
International Journal of Spine Surgery, Vol. 14, Supplement 1, 2020, pp. S20–S29
https://doi.org/10.14444/6072
�International Society for the Advancement of Spine Surgery

Minimally Invasive Sacroiliac Joint Fusion: The Current

Evidence

CHRISTOPHER T. MARTIN, MD,1 LUCAS HAASE, BA,2 PAUL A. LENDER, BS,1 DAVID W. POLLY JR,
MD1

1Department of Orthopaedic Surgery, University of Minnesota, Minneapolis, Minnesota, 2University of Minnesota Medical School, Minneapolis, Minnesota

ABSTRACT

Background: Fusion of the sacroiliac (SI) joint as a treatment for low back pain remains controversial. The
purpose of this manuscript is to review the current literature and clinical outcomes of SI joint fusion surgery.

Methods: We conducted a literature review and included studies with the term ‘‘sacroiliac joint fusion’’ that had at

least 12 months of clinical follow-up, reported on minimally invasive techniques, and included patient-reported outcome
measures.

Results: Two approach types (dorsal and lateral) and numerous different implant manufacturers were identified.

Most studies included level 4 data, with a small number of level 2 prospective cohort studies and 2 prospective level 1
studies. Every reviewed study reported clinical benefit in terms of improved pain scores or improvement in validated
disability measures. Complication rates were low.

Conclusions: Minimally invasive SI joint fusion provides clinically significant improvement in pain scores and

disability in most patients, across multiple studies and implant manufacturers.
Level of Evidence: 5
Clinical Relevance: Emerging evidence in support of SI joint fusion indicates that clinicians should examine the

SI joint and include SI joint pain in their differential diagnosis for low back pain patients.

Minimally Invasive Surgery
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INTRODUCTION

The annual prevalence of low back pain among

adults ranges from 15% to 45% and is among the

most common reasons for a physician visit in the

United States.1 The economic impact is tremendous,

with an estimated annual expenditure of $85 billion

in 2005,2 and multiple studies showing trends

towards increasing expenditure over time.1,3 In spite

of this expenditure, the health outcomes and

population-level disability related to low back pain

do not seem to be declining, and some health policy

makers have questioned the value and efficacy of

current medical treatments.2

In response to this burden of disease, and in the

hopes of improving outcomes, significant efforts

have been made to better understand the various

etiologies of back pain. In particular, increasing

attention has recently been given to the SI joint as a

pain generator, and estimates of low back pain

attributable to the SI joint range from 15% to

30%.4,5 Studies have shown that the SI joint both

has motion6–8 and is innervated,9–11 the combina-
tion of which bolsters the argument in favor of the
joint as a possible pain generator. In spite of this
prevalence, many clinicians do not routinely exam-
ine the SI joint or include it as a possible pain
generator in their differential diagnosis, which may
contribute to poor clinical outcomes and wasted
health care expenditure.12

The purpose of this review is to summarize the
clinical outcome studies related to minimally inva-
sive SI joint fusion. A review of this information
should familiarize clinicians with the various im-
plant types and the evidence available for each.

MATERIALS AND METHODS

We conducted a PubMed search for articles with
the term ‘‘sacroiliac joint fusion’’ and identified 325
articles on September 2, 2018. Articles were then
excluded if they included follow-up shorter than 12
months, were focused on nonsurgical treatment or
on non–fusion-based treatments, were primarily
focused on open surgical treatment as opposed to



minimally invasive, reported on revision surgeries
instead of primary cases, were non–English-lan-
guage manuscripts, or if they reported on nonhu-
man subjects. Papers were also excluded if they had
no validated clinical outcome measures (specifically
visual analog scale [VAS] or Oswestry Disability
Index [ODI] scores). The first author of this
manuscript then reviewed each abstract for relevan-
cy. Relevant manuscripts were then organized
according to surgical approach, level of evidence,
and implant type. Where available, we then pooled
the preoperative and postoperative VAS pain scores
and ODI scores. In some studies the VAS was
reported on a scale from 0 to 10, and in others it was
reported from 0 to 100. In studies that used a scale
of 0 to 10, we simply multiplied the number by 10 to
produce a uniform scale across all of the studies. We
calculated weighted means and averages for each
data point from each study, and the data were then
presented both as a forest plot and also as bar
graphs of the combined data. Means were calculated
by OpenMeta meta-analysis software using the
DerSimonian-Laird method in a continuous ran-
dom effects model. Studies that reported only a
mean but did not include standard deviations could
not be included in this analysis because the
calculation of a pooled mean requires standard
deviation data for each included study.

RESULTS

Comparison to Open Fusions

Open SI joint fusion has been performed since the
1920s but is no longer the preferred approach to SI
joint fusion because of its invasiveness and long
recovery periods.13 Several comparisons of mini-
mally invasive (MIS) SI joint fusion and open SI
joint fusion have been reported.

Smith et al14 compared results of open SI joint
fusion (n ¼ 149) versus minimally invasive SI joint
fusion using triangular titanium implants (n ¼ 114).
Patients undergoing minimally invasive surgery
were, on average, about 11 years older and more
commonly had a history of prior lumbar fusion
(23.5% versus 47.4%). Bilateral SI joint fusion was
more common in patients undergoing minimally
invasive surgery. Compared with open fusion,
minimally invasive SI joint fusion was associated
with shorter operative times (70 versus 163 minutes),
lower estimated blood loss (33 versus 288 mL), and
lower hospital length of stay (1.3 versus 5.1 days, all

comparisons P , .0001). Operative complications
occurred in 21% and 18% of the open and
minimally invasive groups. At 12 months, pain
scores improved by 2.7 points in the open group and
6.2 points in the minimally invasive group. The 2-
year pain scores (available in only 96 patients)
showed improvement of 2 points in the open group
and 5.6 points in the minimally invasive group.
Controlling for age, sex, and other parameters, the
difference in pain score improvement was 3 points
higher in the MIS group. Limitations to this study
include the nonrandomized comparison and con-
founding by physician (in most cases, the surgeons
performing open SI joint fusion were different from
those performing minimally invasive SI joint fu-
sion).

Ledonio et al15 compared operative and postop-
erative outcomes of 36 patients who underwent
open SI joint fusion with 27 patients who underwent
minimally invasive SI joint fusion at the same
center. Using propensity score matching on age, sex,
body mass index, and history of spine fusion,
analysis was done on 44 of 63 patients (70%; 22 in
each group, open and minimally invasive SI joint
fusion). Mean follow-up was 13 (open patients) and
15 (minimally invasive patients) months. Blood loss
was higher in the open group (681 versus 41 mL,
P , .0001). Mean surgical time was higher in the
open group (128 versus 68 minutes) and hospital
length of stay was higher (3.3 versus 2 days). ODI
scores improved from 62 at baseline to 47 (open)
and 54 (minimally invasive). Mean ODI improve-
ments were 19.8 and 12 points. Three complications
were reported in the open group: pulmonary
embolism and 2 revisions for failed implant and
nerve root irritation. Three complications occurred
in the minimally invasive group, including 1
pulmonary embolism and 2 revisions. The study
noted that it was underpowered for some compar-
isons.

Ledonio et al16 report a comparison of 22 open
and 17 minimally invasive SI joint fusions using
triangular titanium implants at 2 institutions.
Patient participants undergoing open SI joint fusion
overlap with the previous publication, whereas the
17 minimally invasive SI joint fusions were from
Cummings and Capobianco. Data were unavailable
from 10 additional patients. Patients undergoing
minimally invasive SI joint fusion were more than
10 years older. Surgical time was longer in the open
group (128 versus 27 minutes) and hospital stay was
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also longer (3 days versus 1 day, both comparisons
P , .0001). ODI improved from (median) 64 to 46
in the open group and 53 to 13 in the minimally
invasive group. The ODI change was larger for the
minimally invasive group by a median of 9 points.

Patient-Reported Outcomes of MIS SI Joint
Fusions

There are 2 published approaches for minimally
invasive SI joint fusion; dorsal or lateral transiliac.
There are also reports of open dorsal, lateral, and
anterior fusion techniques, but these manuscripts
are outside the scope of this article, because we
chose to focus the review on minimally invasive
cases.

Dorsal Approach

The dorsal approach is performed through a
dorsal midline or paramedian incision with dissec-
tion to the dorsal ligamentous recess between the
sacrum and ilium. The soft tissues of the joint are
debrided, and then an implant and bone graft
material are placed.

One retrospective series documents the clinical
outcomes of a dorsal minimally invasive approach
to SI joint fusion. Endres and Ludwig17 describe 19
patients with a hollow threaded fusion cage
(DIANA cage, Signus, Alzenau, Germany). Intra-
operative blood loss was less than 150 cc in all cases.
The average length of stay was 7.3 days. Mean VAS
SI joint pain scores decreased from 8.5 at baseline to
6 at final follow-up (mean, 13.2 months). Mean ODI
score decreased from 64.1 at baseline to 57 at
follow-up. Fusion, defined as lack of loosening
around the implants and bone bridging across the
joint, was seen in 79% of joints.

Wise and Dall18 published a prospective study in
2008 on 13 consecutive patients who underwent
MIS SI fusion using threaded fusion cages filled
with rhBMP-2. The mean follow-up period for all
13 patients was 29.5 months (range, 24–35 months).
Significant improvements were seen in final low
back pain score on a VAS, with an average
improvement of 4.9 (P , .001). Leg pain improved
an average of 2.4 points (P ¼ .013), and dyspareunia
pain improved an average of 2.6 points (P ¼ .0028).
The mean estimated blood loss was less than 100
mL; there were no infections or neurovascular
complications. The overall fusion rate was 89%
(17 of 19 joints) as assessed by postoperative
computed tomography (CT) scan obtained 6

months after the procedure. One patient was revised
to an open arthrodesis secondary to nonunion and
persistent pain.18

Fuchs and Ruhl,19 in a level 2 prospective
observational study, reported on 171 patients who
underwent distraction arthrodesis using the DIANA
cage. The study involved 20 hospitals in Germany.
Overall patient satisfaction was surveyed along with
multiple patient outcome measures. Bony fusion of
the SI joint was evaluated using X-ray and CT. The
ODI improved from 51 to 33, the SF-MPQ
decreased from 50% to 31%, the SF-12 physical
component summary rose from 22% to 41%, the
mental component summary increased from 40% to
55%, and pain as measured by the VAS decreased
from 74 to 37 points (all comparisons P , .001). In
the follow-up CT scans 31% of the patients showed
SI joint fusion, which is a lower rate compared with
some of the other approaches described above.

Lateral Transiliac Approach

Most published series on fusion outcomes use a
lateral transiliac approach to try and fix the ilium to
the sacrum. The surgery involves dissection through
the lateral gluteus musculature down to the table of
the ilum and then insertion of a device to transfix
the ilium and sacrum together across the SI joint.

Triangular Titanium Implant (SI Bone IFUSE)
There are 11 level 4 retrospective case series
reporting outcomes of the SI Bone IFuse Triangular
titanium implant system for MIS SI joint fusions,
with 278 unique patients (Table). Each of these are
level 4 studies, and the follow-up and use of
validated outcome measures are somewhat variable
across the studies. The authors of these publications
report high rates of patient satisfaction and
improvement in pain.

There are 2 level 2 prospective cohort studies with
this implant. Duhon et al32 reported 24-month
follow-up of a prospective, multicenter single-arm
study of 172 patients. The 24-month follow-up rate
was 86.6%. SI joint pain decreased from 79.8 at
baseline to 26.0 at 24 months (P , .0001 for change
from baseline). ODI decreased from 55.2 at baseline
to 30.9 at 24 months (P , .0001 for change from
baseline). The proportion of patients taking opioids
for SI joint or low back pain decreased from 76.2%
at baseline to 55.0% at 24 months (P , .0001). A
total of 8 patients (4.7%) underwent revision SI
joint surgery. Seven device-related adverse events
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occurred. CT scan at 1 year showed a high rate

(97%) of bone adherence to at least 2 implants on

both the iliac and sacral sides, with modest rates of

bone growth across the SI joint. Similarly, Darr et

al33 report 3-year prospective follow-up in 103

patients participating in 2 US clinical trials. Patients

had mean improvements in SI joint pain of 55

points (0–100 scale), mean improvement in ODI of

28 points, and improvement in EuroQOL-5D of 0.3

points (all P , .0001). There was 1 late revision.

Four patients underwent contralateral SI joint

fusion.

There are 2 level 1 prospective studies. The first,

from Polly et al,34 reported 24-month outcomes of a

prospective, randomized controlled trial comparing

minimally invasive SI joint fusion using triangular

titanium implants to nonoperative care. Nonsurgi-

cal care consisted of medication management,

Table. Summary of level 4 studies on triangular titanium implants.

Source, year

No. of

Patients

Minimum

Follow-up,

mo Outcomes Notes Complications

Rudolf,20 2012 50 24 ODI, SF-36 71% experienced clinically
significant improvement in
ODI at 12-mo follow-up.

10 patients (4 infection/
wound issues, 1
fracture, 2 hematoma,
3 implant malposition)

Sachs and Capobianco,21

2012
11 12 VAS score All also reported in Sachs and

Capobianco.23 Mean VAS
decrease of 6.2 points.

None

Rudolf,22 2013 40 24 Numeric pain scale All patients also reported in
Rudolf.20 Both patients with
a prior lumbar fusion and
those without reported pain
relief.

N/A

Sachs and Capobianco,23

2013
40 12 VAS score Patients included in Sachs et

al27 multicenter study. Mean
7.8-point VAS decrease.

None

Cummings and
Capobianco,24

2013

18 12 ODI, SF-36 Patients included in Sachs et
al27 multicenter study. Mean
ODI decrease of 37 points,
clinically significant
improvement in SF-36.

1 fluid retention, 3
trochanteric bursitis, 1
toe numbness, 1
hematoma, 1 implant
malposition

Gaetani et al,25 2013 10 8 ODI, VAS, RMD Mean ODI improvement of 19
points, VAS 3 points, RMD
14.6 points.

2 hematoma

Schroeder et al,26 2014 6 10 VAS, SRS22, ODI Describes SI fusions in
patients with prior long
thoracolumbar fusion for
deformity. Mean
improvement was seen in all
3 outcome measures.

Sachs et al,27 2014
multicenter

144 12 VAS score Includes Cummings and
Capobianco24 (18) and
Sachs and Capobianco23

(40). Mean VAS score
decrease of 5.9 points.

1 implant malposition

Rudolf and Capobianco,28

2014
17 60 No validated measure Patients are from the original

50 in Rudolf.20 Reported
that 88% received clinical
benefit and 87% were fused
on CT scan.

1 hematoma, 1 deep
infection, 1 cellulitis

Vanaclocha-Vanaclocha
et al,29 2014

24 12 VAS, ODI Mean ODI improvement of 40
points at 12-mo follow-up.

None

Sachs et al,30 2016 107 36 VAS score Includes patients reported in
Sachs and Capobianco.23

Mean 4.8 improvement in
VAS.

5 patients required a
revision surgery within
3 yr

Kancherla et al,31 2017 36 iFuse,
9 Samba Screw

No preoperative
comparison, looked
only at postoperative
ODI/VAS

Concluded that postoperative
VAS and ODI scores were
acceptable but could not
show a decrease compared
with preoperatively.

3 implant malposition

Total 361

Abbreviations: CT, computed tomography; N/A, not applicable; ODI, Oswestry Disability Index; RMD, Roland Morris Disability Scale; SI, sacroilial; VAS, visual
analog scale.
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physical therapy, SI joint steroid injections, and
radiofrequency ablation of lateral branches of sacral
nerve roots, administered according to patient
needs. Success—a composite of pain reduction,
absence of serious adverse events or neurologic
worsening, and absence of repeat surgery—occurred
in 82% of the SI joint fusion group and 26% of the
nonsurgical group. By month 24, 82% received
substantial clinical benefit (Glassman criteria35) in
VAS SI joint pain score, and 66% had received
substantial clinical benefit in ODI score. In the
nonsurgical group, these proportions were less than
10% with nonsurgical treatment only. Parallel
changes were seen for EQ-5D and SF-36, with
larger changes in the surgery group at 6 months
compared with nonsurgical management. Three
patients assigned to SI joint fusion underwent
revision surgery within the 24-month follow-up
period.

The second level 1 study, from Dengler et al,
reported 12-month outcomes36 outcomes from a
similarly designed prospective, multicenter random-
ized controlled surgery versus nonsurgery trial
conducted in 9 centers in Europe. A total of 52
patients underwent SI joint fusion, and 51 patients
underwent conservative management. At 6 months,
mean low back pain improved by 43.3 points in the
SI joint fusion group and 5.7 points in the
conservative management group (difference of 38.1
points, P , .0001). Mean ODI improved by 26
points in the SI joint fusion group and 6 points in
the nonsurgical group (P , .0001). ASLR, EQ-5D-
3L, walking distance, and satisfaction were statisti-
cally superior in the SI joint fusion group. Improve-
ments persisted at 12 months. The frequency of
adverse events did not differ between groups. One
case of postoperative nerve impingement occurred
in the surgical group.

Lastly, SI-BONE, the manufacturer of triangular
titanium implants, published 2 safety analyses from
internal databases. First, Miller et al37 reported an
analysis of the manufacturer’s complaints database
regarding use of the implants in 5319 patients.
Complaints include any spontaneous or observed
deficiency in the device. The complaint rate was
3.8%. Nerve impingement (0.9%) and pain unre-
lated to nerve impingement (1.3%) were most
common. Improper device placement occurred in
72 cases (1.4%). There were 96 revision surgeries
performed in 94 patients. Later, Cher et al38

reported an update from the same database with a

greater number of patients (n¼ 11 388 procedures)

in the hopes of calculating a surgical revision rate

after SI joint fusion using triangular titanium

implants. Implant survivorship at 4 years was

96.46%, and revision rates went down every year,

with revision rates after 2012 being approximately

2%.

Hydroxy-Appetite Coated Screw (Globus Medical)

There is 1 level 2 study of hydroxy-appetite coated

screws placed through an MIS lateral approach.

Rappoport et al39 reported 24-month follow-up in

32 patients. Mean patient age was 55 years, and

63% were women. Leg pain and back pain VAS

scores each statistically improved at 12-month

follow-up. ODI improved from 55.6 to 34.6 at 12

months. Two patients underwent revision surgery

for screw loosening. All patients who were working

before surgery returned to work postoperatively

within 3 months.

Simmetry Implant

The Simmetry implant (RTI Surgical, formerly

Zyga Technologies) is a threaded titanium implant

placed through a lateral minimally invasive ap-

proach. This system is US Food and Drug

Administration–cleared for SI joint fusion. The

system is unique in having associated devices to

partially decorticate the joint prior to implant

placement.40

The evidence supporting this implant comes from

retrospective case series and 1 level 2 prospective

study. Cross et al41 report a retrospective case series

of 19 patients at 3 centers with 2-year follow-up.

Mean age was 60 years, and 79% were women. SI

joint pain improved from 7.9 at baseline to 2.1 at 24

months. There were no procedure complications.

Four patients had device-related adverse events, but

these were not described. Satisfaction rates were

high at 94%, and 89% would recommend the

surgery to another. At 12 months 79% had bridging

bone across the SI joint as interpreted by an

independent reader.

Kube and Muir42 retrospectively reported 12-

month follow-up on 20 fusions done in 18 patients

with the Simmetry implant. The fusion rate was

88%. Back and leg pain improved from 81.7 to 44.1

points (P , .001) and from 63.6 to 27.7 points

(P ¼ .001), respectively. A total of 8 patients (57%)

achieved the minimum clinically important differ-
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ence in ODI score improvement at 12 months. No
major complications were reported.

The level 2 prospective study was conducted by
Araghi et al43 The authors report a trial of 50
patients who underwent SI joint fusion using
Simmetry. Mean age was 62 years, and 58% were
women. SI joint pain decreased from 76.2 at
baseline to 35.1 (54% reduction, P , .0001). ODI
decreased from 55.5 to 35.3 at 6 months (P , .001).
Opioid use decreased from 66% to 30%. Two
procedure-related events required hospitalization: a
revision procedure (2%) for nerve impingement and
1 case of ongoing low back pain.

Hollow Modular Anchorage Screws
A prospective study by Al-Khayer et al44 in 2008
reported results of 9 patients undergoing MIS
sacroiliac fusion using a hollow modular anchorage
screw filled with demineralized bone matrix and
local bone that was obtained during drilling. The
mean follow-up was 40 months (range, 24–70
months). The mean ODI value dropped from 59
(range, 34–70) preoperatively to 45 (range, 28–60)
postoperatively (P , .005), which we would inter-
pret as a modest clinical improvement. The mean
VAS value also modestly dropped from 8.1 (range,
7–9) preoperatively to 4.6 (range, 3–7) postopera-
tively (P , .002). All of the patients reported that
they would have the procedure again given the same
circumstances. The average estimated blood loss
was less than 50 mL. There was 1 complication
consisting of a deep wound infection that healed
with debridement and intravenous antibiotics. At 1-
year follow-up, no nonunions were identified on
radiographs.

In 2009, Khurana et al45 prospectively also
reported on 15 consecutive patients treated with
MIS fusion using hollow modular anchorage screws
in combination with demineralized bone matrix.
The mean follow-up in this study was 17 months
(range, 9–39 months). The mean SF-36 scores
improved from 37 (range, 23–51) to 80 (range, 67–
92) for physical function and from 53 (range, 34–73)
to 86 (range, 70–98) for general health (P ¼ .037). A
total of 13 of 15 patients reported ‘‘good to
excellent’’ results. The authors reported that resid-
ual pain in these 2 patients was potentially due to
concurrent lumbar pathology. The average estimat-
ed blood loss was less than 50 mL, and there were
no complications. Fusion was obtained in all
patients.

In 2013, Mason et al46 reported a prospective case
series of 55 patients undergoing SI joint fusion using
hollow modular anchorage screws and demineral-
ized bone matrix. It appears that all patients
included in Khurana et al45 were also included in
this report. Prior lumbar fusion was present in 40%.
Mean follow-up was 36 months. VAS SI joint pain
improved from 8 to 4.5 at latest follow-up. SF-36
PCS improved from 26.6 to 42.9. Majeed score
improved from 36.9 to 64.8. Patients with previously
instrumented spine surgery fared poorer with SI
joint fusion compared with those without such a
history.

Pooled Outcomes
For each study, we abstracted VAS and ODI data
and conducted a pooled analysis. In some cases, the
study reported a preoperative value but did not
include postoperative data, or vice versa. In these
cases, we included the available data points in the
pooled analysis, even if one of the follow-up or
preoperative data points was missing. Two studies
had this type of incomplete reporting. Argahi et al43

reported mean and SD for ODI and VAS preoper-
atively, but no SD data were presented in follow-up.
Rudolf et al20 did not report preoperative SD
values.

Every available study reported a mean decrease in
VAS, and the result was statistically significant for
each study evaluated, and also in the pooled
analysis (Figure 1). In addition, every study
reported a mean decrease in ODI, and the result
was statistically significant in every study except for
Endres and Ludwig17 (Figure 2). The pooled
analysis showed a mean decrease in VAS from
80.3 to 32.2 and the ODI showed a mean decrease
from 56.2 to 34.4, with both results being statisti-
cally significant (P , .05; Figure 3).

DISCUSSION

Back pain remains one of the most common
contributors to disability worldwide. Emerging
evidence points to the SI joint as a pain generator,
and numerous recent publications have reported on
the outcomes of minimally invasive techniques for
SI joint fusion. Overall, the quality of available
evidence is mixed and in general consists of level 4
retrospective studies, with a scattering of some level
2 prospective studies, and only 2 level 1 prospective
clinical trials. Nonetheless, multiple publications
across multiple implant types report improved
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PROMs after surgery in most patients, with low
complication rates.

Historically, surgeons have been reluctant to
consider the SI joint as a pain generator. However,
recent studies have shown that the SI joint moves
(albeit only a little),7,8 it is innervated,9,10 and it
becomes arthritic. Furthermore, the published
studies identified here uniformly reported mean
improvements in PROMs after SI joint fusion. This
clinical improvement would seem to further support
the SI joint as a pain generator. It seems reasonable
to suggest that clinicians should regularly evaluate
the SI joint as a part of their clinical exam in
patients with low back pain.

Of note, the magnitude of clinical improvement
seen across these studies is typically modest. In our
pooled analysis, the mean ODI score decreased
from 56.2 to 34.4, which would indicate a moderate
level of residual disability. This magnitude of
decrease was roughly consistent across the studies
with available data (Figure 2). Thus, it seems
reasonable to counsel patients that although surgery
can help, it is unlikely to take away all of their pain.

Furthermore, although the mean improvement in
PROMs uniformly favored surgery, the individual
response rate was not universal. For example, in the
level 1 studies of triangular implants, 71% of
patients47 and 66% of patients34 reported clinically
significant improvement in disability measures.
These numbers would seem to indicate that a
modest number of patients (perhaps as high as a
quarter to one-third) did not respond to surgery, in

terms of improvement in disability. The reasons for

this are likely multifactorial. It is possible that the

disability measures do not fully capture the clinical

benefit of the surgery. For example, a higher

percentage of patients (82%) in the Polly et al34

randomized study reported an improvement in SI

joint pain scores, as compared with improvement in

disability (66%). These results match with the

outcome of our pooled analysis, which showed

better mean improvement in VAS scores as com-

pared with ODI (Figure 3). Alternatively, patient

selection and diagnostic accuracy may play a role.

Figure 3. Pooled analysis of weighted means for preoperative and

postoperative visual analog scale and Oswestry Disability Index scores. The

postoperative time point is 12 months, unless, as previously noted in Figures 1

and 2, the studies did not provide 12-month data.

Figure 1. Forest plot showing preoperative and postoperative visual analog

scale scores. The postoperative time point is 12 months unless otherwise noted

for studies that did not provide 12-month data.
Figure 2. Forest plot showing preoperative and postoperative Oswestry

Disability Index scores. The postoperative time point is 12 months unless

otherwise noted for studies that did not provide 12-month data.
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The authors of this manuscript recommend that in
order to be candidates for an MIS SI joint fusion,
patients have at least 3 of 5 positive provocative
exam maneuvers,48 report pain consistent with that
coming from the SI joint with a positive Fortin
finger sign,49 and have a positive response to
diagnostic SI joint injections.

As a whole, these studies do carry some
weaknesses. Most are supported by industry fund-
ing, potentially introducing bias into the reporting
of results. In addition, the vast majority are level 4
retrospective series, and the overall quality of data is
modest. The summary of the data provided here
may prove useful in planning for future randomized
studies that seek funding from nonindustry sources.
Patient use of opioids is another important clinical
outcome measure that was not addressed in this
article, but the reporting of these data was quite
variable across the studies, with most of the articles
including no data available to reference. We feel
that the limited data available precludes a pooled
analysis, which was the focus of this study.
Similarly, in this era of value-based health care,
cost-effectiveness is an important benchmark, and
several articles did address this topic.50–54 However,
we feel that a thorough review of these articles is
outside the scope of this manuscript. Lastly, the
pooled analysis presented here is not meant to
determine the superiority of one implant device or
one approach compared with another. These types
of conclusions would require head-to-head clinical
trials, and we feel this would be an interesting
avenue for additional research.

In summary, minimally invasive sacroiliac joint
fusion provides clinically significant improvement in
pain scores and disability in most patients, across
multiple studies and implant manufacturers. Emerg-
ing evidence in support of the results from SI joint
fusion surgery indicates that clinicians should
examine the SI joint and include SI joint pain in
their differential diagnosis for low back pain
patients.
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