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Background and purpose — The sacroiliac joint is 
increasingly recognized as a cause of pain in 15–30% of 
patients with low back pain. Nonoperative management is 
not always successful and surgical treatment with fusion 
of the joint is increasingly recommended. According to 
the literature, minimally invasive fusion reduces pain and 
improves function compared with nonoperative treatment. It 
is, however, unclear to what extent the placebo effect influ-
ences these results.

Patients and methods — The trial is designed as a 
prospective multi-center, double-blind, randomized sham-
surgery controlled trial with 2 parallel groups. 60 patients 
with a suspected diagnosis of sacroiliac joint pain confirmed 
with sacroiliac joint injection are included according to the 
trial inclusion criteria. Patients are randomized with a 1:1 
allocation into 2 groups of 30 patients each. The primary 
end-point is group difference in sacroiliac joint pain inten-
sity on the operated side at 6 months postoperatively, mea-
sured by the Numeric Rating Scale. The main objective is 
to examine whether there is a difference in pain reduction 
between patients treated with a minimally invasive fusion 
of the sacroiliac joint compared with patients undergoing a 
sham operation.

Results — Unblinding occurs after the completed 
6-month follow-up. The primary analysis will be performed 
when all patients have completed 6 months’ follow-up. Fol-
low-ups are continued to at least 2 years postoperatively. 
Data from the different groups will be compared based on 
the “intention to treat” principle.

Sacroiliac joint (SIJ) pain is increasingly recognized as a pos-
sible pain generator in low back pain (LBP) (1). In as many 
as 15–30% of patients with LBP, the SIJ may be the cause of 
pain, and to an even greater extent in patients suffering from 
“failed back surgery” (1,2). 

The SIJ transfers force from the spine through the pelvis to 
the lower extremities (3). Dysfunction of the joint’s articular 
congruity, ligamentous structures, and motor control might be 
a cause of pain (4). The joint is richly innervated and contains 
mechano- and nociceptive receptors (5,6). Even though pain 
can arise from the SIJ, the diagnosis of SIJ pain is challeng-
ing. Patient history and radiological imaging have low sensi-
tivity and specificity for the diagnosis of SIJ pain (7,8). Single 
clinical tests show little diagnostic strength for SIJ pain, but 
composites of clinical tests have fair sensitivity and specificity 
(8,9). To strengthen the diagnosis, clinical tests are combined 
with intraarticular SIJ injection with local anesthetics (10). 

SIJ pain can be severe, disabling, and reduce quality of life 
similarly to other spine conditions (11). Nonoperative treat-
ment consists of physiotherapy, pain medication, intra-artic-
ular SIJ steroid injections, prolotherapy, and radiofrequency 
neurotomy of sacral nerve branches. There is limited evi-
dence of effect of these treatment modalities (12-15) . In many 
patients nonoperative treatment fails (16). Historically, open 
surgery has often been unsuccessful, due to intense postop-
erative pain and severe complications (17). Recent multiple 
minimally invasive (MIS) SIJ fusion studies have reported 
pain relief and improved function to a greater extent than non-
operative treatment and open surgery, and with low frequency 
of complications (16,18-20). The increase in both available 
implants for MIS SIJ fusion and their use is demonstrated by a 
growing number of publications. However, many are industry-
sponsored and of poor quality (21-25).  
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Although the literature suggests superiority of MIS SIJ 
fusion over nonoperative treatment, some of the effect may 
be explained by placebo; to what extent is not known. There-
fore, we designed a non-industry sponsored prospective multi-
center, double-blind, randomized sham-surgery controlled 
trial (RCT) in accordance with the SPIRIT recommendations 
to test the null hypothesis that there is no difference in pain 
reduction between sham surgery and MIS SIJ fusion. 

Patients and methods 
Study design
The trial is designed as a prospective multi-center, double-
blinded, randomized sham-surgery controlled trial with 2 par-
allel groups. Participants, investigators, and data analysts are 
blinded for group allocation until the primary endpoint. The 
primary end-point is group difference in SIJ pain intensity on 
the operated side at 6 months postoperatively, measured by the 
Numeric Rating Scale (NRS). 

60 participants will be included after oral and written study 
information is given, and with written consent from the par-
ticipant. There are 2 recruitment sites: Oslo University Hos-
pital (OUS) in Norway and Karolinska University Hospital in 
Sweden. The recruitment phase started in April 2018, and the 
1st participant was recruited in August 2018 in Norway and 
December 2019 in Sweden. Due to the coronavirus pandemic 
there have been large delays in inclusion in both countries. 
Inclusion is ongoing. At the time of writing (September 2021) 
56 patients have been included. All patients are followed for 
6 months before unblinding, and for a total of 2 years post-
operatively. The study, including 6 months’ follow-up of all 
patients, will probably be finished by April 2022.

Patients
Referrals from general practitioners and from departments of 
orthopedic surgery or physical medicine and rehabilitation are 
screened for eligibility by an orthopedic consultant in the 2 
departments and all patients whose referral includes informa-
tion concerning pain originating from the SIJ are included for 
evaluation. This baseline evaluation is performed at the hospi-
tal’s outpatient clinics with standardized clinical examination 
in accordance with inclusion and exclusion criteria (Table 1). 
Those who fulfill the inclusion criteria are invited to partici-
pate in the RCT.

The orthopedic department at OUS is currently the only 
center in Norway that performs SIJ fusion. Approximately 
40–60 patients are evaluated per year in the outpatient clinic. 
Sweden has evaluated twice the number of patients annually, 
and MIS SIJ fusion is performed at 2 centers. 

Interventions
Patients are randomized to either receive MIS fusion of the 
SIJ or a sham procedure (Figure). All patients will receive the 

same pre- and postoperative assessment (i.e., blood samples, 
general anesthesia, draping, wound care, and pain medica-
tion). They will not be randomized before they are under 
general anesthesia. Patients are kept under general anesthesia 
for 40 to 50 minutes regardless of intervention group as this 
operation on average lasts for 45 minutes. The operations will 
be done by 1 or 2 surgeons and the theater will be closed to all 
other personnel. After the procedure is completed the partici-
pants will be treated with standard postoperative care as given 
after MIS SIJ fusion regardless of randomization group. The 
postoperative follow-up during the hospital stay will be done 
by health staff blinded to treatment allocation.  

Cases/surgery
Patients randomized to the intervention group (cases) receive 
treatment with triangular titanium implants according to the 

Table 1. Inclusion and exclusion criteria

Inclusion criteria
 1. Suspected SIJ pain for > 6 months, or > 18 months for 

pregnancy-induced pelvic girdle pain
 2. Between 21 and 70 years old
 3. Diagnosis of the SIJ as the suspected primary pain generator 

based on both of the following:
  A.  Pain pointed with a single finger (Fortin Finger Test) at or 

close to the posterior superior iliac spine (PSIS) with pos-
sible radiation into buttocks, posterior thigh, or groin 

  B.  At least 3 of 6 clinical tests for SIJ pain (Laslett et al. 
2005, Vleeming et al. 2008)

   1. Compression 
   2. Posterior Pelvic Pain Provocation test—P4 
   3. Palpation of the long dorsal sacroiliac ligament
   4. Patrick’s FABER test 
   5. Active Straight Leg Raise (ASLR) test
   6. Gaenslen’s test
 4. Reduced SIJ pain (NRS) of at least 50% of the pre-injection 

NRS score after fluoroscopically or computed tomography 
guided controlled injection of local anesthetic into the SIJ 

 5. Oswestry Disability Index (ODI) score of at least 30%
 6. SIJ pain of at least 5 on the Numeric Rating Scale (NRS), 

where 0 is no pain at all and 10 is worst imaginable pain 
 7. Bilateral SIJ pain, if one dominant side. If eligible the dominant 

painful SIJ will be treated in the study
 8. Mentally and physically able to comply with study protocol
 9. Signed study-specific informed consent
Exclusion criteria
 1. Pain due to other causes, such as lumbar disc degeneration, 

lumbar disc herniation, lumbar spondylolisthesis, lumbar spinal 
stenosis, lumbar facet degeneration, and lumbar vertebral body 
fracture

 2. Sacroiliac pathology caused by auto-immune disease (e.g., 
ankylosing spondylitis), neoplasia, or crystal arthropathy

 3. History of recent (< 1 year) fracture of the pelvis with docu-
mented malunion, non-union of sacrum or ilium, or any type of 
internal fixation of the pelvic rig.

 4. Spine surgery during the past 12 months
 5. Previously diagnosed or suspected osteoporosis (defined as 

T-score < –2.5 or history of osteoporotic fracture)
 6. Documented osteomalacia or other metabolic bone disease
 7. Any condition or anatomy that makes treatment with the iFuse 

Implant System infeasible
 8. Patients with prior SIJ surgery
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surgical technique manual (iFuse, SI BONE, Inc. CA, USA) 
(26). The procedure starts with a 3–5 cm long skin incision 
over the posterolateral aspect of the pelvis. Blunt dissection 
is performed through the subcutaneous tissue, fascia, and 
muscle. Guide pins are inserted over the SIJ at the desired 
entry-point, verified by fluoroscopy. The surgeon drills and 
broaches over the pins, and 3 triangular titanium implants are 
inserted. The wound is then closed. An injection of the SIJ 
with local anaesthetic is performed under guidance of fluoros-
copy at the time of the procedure. A subcutaneous injection of 
local anaesthetic is given around the skin incision. 

 
Controls/sham surgery
The control group consists of participants randomized to sham 
operation. The sham operation consists of the surgeon making 
the same skin incision as the surgical group receives. Blunt 
dissection is performed through the subcutaneous tissue, 
fascia, and muscle. Guide pins are inserted to the ileum, but 
do not enter the bone. The wound is then closed. Participants 
will be under general anesthesia while the procedure is simu-
lated. All instruments needed are smeared with blood from the 
skin incision in order to keep the 2 procedures as similar as 

possible. An injection of the SIJ with local anaesthetic is per-
formed under guidance of fluoroscopy during the procedure. 
A subcutaneous injection of local anaesthetic is given around 
the skin incision. 

The surgeon will use a standard phrasing for the surgical 
report for both cases and controls. For controls, preoperative 
planned implants are reported and for intervention cases the 
actual implants used are reported.

Initially 2 methods of sham intervention (Norway vs. 
Sweden) were described in the protocol section on Clinical-
Trials.gov. The reason for this was due to different criteria for 
obtaining ethical approval in the 2 countries. However, after 
observing the 2 different sham intervention methods the study 
group concluded that the differences were insignificant and 
therefore could be described similarly. 

Sample size
The average mean preoperative NRS in previous studies has 
been reported to be 7.0–8.5 (22,27-29). There are 2 RCTs 
that have compared MIS SIJ fusion with nonoperative treat-
ment (16,19). These report a mean decrease in global NRS of 
respectively 4.3 and 5.3 (16,19). The same 2 studies showed 
a mean 0.5–1.3 points decrease in NRS in the group treated 
with nonoperative treatment. We assume our trial’s case group 
to have at least mean 3 points decrease in NRS and the con-
trol group to experience a mean 1 point decrease in NRS. 2 
previous studies have suggested that 2 points’ reduction in 
NRS represents a clinical important difference (30,31). For 
the sample size calculation, we assumed a change that would 
result in a mean 2-point difference between the groups for the 
main outcome in NRS on the operated side 6 months postop-
eratively. The standard deviation (SD) was set to 2.5 points 
because the SD has been reported in previous studies to vary 
between 1.0 and 2.9 at 6 months’ follow-up after SIJ fusion 
(22,27-29). The probability of a type 1 error (alpha) was set to 
0.05. Based on these assumptions we calculate 25 participants 
in each group with 80% power using an online sample size 
calculator (www.clincalc.com). Due to a possible dropout of 
20% we will include 30 participants in each group, giving 60 
participants in the study. 

Ethics, registration, funding, and potential conflicts of 
interest
Ethical approval for the study has been granted in Norway by 
the Ethics Committee Health Region Southeast, Oslo, Norway 
(2017/1892/REK sør-øst A), and in Sweden from the Regional 
Ethics Committee in Stockholm, Sweden (nr: 2018/1463-31).

The protocol of this study is registered with clinicaltrials.
gov (NCT03507049). 

The final result from this study will be published in peer-
reviewed international journals and also disseminated through 
international congress lectures.

This trial has received funding from Sophies Minde AS in 
the form of salary payment for the fellow. The Division of 

Flow-chart of trial timeline.
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Orthopeadic Surgery, Oslo University Hospital is covering the 
costs of the Norwegian arm of the trial. Metodrådet Stock-
holm-Gotland covered costs for the ethical consent application 
in Sweden. Paul Gerdhem is supported by Region Stockholm 
(for a clinical research appointment) and CIMED, Karolinska 
Institutet.

None of the principal investigators have any financial or 
competing interests.

Outcomes
Primary outcome
The primary outcome is group difference in pain intensity on 
the operated side at 6 months postoperatively, measured by 
NRS, where 0 is no pain at all and 10 is worst imaginable pain. 
NRS is used as a primary outcome in other studies on MIS SIJ 
fusion and will make it possible to compare our results with 
existing literature (16,19). 

Secondary outcomes
Secondary outcomes are patient-related outcome measures 
(PROMs), functional tests, and pain-scores measured with 
NRS for global pelvic pain, contralateral SIJ pain, and leg 
pain (Table 2). The PROMs collected are Oswestry Disability 
Index (32), Pelvic Girdle Questionnaire (33), and the Euroqol 
5 Dimension (EQ-5D-5L) and EQ visual analogue scale (34). 
The functional tests consist of the active straight leg raise test, 
the 6-minute walking test, and Timed Up and Go test. Further-
more, data on work status, ambulatory status, adverse events 
including re-intervention in target SIJ, implant loosening, 
and fractures are recorded. Patient assessment of treatment 
and patient satisfaction with treatment is also collected. All 
assessments at 3 and 6 months’ follow-up are performed by 
blinded investigators who are qualified health personnel. After 
6 months patients and investigators are unblinded. Follow-up 
is continued for 2 years after the operation. 

Table 2. Timeline of outcome measures

Endpoint/outcome Baseline Preoperative Postoperative 3 months 6 months 12 months 24 months

NRS operated SIJ/side x x x x x x x
Global NRS x x x x x x x
NRS nonoperated SIJ/side x x x x x x x
Leg pain NRS x x x x x x x
ODI x x  x x x x
PGQ x x  x x x x
EQ-5D-5L, including EQ-VAS scale x x  x x x x
Clinical tests
• Patrick’s test (FABER)
• Posterior Pelvic Pain Provocation test (P4)
• Gaenslen’s test
• Mennell’s test 
• Distraction
• Compression
• Palpation of the long dorsal ligament and 
 sacrotuberal ligament x x  x x x x
Functional tests 
• ASLR
• ASLR range test
• 6MWT 
• TUG x x  x x x x
Ambulatory and work status x x  x x x x
Adverse events a   x x x x x
Re-intervention of target SIJ    x x x x
Patient satisfaction with treatment    x x x x
Patients assessment of treatment    x x x x

a Including device breakage, migration, loosening etc.
SIJ = Sacroiliac joint. 
NRS = Numeric Rating Scale (measured on scale 0–10 where 0 is no pain and 10 is worst imaginable pain). 
ODI = Oswestry Disability Index (scale 0–100, where 0 is normal function, 100 is bedridden). 
PGQ = Pelvic Girdle Questionnaire (score converted to percentage 0–100%, where 0 is worst and 100 is best pelvic health).  
EQ-5D-5L: describes quality of life through scores in 5 dimensions all scored from 1 = no problems to 5 = extreme problems. 
EQ-VAS (scale from 0–100: where 0 is worst and 100 is best health). 
ASLR = Active Straight Leg Raise test (scale 0–5 where 0 = no difficulty raising leg, 5 = severe difficulty. Measured per leg). 
ASLR range test = Active Straight Leg Raise Range test (measures how high a straight leg can be raised from examination table to 

the nearest 5°). 
6MWT = 6 minute walking test (measures the distance in m walked in 6 minutes in 1 round). 
TUG = Timed Up and Go (measures the time it takes a patient to sit in chair, raise, walk 3 meters back and forth, and sit back in 

chair. Mean time of 2 rounds is recorded).
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Study procedures
Randomization
Participants who give consent to participate in the trial and 
who fulfill the inclusion criteria will be randomized by the 
operating surgeon at each site (1 per site) after the partici-
pant has been anesthetized. Participants will be randomly 
assigned to either iFuse or sham operation. Randomiza-
tion is performed as block randomization in blocks of 4 or 
6 with a 1:1 allocation to fusion or sham surgery of the 
SIJ. Allocation is completed with a computer-generated 
randomization stratified by site through a specific website 
(Viedoc, Viedoc Technologies [35] provided by OUS). This 
website can only be accessed with personalized username 
and password, and only the operating surgeon has access to 
randomize participants. 

Blinding
All other parties than the operating surgeon and assisting staff 
in the operating theatre are blinded as to which intervention 
the participant has received. This includes trial participants, 
care providers, investigators, and data analysts. No one other 
than the operating surgeons had access to randomization prior 
to follow-up. Unblinding occurs after completed 6-month fol-
low-up. Participants who have undergone sham intervention 
and wish to cross over to surgical intervention are allowed to 
when the 6-month follow-up is completed. Both participants 
who were randomized to MIS SIJ fusion initially and partici-
pants who cross over to MIS SIJ fusion are then followed for 
at least 2 years postoperatively (Figure). Participants who have 
undergone surgical intervention with implants can undergo 
surgery on the opposite SIJ if they so wish after the initial 
6-month follow-up.

Unblinding of participants may take place if there is a 
suspicion of a severe adverse event in which knowledge 
of implant positioning is essential for patient management. 
Examples of such events can be severe pain, new neuro-
logical deficits, or other injuries of such severity that they 
demand radiological examination to ensure adequate emer-
gency medical care. 

Withdrawal
The participant may withdraw from the study for any reason 
at any time. The investigators may also withdraw participants 
from the study in order to protect their safety and/or if they are 
unwilling or unable to comply with the required study proce-
dures.

Postoperative care
All participants are advised to adopt partial weight-bearing 
on crutches for the first 4–8 weeks postoperatively. After 12 
weeks there are no restrictions. 

CT scan of the SIJ is performed preoperatively and at 6, 12, 
and 24 months’ follow-up to evaluate proper implant place-
ment and lack of radiological signs of loosening. 

Data analysis plan
Data collection
Baseline data on age, sex, diagnosis of SIJ pain, level of SIJ 
pain, and response to injection if applicable is registered on 
all eligible patients evaluated at the outpatient clinic in order 
to evaluate reasons for failure to include patients and for 
exclusion. 

All data from both trial centres is collected into the Viedoc 
website (35) provided by OUS. The data is confidential and 
not available as the trial is not complete and recruitment is still 
ongoing. Data collection is done either by direct electronic reg-
istration into the Viedoc database or on forms, subsequently 
transcribed into Viedoc by the investigators. If there is missing 
data this will be collected by contacting the participant or by 
medical records review. Any adjustment of data entry has to 
be documented and is registered and reported by the database. 

Data analysis
Data from the intervention groups will be compared based 
on the intention to treat (ITT) principle (36). Statistical com-
parisons in order to test differences between 2 independent 
groups will be made by the Student’s t-test or, in the case of a 
non-normal distribution, the Mann–Whitney U-test. In order 
to evaluate hypotheses of variables in contingency tables, the 
chi-square test will be used or, in the case of small expected 
frequencies, Fisher’s exact test. In addition to this, descriptive 
statistics will be used to characterize the data. A p-value of < 
0.05 will be considered as significant. A sensitivity analysis 
will be performed comparing the intention to treat data against 
the per-protocol data exclusively from patients who complied 
with the study protocol. All statistical analysis will be per-
formed by a blinded statistician. The code for group belonging 
will not be broken until the analyses and interpretations of the 
results have been performed.

Discussion

MIS SIJ fusion is increasingly used worldwide with reported 
reduced pain, and improved physical function and quality of 
life compared with nonoperative treatment in two industry-
sponsored RCTs (16,19). Both showed a clinically and statisti-
cally significant difference between the surgically and nonop-
eratively treated groups with greater pain reduction in the sur-
gically treated group (16,19). It is a weakness that the studies 
were industry-sponsored. Further, a placebo effect might have 
contributed to the reported superiority of MIS SIJ. 

To what extent a placebo effect influences the result after 
MIS SIJ fusion is not known. A placebo effect after surgery 
has been shown to be an important factor in efficacy (37). 
Both patient and health care provider can influence a placebo 
effect on treatment results. This has particularly been shown 
in treatment of chronic pain, where the psychological com-
ponent is believed to be important. Patients with long-lasting 
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diseases seem to be poorer placebo responders, but on the 
other hand placebos tend to work better in patients expect-
ing to have changes in sensation of pain (38). Several sham 
controlled studies in orthopedic surgery have shown compa-
rable pain relief in both groups, such as Moseley et al. (39) 
and Schrøder et al. (40). Hence, the effect of MIS SIJ fusion 
might be explained by placebo, but this is yet to be examined.

The ethical dilemma of sham surgery is relevant. To ask 
patients to undergo general anaesthesia for sham surgery 
might seem unethical. However, a German study of 1.37 mil-
lion anaesthetic procedures with elective patients, graded as 
ASA classification physical status I and II, showed 7.3 cases 
of death or serious complication per million cases, corre-
sponding to a very low risk (41). All types of surgery are asso-
ciated with risks of complications, and so also for MIS SIJ 
(42). In the control group the risks for surgical complications 
should be very low. A possible result showing sham surgery to 
be equal to SIJ fusion might spare thousands of people from 
undergoing unnecessary elective surgery with the risk and 
costs such surgery entail. We therefore find it ethically accept-
able to complete a sham-controlled double-blinded random-
ized prospective study. 

TJK and JD conceived the study. All co-authors initiated the study design 
and contributed to the implementation of the study and to the refinement of 
the study protocol. ER drafted the manuscript. All authors have reviewed 
and given their final approval of the submitted version. 

The authors gratefully acknowledge the assistance of the Division of Ortho-
paedic Surgery at Oslo University Hospital and Karolinska University Hos-
pital for sponsoring and facilitating the trial. 
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