rela-
tive to asymptomatic individuals,’ it is possible that
stabilization and fusion of the SI joint may also pro-
mote the resolution of altered muscle recruitment
and gait abnormalities. Late pain relief likely occurs
as a result of biological fixation of bone in both the
sacrum and ilium as well as bridging bone across the

Table 6. Adverse events related to device, procedure, other treatment for S|
joint pain or pre-existing condition.

NSM SI Joint Fusion

(n=46) (n=102)

Category N (%*) N (%)
Related to iFuse implant

Definitely related - 2 (2.0%)

Probably related - 1 (1.0%)

Total - 3(2.9%)
Related to NSM or iFuse procedure**

Definitely related 3 (6.5%) 7 (6.9%)

Probably related 1(2.2%) 10 (9.8%)

Total 4(8.7%) 17 (16.7%)
Related to other treatment for SIJ pain

Definitely related 0 (0%) 0 (0%)

Probably related 0 (0%) 1 (1.0%)

Total 0 (0%) 1(1.0%)
Related to pre-existing condition

Definitely related 11 (23.9%) 23 (22.5%)

Probably related 6 (13.0%) 17 (16.7%)

Total 17 (37.0%) 40 (39.2%)

*Percent reported as number of events divided by number assigned to
treatment.
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joint, all of which appear to occur commonly in long-
term follow-up.* Interestingly, neither pain relief nor
bridging bone seem to require full decortication of
the SI joint as is typically done in other fusion proce-
dures. (CT scans in INSITE subjects, to be per-
formed at 2 years after SI joint fusion, are not yet
available and will be reported separately.) The mini-
mally invasive surgical approach used in this study,
employing standard orthopaedic principles of joint
stabilization followed by long-term fusion, provides
the benefits of joint fusion while minimizing surgical
morbidity and shortening recovery times.

The iFuse surgical procedure is straightforward.
However, as with other instrumentation techniques,
such as iliosacral screw fixation,” the surgeon must
pay careful attention to SI joint anatomy and be cog-
nizant of any variations in order to ensure placement
of all devices fully across the SI joint. Nevertheless, a
clinical case series and a safety review® suggest that
the complication rate of this procedure is relatively
low.

Adverse events occurred slightly more commonly
(but not statistically significantly) in the surgical
compared to non-surgical groups during the first 6
months of follow-up. Device-related adverse events
in the surgical group were uncommon, with only one
case of impingement of the distal end of the implant
on a sacral nerve root and the resultant pain resolved
promptly following repositioning of the devices.
Procedure-related adverse events mostly involved
standard complications that are inherent to all opera-
tions. Adverse events in the NSM group were pri-
marily worsening of SI joint pain during physical
therapy or related to RF ablation. Most adverse
events reported in the study were not related to
study procedure or device, and many were attributed
to pre-existing conditions. Collection of adverse
events will continue through the study’s planned
2-year follow-up.

The study had several advantages. For instance, par-
ticipants were carefully screened using predeter-
mined eligibility criteria and all potential subjects un-
derwent rigorous diagnostic testing including an SI
joint block performed within 3 months prior to
screening. The proportion of screened subjects who

participated was high, suggesting generalizability to
the population as a whole. Pain, disability and quality
of life questionnaires, which form the basis of most
of the analyses in this report, were completed pri-
marily by subjects under the direction of study coor-
dinators, not treating physicians, to minimize any
bias theoretically linked to the study’s industry spon-
sorship. In addition, the 6 month follow-up rate was
high and no early crossover occurred. This study in-
corporates the prospective results recorded for mul-
tiple surgeons and pain specialists, and the differ-
ences in treatment effects were consistent across all
measures. The NSM intervention included all
modalities for which there is at least some evidence
of clinical effectiveness for this condition. The study
was executed according to an international clinical
trial standard (ISO14155:2011); study data were col-
lected uniformly on electronic case report forms at
pre-determined time points and as such were rigor-
ously monitored and source verified.

The study is currently limited by follow-up to six
months only; subjects will continue to be followed
for 2 years, at which point radiographic outcomes
will be able to be reported. While it is possible that
NSM could take more than 6 months to reach its full
effect on pain, disability and quality of life, this
seems unlikely, as response rates to date are low and
many participants had already undergone one or
more of the treatments used in the NSM prior to en-
rollment. Currently, more than three quarters of
NSM subjects crossed over to surgical SI joint treat-
ment, limiting the ability to derive unbiased across-
treatment comparisons after the 6-month visit. At
the time of trial design, investigators believed that a
post-market surgery vs. non-surgery trial of this
technology in the US would have been very challeng-
ing to enroll in a reasonable time frame without a
crossover component for subjects who did not derive
relief from NSM. In other studies, long-term follow-
up (at two*>*, four* and five" years) of patients un-
dergoing SI joint fusion with the same device has
shown sustained positive outcomes.

Combined with prior published evidence, this study
confirms that minimally invasive fusion of the SI

joint using triangular implants provides superior six
month outcomes compared to non-surgical manage-
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ment in patients with chronic SI joint dysfunction
due to degenerative sacroiliitis and SI joint disrup-
tion and may therefore be a preferred treatment op-
tion for patients who have failed to respond ade-
quately to conservative therapies. In this study, NSM
delivered over course of 6 months provided only mi-
nor relief of pain and disability in patients with
chronic SI joint pain unresponsive to conservative
treatment.

Conclusions

In patients with severe SI joint dysfunction due to
degeneration or disruption of the joint, minimally in-
vasive Sl joint fusion using triangular implants
placed across the joint provides superior six month
outcomes compared to non-surgical management.
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