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Objective: To report patient-reported outcomes of minimally invasive sacroiliac (SI) joint fusion as a case series.

Methods: This study was a retrospective cohort study of patients 18 years of age and older who underwent a mini-
mally invasive SI joint fusion by a single surgeon between 1 January 2013 and 31 December 2015. Routine demo-
graphic data, characteristics, and relevant surgical and clinical data were all collected for this group. In addition,
patients completed preoperative and postoperative visual analog scale (VAS) and Short Form 36 (SF-36) question-
naires to assess outcomes. Patient selection for SI fusion was based on short-term resolution of symptoms (80% or
greater relief) with an image-guided intra-articular injection of local anesthetic. Routine statistical analysis was per-
formed using the Wilcoxon signed rank test, Fisher’s exact test, or χ2 analysis as appropriate.

Results: This study included 19 patients comprising 24 SI fusions, with a mean follow-up of 58 months. The average
patient age was 50 years and the average surgical blood loss was 25 cc. Men comprised 79% of the cohort. The VAS
score improved from 7 to 3 (P = 0.0001). SF-36 physical function, role limitations due to physical health, and role limi-
tations due to emotional health improved to a statistically significant extent. General health was not significantly chan-
ged. Every patient showed improvement in their SF-36 physical function scores (mean 40 preoperatively to 55 at final
follow up) and 18 of 19 showed improvement in the VAS score (mean 7 preoperatively to 3 at final follow-up).

Conclusion: In appropriately selected patients, minimally invasive SI joint fusion results in decreased pain and
improved physical functioning of patients, which is sustained for more than 4 years post-procedure.
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Introduction

The sacroiliac (SI) joint has been implicated to be
involved in 15% to 30% of patients with lower back

pain1,2. The etiology of SI joint pain can be varied and
include degenerative, post-traumatic, iatrogenic, infectious,
inflammatory, neoplastic, and idiopathic causes. Many
options for nonoperative management of SI joint-related
pain exist. Anti-inflammatory medications, physical therapy,
analgesics, bracing, prolotherapy, intra-articular injection,
and radiofrequency ablation are all widely used nonoperative
treatment options for pain emanating from the SI joint3. The
amount of high-quality literature on successful conservative

treatment of the SI joint remains limited. Despite this, many
people suffering from SI joint dysfunction can be successfully
treated with conservative means. However, a portion of
patients fail conservative care and then proceed to SI fusion.
This study analyzes the outcomes of such patients.

Open arthrodesis was previously used for the treatment
of SI-related pathology via an anterior or posterior
approach4. While the literature does report improvement in
medical outcomes with open approaches, resulting complica-
tions are noted as well. Previously used open approaches
involved direct surgical exposure of the SI joint most com-
monly via a posterior approach. Sometimes plating and
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hardware were applied across the joint in combination with
grafting to facilitate the fusion. These open posterior
approaches carried significant morbidity with associated
wound problems. Local pain from damage to cluneal nerves
and other local structures was common with open posterior
approaches to the SI joint.

Newer approaches to SI fusion have evolved to include
percutaneous minimally invasive placement of implants
spanning the SI joint with less surgical exposure involved
and, therefore, less concomitant disruption of surrounding
soft tissues5. Some minimally invasive SI fusion techniques
require the use of bone graft and others rely on trans-
arthrodial healing of bone to implants to eliminate motion at
the joint itself. The existing literature suggests improvement
in patient outcomes with minimally invasive SI fusion6,7. A
recent publication reported on the 5-year outcomes of this
procedure with favorable results8. The present study was
undertaken to report the experience a single surgeon per-
forming this procedure in routine clinical practice. While ini-
tially skeptical regarding the efficacy of this procedure, the
senior author (GLS) noted early in his experience several
patients who returned after a unilateral SI fusion requesting
that the other side be surgically treated as well. Thus, the
impetus for objectively reporting the results of this case
series was initiated and is presented herein. This study is
presented to: (i) report the clinical patient outcomes and sur-
gical data of the initial experience of a single surgeon using
this technique for SI fusion; and (ii) to thereby assess the
durability of this procedure beyond the expected timeframe
for fusion to the implants to have occurred.

Methods

This is a single center retrospective cohort study of
patients aged 18 years and older, who underwent a mini-

mally invasive SI joint fusion by the primary author from
1 January 2013 to 31 December 2015. The study was con-
ducted in accordance with approval from the Allegheny
Health Network Institutional Review Board. The study repre-
sents all patients who underwent this procedure by the pri-
mary author during the abovementioned period of time.

Inclusion Criteria for Surgery
Selection criteria for surgical candidates were patients aged
18–80 who experienced strict short-term resolution of symp-
toms (80% or greater relief) with image-guided diagnostic
intra-articular injection of the involved SI joint. This level of
relief was chosen as is used by the majority of insurers as a
basis for procedure coverage. This is consistent with the cov-
erage recommendation of the North American Spine Society,
which states “at least 75% reduction of pain for the expected
duration of the anesthetic used following an image-guided,
contrast-enhanced intra-articular SIJ injection on two sepa-
rate occasions”9. All patients were thereby diagnosed with
sacroiliitis or SI dysfunction based on their response to local
anesthetic. Patients had been sent for block based on multi-
ple positive provocative maneuvers stressing the SI joint

(at least 3/5 positive of thigh thrust test, compression test,
Gaenslen’s test, distraction test, Patrick’s sign, and posterior
provocation test).

PICO Model
Patients in this study were consecutive patients who under-
went minimally invasive SI fusion by the primary author
between 1 January 2013 and 31 December 2015. The inter-
vention was an SI fusion using cannulated triangular
titanium-coated implants manufactured by SI Bone. Compar-
ison was done between preoperative scores and scores at final
follow-up for each individual patient. Outcomes are described
in the results section as reported by patients using the visual
analog score (VAS) and Short Form 36 (SF-36) scales.

Data Collection
Patients were identified and charts were reviewed for demo-
graphics, characteristics, relevant surgical and clinical data,
and pre-surgery VAS and SF-36 scores as standard of care.
Routine clinical follow up was performed on all patients. Eli-
gible patients were contacted for final follow up first via mail
at a minimum of 2 years after surgery. If they did not
respond, three attempts were then made via telephone for a
post-surgical follow-up survey via direct communication.
Verbal consent was obtained for each patient, and VAS and
SF-36 surveys were repeated.

Visual Analog Scale
The VAS is a well described pain scale whereby patients
report their pain from 0 to 10. A score of 0 would indicate
no pain and 10 would indicate the worst pain. The VAS
allows patients a simple method of relaying their experience
regarding how painful their condition is. Patients are asked
to rate their pain on a 0-10 scale. The clinical significance of
this is that it allows patients to compare their own pain
based on their perception of their own previous pain. It also
objectifies the pain level to allow for quantitative analysis.
Patients are generally more functional with less pain.

Short Form 36
The SF-36 is a set of generic, coherent, and easily adminis-
tered quality-of-life measures developed by the RAND Cor-
poration. These measures rely upon patient self-reporting
and are now widely used by managed care organizations and
by Medicare for routine monitoring and assessment of care
outcomes in adult patients. Patients completed handwritten
responses to this survey. Assistance was available if needed.
The clinical significance of the SF-36 is that it allows for
quantitative analysis.

Surgical Technique
Patients were taken to the operating room and placed under
general anesthesia prone over bolsters on a flat-top Jackson
table. A single C-arm was used to obtain a perfect lateral
view of the sacrum as well as pelvic inlet and outlet views. A
standard 1.5-inch incision was made over the lateral gluteal
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region along the posterior sacral line 1–2 inches from the
intersection with the sacral alar line. Dissection was bluntly
performed through the subcutaneous tissue and the gluteal
fascia was sharply incised. Blunt dissection was then per-
formed on the lateral ilium. Three sharp guide pins were
placed across the SI joint under fluoroscopy with care taken
to avoid the sacral foramina. A parallel pin guide was used
to assist placement of the second and third pins after free-
hand placement of the first wire. Measurements for appro-
priate length implants were taken. A cannulated one-step
broach was impacted over the guide wires such that one to
two teeth of the broach crossed the joint. The implants were
then impacted over the guide wires under fluoroscopy to an
appropriate position, leaving them 1–2 mm proud laterally.
The wound was finally copiously irrigated and then closed in
layers to include the fascia, subcutaneous tissue, and skin
after obtaining meticulous hemostasis. Every attempt was
made to obliterate dead space in the surgical wound. A com-
pressive dressing was applied.

Postoperative Management
Patients were kept overnight in the hospital to allow for
recovery from anesthesia. They were mobilized with physical
therapy immediately while maintaining a strict touchdown
weight-bearing status on the operative side (for 30 days).
Patients were discharged to home the following morning
with crutches or a walker based on patient preference and
performance in physical therapy. They were maintained on
Ecotrin 325 mg twice per day for deep venous thrombosis
prophylaxis and encouraged to mobilize while maintaining
weight-bearing restrictions.

Statistical Analysis
Data are presented as mean (standard deviation) or median
(interquartile range) for continuous variables and frequency
(percentage) for categorical variables. Continuous variables
were compared using a Wilcoxon signed rank test as appro-
priate. Categorical variables were compared using Fisher’s
exact test or χ2 analysis as appropriate. The SAS Enterprise
Guide 7.15 HF3 (SAS Institute, Cary, NC, USA) was used to
conduct the statistical analysis. P-value <0.05 was set as the
significance level where appropriate. Categorical variables
collected included sex and laterality. Continuous variables
collected included age, length of follow-up, estimated blood
loss, VAS, and the SF-36 subsets of physical function, role
limitations due to physical health, role limitations due to
emotional health, energy fatigue, well-being, emotional well-
being, social function, pain, and general health.

Surgical Devices
All SI fusions were performed using cannulated triangular
titanium (T1 6AI4V ELI) implants with a porous surface
made by SI bony (Clara, CA, USA). Relevant imaging of the
procedure, preoperatively and postoperatively, is included for
illustration purposes (see Fig 1). The first-generation triangu-
lar titanium-coated implants which were used in this study

from SI Bone. Lengths are variable and widths include 4-mm
or 7-mm diameter implants (Fig 2).

Results

Patient Cohort
A total of 19 patients met inclusion criteria, were contacted,
and responded to the VAS and SF-36 surveys. They com-
prised 24 SI joint fusions (among which, 5 were staged bilat-
eral procedures).

Demographic and Surgical Characteristics
The majority of the patient population were middle aged
(median [interquartile range]: 50 [44–52] and male (fre-
quency [%]: 15 [79%]) (Table 1). Ten of the fusions were on
the right side (53%). Estimated blood loss for the procedure
averaged 25 mL. The mean follow-up for the study was
58 months (± 8.4).

Patient Clinical Outcomes
All patients provided preoperative and postoperative VAS
scores. Patients’ VAS survey scores were significantly differ-
ent from pre-surgery to follow up (7 [6–9] vs 3 [1–7], P-
value = 0.0001 respectively). Nine patients completed preop-
erative SF-36 questionnaires and all patients completed SF-
36 evaluation at final follow up. Physical function scores
were significantly different between pre-surgical and follow-
up surveys (40 [25–60] vs 55 [30–80], P-value = 0.016
respectively). Role limitations due to physical and emotional
health scores were significantly different between pre-surgical
and follow-up surveys (Table 2). All the other SF-36 domains
(energy fatigue well-being, emotional well-being, social func-
tioning, pain, and general health) were not significantly
altered at follow-up.

Outlier
Only 1 of the 19 patients reported a worsened VAS score
with SI fusion (by 1 point, from 6 to 7). However, every
patient showed improvement in SF-36 physical function
scores preoperatively compared to postoperatively. The one
“non-responder” appeared to have good radiographic
implant placement at all time periods and was felt to have
secondary gain issues.

Discussion

This case series represents one surgeon’s experience in the
surgical management of SI joint pain with minimally

invasive fusion using triangular titanium implants. In appro-
priately selected patients, the procedure resulted in signifi-
cant improvements in pain, as evidenced by the VAS
improvement noted here. These results appear persistent
given our mean follow-up of 58 months (±8.4 months).
From a clinical standpoint, it is unlikely that results would
be expected to change (for better or worse) for any particular
reason at such a lengthy duration out from surgery. At
nearly 5 years out from surgery, the joint should have either
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Fig 1 Radiographic studies of SI (SI) fusion. (A) Preoperative anteroposterior (AP) pelvis X-ray of a patient prior to right SI joint fusion shows evidence

of sclerosis adjacent to the SI joint. Incidental impulse generator from spinal cord stimulator is also seen. A 53-year-old man with right SI pain

improved >80% with diagnostic image-guided injection with local anesthetic. (B) Postoperative pelvic outlet view showing three implants traversing

the right SI joint and sparing the sacral foramina. A 53-year-old man 6 weeks after right SI fusion. Note that the implant length is chosen

intraoperatively so as to spare the sacral foramina and maximize the surface area for bony ingrowth. (C) Postoperative pelvic inlet view shows

implants in appropriate AP position traversing the right SI joint contained within the bone. A 53-year-old man 6 weeks after right SI fusion.

(D) Postoperative lateral view of the sacrum showing three implants in position after right SI joint fusion. A 53-year-old man 6 weeks after right SI

fusion.

Fig 2 iFuse implant
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osseously fused (to the implants at a minimum) and healed
or one would expect the implants to have loosened and come
to clinical attention. Thus far, to the author’s knowledge,
there has been zero need for revision surgeries in these
patients. The significant improvements in role limitations
due to physical health and emotional health seen in this
series lend credence to this procedure making a meaningful
difference in these patients’ lives. A painful SI joint can cause
significant problems in daily activities as even just ambula-
tion and sitting can become painful10.

The findings in this study are largely in line with the
published medical literature. In 2019, Whang et al.8

reported 5-year results for this procedure, revealing signifi-
cant improvement in pain scores, improvement in quality of
life with high satisfaction rates, and decreased opioid use.
Kube and Muir11 reported improvement in pain and
decreased disability at 1 year postoperatively, with no major
complications in their series. In comparing minimally inva-
sive SI fusion to conservative management, Sturesson
et al.12 showed significantly better improvement in low back
pain and disability in the surgical compared to the
nonoperative group. They also reported that walking dis-
tance and satisfaction were higher in those patients treated
with SI fusion. In the oldest published case series, Rudolf
reported that clinical improvements in pain and disability
observed at 12 months after surgery were maintained at
5 years postoperatively7.

The present study adds to the published literature
on intermediate to long-term outcomes of SI fusion. The
durability of pain relief at 5 years seen here is consistent
with the other limited data published to date. The consis-
tency of all of this peer-reviewed published data should
be used as evidence-based medicine for appropriate deci-
sion-making by all parties involved in the healthcare pro-
cesses associated with treating patients afflicted by
conditions of the SI joint. Further study of this procedure
will elicit more detail regarding the precise role that this
surgery will play moving forward in the algorithm of
treatment for patients with low back pain. The financial
independence of this series from industry bias is one of
its strengths.

Study Limitations
The small number of patients involved in this case series is
the biggest limitation of this study. The authors conjecture
that with larger numbers likely more effects could have been
seen on the various SF-36 subset scores. However, this series
was presented for publication as an attempt to report the
clinical course of patients seen in a routine spinal surgery
practice. Certainly also, if more patients had completed the
preoperative SF-36 evaluations, the data would have been
more robust. Patient-reported outcomes are now being cap-
tured at every clinical visit in our practice for all conditions,
but that was not the case in 2013. Other instruments
(e.g. the Oswestry Disability Index) also could have been
used to quantify the effects of this procedure on outcomes
in back pain. Radiographic outcomes also could have been
considered to be included in the study but were not embod-
ied in the original institutional review board submission
protocol and are felt to be less important clinically than
patient-reported outcomes. Radiographic outcomes have
been reported robustly in the published medical litera-
ture7,11. In summary, despite these limitations, the mini-
mally invasive SI fusion procedure was shown to have
significant positive effects on pain relief and role limitations
as detailed earlier.

TABLE 1 Table of patient characteristics/demographics

Variable Data (n = 19)

Age, years 50 (44–52)
Sex, male 15 (79%)
Laterality, right 10 (53%)
Length of follow up, months 58 (8.4)
Estimated blood loss 25 (20–50)

Notes: Continuous variables: if normal then presented as mean (standard
deviation), otherwise as the median (interquartile range). Categorical vari-
ables are presented as frequency (n) and percent of total within group (%).

TABLE 2 Results of visual analog score (VAS) and Short Form
36 (SF-36) in preoperative and postoperative groups

Variable Data (n = 19) P-value

VAS
Preoperative 7 (6–9) 0.0001
Postoperative 3 (1–7)

Physical function
Preoperative 40 (25–60) 0.016
Postoperative 55 (30–80)

Role limitations due to physical health
Preoperative 0 (0–0) 0.016
Postoperative 50 (0–100)

Role limitations due to emotional health
Preoperative 0 (0–66) 0.0078
Postoperative 67 (33–100)

Energy fatigue well-being
Preoperative 56 (36–72) 0.84
Postoperative 30 (15–45)

Emotional well-being
Preoperative 56 (36–72) 0.44
Postoperative 60 (44–76)

Social functioning
Preoperative 50 (37–63) 0.078
Postoperative 50 (37–88)

Pain
Preoperative 45 (33–48) 0.79
Postoperative 45 (23–55)

General health
Preoperative 65 (30–65) 0.99
Postoperative 55 (30–65)

Notes: Comparison of categorical variables using χ2 or Fisher’s exact test
as appropriate. Comparison of continuous variables using Wilcoxon
signed rank test. Continuous variables: if normal then presented as mean
(standard deviation), otherwise median (interquartile range [IQR]).
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Conclusion
Minimally invasive SI joint fusion using triangular titanium
implants was found to improve pain in appropriately
selected patients at 58 months postoperatively. Role limita-
tions due to physical and emotional health were significantly
improved as well. The procedure had minimal morbidity
(with mean estimated blood loss of 25 mL) and no patients
required revision of their implants at final follow-up.

Acknowledgments

The authors graciously acknowledge Brittania McClintick,
who provided extensive administrative assistance in

completing this research. The authors wish to acknowledge
Erin Leone for her assistance in gathering relevant clinical
data for the study.

References
1. Schwarzer AC, Aprill CN, Bogduk N. The sacroiliac joint in chronbic low back
pain. Spine, 1995, 20: 31–37.
2. Sembrano JN, Polly DW. How often is low back pain not coming from the
back? Spine, 2009, 34: E27–E32.
3. Schmidt GL, Bhandutia AK, Altman DT. Management of Sacroiliac Joint Pain.
J Am Acad Orthop Surg, 2018, 26: 610–616.
4. Schutz U, Grob D. Poor outcome following bilateral sacroiliac joint fusion for
degenerative sacroiliac joint syndrome. Acta Orthop Belg, 2006, 72: 296–308.
5. Smith AG, Capobianco R, Cher D, et al. Open versus minimally invasive
sacroiliac joint fusion: a multi-center comparison of perioperative measures and
clinical outcomes. Ann Surg Innov Res, 2013, 7: 1–12.
6. Darr E, Cher D. Four-year outcomes after minimally invasive transiliac sacroiliac
joint fusion with triangular titanium implants. Med Devices, 2018, 11: 287–289.
7. Rudolf L, Capobianco R. Five-year clinical and radiographic outcomes after
minimally invasive sacroiliac joint fusion using triangular implants. Open Orthop J,
2014, 8: 375–383.

8. Whang PG, Darr E, Meyer SC, et al. Long-term prospective clinical and
radiographic outcomes after minimally invasive lateral transiliac sacroiliac
joint fusion using triangular titanium implants. Med Devices, 2019, 12:
411–422.
9. Cher D, Polly D, Berven S. Sacroiliac joint pain: burden of disease. Med
Devices, 2014, 7: 73–81.
10. North American Spine Society. North American Spine Society Coverage
Guidelines 2020. Available from: https://www.spine.org/coverage (accessed
13 April 2020).
11. Kube RA, Muir JM. Sacroiliac joint fusion: one year clinical and radiographic
results following minimally invasive sacroiliac joint fusion surgery. Open Orthop J,
2016, 10: 679–689.
12. Dengler J, Kools D, Pflugmacher R, et al. Randomized Trial of sacroiliac
joint arthrodesis compared with conservative management for chronic low
back pain attributed to the sacroiliac joint. J Bone Joint Surg Am, 2019, 101:
400–411.

76
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 1 • FEBRUARY, 2021
SI JOINT FUSION CLINICAL OUTCOMES

https://www.spine.org/coverage

	 Patient Reported Clinical Outcomes of Minimally Invasive Sacroiliac Joint Arthrodesis
	Introduction
	Methods
	Inclusion Criteria for Surgery
	PICO Model

	Data Collection
	Visual Analog Scale
	Short Form 36

	Surgical Technique
	Postoperative Management
	Statistical Analysis
	Surgical Devices

	Results
	Patient Cohort
	Demographic and Surgical Characteristics
	Patient Clinical Outcomes
	Outlier

	Discussion
	Study Limitations
	Conclusion

	Acknowledgments
	References


