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Introduction

Pain from the sacroiliac (SI) joint, first described in the early
1900s,1 is very common. It occurs in 14.5 to 22.6% of all
patients evaluated for back pain in the outpatient setting.2,3 SI
joint pain may be evenmore prevalent (up to 40%) in patients

with prior lumbar fusion.4,5 The SI joint is richly innervated,6

and studies of normal volunteers have shown that local
anesthetic injection into the SI joint can eliminate pain
provocation.7,8 The impact of SI joint pain on quality of life
is substantial and often disabling, similar to that observed
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Abstract Study Design Prospective multicenter single-arm interventional clinical trial.
Objective To determine the degree of improvement in sacroiliac (SI) joint pain,
disability related to SI joint pain, and quality of life in patients with SI joint dysfunction
who undergo minimally invasive SI joint fusion using triangular-shaped titanium
implants.
Methods Subjects (n ¼ 172) underwent minimally invasive SI joint fusion between
August 2012 and January 2014 and completed structured assessments preoperatively
and at 1, 3, 6, and 12months postoperatively, including a 100-mm SI joint and back pain
visual analog scale (VAS), Oswestry Disability Index (ODI), Short Form-36 (SF-36), and
EuroQOL-5D. Patient satisfaction with surgery was assessed at 6 and 12 months.
Results Mean SI joint pain improved from 79.8 at baseline to 30.0 and 30.4 at 6 and
12 months, respectively (mean improvements of 49.9 and 49.1 points, p < 0.0001
each). Mean ODI improved from 55.2 at baseline to 32.5 and 31.4 at 6 and 12 months
(improvements of 22.7 and 23.9 points, p < 0.0001 each). SF-36 physical component
summary improved from 31.7 at baseline to 40.2 and 40.3 at 6 and 12 months
(p < 0.0001). At 6 and 12months, 93 and 87% of subjects, respectively, were somewhat
or very satisfied and 92 and 91%, respectively, would have the procedure again.
Conclusions Minimally invasive SI joint fusion resulted in improvement of pain,
disability, and quality of life in patients with SI joint dysfunction due to degenerative
sacroiliitis and SI joint disruption.
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with other prominent orthopedic conditions such as lumbar
spinal stenosis and degenerative hip arthritis.9

Nonsurgical treatments for SI joint pain include physical
therapy, chiropractic manipulations, intra-articular SI joint
steroid injections, and radiofrequency (RF) neurotomy (abla-
tion) of the S1–S3 dorsal rami innervating the SI joint. Blinded
randomized trials of periarticular injections have shown only
short-term pain relief.10–12 RF ablation neurotomy trials in
patients who respond to dorsal rami blocks have shown
modest pain relief13,14; limited evidence for long-term pain
relief from this treatment is available.15 Open SI joint ar-
throdesis was first reported in the 1920s.16–18 A small
number of retrospective studies suggest that it can be effec-
tive in relieving chronic SI joint pain.19–25 However, open SI
joint fusion is rarely performed currently due to relatively
large incisions, lengthy hospital stays (3 to 5 days), and long
recovery periods (often lasting months), and a relatively high
complication rate (13.7% in one systematic review26). The
reported nonunion rate is unsatisfactory (9 to 41%),21,27,28

and patient satisfaction with open SI joint fusion surgery has
been highly variable (18 to 80%) in reported series.26 Open SI
joint fusion is currently used primarily to address acute
traumatic, infection- or tumor-related joint instability.

Minimally invasive alternatives to open SI joint fusion have
gained popularity in recent years.29 Although other techni-
ques have been reported,30–32 most recently published stud-
ies describe use of a series of triangular titanium implants
coated with a porous titanium plasma spray (TPS) across the
SI joint.33–39 Herein we report 12-month clinical outcomes
from a prospective multicenter clinical trial of minimally
invasive SI joint fusion using this implant system.

Methods

This study was a prospective, multicenter, postmarket (on-
label) single-arm interventional clinical trial of SI joint fusion
using an FDA-cleared implant system (iFuse Implant Sys-
tem®, SI-BONE, Inc., San Jose, California, United States).
Enrollment took place between August 2012 and Decem-
ber 2013 at 26 sites. The study protocol (registered on
clinicaltrials.gov [NCT01640353]) was approved by the insti-
tutional review board at each participating clinical site prior
to patient enrollment. The study was sponsored by the
device’s manufacturer (SI-BONE, Inc., San Jose, California,
United States). All study sites underwent both remote and
on-site data monitoring. All study data were 100% source
verified.

Patients were invited to participate if they were between
the ages of 21 and 70 and had a diagnosis of SI joint
dysfunction due to degenerative sacroiliitis and/or SI joint
disruption. Identification of the SI joint as the pain generator
was based on a combination of a history of pain at or near the
SI joint,57 a positive provocative testing on at least three of
five established physical examination tests,40 and at least a
50% decrease in pain after image-guided injection/arthro-
gram into the SI joint with local anesthetic. SI joint block to
diagnose the SI joint as a pain generator is recommended by
multiple pain and anesthesia physician societies.41–45Degen-

erative sacroiliitis was defined in the study as diagnosed SI
joint pain in the context of either radiographic evidence of SI
joint degeneration (sclerosis, osteophytes, subchondral cysts,
or vacuum phenomenon) on computed tomography (CT) or
X-ray or a history of prior lumbar fusion. SI joint disruption
was defined in the study as diagnosed SI joint pain in the
context of asymmetric widening of SI joints on CT or X-ray or
the presence of significant contrast extravasation during a
diagnostic SI joint block/arthrogram. Study inclusion also
required the patient to have a baseline score of at least 30%
on Oswestry Disability Index (ODI) and an SI joint pain score
of at least 50 on a 0-to-100-mm visual analog scale (VAS),
where 0 represents no pain and 100 represents worst imag-
inable pain.

Patients were excluded if they met any of the following
conditions: severe back pain due to other causes (e.g., lumbar
disk degeneration, spinal stenosis, etc.), history of recent (<1
year) major trauma to the pelvis, metabolic bone disease
(either induced or idiopathic), or any condition that made
treatment with the study devices infeasible or that interfered
with the ability to participate in physical therapy. Patients
involved in litigation, on disability leave, or receivingworkers’
compensation related to their back or SI joint pain were also
excluded. Patients who agreed to enroll signed a study-
specific informed consent form prior to any study-specific
procedure.

Baseline (presurgical) assessments included a detailed
medical history, physical examination, and several assess-
ments, including SI joint and lower back pain measured using
a VAS, disability measured by ODI,46 and quality of life
measured by both EuroQoL-5D (EQ-5D) and Short Form-36
(SF-36).47,48 ODI is a validated 10-question survey for dis-
ability due to back pain. EQ-5D is a 5-question broad quality-
of-life measure that can be combined into a single index and
represents the time trade-off utility of current health. EQ-5D
also includes a 0- to 100-mm health thermometer. SF-36 is a
36-question, 8-subscale generic quality-of-life measure. The
SF-36 physical component summary (PCS) summarizes over-
all physical health, with population norms with mean 50 and
standard deviation of 10. Similarly, the SF-36 mental compo-
nent summary (MCS) summarizes overall mental health, with
similar population norms.

Subjects underwent index-side minimally invasive SI joint
fusion as described previously within 30 days of baseline
assessment.36 Under general anesthesia, the subject was
placed in the prone position on a radiolucent table. A 3- to
5-cm lateral buttocks incision was made, and dissection was
carried down to the gluteal fascia to reach the outer table of
the ilium. A guide pin was inserted through the ilium across
the SI joint into the body of the sacrum, avoiding the sacral
neural foramen. Pin placement was confirmed with lateral,
inlet, and outlet fluoroscopic views of the pelvis. A soft tissue
protector was passed over the pin, followed by use of a drill to
create a pathway through the ilium and into the sacrum, and
to decorticate the articular surfaces of the joint. A triangular
broach was then used to further decorticate the joint and
prepare the pathway for placement of the implant (►Fig. 1),
which was driven into place. Using a parallel drill guide,
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additional implants (usually a total of three) were placed
across the SI joint. Typically, the most cephalad implant was
placed within the sacral ala above the S1 foramen, the second
implant was positioned above or adjacent to the S1 foramen,
and the third implant was positioned between the S1 and S2
foramen. The incision was irrigated and the tissue layers
closed in a standard fashion. Subjects requiring treatment
of both SI joints could undergo either bilateral same-day
surgery or staged surgery.

Perioperative measures, including estimated blood loss,
fluoroscopy time, operating time, number of devices used,
and complications, were collected. Three-way postplacement
X-ray or fluoroscopic images were obtained. Subjects were
discharged home at the surgeon’s discretion. Prior to dis-
charge, subjects were re-evaluated for the occurrence of
adverse events.

Postoperatively, subjects were asked to remain at heel-
toe touchdown-protected weight-bearing using awalker or
crutches for 3 weeks followed by progressive increases in
weight-bearing until fully ambulatory. Beginning at 1 to
3 weeks postoperatively, subjects were asked to undergo
individualized physical therapy twice a week for 6 weeks.
Physical therapy involved activity modification to mini-
mize pain recurrence, mobility and stability exercises, as
well as adjacent segment joint mobilization for stiffness

and pain control. Manipulation of the treated SI joint was
discouraged.

Subjects underwent in-clinic follow-up at 1, 3, 6, 12, 18,
and 24 months postoperatively. This report describes clinical
outcomes up to 12 months (18- and 24-month follow-up is
pending). Follow-up assessments consisted of review of ad-
verse changes in health, ambulatory, and work status, medi-
cation use for pain, physical examination, and quality-of-life
questionnaires. Outcomes of radiographic assessments, in-
cluding X-ray at 3, 6, and 24 months and high-resolution CT
scan at 12 months, will be reported elsewhere.

Adverse events, defined as any negative change in health
according to an international clinical trial standard
(ISO14155:2011), weremonitored continuously and assessed
at all study visits. For each event, investigators were asked to
rate the severity and relationship to the study device, the
device placement procedure and, if present, pre-existing
conditions. Relatedness was captured as definitely, probably,
possibly, unlikely, and unrelated to the device, procedure, or
pre-existing condition, and each event was categorized by
body system.

Device Description
The implant system used in this study is cleared by the U.S.
Food and Drug Administration (K080398) for SI joint fusion

Fig. 1 (A) Intraoperative fluoroscopic images showing postplacement outlet (left), inlet (right), and lateral (lower) views. (B) iFuse implant
(SI-BONE, Inc., San Jose, California, United States).
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for SI joint dysfunction due to sacroiliac joint disruption and
degenerative sacroiliitis. The system consists of a titanium
implant that is triangular in shape on cross section and coated
with a porous TPS and a delivery system. The implant’s
triangular shape minimizes rotation, and the procedure in-
corporates an interference fit between the implant and adja-
cent osseous walls to reduce micromotion. The porous TPS
coating allows for biological fixation in bone, a concept used
in several orthopedic devices such as hip, knee, and shoulder
implants. Implants are available in configurations ranging
from 30 to 70 mm in length and 4 and 7 mm in inscribed
diameter. Per the manufacturer, at least two implants should
be placed across the SI joint.

Cohorts, Study End Points and Statistical Analysis
The primary analysis cohort consists of subjects who were
enrolled, underwent the study procedure, and were available
at each follow-up time point. The analysis cohort included
those subjects enrolled who were subsequently determined
to be ineligible. The primary study end point, evaluated at
6 months after the most recent SI joint fusion (to accommo-
date subjects who underwent staged bilateral surgery), was a
binary success/failure composite end point. A subject was
considered a success if all of the following were met: reduc-
tion from baseline VAS SI joint pain by at least 20 mm,
absence of device-related serious adverse events, absence
of neurologic worsening related to the sacral spine, and
absence of surgical reintervention (removal, revision, reoper-
ation, or supplemental fixation) for SI joint pain. The 20-mm
VAS threshold was selected as the minimum clinically impor-
tant difference in chronic lower back pain.49,50 Success rates
were also evaluated at other time points. The study’s final
sample size was determined by preplanned interim analysis.
The study’s success rate goal (Bayesian predicted posterior
probability of success > 35%, an estimate of the success rate
with continued medical therapy) was met in December 2013
when 60 subjects had 6 months of follow-up, at which point
enrollment was terminated. The following subgroup analyses
were prespecified: underlying condition (degenerative sac-
roiliitis versus SI joint disruption), history of prior lumbar
fusion, smokers versus nonsmokers, and unilateral versus
bilateral SI joint fusion. The study’s secondary end points
included an analysis of patient success rates at other time
points as well as improvement from baseline in VAS, ODI, SF-
36 PCS, and EQ-5D scores. For continuous variables, changes
from baseline were compared using repeated measure anal-
ysis of variance. 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.51

Results

Of 194 subjects who qualified and signed a consent form, 10
withdrew prior to SI joint fusion and data from 12 subjects at
a single site were eliminated on the basis of the site’s
persistent noncompliance with the study protocol. These
exclusions left 172 treated subjects at 26 sites. All subjects

met eligibility criteria except for the following: 2 subjects
were over age 70 at the time of screening, 1 subject had an
insufficiently high baseline pain rating, 1 subject had pain for
less than 6 months, 1 subject had documented severe back
pain from degenerative disk disease, 2 subjects had osteopo-
rosis, 1 subject had rheumatoid arthritis, and 9 subjects were
receiving disability payments or were involved in back- or SI
joint-related disability claims. (One subject had two reasons.)
All enrolled and treated subjects were included in all
analyses.

Baseline Characteristics
Patient characteristics are listed in ►Table 1. Mean subject
agewas 50.9 years; most (96.5%) subjects were Caucasian and
69.8% were women. At baseline subjects experienced high
levels of SI joint pain and had substantial disability, as
indicated by high baseline pain ratings (mean 79.8 on the
0-to-100 scale) and ODI scores (mean 55.2). Mean pain
duration prior to enrollment was 5.1 years (range 0.43 to
41); 84.3% had pain for >1 year and 64.5% had pain for >2
years. Twenty subjects reported that their pain began in the
peripartum period (11.6%). Quality of life was substantially
diminished, as indicated by low EQ-5D scores (mean of 0.43
on time trade-off and 57.1 on health thermometer) and low
SF-36 scores (mean PCS of 31.7 and MCS of 38.5). These
quality-of-life scores represent a significant burden of dis-
ease.9 Seventy-six percent were taking opioid medications at
baseline, and all reported that multiple activities commonly
caused their SI joint pain. Many subjects (44.2%) had a history
of prior lumbar fusion, and concomitant spine disease was
common. (Note that patients with severe pain from causes
other than SI joint dysfunction were excluded from the
study.) Pain associated with the SI joint was typically located
at the posterior superior iliac spine, but distant and/or
radiating pain was frequent anteriorly and posteriorly
(►Fig. 2). SI joint pain persisted despite prior treatment
with physical therapy (64.5% of the subjects), SI joint steroid
injections (94.2%), and/or RF ablation of the SI joint (15.7%).

Procedure Characteristics
All study procedures were performed according to the man-
ufacturer’s guidelines (instructions for use). Most subjects
underwent unilateral treatment; 14 (8.1%) underwent simul-
taneous (n ¼ 3) or staged (n ¼ 11) bilateral treatment. Mean
(standard deviation [SD]) procedure time was 46.6 (� 16.1)
minutes, with a range of 13 to 111minutes (►Table 2). Eighty
percent of procedures lasted less than 1 hour. Mean (SD)
fluoroscopy time was minimal at 2.7 (� 1.8) minutes (range
0.3 to 14). Mean (SD) estimated blood loss was 51.0 mL
(� 75.8; range 5 to 800 mL). One subject had 800 mL of blood
loss due to injury to the superior gluteal artery. In most cases
(144, 83.7%), 3 implants were used; 2 and 4 implants were
used in 6 (3.5%) and 22 (12.8%) cases, respectively. Most
implants (97.2%) were 7 mm in diameter. Three device-
related technical complications occurred (all cases at a single
site of excessive pin advancement during drilling), without
consequence. Hospital length of stay ranged from 0 to 7 days
(median 1 day). Prolonged hospital stays (�3 days, 8 cases,
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4.7%) were related to patient comorbidities, not procedure-
related adverse events.

Subject Trial Flow
Trial follow-up was excellent. Of the 172 participants, 169
(98%) had 6-month follow-up and 157 (91%) had 12-month

follow-up (►Fig. 3). Reasons for study exit prior to the 12-
month visit included withdrawal of consent (n ¼ 2) and loss
to follow-up (n ¼ 7). Six subjects missed the 12-month study
visit but had not exited the study.

Primary End Point
By month 6, 136 of 169 subjects (80.5%, 95% posterior
credible interval 74.0 to 85.9%) met the study’s primary
success end point. The observed success rate exceeded the
threshold for study success (Bayesian posterior probability of
study success > 0.999). The 12-month success rate was
similar (125/157 or 79.6%). Prespecified subgroup analyses
(►Table 3) showed no statistically significant differences in
success rates by underlying diagnosis, history of prior lumbar
fusion, smoking status, or unilateral versus bilateral SI joint
fusion surgery.

Pain and Quality-of-Life Outcomes
During follow-up, mean (SD) SI joint pain improved from a
baseline of 79.8 points to 30.0 points at 6 months and 30.4 at
12 months (►Table 4 and ►Fig. 4). Changes from baseline in
VAS SI joint pain (49 to 50 points at each time point 3 months
or thereafter) were statistically significant (p < 0.0001) and
clinically substantial. At 3, 6, and 12 months, the proportion
with pain improvements of �20 points was 88, 82, and 82%,
respectively. The proportion with improvements of �40
points at 3, 6, and 12 months was 64, 68, and 66%, respective-
ly. ODI score, a measurement of disability due to back pain,
improved from a mean baseline score of 55.2 to 32.5 at 6
months and 31.4 at 12 months. Improvements from baseline
in ODI at 3, 6, and 12months (�21.3,�22.7, and�23.9 points,
respectively) were statistically significant and clinically sub-
stantial. At 6 and 12months, 129 (76%) and 122 (77%) subjects
had an ODI improvement of 10 or more points and 111 (66%)
and 106 (67.0%) had an improvement of 15 ormore points. No
important difference in pain improvement or ODI were
observed across prespecified subgroups except that current
smokers had a somewhat diminishedODI response compared
with nonsmokers (�6 points less, p ¼ 0.0710).

Quality of life was measured using two generic assess-
ments, EQ-5D and SF-36. Mean EQ-5D time trade-off index
improved from0.43 at baseline to 0.69 at 6months and 0.71 at
12 months, increases of 0.25 and 0.27 points, respectively
(►Table 4, p < 0.0001). Mean EQ-5D global health thermom-
eter rating improved from 57.1 at baseline to 69.1 at 6months
and 68.8 at 12months (improvements of 12.1 and 11.4 points,
p < 0.0001). All SF-36 individual domains showed statisti-
cally significant improvements (p ¼ 0.006 and 0.003 for
general health at 6 and 12 months, respectively, and
p < 0.0001 for all other domains and time points, ►Fig. 5).
SF-36 PCS and MCS were depressed at baseline (mean 31.7
and 38.5, respectively); by 6 and 12 months after SI joint
fusion, respectively, these values improved by 8.4 and 8.7
points for PCS and 9.4 and 9.2 points for MCS (p < 0.0001
each). Satisfaction rates were high: at 6 and 12 months, most
(93.5 and 87.3%) were somewhat or very satisfied. Similarly,
92.3 and 91.1% of subjects stated at 6 and 12months that they
might or would definitely have the procedure again. Opioid

Table 1 Characteristics of enrolled subjects

Characteristic Value

Age (y), mean (range) 50.9 (23–72)

Women, n (% female) 120 (69.8%)

Race, n (%)
White
Hawaiian/Pacific Islander
Black
Other

166 (96.5%)
1 (0.6%)
2 (1.2%)
3 (1.7%)

Ethnicity
Hispanic or Latino, n (%) 7 (4.1%)

Body mass index, mean (range) 29.4 (17–51)

Smoking status, n (%)
Current smoker
Former smoker
Never smoker

44 (25.6%)
49 (28.5%)
79 (45.9%)

Ambulatory without assistance, n (%) 154 (89.5%)

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

64 (37.2%)
9 (5.2%)
36 (20.9%)
59 (34.3%)
4 (2.3%)

Prior lumbar fusion, n (%) 76 (44.2%)

Underlying diagnosis
Degenerative sacroiliitis
Sacroiliac joint disruption

135 (78.5%)
37 (21.5%)

Duration of pain (y), mean (range) 5.1 (0.43–41)

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

20 (11.6%)
144 (83.7%)
96 (55.8%)
151 (87.8%)
137 (79.9%)
153 (89.0%)
150 (87.2%)
117 (68.0%)

Prior treatments
Physical therapy
Steroid SI joint injection
RF ablation

111 (64.5%)
162 (94.2%)
27 (15.7%)

Taking narcotics, n (%) 131 (76.2%)

Proportion with lumbar stenosis, n (%) 40 (23.3%)

Proportion with hip diagnosis, n (%) 19 (11.0%)

Physical exam findings on target side (left/right)
FABER/Patrick’s
Compression
Thigh thrust
Distraction
Gaenslen

82 (91.1%)/74 (90.2%)
72 (80.0%)/64 (78.0%)
73 (81.1%)/74 (90.2%)
65 (72.2%)/54 (65.9%)
48 (64.4%)/55 (67.1%)

VAS pain score, mean (� SD) 79.8 (12.8)

ODI score, mean (� SD) 55.2 (11.5)

SF-36, mean (� SD)
PCS
MCS

31.7 (5.6)
38.5 (11.3)

EQ-5D
TTO index
Health thermometer

0.43 (0.18)
57.1 (23.7)

Abbreviations: EQ-5D, EuroQOL-5D; MCS, mental component summary;
ODI, Oswestry Disability Index; PCS, physical component summary; RF,
radiofrequency; SD, standard deviation; SF-36, Short Form-36; SI,
sacroiliac; TTO, time trade-off; VAS, visual analog scale; FABER, flexion,
abduction and external rotation.
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use decreased somewhat from 76% at baseline to 60% at 6-
month follow-up and 57% at 12 months.

Device-Related Events
As per the study protocol and ISO 14155:2011 compliance, all
negative changes in health were collected as adverse events.
Adverse events occurring up to 12 months are listed
in►Table 5. Five adverse events (2.9% of subjects) were rated
as probably or definitely related to the study implant
(►Table 6). Two subjects experienced implant-related L5–
S1 nerve root irritation postoperatively, which resolved in
both cases with repositioning of the involved implant. (One
additional patient had a similar event after revision of a
contralateral SI joint fusion initially performed prior to study
entry.) One subject had ipsilateral buttocks pain attributed to
iliac bone cortex periosteal bone growth around the proximal
end of the implants. One subject had persistent SI joint pain
after a fall associatedwith amisstep. ACTscan of this patient’s
treated SI joint showed that the second and third implants
were not fully across the SI joint, and this subject eventually
underwent revision surgery, which resulted in substantial
pain improvement. In the fifth case, mild (2 out of 10) buttock
pain starting at postoperative day 182 was attributed to the
device.

Procedure-Related Events
Twenty-one events (12.2% rate) were rated as probably or
definitely related to the placement procedure (►Table 6).
Notable events include 5 cases of wound infection or drainage
(all of which resolved with antibiotic treatment or surgical
debridement, which was necessary in one case), 2 cases of
radiculopathy related to implant malposition (described pre-
viously), 1 case of hemorrhage due to an injured gluteal

artery, and 1 case of pain resulting from both a fall and
inadequate device placement (case described above). All
remaining events were related to anesthesia or postoperative
recovery only.

Severe Events
Twenty-nine events were noted to be severe. Of the 29, 1
event was both severe and device-related: L5–S1 nerve
irritation due to implant malposition, described previously
(►Table 7). Four events were severe and probably or defi-
nitely procedure-related: 1 case of implant radiculopathy
(same case as above), 1 case of postoperative surgical pain
requiring brief hospitalization, 1 case of postoperative nau-
sea/vomiting requiring prolonged hospitalization, and 1 case
of deep wound infection requiring surgical wound debride-
ment. All remaining events were unassociated with the SI
joint surgery.

Revisions
Revision surgery occurred in 4 cases (2.3%). In 3 cases,
subjects awoke with new-onset leg pain (1 case was not
related to a study procedure). Leg pain resolved when im-
plants were repositioned slightly. In 2 additional cases, SI
joint pain relief was either minor or pain recurred, probably
due in both cases to poor implant positioning, with 1 or more
implants barely engaging the sacrum. Both subjects under-
went placement of 1 or more additional implants with
subsequent improvement in SI joint pain. One of these
subjects had also undergone interval anterior lumbar inter-
body fusion of L5–S1 for lower back pain. With amean of 18.5
months of follow-up to date (total 3,152 person-months), the
cumulative revision rate is 2.8% (95% confidence interval 0 to
5.5%).

Fig. 2 Pain location in subjects reporting primarily left-sided sacroiliac joint pain. Dot size is proportional to the number of subjects reporting pain
in that location.
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One further subject, a 44-year-old man, underwent staged
bilateral SI joint fusion. He had initial pain relief at the index
side after implant placement, but developed recurrent pain
6 months later. Extensive workup showed bilateral labral
tears and evidence of possible femoral acetabular impinge-
ment. Repeat bilateral SI joint block provided 50% temporary
pain relief and intra-articular hip injections provided no
diagnostic benefit; he therefore underwent traditional open
SI joint arthrodesis followed by placement of 1 additional
implant in each SI joint. He reported excellent SI joint pain
relief at month 12 but was still troubled by lower back pain of
unknown cause. One subject, who had no improvement in SI
joint pain at 6 months, underwent placement of a spinal cord
stimulator �13 months after SI joint fusion, which provided
substantial pain relief and suggested a preoperative neuro-
pathic cause of pain.

Nonsevere Adverse Events Unrelated to the Procedure
or Implant
In all, 257 additional eventswere not severe and not related to
either the device or procedure. Of these events, 83 (32.3%)
were probably or definitely related to pre-existing conditions.

Discussion

The SI joint has been recognized as a pain generator since the
early 1900s,1 and it has more recently garnered attention as a
significant contributor to low back pain.3 In the setting of a
prior lumbar fusion, degeneration of the SI joint is frequent
andmay be themost common cause of post-fusion lower back
pain,52 possibly as a result of adjacent segment degeneration
or increased energy transfer causing SI joint instability.4,5 In
patients undergoing lumbar laminectomy alone, increased
scintigraphic uptake has been demonstrated within the SI
joint, suggesting altered spinal mechanics.53

Diagnosing the SI joint as a source of pain involves a history
suggestive of pain from the SI joint, physical examination that
includes at least three positive physical examination maneu-
vers predictive of SI joint pain, and confirmatory diagnostic SI
joint block. X-ray and cross-sectional imaging is important to
rule out neural compressive or other lesions that could cause
referred pain to the affected buttocks or groin. In our cohort,
pain was reported primarily near the posterior superior iliac
spine but radiation into the hip, leg, upper back, or groin was
common (►Fig. 2). All study subjects had physical examina-
tion signs common in patients with SI joint pain.40 Finally, all
subjects had marked acute reduction in pain on fluoroscopy-
guided injection of local anesthetic into the SI joint, a test
with substantial support from pain and anesthesia
societies.41–45

Our study is the first to provide strong prospective,
multicenter evidence of the effectiveness of minimally inva-
sive SI joint fusion. Over 80% of subjects reported a clinically
significant improvement (�20 point decrease) in SI joint pain
at 6 and 12 months after surgery as rated using a VAS. Study

Table 2 Index procedure characteristics (n ¼ 172)

Characteristic Value

Target joint, n (%)
Right
Left

83 (48.3%)
89 (51.7%)

Procedure time (min)
Mean (SD, range)
< 30
30–60
60–120

46.6 (16.1, 13–111)
27 (15.7%)
111 (64.5%)
34 (19.8%)

Fluoroscopy time (min)
Mean (SD, range)
0–1
1–2
2–3
3–4
> 4

2.7 (1.8, 0.3–14)
24 (14.0%)
42 (24.4%)
46 (26.7%)
29 (16.9%)
28 (16.3%)

Estimated blood loss (mL)
Mean (SD, range)
0–50
50–100
> 100

51.0 (75.8, 5–800)
130 (75.6%)
22 (12.8%)
13 (7.6%)

Number of implants used, n (%)
2
3
4

6 (3.5%)
144 (83.7%)
22 (12.8%)

Implant length (mm), mean (SD)
First implant
Second implant
Third implant
Fourth implant

49.1 (7.4)
43.4 (5.7)
40.2 (6.2)
39.8 (3.9)

Implant diameter (mm), n (%)
4
7

15 (2.8%)
517 (97.2%)

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

0.79 (0.96, 0–7)
69 (40.1%)
86 (50.0%)
9 (5.2%)
8 (4.7%)

Abbreviation: SD, standard deviation.
Note: Only the index side procedure is reported.

Table 3 Success rates at 6 mo

Subgroup Rate p Valuea

Underlying condition
Degenerative sacroiliitis
Sacroiliac joint disruption

104/132 (78.8%)
32/37 (86.5%)

0.4183

Prior lumbar fusion
No
Yes

75/95 (78.9%)
61/74 (82.4%)

0.7103

Smoking
Current smoker
Former smoker
Never smoker

31/42 (73.8%)
38/49 (77.6%)
67/78 (85.9%)

0.2330

Bilateral procedure
No
Yes

123/155 (79.4%)
13/14 (92.9%)

0.3851

Overall 136/169 (80.5%)

aChi-square test.
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subjects reported improvement in pain as early as 1 month;
pain improvementwasmaintainedbetween3and12months.
Improvements in pain were reflected by statistically signifi-
cant and clinically important improvements in disability as
measured by ODI. Approximately three quarters of study
subjects had a decrease in ODI of 10 or more points.

Quality of life is substantially depressed in patients with SI
joint pain; the degree of depression is similar to that reported
for other major orthopedic conditions commonly treated
surgically, such as lumbar spinal stenosis and degenerative
hip arthritis.9 In our cohort, quality of life, measured using
two quality-of-life instruments (EQ-5D and SF-36), showed
marked improvements at 6 and 12 months. Improvements in
pain, disability, and quality of life were remarkable given the
long duration of SI joint pain (on average 5 years) and the high
rate of failure of prior therapies (64.5% had received physical
therapy, 94.2% had received SI joint steroid injections, and
15.7% had received RF ablation). Moreover, the enrolled
patient population was complex, with many participants
having a history of prior spine surgery (lumbar fusion, 44%)
and concomitant spine and hip disease (lumbar stenosis, 23%;
hip disease, 11%). The occurrence of concomitant degenera-
tive spine and hip disease in our cohort is not surprising given
that osteoarthritic degeneration of the SI joint explained SI
joint pain in the majority of trial subjects.

Improvements in pain, disability, and quality of life ob-
served in our study were similar to results reported in
retrospective cohorts using the same device,33–39 as well as
a recently published randomized clinical trial with identical
eligibility criteria.54 Quality-of-life score changes were also
similar to results observed in a retrospective case series of

patients undergoing SI joint fusion using hollow modular
anchorage screws plus demineralized bone matrix.31 Prespe-
cified subgroup analyses showed that smokers responded
similarly to nonsmokers and that subjects with a history of
prior lumbar fusion responded similarly to those without a
history of fusion. Fusion of the lumbar spine may be a risk
factor for SI joint degeneration,52 and prior lumbar fusion is
common in patients with SI join pain.4 It is also possible
(though our trial provides no direct evidence to support this
point) that someparticipantsmayhave previously undergone
lumbar fusion when SI joint pain was the true underlying
diagnosis.

The etiology of SI joint dysfunction in our cohort included
osteoarthritic degeneration of the SI joint and/or joint hyper-
mobility due to joint disruptions, neither of which are reliably
diagnosed radiographically. Rather, diagnosis relies on histo-
ry, physical examination, and diagnostic SI joint block. The
mechanism of pain relief with iFuse is two-fold: early pain
relief occurs as a result of immediate surgical joint stabiliza-
tion, and late pain relief occurs as a result of both surgical
stabilization and long-term fusion, as demonstrated in a 5-
year clinical and radiographic follow-up study of patients
treatedwith the same device.55 Proper implant positioning is
probably important in achieving pain relief. In two cases,
subjects with persistent pain and inadequate device place-
ment evident on CTunderwent placement of additional iFuse
implants; both subjects experienced pain relief after this
revision surgery. Additional potential explanations for inad-
equate pain relief after iFuse placement include loosening of
the implants after placement (one possible case observed to
date in this study), inaccurate diagnosis, and the presence of

Table 4 Change in pain, Oswestry Disability Index, SF-36, and EQ-5D

Measure Baseline 1 mo 3 mo 6 mo 12 mo p Valuea

VAS SI joint pain (SD)
VAS SI joint pain change (SD)

79.8 (12.8) 36.9 (26.3)
�42.7 (28.5)

30.7 (25.9)
�49.2 (25.6)

30.0 (26.5)
�49.9 (28.3)

30.4 (27.6)
�49.1 (29.5) <0.0001

ODI
ODI change (SD)

55.2 (11.5) 42.6 (17.4)
�12.5 (19.2)

33.8 (18.8)
�21.3 (19.2)

32.5 (19.7)
�22.7 (20.6)

31.4 (19.2)
�23.9 (20.4) <0.0001

EQ-5D
TTO index
TTO change
Health thermometer
Health thermometer change

0.43 (0.18)

57.1 (23.7)

–

–

–

–

0.69 (0.21)
0.25 (0.24)
69.1 (20.2)
12.1 (27.1)

0.71 (0.20)
0.27 (0.24)
68.8 (20.7)
11.4 (27.9)

<0.0001

<0.0001

SF-36
PCS
PCS change
MCS
MCS change

31.7 (5.6)

38.5 (11.3)

–

–

–

–

40.2 (9.7)
8.4 (9.7)
47.8 (11.5)
9.4 (12.6)

40.3 (9.5)
8.7 (9.9)
48.0 (12.4)
9.2 (11.7)

<0.0001

<0.0001

Satisfaction (%)
Somewhat or very satisfied
Might or definitely would

have implant again

–
–

–
–

–
–

157 (93.5%)
155 (92.3%)

137 (87.3%)
143 (91.1%)

–
–

Abbreviations: EQ-5D, EuroQOL-5D; MCS, mental component summary; ODI, Oswestry Disability Index; PCS, physical component summary; RF,
radiofrequency; SD, standard deviation; SF-36, Short Form-36; SI, sacroiliac; TTO, time trade-off; VAS, visual analog scale.
Note: The top row shows group mean and the bottom row shows change from baseline.
aRepeated measures analysis of variance. A dash indicates assessment not required per protocol.

Global Spine Journal Vol. 6 No. 3/2016

Triangular Titanium Implants for Sacroiliac Joint Fusion Duhon et al.264

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



concomitant disease (e.g., hip osteoarthritis, lumbar facet
arthropathy) that can present in a manner similar to SI joint
pain, or new-onset piriformis syndrome.

All adverse events, defined in the study protocol according
to an international clinical trial standard (ISO14155:2011),
were carefully collected in this prospective study. Five events
were deemed related to the study implant. Two subjects
required early revision due to the placement of study im-
plants too close to sacral nerves with resulting radiculopathy.
Three additional subjects had recurrent SI joint pain deemed
by the investigators to be related to the study implant; in one
case, pain was associated with a fall. Twenty-one events were
deemed related to the study procedure; these eventswere not
unexpected and all resolved. Twenty-nine events were se-
vere, but most were unrelated to the study device or
procedure.

Taken together with the modest rate of device- and proce-
dure-related adverse events, the degree of pain relief observed in
our study, combined with improvements in disability and
quality of life, provide strong evidence that the benefits of the

procedure outweigh the risks for most patients, at least in the
12-month time frame. Existing longer-term studies using the
same device showed similar 1-year findings and suggested
sustained pain relief at 2,34,36 4.5,56 and 5 years.55 Long-term
radiographic fusion of the treated SI jointwas observed in 87% of
patients at 5-year follow-up.55 Combined with the results from
previously published studies,33–39,54 the results from our pro-
spective trial demonstrate that for patients with SI joint pain
unresponsive to nonsurgical treatments, minimally invasive SI
joint fusion is an acceptable option.

Fig. 4 Improvement in VAS SI joint pain (A) and Oswestry Disability
Index (B). Abbreviations: SE, standard error; SIJ, sacroiliac joint; VAS,
visual analog scale.

Fig. 5 Improvement in SF-36 domains at 6 months compared with
baseline. All p < 0.0001 versus baseline except for GH (p ¼ 0.0063 for
6 months versus baseline and p ¼ 0.0031 for 12 months versus
baseline). Solid line ¼ baseline; dotted line ¼ month 6; dashed line
¼ month 12. Abbreviations: SF-36, Short Form-36; SE, standard error;
BP, bodily pain; GH, general health; MH, mental health; PF, physical
function; RE, role emotional; RP, role physical; SF, social function; VT,
vitality.

Fig. 3 Patient flow. Some subjects who missed the 1- or 3-month visit
returned for subsequent visits (dashed lines).
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This study has several advantages. All participants were
carefully screened against predetermined eligibility criteria,
and the results represent the prospective experience of
multiple surgeons. The trial was executed according to an
international clinical trial standard (ISO14155:2011). Study
data were collected on electronic case report forms at pre-
determined postoperative times, and all data were rigorously
monitored and source verified. The 12-month follow-up rate
was high. The primary study limitations were lack of a
concurrent control group treated nonsurgically and the sub-
jective nature of the patient-reported outcomes used. These
concerns may be mitigated by the following observations.
First, all study participants had at least 6months of pain prior
to study enrollment and treatment, mean pain duration was
>5 years, and many commonly provided interventions for SI
joint pain, such as SI joint steroid injections and physical
therapy, had failed to provide relief prior to enrollment. The
significant regression of pain, disability, and quality of life
observed in this study would be highly unusual with contin-

ued nonsurgical care. Second, in a recently published ran-
domized controlled trial with identical enrollment criteria,
subjects who were assigned to nonsurgical management
showed onlymodest 6-month improvements in these param-
eters compared with those who underwent surgical fusion.54

The patient-reported outcomes used in our study are com-
monly used in orthopedic clinical trials. Commonly accepted
and validated physical function end points are not available
for SI joint pain.

The observed improvement in pain, disability, and quality
of life in our study is considerable given our complex patient
population, in which many subjects had pre-existing con-
comitant spinal disease and close to half had undergone prior
lumbar fusion, a suspected risk factor for degenerative sac-
roiliitis.52 Twenty-four month follow-up from this study will
behelpful to determine the long-termmaintenance of relief of
SI joint pain and its associated effects on disability and quality
of life and to evaluate long-term radiographic outcomes.

Conclusions

This study provided strong evidence that minimally inva-
sive SI joint fusion using triangular porous TPS coated
implants placed across the SI joint improved pain, disabili-
ty, and quality of life at 12 months in patients with SI joint
dysfunction due to degenerative sacroiliitis and SI joint
disruption.

Table 5 Adverse events by body system

Category n (%)a

Pelvis 55 (32)

Back 36 (20.9)

Leg 35 (20.3)

Fall 30 (17.4)

Hip 19 (11)

Gastroenterologic 13 (7.6)

Neck 10 (5.8)

Surgical wound 10 (5.8)

Cardiovascular 9 (5.2)

Infection 9 (5.2)

Miscellaneous 7 (4.1)

Foot 6 (3.5)

Genitourinary 6 (3.5)

Allergic 5 (2.9)

Arm/hand 5 (2.9)

Pulmonary 4 (2.3)

Shoulder 4 (2.3)

Trauma 4 (2.3)

Endocrinologic 2 (1.2)

Gynecologic 2 (1.2)

Psychological 2 (1.2)

Thoracic 2 (1.2)

Hematologic 1 (0.6)

Ophthalmologic 1 (0.6)

Rheumatologic 1 (0.6)

aNumber of events and rate (events divided by total number of trial
subjects).

Table 6 Device- or procedure-related events

Event category n (%)a

Related to deviceb

Neuropathy related to malposition
SI joint pain after fall associated

with inadequate device placement
Hip pain related to periosteal bone

growth around implant
Mild SI joint pain

5 (2.9)
2 (1.2)
1 (0.6)

1 (0.6)

1 (0.6)

Related to procedureb

Wound infection or drainage
Buttocks or SI joint pain
Postoperative nausea/vomiting
Neuropathy related to malpositionc

Staple irritation
Numbness around surgical wound
Gluteal artery bleeding
Urinary retention
Fall causing SI joint paind

21 (12.2)
5 (2.9)
5 (2.9)
3 (1.7)
2 (1.1)
1 (0.6)
1 (0.6)
1 (0.6)
1 (0.6)
1 (0.6)

Abbreviation: SI, sacroiliac.
aNumber (rate) of events divided by number undergoing surgical
procedure.

bEvents rated as probably or definitely related to the device/procedure by
the study site investigator. One additional subject had neuropathy
related to iFuse implant placement in a nonindex side.

cSame two events as those noted to be device-related. One additional
similar event related to contralateral SI joint fusion not part of study.
dFall possibly related to inadequate placement of second and third
implants not fully across SI joint.
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