
Background: Low back pain (LBP) emanating from the sacroiliac joint (SIJ) is a common finding. Devices 
to fuse the SIJ are now commercially available, but high-quality evidence supporting their effectiveness 
is limited. 

Objectives: To compare the safety and effectiveness of conservative management (CM) to minimally 
invasive sacroiliac joint fusion (SIJF) in patients with chronic LBP originating from the SIJ. 

Study Design: Prospective, multicenter randomized controlled trial.

Setting: One hundred three adults in spine clinics with chronic LBP originating from the SIJ.

Methods: Patients were randomly assigned to CM (n = 51) or SIJF using triangular titanium implants 
(n = 52). CM consisted of optimization of medical therapy, individualized physiotherapy, and adequate 
information and reassurance as part of a multifactorial treatment. The primary outcome was the 
difference in change in self-rated LBP at 6 months using a 0 – 100 visual analog scale (VAS). Other 
effectiveness and safety endpoints, including leg pain, disability using Oswestry Disability Index (ODI), 
quality of life using EQ-5D, and SIJ function using active straight leg raise test (ASLR), were assessed up 
to 12 months. 

Results: At 12 months, mean LBP improved by 41.6 VAS points in the SIJF group vs. 14.0 points in 
the CM group (treatment difference of 27.6 points, P < 0.0001). Mean ODI improved by 25.0 points in 
the SIJF group vs. 8.7 points in the CM group (P < 0.0001). Mean improvements in leg pain and EQ-5D 
scores were large after SIJF and superior to those after CM. CM patients were allowed to crossover to 
SIJF after 6 months. Patients who crossed to surgical treatment had no pre-crossover improvement in 
pain and ODI scores; after crossover, improvements were as large as those originally assigned to SIJF. One 
case of postoperative nerve impingement occurred in the surgical group. Two SIJF patients had recurrent 
pain attributed to possible device loosening and one had postoperative hematoma. In the CM group, 
one crossover surgery patient had recurrent pain requiring a revision surgery. 

Limitations: The primary limitation was lack of blinding and the subjective nature of self-assessed 
outcomes.

Conclusions: For patients with chronic LBP originating from the SIJ, minimally invasive SIJF with 
triangular titanium implants was safe and more effective than CM in relieving pain, reducing disability, 
and improving patient function and quality of life. Our findings will help to inform decisions regarding 
its use as a treatment option in this patient population.

Key words: Sacroiliac joint dysfunction, pelvic girdle pain, randomized controlled trial, quality of life, 
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pregnancy-related pain), a baseline Oswestry Disability 
Index (ODI) (33) score of at least 30%, a baseline LBP 
visual analog score (VAS) of at least 50 (0 – 100 scale), 
and signed study-specific consent form. The SIJ was 
identified as the main origin of the pain using the fol-
lowing criteria, all of which had to be met: 1) pain pres-
ent at or close to the posterior superior iliac spine (PSIS) 
and the patient could point with a single finger to the 
location of pain (Fortin Finger Test [34]), 2) at least 3 
positive findings on 5 provocative physical examina-
tion maneuvers for SIJ pain, and 3) at least 50% pain 
reduction on fluoroscopically guided injection of local 
anesthetic into the joint (SIJ block). All SIJ blocks were 
intraarticular (not intraligamentous) and performed 
through a posterior-inferior approach by the surgeon 
study investigators. Once the intraarticular position of 
the needle’s tip was confirmed by injecting 0.25 – 0.50 
mL of contrast agent into the SIJ under fluoroscopy, 
0.5 – 1.5 mL of local anesthetic was injected into the 
joint. Each therapist was free to choose a preferred 
local anesthetic for this intervention. Typically, 0.25% 
– 0.35% bupivacaine was used. Key exclusion criteria 
included severe LBP due to other causes, autoimmune 
sacroiliitis, recent pelvic trauma, spine surgery in the 
last 12 months, diagnosed or suspected osteoporosis, 
and allergy to titanium.

Randomization and Masking
Patients were assigned at random in a 1:1 ratio 

after eligibility and baseline assessments (see below) 
by study coordinators using a password-protected 
website. Randomization was stratified by site and preg-
nancy-relatedness of SIJ pain, with random block sizes 
of 4 or 6. Patients and researchers were not blinded to 
treatment. 

Interventions
CM, derived from European guidelines (35), con-

sisted of 1) optimization of medical therapy, 2) indi-
vidualized physiotherapy (PT) at least twice per week 
for up to 8 weeks that focused on mobilization and 
stabilization exercises for control and stability, and 3) 
adequate information and reassurance for the patient 
as part of a multifactorial treatment. Cognitive behav-
ioral therapy (CBT) was allowed but was not available 
at all sites. The protocol disallowed interventional 
procedures (e.g., SIJ steroid injections, radiofrequency 
ablation of the lateral branches of sacral nerve roots) 
during the first 6 months.

Minimally invasive SIJF was performed using tri-

Low back pain (LBP) is the most important 
contributor to the global health burden (1), far 
ahead of other pain syndromes, such as migraine, 

tension headache, and neck pain. In approximately 
15% – 30% of patients with chronic LBP, a significant 
part of the pain originates from the sacroiliac joint (SIJ) 
(2-4) and the SIJ may be an even more common pain 
source after lumbar fusion or decompressive surgery (5-
7). Chronic SIJ pain is associated with a poor quality of 
life (8).

When conservative management (CM) for SIJ pain 
fails, interventional treatments, such as SIJ steroid injec-
tions (9) or radiofrequency ablation have been shown 
in some (10,11), but not all studies (12,13), to provide 
short-term pain relief. Surgical treatments have been 
developed for those who fail conservative or interven-
tional therapies. Open SIJ fusion (SIJF), first reported in 
the 1920s (14,15), has shown moderate effectiveness in 
case series (16-20). Due to high perioperative morbidity 
and prolonged recovery times, open fusion is no longer 
commonly performed for chronic pain (21). Recently 
devices for minimally invasive SIJF became available; 
these carry the promise of clinical improvement via 
permanent joint stability while minimizing periopera-
tive morbidity. Most published literature describes the 
use of triangular titanium implants (TTI) placed across 
the SIJ through a lateral transiliac approach, with pro-
spective case series (22-25), comparative case series (26-
28), and prospective trials (29-32) showing both good 
long-term results and superiority over both open SIJF 
and CM. We report here 12-month results from a mul-
ticenter randomized controlled trial comparing clinical 
outcomes of minimally invasive SIJF vs. CM for patients 
with chronic SIJ pain.

Methods

iMIA (iFuse Implant System Minimally Invasive Ar-
throdesis, NCT01741025) is a prospective, open-label, 
multicenter randomized controlled trial conducted 
at 9 spine centers in Europe. The study protocol was 
approved at all sites by ethics committees prior to 
first patient enrollment and all study data were 100% 
source-verified. The study was sponsored by the device 
manufacturer. There were no significant changes to the 
protocol after study initiation.

Patient Population
Patients with LBP originating from the SIJ were 

included if they met the following criteria: adults (age 
21 – 70) with SIJ pain for > 6 months (or > 18 months for 
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angular titanium implants (TTI, iFuse Implant System®, 
SI-BONE, Inc., San Jose, CA, USA) as previously described 
(22). Patients requiring treatment of both SIJs could 
undergo staged procedures. TTI are designed to acutely 
stabilize the SIJ and the device’s porous surface pro-
motes biological bony integration and joint fusion. Af-
ter surgery, patients were kept at heel-toe touchdown 
weight-bearing for 3 weeks, with progression to full 
ambulation per individual tolerance.

Follow-up and Assessments
In-clinic follow-up visits occurred at 1, 3, 6, and 12 

months (follow-up continues to 2 years). Assessments 
included LBP and leg pain VAS, ODI, active straight 
leg raise test (ASLR) (36), EuroQoL-5D quality of life 
(37), Zung depression scale, self-rated assessments of 
satisfaction, desirability of having the same interven-
tion again, global pain ratings, and walking distance. 
Adverse events were assessed continuously throughout 
follow-up. In the ASLR, the supine patient is asked to ac-
tively lift the leg 20 cm off the table, with ratings from 0 
(no difficulty) to 5 (unable to do).

Crossover
The protocol allowed patients assigned to CM not 

benefitting from it for at least 6 months to crossover to 
surgical care after the month 6 visit was complete. 

Study Endpoints, Cohorts, and Statistical 
Analysis

The study’s primary endpoint was the change in LBP 
VAS score at 6 months after SIJF or the start of CM. The 
study’s target sample size (40 per group) provided 80% 
power to detect a difference of 20 points in VAS SIJ pain 
assuming a standard deviation (SD) of 35 points. This 
report focuses on 12-month outcomes.

Secondary endpoints included change from base-
line in the following: LBP and leg pain VAS at other time 
points, ASLR for the affected side, ODI, EQ-5D, Zung De-
pression Scale, walking distance, and adverse events. T-
tests were used for single time-point comparisons across 
groups; repeated measures analysis of variance was 
used to compare responses across time. The proportion 
of patients achieving a 20-point improvement in VAS 
LBP and 15-point improvement in ODI was compared 
across groups using Fisher’s test. Ordinal endpoints were 
examined using logistic or proportional odds logistic 
regression. Wilcoxon’s test was used to compare ordinal 
variables. Binary variables were compared with logistic 
regression or a Fisher’s exact test. Poisson regression 

was used to examine the number of adverse events per 
patient. Subgroup analyses were performed to deter-
mine whether the treatment effect size (difference in 
response between SIJF and CM) varied by subgroup. 

Because crossover to surgical treatment prevented 
assessment of 12-month responses to CM alone, the 
last-observation carry forward (LOCF) imputation 
method was used to estimate 12-month values for CM 
patients who crossed over. This method is commonly 
employed to address missing data in clinical trials (38-
43) and is recommended by the Cochrane group (44). 
An additional analysis examined the proportion of 
patients who achieved threshold improvements in VAS 
LBP and ODI as a result of the assigned treatment only. 
All statistical analyses were performed using R (45). 

Results

Enrollment
One hundred nine patients were enrolled in 4 

countries between June 2013 and May 2015 and fol-
low-up for this report extends through October 2016. 
Six patients (4 assigned to CM, 2 to SIJF) withdrew prior 
to receiving any intervention. Four patients at one site 
(2 randomized to SIJF, 2 to CM) were enrolled despite 
having inadequate acute pain relief after SIJ block. As 
these patients underwent study treatment, they were 
included in all analyses. 

Mean age was 48.1 years and 75 patients (72.8%) 
were women (Table 1). Approximately 1/3 were current 
smokers. Mean SIJ pain duration was 4.7 years and SIJ 
pain occurred during various activities. Most (72.8%) 
had undergone prior SIJ steroid injections, a minor-
ity (16.5%) had had prior radiofrequency ablation of 
the sacral nerve root lateral branches, and about 1/3 
(35.9%) had undergone prior lumbar fusion, a known 
risk factor for SIJ pain. The baseline mean VAS LBP was 
slightly but not statistically significantly higher in the 
SIJF group vs. the CM group (77.7 vs. 73.0, P = 0.0606). 
Both groups were similar across key demographic and 
clinical parameters.

Patient Flow
All participating patients underwent the assigned 

treatment. As of 12-month follow-up, 3 and 7 patients as-
signed to SIJF and CM, respectively, had withdrawn from 
the study (Fig. 1). The 12-month follow-up rate was 92%.

SIJ Fusion
For patients assigned to SIJF, mean procedure 
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Conservative Management
For patients assigned to CM, the mean number 

of PT sessions was 24.8 (range 1 – 136) and 38 (74.5%) 
underwent more than 15 sessions of PT (Table 3). One 
patient withdrew due to inability to tolerate PT.

Primary Endpoint
At 6 months, mean (SD) LBP improvement was sig-

nificantly higher in the SIJF group (43.3 [25.0] points vs. 
baseline, P < 0.0001) vs. the CM group (5.7 [24.4] points 

Table 1. Baseline characteristics of  enrolled/randomized patients.

CM
(n = 51)

SIJ Fusion
(n = 52)

P value**

Age, mean (SD) [range] 46.7 [23-69] 49.4 [27-70] 0.2104

Female, N (%) 37 (72.5%) 38 (73.1%) 1.0000

Pain duration, mean (SD) [range] 4.5 [0.45-23] 4.9 [0.58-44] 0.7765

Body mass index, mean (SD) [range] 27.6 [16-44] 26.5 [18-42] 0.3545

Smoking, N (%)

   Current
   Former
   Never

16 (31.4%)
8 (15.7%)

27 (52.9%)

23 (44.2%)
14 (26.9%)
15 (28.8%)

0.0444

Pain syndrome

   Pain began in peripartum period
   Radiates down leg
   Pain in groin
   Pain sitting
   Pain rising
   Pain walking
   Pain climbing stairs
   Pain descending stairs

3 (5.9%)
40 (78.4%)
36 (70.6%)
38 (74.5%)
40 (78.4%)
42 (82.4%)
41 (80.4%)
29 (56.9%)

6 (11.5%)
42 (80.8%)
 31 (59.6%)
42 (80.8%)
48 (92.3%)
43 (82.7%)
41 (78.8%)
33 (63.5%)

0.4878
0.8107
0.3027
0.4856
0.0546
1.0000
1.0000
0.5491

Prior treatment

   Physical therapy 27 (52.9%) 32 (61.5%) 0.4287

   Prolotherapy 0 (0%) 0 (0%) 1.0000

   Steroid SIJ injections 38 (74.5%) 37 (71.2%) 0.8253

   Radiofrequency ablation* 6 (11.8%) 11 (21.2%) 0.2888

Work status

   Working normal hours/type
   Working with limitations
   Not working due to lower back pain
   Not working due to other reason
   Retired

3 (5.9%)
12 (23.5%)
27 (52.9%)

2 (3.9%)
7 (13.7%)

5 (9.6%)
13 (25.0%)
23 (44.2%)

1 (1.9%)
10 (19.2%)

0.7918

Ambulatory status

   Ambulatory without assistance
   Ambulatory with assistance
   Cannot walk

46 (90.2%)
3 (5.9%)
2 (3.9%)

42 (80.8%)
8 (15.4%)
2 (3.8%)

0.2945

History of prior lumbar fusion 19 (37.3%) 18 (34.6%) 0.8388

*Radiofrequency ablation of lateral branches of sacral nerve root.
**Fisher test for nominal variables; t test for continuous variables.

time was 57 minutes (range 19 – 107 minutes, Table 2). 
Fluoroscopy time, which was not collected routinely at 
one center, averaged 2.3 minutes (range 1 – 4 minutes). 
Seventeen of 52 patients assigned to SIJF underwent bi-
lateral SIJF. In one (1.9%) case, 4 implants were placed; 
in the remaining cases, 3 implants were placed. Median 
hospital length of stay was 3 days (range 1 – 28). One 
patient had a prolonged hospital stay due to acute post-
operative glaucoma causing severe diminution of vision 
and requiring 2 eye surgeries.
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Fig. 1. Patient flow. 

Table 2. Characteristics of  SIJF.

SIJF
(n = 52)

Days from enrollment to surgery, median [range] 18 [1 – 82]

Number of implants, N (%)
   Three
   Four

51 (98%)
1 (2%)

Procedure duration (min), median [range] 54 [19 – 107]

Fluoroscopy time (min), median [range]* 2.1 [1.0 – 4.0]

Hospital length of stay (days), median [range] 3 [1 – 28]

*Some sites did not record fluoroscopy time

Table 3. CM interventions received during the first 6 months.

CM
(n = 51)

Physical therapy sessions, N (%)

1
2 to 4
5 to 10
11 to 15
>15

1 (2.0%)
2 (3.9%)
1 (2.0%)

9 (17.6%)
38 (74.5%)

Cognitive behavioral therapy sessions, N (%)

0
1
2 – 5
6 – 10
11 – 15
> 15

27 (52.9%)
 1 (2.0%)
7 (13.7%)

10 (19.6%)
3 (5.9%)
3 (5.9%)
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Fig. 2. Change in VAS LBP, leg pain, Oswestry Disability Index, EuroQOL-5D time trade-off  (TTO) and VAS, and Zung 
Depression Scale scores. Blue = conservative management, green = SI joint fusion.  
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Fig. 3. Proportion of  patients achieving a 40-point, 30% or 50% improvement in VAS LBP at 6 and 12 months by treatment. 
Fisher test P-values are shown above the bars. CM = conservative management; SIJF = SI joint fusion.  

vs. baseline, P = 0.1105, P < 0.0001 for difference, Fig. 
2). Repeated measures analysis of variance, which ac-
counts for all post-treatment measurements to month 
6, showed that the mean improvement in VAS LBP 
was 37.6 points higher in the SIJF group (P < 0.0001). 
By month 6, 78.8% of patients in the SIJF group had 
an improvement in LBP by at least 20 VAS points, the 
prespecified minimal clinically important difference, 
compared to only 22.4% in the CM group (P < 0.0001, a 
3.5-fold difference). The proportion of patients achiev-
ing a 40-point, a 30%, and a 50% improvement at 6 
months is shown in Fig. 3; all differences across treat-
ments were statistically significant.

Secondary Endpoints
By month 12, mean (SD) LBP improvement was large 

(41.6 [27.0] points) after SIJF but small (14.0 [33.4] points) 

after CM, a difference of 27.6 points (P < 0.0001). The 
proportions of patients achieving the previously men-
tioned threshold improvements were higher in the SIJF 
group vs. the CM group. Similarly, 12-month improve-
ments after SIJF in VAS leg pain, ODI, and EQ-5D were 
large and superior to those after CM (Table 4). 

SIJ function, measured with ASLR, did not improve 
significantly in the CM group at 6 months (0.2 points, 
P = 0.3247) but improved greatly in the SIJF group 
(2.0 points, P < 0.0001 for both change from baseline 
and comparison to the CM group change, Fig. 4). The 
proportion of patients who could raise the affected leg 
with no or minimal difficulty at 6 months was 40.0% in 
the SIJF group and 12.5% in the CM group (Fisher P = 
0.0052, a 3-fold improvement). Superior improvement 
in the number of positive physical examination findings 
was also observed (P < 0.0001).
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Table 4. Pain, disability, QOL, and depression scores by treatment 
and visit.

CM
(n = 51)

SIJF
(n = 52)

P-value*

Low back pain

Baseline
Month 1
Month 3
Month 6
Month 12

73.0 (13.8)
66.0 (17.7)
67.5 (22.3)
67.8 (20.3)
58.9 (28.2)

77.7 (11.3)
35.4 (28.4)
33.6 (27.2)
34.4 (23.9)
35.2 (25.5)

< 0.0001

Leg pain

Baseline
Month 1
Month 3
Month 6
Month 12

47.1 (31.1)
50.0 (30.5)
45.6 (32.5)
46.5 (31.4)
41.7 (32.4)

52.7 (31.5)
20.0 (23.4)
19.0 (22.2)
22.6 (25.1)
24.0 (27.8)

0.0002

ODI

Baseline
Month 3
Month 6
Month 12

55.6 (13.7)
50.6 (15.5)
50.2 (17.2)
46.9 (20.8)

57.5 (14.4)
35.1 (18.3)
32.0 (18.4)
32.1 (19.9)

< 0.0001

EQ-5D TTO

Baseline
Month 3
Month 6
Month 12

 0.37 (0.27)
0.46 (0.29)
0.48 (0.30)
0.54 (0.33)

0.35 (0.24)
0.69 (0.25)
0.73 (0.24)
0.74 (0.25)

0.0009

EQ-5D VAS

Baseline
Month 3
Month 6
Month 12

41.1 (21.3)
61.5 (21.6)
62.8 (21.5)
64.9 (20.9)

48.1 (19.3)
50.2 (19.6)
49.8 (21.6)
53.5 (23.8)

0.0005

Zung Depression Scale

Baseline
Month 3
Month 6
Month 12

45.4 (8.0)
46.1 (9.4)
45.4 (8.3)
44.4 (9.6)

45.7 (9.1)
40.2 (8.6)
40.1 (9.8)
39.6 (9.2)

0.0035

*Comparison at month 12

Several additional outcomes were superior in the 
SIJF group compared to CM, including self-reported 
walking distance (P = 0.0177), global comparison to 
baseline (P < 0.0001), satisfaction levels (P < 0.0001), 
and desirability of having the same treatment again (P 
= 0.0001, Table 5, Fig. 5). Ambulatory status at month 6 
was similar across groups (P = 0.6082). The proportion 
working normal hours at month 6 was higher (but not 
statistically significant) in the SIJF group (23.1% for SIJF 
vs. 12.2% for CM, P = 0.0851). At month 12, work status 
in the SIJF group was significantly improved compared 
to baseline (P = 0.0118). 

Crossover
According to the study protocol, patients assigned 

to CM who did not derive benefit from it for at least 6 

months were allowed to crossover to SIJF or any other 
surgical or interventional procedure after the 6-month 
visit was complete. Of the 49 CM patients still partici-
pating at 6 months, 21 (43%) crossed over to surgical 
treatment. Compared to CM patients who did not cross-
over, crossover patients had higher 6-month LBP scores 
(76.7 vs. 61.0, P = 0.0033), higher leg pain scores (57.8 
vs. 38.0, P = 0.0260), higher ODI scores (59.0 vs. 43.6, P 
= 0.0006), and lower QOL scores (EQ-5D TTO 0.27 vs. 
0.63, P < 0.0001). CM patients who crossed over had no 
improvement in any of these scores between baseline 
and 6 months. Other than having shorter pain duration 
(2.3 vs. 6.1 years, P = 0.0055), patients who crossed over 
showed no distinct clinical or demographic patterns. Six 
months after crossover, all pain, disability, and quality 
of life parameters improved nearly identically to those 
among patients originally assigned to SIJF (Table 6). 
Some CM patients who did not crossover to SIJF showed 
benefits after month 6. By month 12, 14 non-crossing 
patients (27% of all patients originally assigned to CM) 
had at least a 20-point improvement in VAS back pain 
and 13 (25%) had at least a 15-point improvement in 
ODI as a result of CM alone. For patients assigned to 
SIJF, these proportions were 69% and 65%, respectively 
(P < 0.0001 for both comparisons vs. CM).

Subgroup Analyses
Prespecified statistical models exploring interaction 

effects (underlying condition, study center, other fac-
tors) did not show any material difference in treatment 
effect size. Similarly, preplanned subgroup analysis for 
the primary endpoint, which included pain related to 
pregnancy or not, history of prior lumbar fusion or not, 
and unilateral vs. bilateral SIJ pain at baseline, showed 
similar responses in subgroups. Additional subgroup 
analysis, including gender, age (by quartiles), body mass 
index (BMI) category, pain duration (by quartiles), and 
whether taking strong opioids at baseline, also showed 
no differences in responses between SIJF and CM within 
subgroups. 

Adverse Events
Within 6 months (200 days) of initial treatment, 

there were 34 reported adverse events, 17 in each 
group. By month 6, the mean number of events per pa-
tient was 0.33 (P = 0.9549 for rate difference). Looking 
at all reported events (mean of 21.5 months of follow-
up per group), there were 25 events rated severe in the 
SIJF group and 24 in the CM group, of which most were 
unrelated to the device or procedure. Severe device- or 
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Fig. 4. Improvement in functional test (active straight leg raise test) by treatment and time (left) and number of  positive physical 
examination signs (right).

Table 5. Other study outcomes.

CM* SIJF* SIJF** P-value***

Walking distance

<100 m
100 – 500 m
0.5 – 1 km
>1 km

12 (24.5%)
17 (34.7%)
10 (20.4%)
10 (20.4%)

7 (13.5%)
12 (23.1%)
13 (25.0%)
20 (38.5%)

4 (8.3%)
8 (16.7%)

15 (31.2%)
21 (43.8%)

0.017721

Work status

Not working due to lower back pain
Not working due to other reason
Retired
Working with limitations
Working normal hours/type

28 (57.1%)
0 (0.0%)

5 (10.2%)
10 (20.4%)
6 (12.2%)

21 (40.4%)
2 (3.8%)

11 (21.2%)
6 (11.5%)

12 (23.1%)

15 (31.2%)
4 (8.3%)

10 (20.8%)
11 (22.9%)
8 (16.7%)

0.0851

Walking status

Ambulatory without assistance
Ambulatory with assistance
Cannot walk

45 (91.8%)
2 (4.1%)
2 (4.1%)

46 (88.5%)
5 (9.6%)
1 (1.9%)

42 (87.5%)
5 (10.4%) 
1 (2.1%)

0.7420

Level of satisfaction

Very satisfied
Somewhat satisfied
Somewhat dissatisfied
Very dissatisfied

9 (18.4%)
15 (30.6%)
23 (46.9%) 

2 (4.1%)

28 (53.8%)
19 (36.5%)

3 (5.8%)
2 (3.8%)

25 (52.1%)
18 (37.5%)
5 (10.4%)
0 (0.0%)

< 0.0001

Desirability of having assigned treatment again

Definitely not
Don't know
Definitely yes

10 (20.4%)
18 (36.7%)
21 (42.9%)

2 (3.8%)
8 (15.4%)

42 (80.8%)

1 (2.1%)
11 (22.9%) 
36 (75.0%)

0.0001

Global comparison to baseline

Worse
Same
Better
Much better

16 (32.7%)
17 (34.7%)
12 (24.5%)

4 (8.2%)

3 (5.8%)
6 (11.5%)

23 (44.2%)
20 (38.5%)

3 (6.2%)
6 (12.5%)

21 (43.8%)
18 (37.5%)

< 0.0001

  *6 month; **12 month; ***Comparison of 6-month values
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Fig. 5. Improvement in walking distance, ambulatory status, work status, comparison to baseline, satisfaction and desirability of  
having surgery again by treatment and follow-up visit. Small numbers within each bar are the number of  observations.
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Table 6. Mean improvement 6 months after SIJF in parameters 
comparing those who were originally assigned to SIJF vs. those 
who crossed over from CM to SIJF.

Originally Assigned to SIJF
(n = 52)

Crossed Over
(n = 21)

VAS* low back 43.3 38.9

VAS leg 30.1 31.9

ODI 25.5 25.7

EQ-5D TTO 0.37 0.35

EQ-5D VAS 22 18
*VAS: visual analog scale; ODI: Oswestry Disability Index; EQ-5D: 
EuroQOL-5D; TTO: time trade-off 

procedure-related events included the following: In the 
SIJF group, 2 patients experienced recurrent (~1 year) 
SIJ pain attributed to possible device loosening in the 
sacrum (one of these patients had a possible labral tear 
of the hip and both had experienced a fall on the but-
tocks); one patient had new onset leg pain postopera-
tively related to implant malposition; and one patient 
had a postoperative hematoma. In the CM group, one 
patient had SIJ pain attributed to device loosening af-
ter a crossover procedure and eventually underwent a 
revision surgery, and one patient had hematoma after 
a crossover procedure. 

Discussion

The main result of our randomized controlled trial 
is that for patients with chronic LBP originating from 
the SIJ, continued CM was associated with no clini-
cally relevant improvement in LBP on average, whereas 
minimally invasive SIJF resulted in large, clinically 
important and statistically significant improvements. 
Similar findings were observed for other endpoints, 
including physical function, quality of life scores, and 
several additional related outcomes. While some pa-
tients assigned to CM showed a clinical benefit (pain 
rating decrease by 20 or more points), the proportion 
was substantially lower than in the SIJF group (22.4% 
vs. 78.8%, P < 0.0001). For SIJF patients, improvements 
appeared early (evident by one month after fusion) and 
persisted at one year. Quality of life, measured with EQ-
5D, showed improvement after SIJF (but not CM) that 
was at least as large (or larger) than that observed in 
the Swedish Spine registry of several different spine 
surgeries (46). Preplanned subgroup analyses showed 
similar responses to SIJF across all groups. 

Our results are consistent with a similarly designed 
randomized clinical trial of the same patient population 
conducted in the US (29), a concurrent large prospective 
multicenter clinical trial in the US (30), and several case 
series (22-25,47,48). Our study extends these findings by 
1) showing superior responses in both functional tests 
(ASLR and physical examination findings) as well as 
self-reported walking distance, both of which have not 
been previously reported, and 2) estimating treatment 
effect sizes at one year. Our study included patients 
with chronic SIJ dysfunction diagnosed by a standard 
approach (history, physical examination, and diagnos-
tic block), supporting generalizability for the enrolled 
population. Two study investigators (comprising 19 of 
103 patients) had performed more than 15 cases prior 
to study start; the remaining 7 investigators had per-

formed < 10 procedures prior to study start. Our data 
suggest that SIJF provides benefit at low risk even when 
performed by relatively inexperienced (albeit skilled) 
surgeons.

In our study, the control treatment, CM, consisted 
primarily of intensive physiotherapy as directed by Eu-
ropean treatment guidelines for pelvic girdle pain (35). 
The previously reported US randomized trial’s control 
treatment included intraarticular SIJ steroid injections 
(for which there are no published randomized trials) 
and radiofrequency ablation of the lateral branches of 
the sacral nerve roots. Interestingly, the effect size (dif-
ference between surgical and control treatments) was 
nearly identical between our study and the US random-
ized trial: for low back pain (SIJ pain) 38 points and for 
ODI 18 points. 

When comparing CM patients who crossed over to 
surgery after month 6 to those who did not crossover, 
we found higher levels of pain and disability and lower 
quality of life scores in the former group. All crossing 
patients underwent the same SIJF procedure and post-
crossover improvements in all parameters were nearly 
identical to those in the group originally assigned to 
SIJF. These findings can be interpreted as an internal 
validation of the study procedure’s efficacy. 

A modest proportion (25% – 27%) of CM patients 
did not crossover but achieved threshold improvements 
in LBP or ODI by month 12. Although this rate was 
lower than in the surgical group (65% – 69%), it sug-
gests that some patients may benefit from individual-
ized physiotherapy.

Surgical revision, an important clinical outcome, 
occurred in only 2 SIJF patients to date: one case of 
implant revision and one procedure to address a post-
operative hematoma. Placement of devices too close to 
a sacral nerve root is a known but uncommon risk (1%) 
after SIJF (49). The overall implant revision rate (3.6% at 
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