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Abstract

Background Sacroiliac joint (SIJ) dysfunction is an underdiagnosed condition. Several published cohorts have reported
favorable midterm outcomes after SIJ fusion using titanium implants placed across the SIJ. Herein, we report 12-month
follow-up from SIJ fusion in a standard clinic setting.

Methods A carefully selected group of 160 consecutive patients with painful SIJ dysfunction were diagnosed at a single
center and underwent unilateral or staged bilateral SIJ fusion using triangular titanium implants. Patients were routinely seen
in clinic for follow-up every 3 months where they completed visual analog scale (0—10 range) pain ratings and Oswestry
Disability Index (ODI). Follow-up CT scan was performed at 1 year.

Results Mean patient age was 58 years, and 68% were women. 30% underwent staged bilateral SIJ fusion. By month 12, SIJ
pain decreased from 8.0 to 2.5 (»p <0.0001) and disability (ODI) decreased from 45.3 to 16.4 (p <0.0001). The proportion
with clinically significant improvements in SIJ pain and ODI was high (>95%). Perioperative adverse events were mild and
decreased with increasing surgical experience with the procedure. Subgroup analysis showed slightly smaller improvements
in those undergoing bilateral surgery and those with a spinal cord stimulator in place. CT scan at 1 year showed reabsorption
along one or more implants in 16% of cases, but there were no breakages or implant removals.

Conclusions In standard clinical practice, SIJ fusion with triangular titanium implants produces significant improvement in
pain and disability related to SIJ dysfunction.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.
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Key points Take Home Messages

1. In a standard clinical practice, pain from the SIJ can be identified by
= careful clinical and functional diagnostic procedures. SIJ pain
refractory to conservative therapy can be effectively treated with
minimally invasive implantation of triangular titanium implants.

report 12-month follow-up from SIJ fusion using triangular titanium
implants in a group of 160 consecutive patients with painful SIJ
dysfunction.

1. Sacroiliac joint (S1J) dysfunction is an underdiagnosed condition. We | | I | | L fomiva - -

Figure

2. Mean patient age was 58 years, and 68% were women. 30% underwent o
staged bilateral SIJ fusion. th 12, SIJ pain VAS score decreased from v
8.010 2.5 (p < 0.0001) and disability (ODI) decreased from 45.3t0 16.4 (p <
0.0001). The proportion with clinically significant improvements in SLJ pain
and ODI was high (> 95%). Subgroup analysis showed slightly smaller
improvements in those undergoing bilateral surgery and those with a spinal
cord stimulator in place.

2. Prior lumbar fusion is frequent in patients with SIJ pain and does
not negatively impact the effectiveness of SIJ fusion.

3. Exceptionally low device- and procedure-related adverse events and
side effects, degree of SIJ pain relief, and improvements in disability
provide strong evidence that the benefits of the surgical procedure for
SIJ fusion with triangular titanium implants outweigh the risks for
most patients.

3. SIJ fusion with triangular titanium implants produces significant

improvement in pain and disability related to SLJ dysfunction.
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Non-surgical treatments for SIJ pain are commonly pro-
vided, including intra-articular steroid injections and physi-
cal therapy. However, little evidence supports the use of
steroid injections as a durable treatment and they often fail
to provide long-term pain relief, although they may be useful
in the diagnostic workup for differentiating SIJ pain from
confounding factors such as pain generated in the lumbar
spine [8, 9]. Open fusion of the SIJ was first reported in the
early 1900s [10, 11], and scattered reports of patient suc-
cess have been published since then [12]. Devices for mini-
mally invasive SIJ fusion are now available, with the most
studied device being triangular titanium implants. Evidence
for these devices includes two randomized trials [13, 14]: a
prospective multicenter trial [15] and several comparative
cohorts [16, 17].

Herein, we report our experience with SIJ fusion using
the same device in a standard clinical setting in Germany.
We focus on the occurrence of bilateral symptoms and the
relationship to prior lumbar fusion and implanted devices for
treatment of chronic back and leg pain, which were common
in our cohort.

Methods

This is a retrospective case series of patients with SIJ pain
who underwent unilateral or bilateral SIJ fusion.

Patients

Patients with chronic low back pain and leg pain were evalu-
ated in our multispecialty clinic using a standardized algo-
rithm. All patients had a prior conservative treatment for
their pain consisting of physiotherapy and/or manual ther-
apy, oral nonsteroidal anti-inflammatory drugs and/or opi-
oids, and SIJ and/or lumbar facet joint injections with local
anesthetic and/or steroid drugs, which in all cases failed to
produce long-term relief. When SIJ pain was suspected on
the basis of historical findings (off-center pain below L5,
possible radiation into the legs, groin pain, and difficulty
sitting on the affected side or on both sides), we performed
physical examination maneuvers that stress the S1J, includ-
ing compression test, Gaenslen test, thigh thrust, Patrick’s
test, and distraction test. Three or more examination findings
have reasonable specificity for SIJ pain [9]. These are the
same tests used in prospective trials of SIJ fusion. Patients
with three or more positive tests underwent one or more
confirmatory SIJ blocks.

Confirmatory diagnostic block was also standardized as
follows: Under C-arm control, the caudal pole of the SIJ
was cannulated, and local anesthetic (5 cc of ropivacaine
7.5%) mixed with corticosteroid (triamcinolone 20 mg) was
injected into the caudal recess of the SIJ. Patients with a
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marked acute reduction in pain (>50%) were considered to
have confirmed SIJ pain. A CT scan of the lumbar spine and
pelvis was performed in all cases as a part of the diagnostic
workup in order to rule out other prominent sources of pain.
All patients who satisfied our diagnostic criteria went on
to receive SIJ fusion, except for a few cases where patients
refused any surgical treatment.

Patients with bilateral pain suspected to be from the SIJ
were confirmed using bilateral SIJ blocks. Patients who
developed contralateral SIJ pain after surgery for single-
sided pain were confirmed through similar diagnostic evalu-
ation, including a confirmatory contralateral diagnostic SIJ
blocks.

Procedure

Preoperatively, all patients underwent a CT scan of the pel-
vis. SIJ fusion was performed under fluoroscopic guidance
with placement of 2-3 triangular titanium implants (SI-
BONE, Inc., Santa Clara, CA, USA) across the SIJ using a
lateral transiliac approach involving drilling, broaching, and
malleting implants into place. Patients were typically dis-
charged 2 days after the procedure. Postoperatively, patients
were asked to decrease weight-bearing on the surgery side as
tolerated. Postoperative rehabilitation was routinely recom-
mended starting 4 weeks after surgery.

Follow-up

Patients undergoing surgery were routinely seen in clinic
postoperatively every 3 months. At each visit, they com-
pleted visual analog score (VAS) for SIJ pain and Oswestry
Disability Index [18]. Some patients completed some of the
VAS and ODI questionnaires at home and sent them to us by
mail. Patients were evaluated for adverse events. At 1 year,
patients underwent a high-resolution CT scan of the pelvis
to look for radiographic evidence of malposition or implant
loosening (radiolucency). We report herein the 12-month
follow-up to date.

Statistical analysis

Data were entered into Microsoft Excel and analyzed using
R [19]. Improvement in continuous measures (VAS scores
and ODI) was analyzed using Student’s ¢ test. Proportions
and confidence intervals were calculated using exact bino-
mial tests. Subgroup analysis by clinical characteristics
was performed with differences in responses judged using
repeated measures analysis of variance. The proportions
of patients with VAS pain ratings improving by 2 or more
points and the proportion of patients with ODI improvement
of 15 or more points were compared using Fisher tests.
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Results

After screening of all low back pain patients in our clinic
from 2015 to 2017, 160 consecutive patients diagnosed
with typical SIJ pain resistant to conservative treatments
underwent SIJ fusion. Mean age was 58 years, and 68% were
women. Prior instrumented lumbar fusion was common in
our cohort (64%), and 23% also had a spinal cord stimula-
tor (SCS) in place (Table 1). Patients undergoing bilateral
surgery were more likely younger (p =0.0004) but had no
other differences in terms of sex, the presence of prior lum-
bar fusion, or the presence of SCS.

Procedure characteristics

Forty-eight patients underwent contralateral SIJ fusion, with
36 (75%) of these having bilateral SIJ pain at baseline. All
surgeries were performed in a highly standardized manner
by one senior neurosurgeon with >25 years of clinical expe-
rience. Procedure time (first incision to last suture) averaged

Table 1 Baseline characteristics of the patient group

Characteristic Value
Age, mean (range) 58 (20-91)
Sex, n (%)
Male 52 (32.5%)
Female 108 (67.5%)
Presence of instrumented lumbar fusion 102 (63.8%)
Presence of spinal cord stimulator 36 (22.5%)
Previous SIJ implant removed prior to surgery 1 (0.6%)

17 min (first procedure, range 11-48 min) and 15 min (sec-
ond procedure, range 12—-24 min). There were minor vari-
ations in mean procedure time by baseline predictors, with
variations of <2 min by each factor. Procedure time gener-
ally decreased with gaining experience, and procedures after
the first 25 cases generally lasted less than 20 min (Fig. 1).
During the first procedure, three implants were used in 37
cases (23%) and two implants in 123 cases (77%).

There were no intraoperative complications. Postopera-
tively, we observed a small number of patients (typically
older patients) with distended soft tissues who developed
painful hematomas in the surgical path of approach. This
complication occurred within the first 25 cases of the cohort
and was virtually eradicated after routinely applying com-
pression to the surgical site using an elastic bandage for
12-24 h. There were no postoperative wound infections,
implant revisions due to implant malposition, and no dis-
placements or pullouts of SIJ implants.

Follow-up was obtained in 151 patients at 3 months, 135
patients at 6 months, 114 at 9 months, and 90 at 12 months.
Mean (+SD) VAS of SIJ pain improved from 8.0 (+0.8)
at baseline to 3.5 (£ 1.6) at 6 months and 2.5 (£ 1.4) at
12 months (p <0.0001 for change from baseline). Mean (SD)
ODI improved from 45.3 (+2.3) at baseline to 22.1 (+8.8) at
6 months and 16.4 (£ 6.6) at 12 months (p <0.0001 vs. base-
line). In the group of patients followed up for 12 months,
97% had a VAS improvement from baseline of at least 2
points, 97% had ODI improvement of at least 15 points, 66%
had a VAS level of 2 or less, and 56% had an ODI level of
15 or less (Table 2).

More than 50% of patients had a 12-month VAS level <2
or ODI <15 independent of whether there was prior lumbar
fusion or SCS in place (Fig. 2). For patients with bilateral

Fig. 1 Procedure duration by
procedure index (first procedure *
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Table 2 Threshold analysis

Months after ~ VAS SIJ pain improve- VAS S1J pain level <2 ODI improve- ODI level <15
S1J fusion ment of at least 2 points ment> 15 points
3 133 (88.1%) 2 (1.3%) 111 (74.5%) 7 (4.7%)
125 (91.2%) 42 (30.7%) 122 (90.4%) 18 (13.3%)
9 106 (93.0%) 59 (51.8%) 105 (92.9%) 44 (38.9%)
12 85 (96.6%) 58 (65.9%) 87 (96.7%) 50 (55.6%)
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Fig.2 Improvement in visual analog scale (VAS) SIJ pain (left) and Oswestry Disability Index (right) by whether SCS present (top) and bilater-

ality of treatment (bottom)

treatment, the proportion with 12-month VAS <2 was 44%
and the proportion with 12-month ODI< 15 was 31%.
Further subgroup analysis showed no variation in score
improvements age category (> vs.<age 65), number of
implants used (2 vs. 3), sex, or prior lumbar fusion.

Using repeated measures analysis of variation, the mean
improvement in VAS pain scores was slightly smaller in
patients with SCS by an average of 0.4 points difference
(p=0.047) (Fig. 3) and slightly smaller in patients who had
undergone staged bilateral procedures (average of 1.3 points
difference, p <0.0001). Similarly, improvement in mean
ODI was slightly smaller in patients with SCS (2 points,
p=0.035) and those undergoing staged bilateral treatment
(7.5 points, p<0.0001).
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CT scans, performed in 105 patients at 12 months, showed
reabsorption along one or more implants in 16% of cases.
However, no breaks and no pullouts of implants had occurred.
Reabsorption rate was not affected by bilaterality of surgery.
Generally, ossification around the implants could be detected
at 1 year on CT scans, but a complete ossification of the target
joint generally took 2 years or longer. No patient underwent
revision as a result of recurrent pain or radiolucencies seen
on CT scan.
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Fig.3 Proportion of patients
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with VAS pain level <2 or
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group. Light gray =no or unilat-
eral, black =yes or bilateral

100% -

75%

50% A

Proportion

25% 4

100% -

75% —

50% A

Proportion

25% A

Discussion

We report here one of the largest consecutive cohorts of
patients with refractory low back and leg pain diagnosed
as SIJ pain and treated by minimally invasive SIJ fusion
with triangular titanium implants. The SIJ joint has recently
attracted much attention as a significant contributor to low
back and leg pain, and interest in surgical treatment of the
condition is growing. Using one of the first commercially
available implants in Europe, we observed statistically sig-
nificant, clinically important, and durable improvements in
both SIJ pain (measured using a standard VAS) and disabil-
ity (measured with ODI) after SIJ surgery. Moreover, the
minimally invasive procedure for SIJ fusion with triangular
implants was exceptionally safe in our hands and generally
took less than 20 min to perform.

Careful diagnosis of the SIJ as the main source of low
back pain is extremely important in the context of SIJ fusion,
as only SIJ-generated pain will benefit from a surgical
fusion. We have employed an established clinical algorithm
that is well tested in previous retrospective and prospective
studies. Also, functional diagnosis using fluoroscopy-con-
trolled S1J infiltrations to confirm the SIJ as a pain generator
was employed preoperatively in all cases. All patients in our
group had marked acute reduction in pain after SIJ infiltra-
tion with local anesthetic and/or corticosteroids, sometimes
lasting only for a few hours. For all of our cases, prior non-
surgical therapies, such as physical therapy, steroid and/or
local anesthetic injections and oral analgesics, had failed to

provide sufficient long-term relief of pain and disability. We
note that preoperative CT imaging is important to determine
possible variations in SIJ shape and size that could affect
implant trajectories, as well as the amount of degenerative
changes and the bone density of the ilium and sacrum.

A large proportion of our patients had previous lumbar
fusion surgery, a known risk factor for SIJ pain [19]. Degen-
eration of the SIJ after lumbar fusion is likely to result from
increased force transmission across the SIJ due to permanent
stabilization of the lumbar spine. SIJ pain after long fusions
to the sacrum, which increase stress on the SIJ, also occurs
commonly [20]. In our study, the relationship was high, with
64% of our cohort having a history of prior instrumented
lumbar spine fusion. In the setting of known SIJ degenera-
tion at the time of lumbar fusion, low back pain after lumbar
fusion is highly likely to emanate from the SIJ.

The high prevalence of prior lumbar fusion in our cohort
reflects to a large degree our center’s focus on therapy-resist-
ant chronic pain, and the associated frequency of lumbar
fusions performed by ourselves. We were gratified to see that
patients with SIJ pain associated with prior lumbar fusion
derived substantial benefit from SI1J fusion. Indeed, we did
not observe clinically important differences in SIJ pain or
SIJ disability relief between those patients with and with-
out a history of prior lumbar fusion. The lack of impact of
prior lumbar fusion on pain and disability responses to SIJ
fusion is consistent with other studies [21, 22]. Prior lumbar
fusion done by us or others improved low back pain resulting
from lumbar instability, osteochondrosis, disk herniation,
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neuroforaminal stenosis, lumbar spinal canal stenosis, or any
combination of the above pathology. In clinical terms, the
SIJ pain we diagnosed and treated was mostly subsequent
to lumbar fusion. In addition, lumbar spinal pain is mostly
of neuropathic origin, while SIJ pain is nociceptive in its
nature. In rare cases, SIJ pain was present concomitantly at
the time of initial neuropathic pain diagnosis and treatment,
but was the minor component in our pain analysis, as proven
by infiltrations of the lumbar facet joints and periradicular
injections of affected lumbar nerve roots, which resulted
in far greater pain relief than with SIJ infiltrations. It was
therefore decided to first treat the major nociceptive pain
component by lumbar fusion, and to address SIJ pain later,
if clinically necessary.

Currently, functional diagnostics by infiltration of the SIJ
joints is not a compulsory component of the diagnostic algo-
rithm for lumbar spinal pathology. While diagnostic workup
remains an individualized clinical decision, based on his-
torical and physical examination findings, in our opinion,
clinical and functional SIJ diagnostics should be added to
the standard workup prior to instrumented lumbar fusion.

The body of knowledge on the relationship between SIJ-
generated and lumbar spinal-generated pains and on their
clinical and functional differentiations is still rather limited
and to some extent arbitrary and needs to be greatly enlarged
and standardized in order to deliver clear-cut answers on the
relationship between lumbar versus S1J pain.

Specific to our group was the high percentage of patients
with an implanted SCS device (23%). SCS was used pri-
marily to address therapy-resistant chronic back and leg pain
which was not responding to conservative treatments and
which in some cases increased in intensity after one or more
surgical procedures at the lumbar and/or lower thoracic spine.
SCS appears to significantly reduce chronic neuropathic back
and leg pain resulting from cauda equina and nerve root com-
pression, fibrosis, or other mechanical irritation, but seems to
provide little benefit for SIJ pain, which is commonly classi-
fied as joint pain and therefore as predominantly nociceptive
pain. In our cohort, patients with implanted SCS devices had
responses to SIJ fusion that were nearly the same as those
without such devices. This suggests that SIJ fusion may serve
as “rescue therapy” in some SCS patients, which otherwise
would have counted as SCS failures because of the uncontrol-
lable low back pain. Furthermore, we strongly suggest that
screening for SIJ pain should be included in the workup of
every candidate for SCS implantation.

A substantial portion of our patients underwent bilateral
staged procedures. Bilateral cases improved significantly
but, perhaps not surprisingly, had somewhat less improve-
ment compared to those undergoing unilateral SIJ fusion.
Bilateral cases were younger on average. In this subgroup,
the second procedure followed the first procedure by, on
average, 8 months. By month 12, mean improvements in
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S1J pain in the bilateral group were similar to those at
3 months (i.e., a similar postoperative time point) in the
unilateral group. Nonetheless, responses in bilateral cases
were clinically important and should not be discounted.
Further follow-up of the bilateral SIJ fusion group may
help to determine whether this group derives similar ben-
efit compared with those undergoing unilateral SIJ fusion.

The mechanism of pain relief with the triangular tita-
nium implants seems to be twofold: Early pain relief likely
occurs as a result of immediate surgical joint stabilization
and late pain relief as a result of both surgical stabilization
and long-term fusion. Proper implant positioning is prob-
ably very important in achieving pain relief although this
was not specifically investigated in our study. However,
the fact that we routinely investigate implant positioning
using postoperative CT scans, combined with the fact that
there were no removals or redo surgeries, testifies to the
high quality of the surgical procedure.

Potential explanations for inadequate pain relief after
S1J fusion include secondary loosening of the implants,
inaccurate diagnosis, and the presence of concomitant dis-
ease (e.g., osteoarthritis, lumbar facet arthropathy) that
can present in a manner similar to SIJ pain.

Although our study is retrospective, it provides high
quality clinical data. All participants failed prior con-
servative treatments, and all were carefully and rigor-
ously screened against predetermined eligibility criteria.
All patients underwent structured follow-up visits in our
clinic. The results of surgery represent the prospective
experience of a single senior neurosurgeon with a large
workload of SIJ fusions (typically 2-3 cases per week).

The 12-month follow-up rate in our group was high.
The primary study limitations were lack of a concurrent
control group treated non-surgically and the subjective
nature of the used patient-reported outcomes. The signifi-
cant regression of SIJ pain and disability observed in this
study would be highly unusual with continued non-surgi-
cal care, as most patients had previously experienced no
significant symptom improvement from non-surgical treat-
ments provided. Two randomized controlled trials with
identical enrollment criteria and using the same device
and surgical technique showed very good pain relief in the
surgical group and significantly less improvements in the
control group without surgery [13, 14]. Four-year follow-
up from prospective trials conducted in the USA has also
shown durable pain and disability relief [23].

Another potential limitation of the present study is lack
of X-ray follow-up. However, 105 subjects underwent
1-year CT scans, which showed bone growth around the
implants across the joint and bone apposition to implants
within the sacrum and ilium.

Taken together with the exceptionally low device- and
procedure-related adverse events and side effects, the degree
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of SIJ pain relief observed in our study combined with the
improvements in disability provides strong evidence that
the benefits of the procedure outweigh the risks for most
patients, at least in the 12-month follow-up.

Conclusions

In a standard clinical practice, pain from the SIJ can be iden-
tified by careful clinical and functional diagnostic proce-
dure and can be effectively treated with minimally invasive
implantation of triangular titanium implants. Prior lumbar
fusion is frequent in patients with SIJ pain and does not
negatively impact the effectiveness of SIJ fusion.
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