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ABSTRACT

Background: This report documents 1-year results of 250 patients enrolled in a prospective, multicenter study of a
minimally invasive (MI) sacroiliac joint fusion (SIJF) system that uses decortication, graft placement, and joint fixation.

Methods: The cohort includes all patients enrolled in the EVoluSIon (EVSI) clinical study who had MI SIJF surgery and
completed 1-year follow-up. Average age at baseline was 60.5 years, and 70.8% were female. Sacroiliac (SI) joint-related pain
duration was 22 years in 56% of patients. Visual analog scale (VAS) SI joint pain, Oswestry Disability Index (ODI), quality of
life, and opioid use were assessed preoperatively and at 1 year.

Results: At | year, the mean VAS pain demonstrated a significant reduction of more than 43 points, from 76.4 at
baseline to 33.0 (P < 0.0001), with 72.2% of patients attaining the minimal clinically important difference (MCID, >20-point
improvement). Mean ODI scores also significantly improved from 54.4 at baseline to 30.5 at 1 year (P < 0.0001), with 62.5%
of patients achieving the MCID (=15-point improvement). Prior to surgery, 62.7% (126/201) of patients were taking opioids
or other narcotics, but by 1 year postsurgery, only 26.9% (54/201) of patients reported using these medications, representing
a significant 57.1% decrease in narcotic/opioid use (P < 0.0001). Fusion of the SI joint was seen in 68.7% of patients. Few
procedural complications were reported. In all, there were 8 (8/250) serious procedure-related events, including 1 device
malposition observed on the day of surgery that required replacing the superior screw with a shorter screw.

Conclusions: Analysis of patients treated with MI SIJF in the EVSI study demonstrated that the procedure can be
performed safely and results in significant improvements in pain, quality of life, and opioid use at 1 year as well as causing
fusion in the majority of patients.

Level of Evidence: 2.

Clinical Relevance: MI SIJF differs from most procedures currently being performed in that it applies true orthopedic
principles with decorticating, bone grafting, fusion, and placement of implants perpendicular to the joint for greatest stability.
The 12-month data show improvement in functionality, reduction in pain, and, most notably, a reduction in narcotic usage,
which is important considering the ongoing opioid epidemic.

Minimally Invasive Surgery

Keywords: sacroiliac joint dysfunction, sacroiliac joint fusion, SI joint, SI joint arthrodesis, minimally invasive surgery,
sacroiliac, fusion, arthrodesis

INTRODUCTION

Minimally invasive (MI) sacroiliac joint fusion
(SIJF) has become a preferred treatment alternative
for pain originating in the sacroiliac (SI) joint that
is refractory to conservative treatment.'™ With the
increasing popularity of this procedure, there are

An MI SIJF-implantable device system incorporating
decortication, bone grafting, and fixation with threaded
implants has demonstrated encouraging results in smaller
case series.*” In the present study, 250 patients were enrolled
in a prospective, multicenter study to evaluate pain, quality
of life, opioid use, and radiographic fusion outcomes over

now more than 20 implantable devices indicated for
SI joint fixation, yet there is scant published clin-
ical data to understand the merits or comparative
effectiveness of the different systems that are avail-
able. Within clinical publications pertaining to MI
SIJF, there are even less data regarding actual fusion
rates.”

the course of 2 years with an MI SIJF system that incorpo-
rates a graft site preparation step using a proprietary decor-
tication tool. This report presents results of a cumulative
analysis for all patients enrolled in the study with data avail-
able at the interim 1-year timepoint and serves as an update
to the 6-month report on the first 50 patients enrolled in this
study.8
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METHODS
Study Design

This interim report includes all patients partici-
pating in a prospective, multicenter evaluation of the
commercially available SImmetry Sacroiliac Joint
Fusion System (Surgalign Spine Technologies, Deer-
field, IL) in the EVoluSlon (EVSI) study, registered
on clinicaltrials.gov as NCT02074761. The EVSI
study enrolled 250 patients at 23 centers in the United
States. The study is now closed to enrollment and is
in follow-up. The protocol was approved either by a
central institutional review board (IRB) or by each par-
ticipating center’s IRB, and written informed consent
was obtained from all patients prior to enrollment.
Patients were screened from each investigator’s pop-
ulation of patients indicated for MI SIJF. Patients
receiving or seeking workers’ compensation benefits
were excluded. The key inclusion criteria for partici-
pation were 18 years or greater; at least 6 months of
nonoperative management of SI joint pain; 3 positive
provocative tests (such as FABER, gaenslen, compres-
sion, thigh thrust, and dist1raction);9 at least 1 positive
diagnostic SI joint injection that resulted in at least a
50% reduction in pain within 6 months prior to implan-
tation;'*"" visual analog scale (VAS) SI joint pain score
of 60 or greater; and Oswestry Disability Index (ODI)

score of at least 40. Patients (n = 23) who did not meet
minimum eligibility requirements for baseline VAS
or ODI scores were not excluded from the analysis to
limit influence of bias from analysis. These and any
other protocol noncompliance events were reported to
the investigating sites’ IRB, as required.

Surgical Procedure

The MI SIJF surgical procedure included use of the
SImmetry System in accordance with the approved
labeling. The implant system includes a 12.5-mm
diameter cannulated implant placed through the loca-
tion of decortication and an 8.5-mm diameter antiro-
tational implant for mechanical stability. Both devices
are threaded implants made of Ti-6Al-4V titanium alloy
with a microscale texture designed for osseointegration.

The procedure has been described in detail else-
where.*'*'* Briefly, 4 steps are followed: MI lateral
access, joint preparation via decortication, bone graft
placement, and implant delivery (Figure 1). Joint prepa-
ration is a key step in the MI SIJF procedure with the
SImmetry System using a proprietary decorticator to
remove cartilage and prepare up to 50% of the SI joint
surface as an active bleeding fusion bed for bone graft
material. Bone graft is then packed into the decorticated
area, before the cannulated implant is placed across

Figure 1. (A) Minimally invasive lateral access of the sacroiliac joint; (B) decortication of the joint (inset: user-interface of decorticator instrument); (C) delivery of
bone graft into the actively bleeding fusion bed (inset: fluoroscopic image during decortication); and (D) final placement of the threaded implant through the area of

decortication and a secondary device for stability.
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the area of decortication. A secondary antirotational
implant is then placed for biomechanical stability.'*

Outcomes

Baseline data collection included medical history,
prior treatments and surgeries, provocative maneu-
vers to confirm the diagnosis of SI joint dysfunction,
diagnostic SI joint injections within 6 months prior
to implantation (sites followed their standard of care
for diagnostic injections; however, at least 1 diagnos-
tic injection was required to be within 6 months of the
SImmetry procedure; this was needed to diagnose and
treat SI joint dysfunction), and pain medication usage.
Patients were asked to complete a questionnaire, which
included self-evaluation of various elements: (1) SI
joint pain as measured by a VAS from 0 to 100, where
0 represented no pain and 100 represented the worst
possible pain; (2) disability due to low back pain as
measured by the validated ODI survey; and (3) quality
of life through the EQ-5D questionnaire. The patient
questionnaires and pain medication usage were col-
lected preoperatively and at specified timepoints of 6
weeks, 3 months, 6 months, and 12 months postoper-
atively. Patient questionnaires were self-reported and
completed by each patient prior to meeting with the
investigator to limit bias. Patient qualification and end-
point data were monitored, and the source was verified
for accuracy in reporting and compliance. Data were
collected and reported via electronic database (Fortress
Medical Systems, Hopkins, MN).

VAS pain and ODI reductions were also defined in
terms of minimal clinically important difference (MCID)
of 20 points on the VAS scale and 15 points on the ODI
scale.” Multiple secondary analyses were defined in the
protocol, including comparison of baseline and proce-
dural data to outcomes of pain reduction and fusion.
EQ-5D is a widely used standardized measure of health
status consisting of a patient-completed questionnaire
with 5 quality-of-life questions that can be combined
into a single index of “preference weights,” represent-
ing the time trade-off of current health. A VAS-like
pain scale is also included, where O is the worst imag-
inable health state and 100 is the best imaginable health
state.'>'°

SIJF was assessed by an independent core labora-
tory at the 12-month follow-up visit via thin-slice (<2
mm) computed tomography (CT), viewing 4 consecu-
tive cuts on both coronal and sagittal reconstructions.
Radiographic evidence of fusion was defined as pres-
ence of a continuous segment of bridging bone that
extends from the sacrum to the ilium. This qualitative

Table 1. Classification of fusion based on radiographic evidence.

Fusion Category Description

Fusion
No fusion

Presence of bridging across the treated joint
No bridging bone visible or images were reported as
“Indeterminate” or “Unable to Assess”

assessment of fusion status was performed by trained,
independent radiologists, including 2 evaluators and an
adjudicator (in case of a disagreement). Fusion status
was classified according to the following preestablished
criteria shown in Table 1. Examples of each fusion cat-
egory using representative CT scans from patients eval-
uated in this study are shown in Figure 2.

In cases where an assessment could not be made
from the available images due to technical factors (eg,
obscured anatomy, poor contrast, or high parallax),
the assessment was graded as “Indeterminate.” If an
assessment could not be made due to missing films, the
assessment was graded as “Unable to Assess.”

Statistical Analyses

Predefined statistical analyses described in the pro-
tocol include the primary endpoint analysis of VAS SI
joint pain scores beginning with the 6-month follow-up
visit. Pain relief postimplantation was evaluated at each
follow-up interval with descriptive statistical analy-
ses (mean, standard deviation, median, minimum and
maximum).

Statistical analyses were performed using paired ¢
tests to assess improvements following treatment using
the preoperative and follow-up VAS, ODI, and quality-
of-life measures for each patient over time. Confidence

Axial view plane

Coronal view plane

Bridging Bone

No Bridging

Figure 2.. Examples of bridging bone categories.
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intervals of 95% on the mean changes from the preop-
erative result in ODI and VAS scores were computed.
Procedural data were summarized with descriptive sta-
tistics and 95% confidence intervals. Subgroup analyses
for the primary endpoints were planned to determine
whether baseline or procedural characteristics differen-
tiate subjects in terms of outcomes. Logistic and linear
regression models were used for these analyses for
binary vs continuous endpoints.

The McNemar test was used to determine the sig-
nificance of the decreased usage of medications at
the 1-year follow-up visit. This test compares the rate
of patients who stop using opioids as a result of the
SIJF procedure to the rate of patients who start taking
opioids following the procedure; the relative rates are
used to determine significance between groups.17 All
statistical analyses were performed using the SAS
statistical software package version 9.4 (Cary, NC).

RESULTS

Patient Demographics and Baseline
Characteristics

The cohort for this interim analysis includes all
patients enrolled in the study who had MI SI joint
fusion surgery and completed a 1-year follow-up visit.

Table 2. Baseline characteristics of study participants.

The 250 patients were enrolled at 23 institutions. The
average age at baseline was 60.5 years; the majority
were women (70.8% [177/250]); and the duration of
SI joint-related pain prior to surgery was at least 2
years in 56.0% of patients. Over half of the patients
never used tobacco, and only 13.6% (34/250) were
currently using cigarettes at the time of enrollment.
Many patients had a prior lumbar surgery.

The mean SI joint VAS pain score at baseline was
76.6 £ 11.9 (mean + SD; n = 249; range: 30-100),
and the ODI was 54.5 £ 13.1 (n = 249; range 18-92).
While inclusion criteria required a baseline VAS SI
joint pain score of 60 or greater and a baseline ODI
score of at least 40, 23 patients who did not meet
minimum VAS and ODI scores were not excluded
from data sets to limit influence from the analysis.
Sixty-two percent of patients were taking opioids or
other narcotics prior to surgery. Baseline characteris-
tics are further summarized in Table 2.

Perioperative Results

Two hundred and fifty patients underwent planned
SIJF surgery with the SImmetry System. Treat-
ment information was collected on 250 procedures;
97.2% were unilateral with the remaining procedures

Demographics N Summary
Age at procedure, mean + SD (range) 249 60.5 + 12.8 (21-87)
Female, % (n) 250 70.8% (177)
BMI (kg/mz), mean + SD (range) 250 30.1 £ 6.8 (17-56)
Duration of SI joint pain, % (n) 250

6 months to 1 year 18.0% (45)

1-2 years
>2 years
Taking narcotics/opioids, % (n)
Prior SI joint treatment, % (n)
Acupuncture
Biofeedback
Bracing
Chiropractic care
Physical therapy
Prior SI joint Fusion
SI joint steroid injection
Sacral nerve ablation
TENS unit
Prior lumbar spine procedures, % (n)
Lumbar total disc replacement
Lumbar decompression
Lumbar discectomy
Lumbar laminectomy
Lumbar fusion
VAS pain score, mean = SD (range)
Oswestry Disability Index, mean + SD (range)
EQ-5D, mean + SD (range)
EQ-5D preference weights (formerly “time trade-oft™)
EQ-5D VAS (scale of 0 to 100)

26.0% (65)
56.0% (140)
250 62.0% (155)
250
8.8% (22)
0%
30.0% (75)
27.6% (69)
88.0% (220)
8.0% (20)
93.2% (233)
10.0% (25)
22.4% (56)
250
0%
13.2% (33)
11.2% (28)
17.2% (43)
36.8% (92)
249 76.6 + 11.9 (30-100)
249 54.5+ 13.1 (18-92)
246
0.52 +0.17 (=0.11-0.83)
60.22 + 23.03 (0.00-100.00)

Abbreviations: SI, sacroiliac; VAS, visual analog scale.
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Table 3. Perioperative data.

Procedure Measure N Mean + SD Range
Procedure duration, min 248 542 +248 15-158
Total contrast used, cc 235 2.0+8.0 0-100
Estimated blood loss, cc 249 53.9+107.5 0-1500
Length of hospital stay, d 248 0.8+0.7 0-4

bilateral. The mean procedure time was 54 min (range
15—-158 min), and the mean estimated blood loss was
54 cc. The mean length of hospital stay was 0.8 days,
with 92% of patients discharged within 1 day of pro-
cedure. Perioperative data are summarized in Table 3.

Outcomes

Two hundred and fifty patients were enrolled in
the study at 23 sites. Of these, 80.4% (201/250) were
available at the 1-year visit, though not every metric
was available for all these patients. Reasons for
incomplete follow-up include the following: missed
visits (n = 28), withdrawal of consent (n = 8), lost to
follow-up (n = 10), physician request for withdrawal
(n = 1), death unrelated to SI joint (n = 1), and device
explant (n = 1). In addition, the number of completed
subject questionnaires may differ from completed fol-
low-up visits due to patient compliance when com-
pleting the questionnaires.

Investigating 1-year follow-up via paired analy-
sis, mean VAS SI joint pain had decreased by nearly
44 points, from 76.4 at baseline to 33.0 at the 1-year
follow-up (n = 194). This represents a statistically
significant 56.8% (P < 0.0001) reduction in pain,
with 72.2% (140/194) of patients attaining the MCID
(=20-point improvement).

The ODI results also demonstrated a significant
improvement in disability scores after SI joint fusion
surgery. Mean ODI scores improved from 54.4 at
baseline to 30.5 at 1 year (n = 192), a 43.9% change
for responding patients (P < 0.0001), with 62.5%
(120/192) of patients achieving the MCID (=15-point
improvement).

In addition to improvements in pain and disabil-
ity, a significant decline in opioid and narcotic use
was reported. Using a paired analysis approach, prior
to surgery, 62.7% (126/201) of patients were taking
opioids or other narcotics. By 1-year postsurgery, the
number of patients taking opioids or narcotics had
decreased to 26.9% (54 of 201 patients reporting; P <
0.0001) representing a 57.1% reduction in the number
of patients using narcotics/opioids.

A decrease in nonopioid pain medication use
was also reported. At baseline, 51.7% of patients

were taking nonsteroidal anti-inflammatory drugs
(104/201), 37.3% were taking other nonopioid anal-
gesics (75/201), and 9.0% were taking steroids for
pain control (19/201). The percentage of patients
using NSAIDS, analgesics, and steroids at the 1-year
follow-up had decreased to 14.4%, 9.0%, and 0%,
respectively.

A quality-of-life assessment using the EQ-5D ques-
tionnaire was collected at baseline and at the 1-year fol-
low-up visit. The EQ-5D questionnaire included a VAS
component. Patients were asked to rank their state of
health using a VAS scale of 0 to 100, with 100 being
the best possible health. In paired analysis, the average
score at baseline was 60.9. By the time of their 1-year
visit, patients ranked their state of health at 72.8 (n =
190). This 11.9 index change from baseline is a statisti-
cally significant (P < 0.0001) improvement.

At 1 year, 68.7% of patients showed fusion of the SI
joint and 31.3% of patients showed no fusion (ie, did
not show evidence of fusion or images were reported as
“Indeterminate” or “Unable to Assess”).

Complications

Few procedural or device-related serious adverse
events (SAEs) were reported by the time of the 1-year fol-
low-up. In all, the occurrence of serious procedure-related
events was 3.2% (8/250), including 1 device malposition
observed on the day of surgery that required replacement
of the superior screw with a shorter screw (also noted as a
device-related event). The other procedure-related SAEs
reported within this time frame included back pain, a
hematoma requiring transfusion, a case of implant loos-
ening, and 5 categorized as “other.”” The occurrence of
serious device-related adverse events was 2.0% (5/250),
within the expected range for this commercially available
device.'® One event was related to back pain, another to
device malposition, both noted above as a procedural
event. The other device-related events involved pain in
extremity, bilateral SI joint pain, and device loosening.
Two of these events resulted in a revision surgery.

DISCUSSION

Interim results from this prospective, multicenter trial
(EVSI) demonstrated that MI ST joint fusion surgery with
decortication, bone grafting, and fixation with threaded
implants resulted in a statistically significant mean VAS
pain score reduction of 56.8% at 12 months follow-
ing surgery. The VAS MCID was achieved by 72.2% of
patients at 12 months.
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Table 4. Fusion rates for minimally invasive sacroiliac joint using Simmetry device.

Study N Fusion Rate  Follow-Up  Notes

Current study 201 68.7% 12 mo Presence of bony fusion based on independent evaluation of CT imaging at 12 mo

Cross et al*! 19 78.9% 12 mo CT imaging; independently assessed and adjudicated for presence of bridging bone.
Threaded implant fixation with decortication and graft placement

Kube et al’ 17 88.2% 12 mo Thin-slice (<2 mm) CT imaging assessment of bony bridging across the sacroiliac joint and
absence of lucency. Threaded implant fixation with decortication and graft placement

Abassi et al® 19 73.7% 12 mo CT imaging; independent assessment of solid bridging bone. Threaded implant fixation with

decortication and graft placement

Abbreviation: CT, computed tomography.

The improvement in ODI scores by 43.9% at the 12-
month follow-up visit was also statistically significant,
reflecting MCID achievement by 62.5% of patients. These
results are consistent with the early 6-month results on the
first 50 patients enrolled in this same study reported by
Araghi et al.®

Araghi et al also reported a substantial reduction in
opioid use in the first 50-patient cohort of the EVSI study;
prior to surgery, 33 patients (66%) were taking opioids,
but this number had decreased to 15 patients (30%) 6
months following surgery.® In the current interim cohort,
62.7% of patients relied on opioids for pain relief prior
to their MI SI joint surgery, decreasing to 26.9% at 12
months after surgery. These results are significant and
appear greater than those seen in clinical studies of other
MI SI joint fusion devices, where 58% of patients were
still relying on opioids for pain relief at 6 months and 33%
to 55% of patients were still using opioids at 24 months
following surgery.'*

The patients in this cohort of the EVSI trial
achieved fusion in 68.7% of patients at 12 months
postprocedure. The fusion results are comparable to
other studies (Table 4).

Joint preparation using the decortication instrument
is an integral step in this MI SIJF procedure to provide
the environment necessary for facilitating the growth of
bridging. The decortication step also produces a cavity
sufficient for placement of graft material to aid in the
bone formation process. The mean volume of bone graft
material placed in this EVSI 12-month cohort was 5.4 cc
and ranged between O and 20 cc. The joint preparation
and placement of graft material prior to implantation of
the 2 screw-based devices appear to support the genera-
tion of bridging bone and SI joint fusion. The results of
this study cohort compare favorably with radiographic
evidence of fusion rates reported for other MI implants
that are used to fixate SI joints but are placed without
joint preparation and use of graft material. Duhon et
al”® reported a rate of bridging bone of up to 25% at 12
months following surgery for 159 patients using triangu-
lar titanium implants. A more recent study by Dengler et
al”? reported that for the 43 patients (66 SI joints) with CT

scans available for analysis 12 months after implantation
with triangular titanium implants, intraarticular fusion
with bridging bone was not commonly observed.

The limitations of this study include the sample size
and the limited follow-up. With approximately 80% fol-
low-up, there is likely to be some degree of induced bias
in the results, primarily caused by missed visits, which
represent 11.2% of patients. This report is a 12-month
interim analysis of the full study, which will ultimately
include evaluation of all outcomes through 24 months
postsurgery—every effort will be taken to collect data on
some of those who missed 12-month visits for the final 24-
month analysis to reduce bias as much as possible. These
interim results are consistent with the trends observed in
an initial analysis of the first 50 patients at 6 months fol-
low-up® and support the continuation of the EVoluSIon
study through 2 years of follow-up. Another limitation
of this trial is the lack of a control group. Comparisons
of other MI SI joint fusion systems to conservative pain
management'>** and open surgical approaches have
already been performed,'* however, confirming the ben-
efits of the MI approach and minimizing the necessity of
including such control groups in additional studies. The
purpose of this study is to evaluate outcomes using the
system of decortication, grafting, and placement of screw-
based implants. While the discussion of these outcomes
included a comparison to studies of another MI SI joint
fusion system, differences in the study protocols, analysis
techniques, and procedures used at investigational sites
may all contribute to differences seen in study results.

As with any surgical treatment for SI joint dysfunction,
the ultimate goal is long-term pain relief. This interim
analysis indicates that the use of decortication, grafting
and screw-based implants may achieve that goal for a sub-
stantial majority of treated patients.

CONCLUSION

MI SIF surgery with decortication, bone graft,
and threaded implant fixation results in demonstrated
improvement in pain and disability scores through 1 year
with few complications. This interim analysis illustrates
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that the procedure can be performed safely, resulting in an
average reduction in pain of 56.8%, significant reductions
in disability, and also a substantial reduction in the use of
opioids. Furthermore, assessment of fusion showed that
68.7% of patients had bony bridging.
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