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Chronic low back pain (LBP) re-
mains a common form of mus-
culoskeletal pain and a leading 

cause of disability in the United States.1-3 
For the majority of adults, the condition 
is self-limiting.4 However, for a subset of 
patients unresponsive to treatment, recal-
citrant LBP evolves to chronic LBP,5 the 
financial costs of which approach $96 bil-
lion annually in the United States.6 LBP 
is multifactorial and presents varyingly 
depending on etiology, with hip and/or 
sacroiliac joint (SIJ) contributions com-
mon but underappreciated as causal pa-
thologies.7
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The sacroiliac joint (SIJ) is a common, underrecognized source of low back 
pain. We evaluated outcomes in patients undergoing sacroiliac joint fusion 
(SIJF) using a novel, minimally invasive SIJF system emphasizing com-
pressive forces across an aggressively debrided SIJ. We retrospectively re-
viewed data from a continuous set of patients presenting to a large, tertiary 
care hospital from September 2017 to August 2019. All patients received 
the novel SIJF device. Outcomes were assessed at 8 weeks, 6 months, and 
12 months using the Oswestry Disability Index (ODI) score, Numerical Rat-
ing Scale (NRS) score, Single Assessment Numerical Evaluation (SANE) 
score, and Patient-Reported Outcomes Measurement Information System 
(PROMIS) measures, plus radiographic evaluation of fusion status. Data 
from 75 patients were analyzed. At 8 weeks, 6 months, and 12 months, the 
ODI score improved by 10.5 points (P=.002), 17.4 points (P<.0001), and 
23.6 points (P<.0001), respectively, while the NRS score improved by 4.6 
points (P<.0001), 4.4 points (P<.0001), and 4.6 points (P<.0001), respec-
tively. SANE scores indicated high levels of patient satisfaction (81.0%, 
92.18%, and 89.2%, respectively). PROMIS physical function scores im-
proved by 2.65 points, 3.30 points, and 3.63 points, respectively, while PRO-
MIS mental health scores showed changes of -1.93 points, 1.57 points, and 
-0.47 points, respectively. A review of computed tomography scans dem-
onstrated grade 3 fusion (complete) in 81% of cases at a mean of 371 days 
postoperatively. There was one revision case for a malpositioned implant. 
The use of a novel SIJF device emphasizing compressive forces provided 
early, durable improvements in patient-reported outcomes and extremely 
high patient satisfaction. [Orthopedics. 202x;4x(x):xx-xx.]
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The literature increasingly recognizes 
SIJ dysfunction as a significant contribu-
tor to chronic LBP, with reports suggest-
ing that 15% to 40% of patients present-
ing with LBP may have SIJ dysfunction 
as their primary pain generator.7,8 SIJ pain 
presents unique challenges to practitioners, 
as diagnosis is often difficult due to the lack 
of correlation between radiographic find-
ings and symptomatology,9 and the typical 
non-surgical treatment regimen, while ef-
fective in mild or early cases, is less effec-
tive in chronic SIJ pain.10 Assistive devices 
may provide temporary relief but are often 
unsuccessful in alleviating chronic symp-
toms.10-12 As such, for patients whose con-
dition does not respond to these treatments 
and whose pain becomes limiting, surgical 
management may represent the only re-
maining option.

Surgical options for SIJ fusion (SIJF), 
while generally associated with improve-
ments in pain, vary in technology and are 
associated with drawbacks. There is a 
scarcity of evidence using patient-report-
ed outcome measures (PROMs) to evalu-
ate treatment success. Regarding fusion 
outcomes, the correlation between fusion 
and treatment success is not well under-
stood.12 While significant focus is given 
to radiographic fusion as an indicator of 
success, few current devices employ the 
fundamental principles of bony fusion 
outlined by the AO Foundation, namely, 
aggressive joint preparation with decor-
tication, percutaneous autograft delivery, 
joint compression, and stability.13

We sought to evaluate the effect of a 
novel, minimally invasive SIJF system 
that employs the AO Foundation prin-
ciples of joint fusion and compression on 
patient-related outcomes and radiographic 
fusion rates in patients undergoing SIJ ar-
throdesis for chronic, recalcitrant LBP.

Materials and Methods
We retrospectively reviewed prospec-

tively collected data from a large, tertiary 
care facility specializing in surgical treat-
ment of chronic SIJ pain. We collected 
data from patients who underwent SIJF 
surgery performed by a single surgeon be-
tween September 2017 and August 2019. 
Institutional review board approval was 
received prior to beginning data collec-
tion, and the study was performed in ac-
cordance with the Helsinki Declaration of 
1975 (revised 1983).14

Study Population
Patients who presented with chronic 

SIJ pain and fulfilled all of the follow-
ing criteria were eligible for inclusion in 
the study: SIJ pain unresponsive to con-

servative treatment; at least three positive 
examination findings consistent with SIJ-
mediated pain (positive SIJ distraction, 
FABER test, compression test, Gaenslen’s 
test, or thigh thrust); a demonstrated posi-
tive response to a documented intra-ar-
ticular injection in the SIJ; and minimum 
1-year follow-up.

Surgical Technique
Surgeries were performed using a 

novel, minimally invasive SIJF system 
(Integrity-SI Fusion system; OsteoCen-
tric Technologies). The system employs 
a threaded, 10- or 12-mm screw that in-
cludes a pre-assembled washer to facili-
tate joint compression, a fenestrated “fu-
sion zone” that sits across the SIJ, and 
an optional 6.5-mm screw for additional 
rotational stability. The SIJ was accessed 
percutaneously using fluoroscopy, fol-
lowed by aggressive decortication with a 
deployable, rigid blade (Figure 1). The 
fusion zone was then irrigated and joint 
debris was suctioned, after which a com-
bination of autograft and bone graft ex-
tenders were placed percutaneously into 
the joint cavity (Figure 2). The autograft 
was obtained from a 12-mm, deep-fluted 
drill with an average yield of 1 to 4 cm3. 
Bone graft extenders included 5 cm3 of 
demineralized bone matrix (AlloSync; 
Arthrex Inc) and 1.05 mg of recombinant 
bone morphogenetic protein-2 (Infuse; 
Medtronic), which was used off-label 
with preoperative patient consent. A can-
nulated system was then used to place the 
implant across the SIJ. Implant placement 
was aided by biplanar fluoroscopy using 
inlet, outlet, and lateral views. The distal 
portion of the implant was inserted to en-
gage the dense bone in the vertebral body 
of the upper or lower sacral segment (S1 
or S2). Final implant seating and adequate 
compression across the SIJ was verified 
via an anteroposterior view with a 20° 
to 40° tilt to match the slant of the pelvic 
outer table (Figure 3).

The techniques employed to accom-
plish this predictable and durable SIJF, 

Figure 1: Sacroiliac joint decortication with a 
deployable, rigid blade. The spinning blade is de-
ployed while the device is within the sacroiliac joint 
space (left). The stiff blade permits aggressive 
decortication of the dense, sclerotic, subchondral 
bone, allowing for cancellous-to-cancellous bone 
exposure (right).

Figure 2: Filling of the sacroiliac joint fusion zone 
with autograft and bone graft extender. The bone 
graft applicator is inserted within the minimally 
invasive tube system (top left), using stabilization 
pins. The void is then filled with autograft mixture, 
with the graft positioned within the cancellous 
bone on the iliac and sacral sides (top right). At 
1-year follow-up, radiographic fusion is evident 
(bottom).
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although not widespread, are straight-
forward with appropriate training and 
understanding of the relevant anatomy. 
There are two standard ways in which 
the authors have performed these fusions. 
With the first technique, after templating 
the case with PACS imaging software, 
fluoroscopy is used primarily with outlet 
and inlet views of the sacrum. This allows 
for adjustments in the cranial/caudal plane 
and anterior/posterior plane, respectively. 
A lateral view of the sacrum is often used 
to ensure safe pin placement posterior to 
the iliac cortical density.15-17 Using these 
views and placing the implants in the pre-
determined pathways will allow reproduc-
ible and safe screw placement across the 
SIJ and optimizes the compressive force 
across the SIJ perpendicular to its native 
alignment. This maximizes stability while 
minimizing any shear effect from oblique 
screw or implant placement across the SIJ.

The second technique (which is used 
more occasionally) employs intraopera-
tive navigation using the Stealth naviga-
tion system with the O-Arm (Medtron-
ic).18-20 With this method, the guide pin 
is placed in accordance with preoperative 
templating, using the navigation system 
and a predetermined but safe length. Af-
ter guide pin placement with navigations, 
fluoroscopy is then used with outlet as the 
primary view to optimize guide pin length 
and identify the SIJ for adequate decorti-
cation depth and diameter.

It is critical to note that proper tem-
plating is mandatory for every patient and 
is used for every patient in the primary 

author’s practice. Failure to template the 
SIJF procedure properly may result in 
nerve damage or inadequate stability and 
compression. Preoperative outlet and inlet 
plain radiographs and axial, sagittal, and 
coronal oblique computed tomography 
(CT) scans of the pelvis are used for tem-
plating. A concentrated effort at measur-
ing the “safe zone” is critical. The safe 
zone is defined as the corridor of bone 
extending from the lateral wall of the iliac 
wing across the SIJ and into the S1 or S2 
vertebral bodies, depending on the mor-
phology of the sacrum.16

Physical and Radiographic Evaluation
The diagnostic strategy used at our 

SIJ clinic involves 4 primary criteria: (1) 
a history consistent with SIJ pain where 
pain is off-midline, below L5, and not typ-
ically associated with neuropathic signs; 
(2) a positive SIJ examination with 3 or 
more positive tests reproducing or wors-
ening their pain; (3) imaging consistent 
with SIJ disease, although this is the least 
influential criterion; and (4) a positive 
injection response. A comprehensive tri-
age form is completed by patients prior to 
their appointment, allowing the treatment 
team increased sensitivity in diagnosing 
SIJ-mediated pain. The physical exami-
nation, including 5 core provocative SIJ 
maneuvers, is employed to both diagnose 
and aggravate the SIJ. These maneuvers 
include the FABER test, PSIS sulcus 
pain (Fortin finger test), PSIS distraction 
test, combined FABER/PSIS distraction 
(ie, the Mayo SI Joint test), Gaenslen’s 
test, and sacral thrust. Finally, an image-
guided intra-articular injection is admin-

istered by our radiology or pain medicine 
colleagues. These images are closely in-
spected to ensure perfect placement into 
the joint. If fluoroscopy cannot guarantee 
the injection placement, the injection is 
“auto-elevated” to CT-guided injection 
where ideal placement is optimized. In 
our practice, patients typically must dem-
onstrate 50% or greater pain relief to be 
considered candidates for minimally inva-
sive SIJF surgery.

In our study, pre- and postoperative ra-
diographs were obtained for all patients. 
Preoperative anteroposterior pelvic, in-
let, outlet, and single leg stance views (to 
identify preoperative pelvic ring instabil-
ity) were obtained. Preoperative CT scans 
were also obtained to help determine the 
etiology of the SIJ pain and allow for sur-
gical planning. At 12 months post-pro-
cedure, plain radiographs and a CT scan 
were obtained.

Outcomes
The primary outcomes of this study 

were scores for pain (via the Numerical 
Rating Scale [NRS]) and functional abili-
ties (via the Oswestry Disability Index 
[ODI]). Secondary outcomes included 
PROMs including the Single Assessment 
Numerical Evaluation (SANE) scoring 
system21-23 and the Patient-Reported Out-
comes Measurement Information System 
(PROMIS)-10 T-scores (physical function 
[PF] and mental health [MH]).24,25 Ra-
diographic fusion of the SIJ at 12 months 
post-procedure was assessed via indepen-
dent radiographic review. Fusion was eval-
uated as follows: grade 1, no evidence of 
bone growth across the SIJ; grade 2, bone 

Figure 4: Grades of radiographic fusion. Grade 1: no discernible bridging bone from ilium to sacrum (left). 
Grade 2: some bone formation present but no definitive evidence of bridging bone from ilium to sacrum 
(middle). Grade 3: clear and definitive evidence of bridging bone from ilium to sacrum (right).

Figure 3: Sequential fluoroscopy images demonstrat-
ing compression across the sacroiliac joint. Compres-
sion with the final implant is sequential. This ensures 
proper placement of the fusion device (left) and that, 
in the final construct, the washer is securely seated on 
the outer table of the pelvis (right).
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growth evident but no definitive bridging 
bone identified; and grade 3, bone growth 
and clearly demonstrated bridge of the 
SIJ (Figure 4). Implant loosening, sub-
sidence, and neural foramen penetration 
were also assessed at radiographic follow-
up. Outcomes were collected at baseline 
and at 8-week, 6-month, and 12-month 
follow-up visits.

Statistical Analysis
Alpha was set a priori at P<.05 for all 

statistical comparisons. Continuous vari-
ables were presented as mean and range; 
categorical variables were presented as 

proportion. Mean values were compared 
using the Student’s t test. Statistical analy-
sis was performed using Excel (Microsoft 
Corp).

For PROMs data, the proportion of 
patients who achieved a minimal clini-
cally important difference (MCID) at each 
follow-up visit was calculated. For ODI 
and NRS score, improvements of 15 and 
2 points, respectively, were considered 
clinically important.26 For PROMIS-10, no 
consensus on what constitutes a MCID has 
been reached in the literature; ranges from 
3 to 23 points have been reported in stud-
ies of patients with spinal conditions.27-29 
Given this, we chose an improvement of 3 
points for each of the PF and MF domains 
as clinically important, consistent with 
published data for studies in this field.29

Results
Demographic Data

Seventy-five patients were evaluated 
during the study period and included in the 
study, with a mean age of 58.0 years (SD, 
14.6 years; range, 31-87 years). Females 
comprised 60% (45 of 75) of the study co-
hort. The mean follow-up period was 14.2 
months. SIJF was bilateral in 31% (23 of 
75) of cases, with the remaining proce-
dures similarly distributed between right-
sided (32%, 24 of 75) and left-sided (37%, 
28 of 75) unilateral fusion (Table 1).

PROMs
NRS

At 8 weeks post-procedure, patients re-
ported a 69% improvement in pain scores 

over baseline (2.1±2.3 vs 6.8±2.4 points, 
P<.0001). Similar improvements were 
noted at the 6-month (65% improvement: 
2.3±2.24 vs 6.6±2.1 points, P<.0001) and 
12-month (68% improvement: 2.1±2.2 
vs 6.6±1.8 points, P<.0001) follow-ups 
(Figure 5). At the 12-month follow-up, 
88% of patients (43 of 49) had achieved a 
MCID improvement in pain scores.
ODI

At 8-week follow-up, patients report-
ed a significant improvement of 23% in 
ODI scores when compared with baseline 
(38.7±15.1 vs 50.1±15.6 points, P=.002). 
Similar improvements were also noted at 6 
months (37% improvement: 34.2±17.8 vs 
53.9±14.7 points, P<.0001) and 12 months 
(38% improvement: 32.3±14.2 vs 52.3±14.8 
points, P<.0001) (Figure 6). At 12 months, 
66% of patients (33 of 50) had achieved a 
MCID improvement in ODI scores.
PROMIS-10

Statistically significant improvements 
in PROMIS-10 PF scores were noted at 
all time points. At 8 weeks, a 2.7-point 
improvement over baseline was noted 
(35.9±0.1 vs 38.5±0.4 points at baseline, 
P=.05). Significant improvements contin-
ued to be noted at 6 months (3.3-point im-
provement: 35.8±0.1 vs 39.1±0.5 points, 
P=.006) and 12 months (3.6-point improve-
ment: 36.2±0.4 vs 39.8±0.4 points, P=.001). 
At 12 months, 38% of patients (14 of 37) 
had achieved a MCID improvement in PF 
scores. PROMIS-10 MH scores remained 
stable at all time points, with changes from 
baseline of -1.9 points at 8 weeks (P=.21), 
+1.6 points at 6 months (P=.18), and -0.5 
points at 12 months (P=.37). At 12 months, 
27% of patients (10 of 37) had a MCID in 
MH scores (Figure 7).
SANE

Patients generally rated their level of im-
provement as very high. Mean SANE scores 
for all cases were 81.0% at 8 weeks, 92.1% 
at 6 months, and 89.2% at 12 months.

Radiographic Evaluation
One-year postoperative CT scans were 

available for 78% (47 of 60) of patients 

Figure 6: Mean Oswestry Disability Index (ODI) 
scores at 8-week, 6-month, and 12-month follow-up 
(orange) compared with baseline (blue). *Statisti-
cally significant difference vs baseline (P<.0001).

Figure 5: Mean Numerical Rating Scale (NRS) 
scores at 8-week, 6-month, and 12-month follow-up 
(orange) compared with baseline (blue). *Statisti-
cally significant difference vs baseline (P<.0001).

Table 1

Summary of Demographic 
Data (N=75)

Characteristic Value

Age, mean (SD; 
range), y

58.0 (14.6; 
31-87)

Sex, No./total no. (%)

Female 45/75 (60)

Male 30/75 (40)

Body mass index, 
mean (range), kg/m2

29 (19-40)

Smoking status, No./
total no. (%)

Yes 2/60 (3.3)

No 58/60 (96.7)

Laterality, No./total 
no. (%)

Left 28/75 (37.3)

Right 24/75 (32.0)

Bilateral 23/75 (30.7)
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(63 joints), obtained at a mean follow-up 
of 371 days. Based on radiographic re-
view, 1 joint (2%) had grade 1 fusion, 11 
joints (17%) had grade 2 fusion, and 51 
joints (81%) had grade 3 fusion. No radio-
graphic lucencies, implant subsidence, or 
implant fractures were observed.

Complications
One patient reported L5 radicular 

symptoms exceeding 10 days post-proce-
dure. Subsequent CT scans revealed the 
implant anterior to the right sacral ala, 
impinging on the L5 nerve root. The pa-
tient underwent revision surgery to reposi-
tion the implant; symptoms resolved and 
no further symptoms were reported. At 
12-month follow-up, no ongoing symp-
toms were reported by the patient and ra-
diographic evaluation determined that the 
fusion was grade 3. No other complica-
tions were reported.

Discussion
SJI pain unresponsive to conservative 

treatment often benefits from joint fusion 
surgery; however, data on patient-reported 
outcomes are lacking. Data on fusion de-
vices that use the principles of joint fu-
sion—aggressive joint preparation with 
decortication, percutaneous autograft de-
livery, joint compression, and stability—
are limited, as current systems focus on 
joint stability rather than joint compres-
sion. Our study found that a fusion device 
that capitalized on these fusion principles 
was associated with significant and clini-
cally relevant improvements in pain- and 
function-related PROMs and achieved 
grade 3 fusion in a majority of cases at 
12-month follow-up. Our findings provide 
treatment guidance for patients with se-
vere SIJ-mediated disease by supporting 
an intervention associated with improve-
ments in both joint fusion and PROMs.

Although there is a growing body of 
published evidence regarding SIJF sur-
gery, the nature of the fusion hardware 
used is variable. Predominant technolo-
gies focus on joint stabilization and/

or transfixation, rather than true fu-
sion.11,30-32 As a result, few current offer-
ings adhere to the principles of joint fu-
sion and bone healing set out by the AO 
Foundation, specifically, aggressive joint 
preparation with decortication and per-
cutaneous autograft delivery followed by 
joint compression and stability.13 Joint 
compression combined with decortica-
tion is the gold standard for joint fusion 
or arthrodesis surgery within the field 
of orthopedic surgery. These are sound 
principles held deeply within the field of 
orthopedic surgery in areas such as ankle 
fusions, midfoot fusions, and fusions of 
many other joints.13,33,34 Decorticating 
the joint and removing articular cartilage 
and a selected area of subchondral bone 
allows for exposed cancellous surfaces to 
fuse from the ilium to the sacrum. This 
fusion is enhanced with the addition of 
an osteoconductive and osteoinductive 
bone graft technique. Indeed, in compari-
son with fusion without compression, we 
observed greater improvements in pain 
scores at 12 months (65% over baseline 
vs 37%) and similar improvements in dis-
ability scores.35 In the authors’ opinion, 
avoiding the critical steps of decortication 
and compression and relying on immobi-
lization and grafting to lead to fusion in 
cartilaginous surfaces is ultimately detri-
mental to good patient outcomes.

In our study, joint compression was 
central to our approach, which is hypothe-
sized to lead to physiologic states that can 
exceed the stability imparted by currently 
available fusion devices and the stability 
of the native joint itself.36 The benefits 
of this approach are evident in our rates 
of radiographic fusion, with independent 
radiographic review revealing at least par-
tial signs of radiographic fusion in 98% of 
joints and definitive bone bridging (grade 
3 fusion) in 81% of joints at 12-month 
follow-up. In contrast, other studies us-
ing non-compressive hardware have been 
associated with significantly lower rates 
of fusion. One recent study of 159 pa-
tients observed a 12-month grade 3 fusion 

rate of only 15%.31 Another study of 43 
patients with 198 implants using a trian-
gular, non-compressive fusion system 
noted a lucency rate of 1.5% to 2%.30 An 
assessment of bone bridging was not pro-
vided because of the need for an extended 
follow-up period that was unavailable. In 
contrast, Cross et al12 reported a 74% rate 
of solid fusion in 19 patients using a screw 
design with flexible decortication, which 
mirrors findings of our study. As such, the 
use of fusion hardware with a threaded 
design that facilitates compression of the 
joint rather than only stabilization may be 
key in establishing high rates of solid fu-
sion of the SIJ. These data, combined with 
the low rate of revision surgery (n=1) in 
our study and the lack of observed lucen-
cies or subsidence, reinforce the hypoth-
esis that joint compression, guided by the 
AO Foundation principles, is essential for 
establishing a stable construct.

Most studies of SIJF report pain scores 
rather than PROMs. Dengler et al30 exam-
ined ODI and visual analog scale scores 
in 52 patients who had non-compressive 
fusion and observed clinically important 
improvements in both for 79% of patients. 
In another study, an 18.8-point improve-
ment in ODI scores at 12 months was 
noted in 66% of patients and an 83.1% 
improvement in visual analog scale scores 
was noted at 24 months.32 In a German 

Figure 7: Mean Patient-Reported Outcomes Mea-
surement Information System (PROMIS)-10 physical 
function (top) and mental health (bottom) scores at 
8-week, 6-month, and 12-month follow-up (orange) 
compared with baseline (blue). *Statistically signifi-
cant difference vs baseline (P<.05).
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study of 2-year PROM results in a co-
hort of 171 patients, mean decreases in 
ODI scores of 16 points at 12 months and 
18 points at 24 months were reported.37 
Similarly, we noted a 20-point improve-
ment in ODI scores at 12 months and a 
4.5-point improvement (68%) on the 
10-point NRS, with clinically important 
improvements realized in 66% and 88% 
of patients, respectively. These results are 
similar to those of an earlier study with 
the same fusion technology that reported 
a 54% improvement in pain scores and 
a 20-point improvement in ODI scores 
at 6-month follow-up.12 The similar pain 
scores in these studies of two different 
technologies are perhaps not surprising, 
but the greater improvements in ODI 
scores noted with compression-based fu-
sion systems may speak to the impact of 
the greater biomechanical stability they 
offer. The minimally invasive nature of 
surgery may also contribute to improve-
ments in PROM scores. However, the data 
from our study strongly suggest that the 
benefits of compression-based fusion are 
seen not only in pain reduction but also 
in improved functional ability. This may 
have contributed to the high patient sat-
isfaction scores in our study, as patients 
with fewer limitations of their activities of 
daily living are more likely to have a posi-
tive outlook on their procedure.

The retrospective nature of our review 
and the relatively small sample are limi-
tations; however, our sample size mirrors 
that of similar studies.12,38 Similarly, due 
to loss to follow-up, PROM data were not 
available for all patients at all follow-ups. 
These limitations are representative of the 
challenges associated with the real-world 
experience. However, the high response 
rates at our earlier time points and our 
use of a variety of PROM scales to pro-
vide more robust findings, as well as the 
high percentage of patients with 1-year 
radiographic findings (78%), may offset 
the limitations faced in real-world set-
tings. Finally, the lack of 2-year follow-
up data may traditionally be viewed as a 

limitation. However, recent evidence indi-
cates that there is no appreciable change 
in outcome scores between 1- and 2-year 
follow-ups in musculoskeletal research,39 
suggesting that 2-year data, although an-
ecdotally desirable, may not be critical in 
evaluating treatment success.

Conclusion
Our study demonstrated that a SJIF 

system based on the principles of joint 
fusion—aggressive decortication, autog-
enous bone grafting, and joint compres-
sion—was associated with early and du-
rable improvements in both radiographic 
fusion and patient-related outcomes. The 
results of this study support the growing 
body of evidence that SIJF surgery ben-
efits patients with SIJ dysfunction. Fu-
ture studies will focus on evaluation of 
PROMs in a larger cohort of patients with 
longer-term follow-up data.
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