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Background: Sacroiliac joint (SIJ) pathology is a cause of low back pain that may be
difficult to diagnose and challenging to treat. Open and minimally invasive (MI) lateral
approach fusions have been used to treat sacroiliitis over the past two decades. A novel MI
posterior approach SIJ fusion technique utilizes a posteriorly placed transfixing device with
single point S1/S2 level or mid-segment SIJ fixation (LinQ procedure). Current efficacy and
safety data for this novel procedure are lacking.

Objective: To review multicenter retrospective 12 months or greater outcomes data in patients
receiving the LinQ procedure, with sub-analysis of patients with prior lumbar fusions.
Methods: Patients with sacroiliitis refractory to conservative care with short-term benefit
from diagnostic local anesthetic S1J injections receiving MI posterior approach SIJ fusion
with allograft were included from different centers including both academic and private
practice. Numeric rating scale (NRS) scores at baseline (pre-procedural) and most recent
follow-up were reviewed across three institutions.

Results: Of 110 patients who received MI SIJ fusion, 50 patients had sufficient data for
evaluation of outcomes at least 12 months post-implant. The average time out from implant
at follow-up was 612.2 days for all unique patients. The average NRS was 6.98 pre-fusion
and 3.06 at last follow-up. Twenty-four patients had prior lumbar surgery of which 17 had
prior lumbar fusions. Average NRS for this subset was 6.85 at baseline and 2.86 at last
follow-up with an average follow-up of 613.2 days out from implant. No major adverse
events or complications were associated with any of the 50 implants.

Conclusion: Real-world evidence suggests that MI posterior SIJ fusion with the LinQ proce-
dure is a viable approach for medically refractory sacroiliitis management with long-term
efficacy and safety. Further prospective studies are needed to fully evaluate this technique.
Keywords: sacroiliitis, sacroiliac joint, minimally invasive intervention, allograft, low back
pain, buttock pain

Introduction
Low back pain presents a large burden to the US healthcare system. It has been
reported that roughly $86 billion dollars were spent for the investigation and
treatment of this condition in 2008." The sacroiliac joint (SIJ) is a diarthrodial
joint that, when dysfunctional, is a common cause of low back pain.

Studies suggest that sacroiliitis may account for 10-26% of all cases of sus-
pected low back pain.® The accuracy of provocative measures, imaging, and history

of the pain pattern associated with this condition for diagnosis is limited.**> There is
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moderate evidence for the specificity and accuracy of the
diagnostic SIT injection.’ Equally challenging is the man-
agement of this condition with medications, physical ther-
apy, bracing, SIJ intraarticular steroid injections, and
radiofrequency ablative techniques, many of which do
not always offer long-lasting relief. Many of the afore-
mentioned approaches require further studies in order to
validate their efficacy in a larger population.'*®

Historically, open sacroiliac fusions with hardware pla-
cement have been utilized to address this condition. Initial
methodologies included bilateral fusion via posterolateral
approach. In a study by Schutz and Grob, 14 of 17 patients
(82%) who received this surgery reported persistent
marked or severe pain at follow up.’ Furthermore, there
were significant risks associated with this approach includ-
ing mean operative time of 121 minutes, estimated proce-
dural blood loss of 793 mL, and mean length of
hospitalization of 25.2 days.* Further advances in open
approaches included utilization of devices such as
a “T-Plate” which resulted in an 85% fusion rate, 20%
complication rate, and 60% patient satisfaction.'® Despite
advances in surgical technique and implant technology,
open approach SIJ fusion is associated with high overall
rates of complications ranging from 13% to 21%.*

Minimally invasive (MI) fusion for SIJ disease has
been explored since 1998, historically utilizing a lateral
incisional approach, with reported improvement lasting up
to 4.5 years post-operatively with consequent concomitant
decreased opioid consumption.* Studies comparing open
to MI fusion have shown that MI fusion was associated
with greater Visual Analog Scale (VAS) reduction at 24
months follow up, shorter operative time, less estimated
blood loss, and shorter hospital length of stay.'""'> Though
the initial cost of the procedure exceeds that of conserva-
tive medical managements, studies have implicated that
the cost of SIJ fusion is offset within 5 years post-fusion
compared with continued medical management with cost
neutrality achieved at 6 years.'?

Patients with a prior lower segment lumbar fusion may
present with adjacent segment disease (ASD) affecting the
SI1J. Overall reported incidence of ASD in patients with
lumbar fusion was as high as 30%.'* Other studies have
indicated that 75% of patients 5 years out from a lumbar
fusion will have radiologic findings of degenerative
changes in the sacroiliac joint.° Risk factors for this
include fusion length, sagittal malalignment, facet injury,
and advanced age.'* Furthermore, studies have reported
that patients with lumbar pathology may not benefit as

much with SIJ management including fusion compared
with patients without lumbar disease or surgery.'”
Posterior approach sacroiliac fusion is a new minimally
invasive technique to address sacroiliitis. The LinQ poster-
ior sacroiliac fusion system is an FDA approved device
used for the transfixation of patients with sacroiliac dys-
function. The system utilizes a patented cortical allograft
as well as a patented drill-less method for posterior sacroi-
liac fusion (Figures 1 and 2). However, there are limited
reported data on this procedure. Here, we present initial
multicenter retrospective data on a minimally invasive
posterior approach SIJ fusion technique utilizing
a posteriorly placed allograft with single point fixation at
the S1/S2 or mid segment of the sacroiliac joint, with sub-

analysis in patients with a history of prior lumbar fusion.

Materials and Methods

A multicentered, retrospective chart review was performed
on the charts of all eligible patients from October 1, 2018
to April 1, 2020. Three providers at 3 different institutions
contributed de-identified retrospective data and indepen-
dently evaluated patient records. One center was a tertiary
academic medical center and the other two sites were
community based private practice settings. An IRB waiver
was granted by Sterling IRB to the primary investigator
who provided oversight for the study (IRB# 8073) given
the retrospective nature of the study without need to
further contact the involved patients. All patient data col-
lected were de-identified to provide patient data confiden-
tiality and compliance with the Declaration of Helsinki.
The protocol and IRB were each approved by the local
governing entities of each involved institution.

Figure | Schematic of cortical allograft.
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Figure 2 Instrument set for M| percutaneous Sl fusion.

Patients selected for this review included those who had
a documented history and physical exam findings of sacroi-
liitis, failed conservative management, undergone at least
one satisfactory diagnostic local anesthetic SIJ injection,
and underwent MI posterior approach SIJ fusion with the
LinQ Fusion Device (PainTeq, Tampa, FL). Physical exam
findings must have included 3 out of 5 possible provocative
maneuvers of sacroiliitis: SIJ distraction, thigh thrust,
FABER test, compression test, and Gaenslen’s maneuver.
Patients excluded from the study include those that had not
reached the desired 12-month assessment time mark at the
time of this retrospective review to accurately detail long-
term efficacy of their response to therapy.

The SIJ injection was performed with the patient in prone
positioning under fluoroscopic guidance to line up the medial
and lateral borders of the joint. Using sterile technique with
adequate sterilization of patient skin, local anesthetic was
applied along the trajectory of proposed needle path and
a spinal needle was advanced until it entered the joint
space. Correct placement was confirmed with injection of
contrast under fluoroscopic imaging before local anesthetic
was injected. All providers performed diagnostic local anes-
thetic SIJ injections with a similar approach, and each inde-
pendently interpreted the results of the injections. If greater
than 50% relief was achieved, patients were deemed candi-
dates for MI posterior approach SIJ fusion.

The MI posterior approach SIJ fusion was performed with
guidance of fluoroscopy on patients in prone positioning as

1.'6 The medial and lateral borders

noted previously by Lee et a
of the SIJ were identified and lined up to allow for spinal needle
placement into the joint at the S1/S2 segment to apply local

anesthetic to the skin, underlying tissues, and into the S1J joint.

A 2-3 cm incision was made along the skin and a Steinmann
pin was advanced until it had entered the middle 1/3 of the
sacroiliac joint (Figures 3 and 4A). Correct placement was
confirmed with fluoroscopy prior to joint dilation. Following
sequential dilation utilizing an inside dilator, a specialized out-
side dilator was placed across the joint to allow for decortica-
tion across the sacrum and ilium posteriorly with a joint
decorticator instrument and mallet until the instrument
was fully seated (Figures 3, 4B and C). Once seated, the
decorticator was removed utilizing a reverse slap hammer.
Subsequently, cortical allograft transfixing device packed
with demineralized bone matrix (DBM) putty was prepared
and placed across the dilated sacroiliac joint until fully seated
to stabilize and promote fusion (Figures 3 and 4D). Once
placement was confirmed, the dilating device and all other
instruments were removed before radiographic confirmation
of correct placement (Figures 3, 4E and F). The wound was
then irrigated, hemostasis obtained, and incision closed in
a staged manner. Pre-fusion baseline numeric rating scale
(NRS) score, NRS at most recent follow up, and procedural
complication events were obtained from the respective patient
charts. Available patient demographics were also collected
including age, history of prior lumbar surgery, and lumbar
fusion level. Descriptive statistics were calculated and are
reported below.

Results

In total, 110 charts were reviewed of patients who had the MI
posterior approach SIJ fusion performed. A chart analysis
revealed 50 of the 110 patients had pre-fusion and post-
fusion NRS scores and were at least 12 months out from
implant. Patients excluded were not 12 months out from
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Implant Procedure

STEP 2: STEP 4:
Place the Dilators \ Insert the Allograft Implant
Slide Fhe Iqside Dilator into the Place the allograft implant onto the
Outside Dilator. Advance the Inserter and fill the graft window with
Dilators down the Steinmann pin DBM putty. Slide the Inserter into the

until itis fully seated in the SI N Dilator and gently tap with a mallet until
joint. Remove the Inside Dilator the Inserter is fully seated.

and Steinmann pin.

] °
STEP STEP 3: STEP 5:
Place the Stelnmann Pin Decorticate the Joint Finalizing
Oblique the c-arm until the anterior Place the Joint Decorticator into the i ‘ Remove the Inserter and close the
and posterior joint lines i Outside Dilator. Lightly tap with a incision. Take final fluoro images.
superimpose. Place the mallet until the Joint Decorticator is
Steinmann pin into the middle of v ~. fully seated. Remove the /'l&
the joint. Decorticator by unscrewing the
handle and using it as a reverse
slap hammer.

Figure 3 Schematic for procedural steps of implantation.

\ |

Figure 4 Intraprocedural Imaging. (A) Oblique view for Steinmann pin placement. (B) Dilator placement over Steinmann pin into Sl] assessed by lateral fluoroscopic view.

(C) SlJ decortication in lateral fluoroscopic view. (D) Graft deployment device insertion lateral fluoroscopic view. (E) Deployed graft in lateral fluoroscopic view, indicated by
arrow marker. (F) Final anterior posterior view of deployed graft, indicated by arrow marker.

implant or had not presented for their 12-month evaluation at ~ Approximately 48.0% of the cohort were males (N = 24)
the time of this retrospective chart review so that we only  while 52.0% were females (N = 26). Analysis was performed

reported on long-term efficacy of the procedure. on this group of 50 patients. The average age of the patients in
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Table | Patient Demographics

Mean % SD or n (%)

Male 24 (48.0%)
Female 26 (52.0%)
Diagnostic Injection Relief 90.6 = 15.9
Average Age (Years) 68.0 + 12
Average length of follow up (Days) 612.2+ [16.1
Baseline NRS Pain 6.98 + 2.61

No History of Lumbar Surgery 26 (52.0%)

24 (48.0%)

History of Lumbar Surgery

this cohort was 68.0 years old with an average length of follow
up of 612.2 days (Table 1). The overall average pre SIJ fusion
NRS was 6.98 (95% CI [6.26, 7.70]) with percent relief from
diagnostic injection noted to be 90.6%. The overall average
NRS at last follow up was 3.06 (95% CI [2.35, 3.77]) with an
average overall percent relief of 66.5% (Figures 5 and 6).
Seven patients in this cohort had satisfactory relief of SIJ
fusion and decided to obtain contralateral SIJ fusion by similar
approach (14.0%).

The NRS at baseline and most recent follow up in
patients with no history of lumbar surgery (N = 26) were
7.74 (95% CI [7.08, 8.40]) and 3.75 (95% CI [2.69, 4.81])
(Figure 5). Meanwhile, the NRS at baseline and most
recent follow up in patients with history of any lumbar
surgery (N = 24) was 6.32 (95% CI [5.12, 7.52]) and 2.43
(95% CI [1.52, 3.35]) (Figure 3). Of patients with prior

NRS
o

Baseline

lumbar surgery, 17 had prior lumbar fusions, of which 9
had fusions involving L5-S1. The average age of patients
with history of prior lumbar fusion was 63.3 years old. The
average pre-fusion NRS was 6.85 (95% CI [5.48, 8.22])
and the average relief from the diagnostic injection was
93.6%. Average NRS at last follow up was 2.86 (95% CI
[1.72, 3.99]) with 66.8% patient-reported relief in those
with history of lumbar fusion. When compared with
patients with any lumbar surgery or lumbar fusion, the
NRS at last follow up was statistically significantly higher
(p = 0.03) in patients without history of prior lumbar
surgery. Further, the patient-reported percent relief at
most recent follow up for patients without history of
surgery receiving an SIJ fusion device was 59.6% while
those with history of any lumbar surgery reported their
relief at 71.9%.

There were no serious adverse events or major com-
plications associated with any of the 50 implants, defined
as surgical site infection, perioperative hemorrhage, or
death. However, there was an episode of device migration
that was observed in one patient requiring placement of
a second allograft to further stabilize the joint (2.0%). This
patient subsequently reported 100% relief with an NRS of
0 at the most recent follow up.

Discussion
This multi-institutional review demonstrates that patients
with persistent sacroiliitis despite usual medical management
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Figure 5 Baseline and most recent follow up patient-reported numeric rating scale score.
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Figure 6 Patient-reported percent relief after posterior percutaneous SlJ fusion at most recent follow up.

benefitted with improved overall pain control after receiving
MI posterior approach SIJ fusion. We observed a sustained
large reduction of patient NRS, of at least 3, at most recent
follow up compared with baseline. Aside from NRS reduc-
tion, patients reported an average of 66.5% improvement of
their symptoms without need for any repeat S1J intervention,
save for one episode of device migration requiring a second
implant that resulted in sustained relief without further inter-
vention thereafter. These findings are similar to those
reported in a prospective randomized control study by Polly
et al. evaluating 2-year outcomes in patients with SIJ dys-
function treated with minimally invasive lateral approach SIJ
fusion utilizing titanium rods compared with non-surgical
management. At 2 years, patients undergoing SIJ fusion
had a mean improvement of 55.4 by VAS compared with
those with non-surgical management, resulting in 83.1% of
patients with VAS improvement.!” A literature review by
Martin et al. including all studies on sacroiliac joint fusion
surgeries with at least 12 month follow up revealed a mean
decrease of 48.1 VAS and ODI decrease of 21.8.'® A recent
publication by Deer et al. detailed a retrospective chart
review of patients with a history of previously implanted
pain devices and therapies receiving a posterior MI S1J fusion
device as a salvage therapy resulted in a mean patient
reported pain relief of 67.6%."° Similar to these studies, our
cohort reported an overall patient reported pain relief of

66.5% and NRS reduction of at least 3, over a year out
from initial implant.

Notably, patients in this review reported relief that was
sustained on average 612 days after implant. Each provi-
der has similar post-procedural activity restrictions which
allowed for full weight bearing and minimal activity
restrictions post-operatively. Variations in patient’s habi-
tus, activity level, and other comorbid conditions may
affect the rate and fidelity of device integration into the
joint resulting in the discrepancies in reported relief as 11
patients (22%) reported <50% relief at most recent follow
up. Of this group, five patients report no relief after
implant even over 12 months out. This may indicate
a potential failure rate of 10% and a potential success
rate of 78%.

Patients with prior lumbar fusion were sub-analyzed in
this cohort, as it is hypothesized that these patients may be
at higher risk of developing SIJ pain. These patients had
a slightly lower baseline NRS compared with the patients
without history of Iumbar fusion (6.85 vs 7.74, p =
0.0001). This difference was sustained at the most recent
follow up as patients with prior lumbar fusions reported
a lower NRS (2.86 vs 3.75, p = 0.03). Though statistically
significant, this difference is likely not clinically signifi-
cant. Given the limited scope of this review and the
observational retrospective nature of the study, the details

https:

3256

Dove!

Journal of Pain Research 2021:14


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

Dove

Sayed et al

recorded were not sufficient to characterize or indicate risk
factors for device failure or success.

Estimated blood loss data were incomplete and could
not be analyzed, although we can report that no patients
required intraoperative blood products or transfusion. All
procedures were performed on a same day, outpatient basis
with no extended stay in recovery. The procedure was
performed percutaneously with one access site. None of
the patients suffered any immediate complications or ser-
ious adverse outcomes from this procedure. In a subset of
patients with bilateral sacroiliitis with significant improve-
ment from initial single site fusion, a second contralateral
fusion was performed. Long-term follow up of these
patients yielded one significant device migration present-
ing as recurrent SIJ pain made worse with provocative
maneuvers. To address this, the first device was not
removed and a second implant was used to further stabi-
lize the joint that resulted in sustained relief in that parti-
cular patient. Radiographs of the device after implantation
were not routinely obtained thus we were not able to
measure or record any slight or small migrations to fully
evaluate rate of fusion. However, non-fusion may explain
the pain scores of some patients who reported suboptimal
relief. Otherwise, no incidences of localized infection,
systemic infection, bleeding, transfusion of blood pro-
ducts, neurologic injury, or iatrogenic fractures of the
sacrum or surrounding bone structures were reported
with long-term follow up. This may be partially explained
by the small sample size included in this study not being
large enough to capture the true rate of adverse events
associated with this procedure. Though not a major
adverse event, device migration is a complication of the
procedure with the occurrence of 2.0% in our 50 patient
cohort.

This study has several limitations. It is a retrospective
observational study to evaluate the rate of complications
associated with device utilization and patient-reported out-
comes. Due to the timing of initial chart review, many of
the patients excluded were not 12 months out from their
initial implant or have not presented for their 12 month
follow up. To avoid further bias and confounding factors,
patients with insufficient data at our desired end point of
12 months were excluded. This resulted in a smaller sam-
ple size. Being a relatively new procedure and the need for
sufficient follow up to truly evaluate therapy efficacy, time
mark of at least 12 months post-implant was utilized as our
primary end point. Because of this, many patients were
subsequently ineligible to be included in this review.

However, it is our goal to provide observational long-
term results for this new therapy to provide guidance
until prospective studies are complete to further delineate
the efficacy of this therapy.

As a result, this is not a comparative study to delineate
if this is superior to other means of management.
A standard protocol is needed to evaluate device fixation
and arthrodesis to fully gauge the fidelity of the device
remaining fixed in the joint. A prospective multicenter
study on this surgical technique is currently in progress.
Further, the data reviewed are not sufficient to discuss risk
factors for device failure or success. This was not
a hypothesis-driven study, so findings are observational
only and no intention-to-treat analysis was performed.
Though significant, the results observed here may have
multiple confounding factors including recall bias,
response bias, and interviewer bias as patients have failed
traditional therapies prior to participating in the SIJ fusion.
Further structured multicenter prospective studies are
needed to fully evaluate this technique for management
of sacroiliitis.

Conclusion

The data presented here indicate that this approach may be
a viable means for treatment of sacroiliitis with possible
long-term efficacy, illustrating the need for further well-
designed controlled studies to verify these findings.
Although further prospective studies are clearly warranted,
this dataset serves as a promising preamble for future
studies.
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