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Minimally invasive sacroiliac joint fusion using 
triangular titanium implants versus nonsurgical 
management for sacroiliac joint dysfunction: 
a systematic review and meta-analysis

Background: Minimally invasive sacroiliac joint (MISIJ) fusion is a surgical option to 
relieve SIJ pain. The aim of this systematic review and meta-analysis was to compare 
MISIJ fusion with triangular titanium implants (TTI) to nonoperative management of 
SIJ dysfunction. 

Methods: We searched MEDLINE, Embase, and the Cochrane Central Register of 
Controlled Trials. We included prospective clinical trials that compared MISIJ fusion 
to nonoperative management in individuals with chronic low back pain attributed to 
SIJ dysfunction. We evaluated pain on visual analogue scale, Oswestry Disability 
Index (ODI) score, health-related quality of life (HRQoL) using the 36-Item Short 
Form Health Survey (SF-36) physical component (PCS) and mental component sum-
mary (MCS) scores, patient satisfaction, and adverse events. 

Results: A total of 8 articles representing 3 trials that enrolled 423 participants were 
deemed eligible. There was a significant reduction in pain score with MISIJ fusion 
compared with nonoperative management (standardized mean difference [SMD] 
–1.71, 95% confidence interval [CI] –2.03 to –1.39). Similarly, ODI scores (SMD 
–1.03, 95% CI –1.24 to –0.81), SF-36 PCS scores (SMD 1.01, 95% CI 0.83 to 1.19), 
SF-36 MCS scores (SMD 0.72, 95% CI 0.54 to 0.9), and patient satisfaction (odds 
ratio 6.87, 95% CI 3.73 to 12.64) were significantly improved with MISIJ fusion. No 
significant difference was found between the 2 groups with respect to adverse events 
(SMD –0.03, 95% CI –0.28 to 0.23). 

Conclusion: Our analysis showed that MISIJ fusion with TTI shows a clinically 
important and statistically significant improvement in pain, disability score, HRQoL, 
and patient satisfaction with a similar adverse event profile to nonoperative manage-
ment in patients with chronic low back pain attributed to SIJ dysfunction.

Contexte : L’arthrodèse sacro-iliaque minimalement effractive (ASIME) est une option 
chirurgicale qui vise à soulager la douleur sacro-iliaque. Le but de la présente revue systé-
matique et méta-analyse était de comparer l’ASIME avec implants triangulaires en titane 
(ITT) à une prise en charge non chirurgicale de la dysfonction sacro-iliaque. 

Méthodes : Nous avons interrogé les bases de données MEDLINE et Embase et le 
Registre central Cochrane des essais contrôlés. Nous avons inclus les essais cliniques 
prospectifs ayant comparé l’ASIME à une prise en charge non chirurgicale de la lom-
balgie chronique attribuable à une dysfonction sacro-iliaque. Nous avons évalué la 
douleur selon une échelle analogique visuelle, l’indice d’incapacité d’Oswestry (IIO) et 
les scores aux dimensions physique et mentale du questionnaire SF-36 (36-Item Short 
Form Health Survey) sur la qualité de vie liée à la santé, en plus de mesurer la satisfac-
tion de la patientèle et de recenser les effets indésirables. 

Résultats  : En tout, 8 articles portant sur 3 essais ayant recruté 423 personnes ont 
été jugés admissibles. On a noté une réduction significative du score de douleur avec 
l’ASIME comparativement à la prise en charge non chirurgicale (différence moyenne 
standardisée [DMS] –1,71, intervalle de confiance [IC] de 95 % –2,03 à –1,39). De 
même, l’IIO (DMS –1,03, IC de 95 % –1,24 à –0,81), les scores aux dimensions phy-
sique (DMS 1,01, IC de 95 % 0,83 à 1,19) et mentale (DMS 0,72, IC de 95 % 0,54 à 
0,9) du SF-36 et la satisfaction de la patientèle (rapport des cotes 6,87, IC de 95 % 
3,73 à 12,64) se sont significativement améliorés avec l’ASIME. Aucune différence 
significative n’a été observée entre les 2 groupes en ce qui concerne les effets indési
rables (DMS –0,03, IC de 95 % –0,28 à 0,23).  

Abdullah A. Ghaddaf, MD 
Jawaher F. Alsharef, MD 
Noor K. Alsharef, MD 
Mawaddah H. Alsaegh, MD 
Raneem M. Alshaban, MD 
Amal O. Almutairi, MD 
Amal H. Abualola, MD 
Mohammed S. Alshehri, MD

Accepted Sept. 6, 2023

Correspondence to:  
A.A. Ghaddaf 
Jeddah, Saudi Arabia, 22384 
abdullahg.official@gmail.com

Cite as: Can J Surg 2024 January 26;​
67(1). doi: 10.1503/cjs.004523

RESEARCH • RECHERCHE



RESEARCH

	 Can J Surg/J can chir 2024;67(1)	 E17

S acroiliac joint (SIJ) dysfunction is a degenerative 
condition that is considered a major cause of low 
back pain.1 About 15%–30% of cases of low back 

pain in patients presenting in the outpatient setting are 
attributed to the SIJ dysfunction.2,3 The condition is 
often associated with impaired physical function and 
psychological distress, resulting in a substantial effect on 
health-related quality of life (HRQoL).4 The diagnosis of 
SIJ dysfunction is difficult, as the clinical presentation 
often mimics that of other conditions of the lumbar spine 
or the hip joint. The proactive physical examination tests 
that provoke pain originating from the SIJ can differenti-
ate SIJ dysfunction from other causes of low back pain.5

Nonoperative measures represent the first line of 
management for SIJ dysfunction and include medical 
therapy, physical therapy, intra-articular injections, and 
radiofrequency ablation.6–8 When nonoperative manage-
ment fails to relieve symptoms, SIJ fusion is a surgical 
option. Open SIJ fusion, developed in the early 1920s, 
showed modest to good efficacy in relieving chronic SIJ 
pain.9 However, open SIJ fusion is a demanding proced
ure for both the treating physician and the patient; it has 
been associated with a long hospital stay, substantial 
blood loss, and a high complication rate.10,11 The intro-
duction of minimally invasive SIJ (MISIJ) fusion her-
alded a reduction in postoperative complications with 
greater efficacy than the open technique.12,13 Currently, 
MISIJ fusion is replacing the open technique for chronic, 
nontraumatic SIJ pain, accounting for more than 90% of 
SIJ fusion procedures.14 Triangular titanium implant 
(TTI) is currently the most widely used system for 
MISIJ fusion. The evidence on the efficacy of SIJ fusion 
using a TTI system was initially obtained from case 
series15–21 and combined multicentre analysis.22 Recently, 
3 clinical trials assessing the efficacy of a TTI system 
have been published.23–25 To our knowledge, no system-
atic review of prospective clinical trials has been con-
ducted. As such, the aim of this systematic review and 
meta-analysis was to compare MISIJ fusion using TTI 
with nonoperative management for SIJ dysfunction with 
respect to pain, disability, and HRQoL.

Methods

This systematic review was performed according to a 
prespecified protocol registered at PROSPERO 
(CRD42021288388). The reporting of this review is in 
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) checklist.26

Data sources and study selection

We searched MEDLINE, Embase, and the Cochrane 
Central Register of Controlled Trials (CENTRAL) 
from inception to April 2023. To be eligible for inclu-
sion, studies had to meet the following criteria: the study 
design was a prospective clinical trial; the population 
included adult patients with a confirmed diagnosis of SIJ 
dysfunction; the intervention group underwent MISIJ 
fusion with TTI (Figure 1); the comparison group 
received nonoperative management of SIJ dysfunction; 
the study reported outcomes including pain on visual 
analogue scale (VAS), Oswestry Disability Index (ODI) 
score, HRQoL using the 36-Item Short Form Health 
Survey (SF-36) and EuroQoL (EQ-5D), patient satisfac-
tion, opioid use and adverse events; and the study was 
published in English. We excluded trials studying low 
back pain attributed to causes other than SIJ dysfunction 
or trials in which MISIJ fusion involved devices other 
than TTI. We searched the references and citations of 
the included trials for relevant studies. The search terms 
used can be found in Appendix 1, available at canjsurg.
ca/lookup/doi/10.1503/cjs.004523/tab-related-content. 
Three independent pairs, in duplicate, screened titles, 

Conclusion : Notre analyse a montré que l’ASIME avec ITT donne lieu à une amé-
lioration statistiquement significative de la douleur, du score d’incapacité, de la qualité 
de vie liée à la santé et de la satisfaction de la patientèle, avec un profil d’effets indési
rables semblable à celui qui accompagne la prise en charge non chirurgicale de la lom-
balgie chronique attribuée à une dysfonction sacro-iliaque.

Fig. 1. Illustration of minimally invasive sacroiliac joint fusion 
with triangular titanium implants. 
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abstracts, and full texts. We resolved disagreements by 
discussion and consensus, or arbitration by a third 
reviewer when needed.

Data extraction and risk of bias

Three independent pairs of reviewers extracted data, in 
duplicate, using a predesigned data abstraction form. 
Reviewers extracted the following data: name of the first 
author, year of publication, trial registration number, 
number of participants in each arm, gender, mean age, 
mean body mass index (BMI), ambulatory status, history 
of prior lumbar fusion, SIJ dysfunction diagnostic criteria 
used in each trial, and the desired outcomes reported by 
each trial. Disagreements were resolved by discussion and 
consensus or using a third reviewer if needed. Reviewers 
used the modified Cochrane Collaboration assessment 
tool to assess the risk of bias of eligible studies and classi-
fied studies into the following categories: high risk of bias, 
some concerns, or low risk of bias.27

Meta-analysis

We performed the meta-analysis in RevMan (Review 
Manager) version 5.3 (Cochrane Collaboration) using 
the random-effects model with inverse variance for the 
continuous and dichotomous outcomes. We used 95% 
as a confidence level and p  <  0.05 as a threshold for 
statistical significance.

We report continuous outcomes (i.e., pain on VAS 
score, ODI score, SF-36 score, EQ-5D score, mean num-
ber of adverse events) as standardized mean differences 
(SMDs) with 95% confidence intervals (CIs). The dichot
omous outcomes (i.e., patient satisfaction, medication use) 
are presented as odds ratios (ORs) with 95% CIs. We 
assessed heterogeneity using the χ2 test (p ≤ 0.1) or I2 test 
(≥ 50% indicates significant heterogeneity), and visually by 
inspecting forest plots. When 10 or more studies were 
included in a meta-analysis, we assessed publication bias by 
visual inspection of a funnel plot.28,29 We sought to per-
form a subgroup analysis based on different follow-up 
periods (i.e., 1, 3, 6, 12, and 24 months).

Quality of evidence

We used the Grading of Recommendations, Assessment, 
Development, and Evaluation (GRADE) approach to 
assess the quality of evidence.30 Reviewers assessed the 
quality of evidence for each outcome and classified the 
quality of evidence as high, moderate, low, or very-low.

Results

Our search identified a total of 3497 records (Figure 2). 
After removing the duplicates, 2852 titles were screened. 
Thirty-eight articles were eligible for full text review, of 
which 8 articles representing 3 trials met our eligibility 
criteria and were included in the review.23–25,31–35 The 

Fig. 2. Literature search and selection of studies comparing minimally invasive sacroiliac joint fusion to nonoperative management. 
RCT = randomized controlled trial.

MEDLINE records
n = 524

Embase records
n = 2370

CENTRAL records
n = 603

Total records
n = 3497

Records screened
n = 2852

Full text articles assessed
for eligibility

n = 38

Studies included in
qualitative synthesis

n = 8

Studies included in quantitative 
synthesis (meta-analysis)

n = 6

Duplicates excluded
n = 645

Records excluded
n = 2814

Full text articles excluded n = 30
•  Full text is not available n = 15

•  Non-RCT study design n = 5
•  The desired outcomes were not reported n = 2

•  Trial protocol n = 2

•  Duplicated article n = 1

•  Conservative management of low back pain n = 2

•  No sacroiliac joint dysfunction n = 1

•  Comparison to healthy control group n = 1

•  Commentary n = 1
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8 articles were follow-up reports of the 3 original clinical 
trials. Of the 8 articles, 6 were included in the quantitative 
analysis, and 2 did not provide enough data for the analy-
sis.32,35 The findings of these 2 articles are reported narra-
tively. The excluded studies, along with the reasons for 
exclusion, are summarized in Appendix 1, Table 1.

Description of the studies

The studies incldued a total of 423 participants, 154 
(36.41%) of whom underwent MISIJ fusion and 97 
(22.93%) of whom received nonoperative management. 
The remaining 172 (40.66%) participants underwent 
MISIJ fusion, and their outcomes were compared with 
their baseline nonoperative management. Of those who 
received MISIJ fusion, 268 (82.21%) underwent unilateral 
and 58 (17.79%) underwent simultaneous or staged bilat-
eral MISIJ fusion. Most of the participants were female 
(70.45%) and ambulatory without assistance (67.38%) 
(Table 1). The weighted mean age was 50.16 (range 49.4–
50.9) years and 50.50 (range 46.7–54) years in the MISIJ 
fusion and nonoperative groups, respectively. The 
weighted mean BMI was 28.77 (range 26.5–30.3) kg/m2 
and 29.18 (range 27.6–30.6) kg/m2 in the MISIJ fusion 
and nonoperative groups, respectively (Appendix 1, 
Table 2).

The nonoperative management plan consisted of pro-
viding the optimal medical therapy for pain control, as 
directed by the site investigator; personalized physical 
therapy; patient education with adequate information and 

reassurance; and cognitive behavioural therapy. The MISIJ 
fusion was performed using a TTI implant system with a 
total of 2–4 TTI implants placed across the SIJ. The spe-
cific diagnostic criteria for SIJ dysfunction adopted by each 
of the included studies are presented in Table 2.

Risk of bias and quality of evidence

The results of the risk of bias assessment for the individual 
studies can be found in Appendix 1, Figures 1 and 2. The 
risk of bias was low in all but 1 of the trials,25 which had a 
high risk of bias arising from a randomization concern. 
Additionally, as no outcome was reported by more than 
10 studies, the funnel plot assessment was not performed. 
The rating for all outcomes according to GRADE criteria 
can be found in Appendix 1, Figure 3.

Pain on visual analogue scale

All 3 trials reported data on pain score, and all but 2 arti-
cles32,35 were included in our analysis.23–25,31,33,34 The 
weighted average pain score was 31.53 (range 25.5–37) 
and 70.95 (range 55.5–79.8) in the MISIJ fusion and non-
operative groups (weighted mean difference [WMD] 
–39.42), respectively. There was a significant reduction in 
the overall pain score with MISIJ fusion compared with 
nonoperative management (SMD –1.71, 95% CI –2.03 to 
–1.39, p < 0.00001, I2 = 91%, low-quality evidence). Simi-
larly, the subgroup analysis showed a significantly lower 
pain score in favour of MISIJ fusion at 1, 3, 6, 12, and 

Table 1. Characteristics of the included studies comparing minimally invasive SIJ fusion to nonoperative management

Characteristic

NCT01640353  
Duhon et al.25 (12 mo follow-up) 
Duhon et al.34 (24 mo follow-up)

NCT01741025  
Sturesson et al.24  
Dengler et al.33  
Dengler et al.35

NCT01681004  
Whang et al.23  
Polly et al.31  
Polly et al.32

MISIJ  
fusion

Conservative 
management

MISIJ  
fusion

Conservative 
management

MISIJ  
fusion

Conservative 
management

No. of partcipants Unilateral: 158
Bilateral: 14

172 Unilateral: 34
Bilateral: 18

51 Unilateral: 76
Bilateral: 26

46

Gender, no. (%)

    Male 52 (30.2) NR 14 (26.9) 14 (27.5) 27 (26.5) 18 (39.1)

    Female 120 (69.8) NR 38 (73.1) 37 (72.5) 75 (73.5) 28 (60.9)

Age, mean, yr 50.9 NR 49.4 46.7 50.2 54.0

BMI, mean, kg/m2 29.4 NR 26.5 27.6 30.3 30.6

Ambulatory status, no. (%)

    Ambulatory without assistance 154 (89.5) NR 42 (80.8) 46 (90.2) 89 (87.3) 41 (89.1)

    Ambulatory with assistance NR NR 8 (15.4) 3 (5.9) NR NR

    Cannot walk NR NR 2 (3.8) 2 (3.9) NR NR

Prior lumbar fusion, no. (%) 76 (44.2) NR 18 (34.6) 19 (37.3) 39 (38.2) 17 (37.0)

Outcome measures Pain on VAS 
ODI score 

SF-36 score 
EQ-5D score 

Patient satisfaction 
Medication use

Pain on VAS 
ODI score 

EQ-5D score 
Patient satisfaction

Pain on VAS 
ODI score 

SF-36 score 
EQ-5D score 

Patient satisfaction 
Medication use

BMI = body mass index; EQ-5D = EuroQoL; MISIJ = minimally invasive sacroiliac joint; NR = not reported; ODI = Oswestry Disability Index; SF-36 = 36-Item Short Form Health Survey; 
VAS = visual analogue scale.
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24 months (Figure 3). The 2 articles that could not be 
included in the meta-analysis showed a significant 

improvement in pain score in favour of the MISIJ fusion 
at 24 months.32,35

Fig. 3. Pain score favouring minimally invasive sacroiliac joint (MISIJ) fusion over nonoperative management. CI = confidence inter-
val; NA = not applicable; SMD = standardized mean difference. 

Study or subgroup
1 month
Duhon et al.25

Sturesson et al.24, Dengler et al.33, Dengler et al.35

Whang et al.23, Polly et al.31, Polly et al.32

Subtotal (95% CI)
Heterogeneity: τ2 = 0.17; χ2

2 = 12.74, p = 0.002; I2 = 84%
Test for overall effect: Z = 6.14, p < 0.00001

37
35.4
33.3

26.3
28.4
27.3

79.8
66

69.2

12.8
17.7
18.2

172
51
46

269

8.1%
7.4%
7.6%

23.0%

–2.06 (–2.33 to –1.80)
–1.28 (–1.71 to –0.86)
–1.44 (–1.82 to –1.05)
–1.61 (–2.13 to –1.10)

172
52

102
326

30.7
33.6
25.5

25.9
27.2

25

79.8
67.5
63.5

12.8
22.3
26.2

172
51
46

269

8.0%
7.4%
7.6%

22.9%

–2.40 (–2.68 to –2.12)
–1.35 (–1.78 to –0.92)
–1.49 (–1.88 to –1.10)
–1.76 (–2.47 to –1.06)

172
52

102
326

30
34.4
29.8

26.5
23.9
29.3

79.8
67.8
70.4

12.8
20.3
25.9

172
51
46

269

8.0%
7.3%
7.6%

22.9%

–2.39 (–2.67 to –2.11)
–1.49 (–1.93 to –1.06)
–1.43 (–1.81 to –1.04)
–1.78 (–2.46 to –1.11)

172
52

102
326

30.4
35.2
28.3

26.5
23.9
29.3

79.8
58.9
55.5

12.8
28.2
25.7

172
51
46

269

8.0%
7.5%
7.7%

23.2%

–2.29 (–2.56 to –2.02)
–0.88 (–1.28 to –0.47)
–0.96 (–1.32 to –0.59)
–1.38 (–2.37 to –0.40)

172
52

102
326

1248 100.0% –1.71 (–2.03 to –1.39)1476

26 26.7 79.8 12.8 172
172

8.0%
8.0%

–2.56 (–2.85 to –2.28)
–2.56 (–2.85 to –2.28)

172
172

3 months
Duhon et al.25

Sturesson et al.24, Dengler et al.33, Dengler et al.35

Whang et al.23, Polly et al.31, Polly et al.32

Subtotal (95% CI)
Heterogeneity: τ2 = 0.35; χ2

2 = 22.82, p < 0.0001; I2 = 91%
Test for overall effect: Z = 4.89, p < 0.00001

6 months
Duhon et al.25

Sturesson et al.24, Dengler et al.33, Dengler et al.35

Whang et al.23, Polly et al.31, Polly et al.32

Subtotal (95% CI)
Heterogeneity: τ2 = 0.32; χ2

2 = 20.80, p < 0.0001; I2 = 90%
Test for overall effect: Z = 5.17, p < 0.00001

12 months
Duhon et al.25

Sturesson et al.24, Dengler et al.33, Dengler et al.35

Whang et al.23, Polly et al.31, Polly et al.32

Subtotal (95% CI)
Heterogeneity: τ2 = 0.72; χ2

2 = 48.85, p < 0.00001; I2 = 96%
Test for overall effect: Z = 2.76, p = 0.006

24 months
Duhon et al.25

Subtotal (95% CI)
Heterogeneity: NA
Test for overall effect: Z = 17.57, p < 0.00001

Total (95% CI)
Heterogeneity: τ2 = 0.31; χ2

2 = 137.63, p < 0.00001; I2 = 91%
Test for overall effect: Z = 10.53, p < 0.00001
Test for subgroup differences: χ2

2 = 16.75, p = 0.002, I2 = 76.1%

MISIJ fusion
Mean MeanTotal Total Weight SMD (95% CI)SD SD

Nonoperative management

Favours MISIJ fusion      Favours nonoperative management
–4 –2 0 2 4

Table 2. Diagnostic criteria and treatment of SIJ dysfunction in 8 studies representing 3 randomized controlled trials

Study SIJ dysfunction diagnostic criteria MISIJ fusion Nonoperative management

Duhon et al.25 (12 mo follow-up) 

Duhon et al.34 (24 mo follow-up)
• History of pain at or near the SIJ
• Positive provocative testing on ≥ 3 of 
5 established physical examination 
tests*
• ≥ 50% decrease in pain after 
image-guided injection/arthrogram into 
the SIJ with local anesthetic (SIJ block)

• FDA-approved implant system (iFuse 
Implant System, SI-BONE, Inc.). 
• 2–4 implants placed across the SIJ

NS

Sturesson et al.24  
Dengler et al.33  
Dengler et al.35

• Pain was present at or close to the 
posterior superior iliac spine and patient 
could point with a single finger to the 
location of pain (Fortin Finger Test)
• Positive provocative testing on ≥ 3 of 
5 established physical examination 
tests*
• ≥ 50% decrease in pain after 
image-guided injection/arthrogram into 
the SIJ with local anesthetic (SIJ block)

• FDA-approved implant system (iFuse 
Implant System, SI-BONE, Inc.). 
• 2–4 implants placed across the SIJ

• Optimal medical therapy for pain 
control as directed by the site 
investigator
• Personalized physical therapy 
focusing on mobilization and 
stabilization exercises (2 sessions/wk 
for up to 8 wk)
• Patient education with adequate 
information and reassurance
• Cognitive behavioural therapy at some 
of the study sites

Whang et al.23  
Polly et al.31  
Polly et al.32

• History of SIJ-localized pain
• Positive provocative testing on ≥ 3 of 
5 established physical examination 
tests*
• ≥ 50% decrease in pain 30–60 min 
after image-guided local anesthetic 
injection into the SIJ performed within 
3 mo before screening

• FDA-approved implant system (iFuse 
Implant System, SI-BONE, Inc.). 
• 2–4 implants placed across the SIJ

• Optimal medical therapy for pain 
control as directed by the site 
investigator
• Personalized physical therapy 
sessions
• Intra-articular SIJ steroid injections 
and radiofrequency ablation of sacral 
nerve roots in a stepwise fashion
• No cognitive behavioural therapy

FDA = United States Food and Drug Administration; MISIJ = minimally invasive sacroiliac joint; NS = not specified; SIJ = sacroiliac joint.

*Distraction, compression, FABER test, thigh thrust, and Gaenslen test.
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Oswestry Disability Index score

All 3 trials reported data on ODI score, and all but 2 arti-
cles32,35 were included in our analysis.23–25,31,33,34 The 
weighted average ODI score was 34.03 (range 28.1–44.8) 
and 52.11 (range 34–57.1) in the MISIJ fusion and non
operative groups (WMD –18.11), respectively. There was 
significant improvement in the overall ODI score with 
MISIJ fusion compared with nonoperative management 
(SMD –1.03, 95% CI –1.24 to –0.81, p  <  0.00001, I2 = 
84%, low-quality evidence). Similarly, the subgroup 
analysis showed a significantly better ODI score in favour 
of the MISIJ fusion at 1, 3, 6, 12, and 24 months (Figure 4). 
The 2 articles that could not be included in the meta-
analysis showed a significant improvement in ODI score 
in favour of the MISIJ fusion at 24 months.32,35

36-Item Short Form Health Survey score

Two trials (5 of the articles) reported HRQoL using the 
SF-36 score, and all but 1 article32 were included in the 
analysis.23,25,31,34 The SF-36 score is further divided into 
2 component scores: the physical component summary 
(PCS) and mental component summary (MCS). The 
weighted average SF-36 PCS score was 41.19 (range 40.1–
43.1) and 32.68 (range 31.7–37.8) in the MISIJ fusion and 
nonoperative groups (WMD 8.51), respectively. The over-
all SF-36 PCS score was significantly higher with MISIJ 
fusion than with nonoperative management (SMD 1.01, 

95% CI 0.83 to 1.19, p  < 0.00001, I2 = 56%, low-quality 
evidence). Similarly, the subgroup analysis showed a sig
nificantly better SF-36 PCS score in favour of MISIJ 
fusion at 6, 12, and 24 months (Figure 5). The weighted 
average SF-36 MCS score was 48.8 (range 47.8–50.4) and 
40.51 (range 38.5–46.2) in the MISIJ fusion and nonopera-
tive groups (WMD 8.29), respectively. The overall SF-36 
MCS score was significantly higher with MISIJ fusion than 
with nonoperative management (SMD 0.72, 95% CI 0.54 
to 0.9, p < 0.00001, I2 = 59%, low-quality evidence). Simi-
larly, the subgroup analysis showed a significantly better 
SF-36 MCS score in favour of MISIJ fusion at 6, 12, and 
24 months (Figure 6). The article that could not be 
included in the meta-analysis showed a significant 
improvement in SF-36 PCS and MCS scores in favour of 
the MISIJ fusion at 24 months.32

EuroQoL score

All 3 trials reported data on HRQoL using the EQ-5D 
score, and all but 2 articles32,35 were included in the analy-
sis.23–25,31,33,34 The weighted average EQ-5D score was 0.72 
(range 0.69–0.74) and 0.50 (range 0.43–0.74) in the MISIJ 
fusion and nonoperative groups (WMD 0.22), respectively. 
The overall HRQoL using the EQ-5D score was signifi-
cantly higher with MISIJ fusion than with nonoperative 
management (SMD 0.96, 95% CI 0.63 to 1.29, p < 0.00001, 
I2 = 89%, low-quality evidence). Similarly, the subgroup 
analysis showed a significant improvement in EQ-5D score 

Fig. 4. Oswestry Disability Index score favouring minimally invasive sacroiliac joint (MISIJ) fusion over nonoperative management. 
CI = confidence interval; NA = not applicable; SMD = standardized mean difference.
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in favour of MISIJ fusion at 3, 6, and 24 months, although 
the improvement was not significant at 12 months 
(Figure 7). The 2 articles that could not be included in 
the meta-analysis showed a significant improvement in 
EQ-5D score in favour of MISIJ fusion at 24 months.32,35

Patient satisfaction

Two trials (6 studies) reported data on patient satisfac-
tion and were included in the analysis.23,24,31–33,35 The 
proportion of patients who were very satisfied at the end 
of the trial follow-up period (24 months) was 69.12% 
and 22.58% in the MISIJ fusion and nonoperative 
groups (incidence difference 46.54%), respectively. The 
satisfaction rate was significantly higher with MISIJ 
fusion than with nonoperative management (OR 6.87, 
95% CI 3.73 to 12.64, p < 0.00001, I2 = 1%, moderate-
quality evidence) (Figure 8).

Opioid use

Two trials (5 studies) reported opioid use and were included 
in the analysis.23,25,31,32,34 The proportion of patients who were 
still using 1 or more opioid analgesics for SIJ or low back 
pain at the end of the trial follow-up period (24 months) was 
56.4% and 75% in the MISIJ fusion and nonoperative 
groups (incidence difference –18.6%), respectively. There 
was a significant reduction in opioid use with MISIJ fusion 
than with nonoperative management (OR 0.43, 95% CI 0.29 
to 0.65, p < 0.0001, I2 = 0%, low-quality evidence) (Figure 9).

Adverse events

Two trials (6 studies) reported data on adverse events and 
were included in the analysis.23,24,31–33,35 The weighted aver-
age for the number of adverse events per patient at the end 
of the trial follow-up period (24 months) was 1.11 (range 

Fig. 5. 36-Item Short Form Health Survey physical component summary score favouring minimally invasive sacroiliac joint (MISIJ) 
fusion over nonoperative management. CI = confidence interval; NA = not applicable; SMD = standardized mean difference.
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Fig. 6. 36-Item Short Form Health Survey mental component summary score favouring minimally invasive sacroiliac joint (MISIJ) 
fusion over nonoperative management. CI = confidence interval; NA = not applicable; SMD = standardized mean difference.
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0.27–1.8) and 1.14 (range 0.19–1.9) in the MISIJ fusion and 
nonoperative groups (WMD –0.03), respectively. In the 
MISIJ fusion group, the adverse events were divided into 
device-related and procedure-related events. Revision sur-
gery (1.95%) and surgical wound problems (2.1%) were the 
most common device-related and procedure-related 
adverse events, respectively (Table 3). No significant differ-
ence was found between the MISIJ fusion and nonoperative 
management groups in terms of the number of adverse 
events per patient (SMD –0.03, 95% CI –0.28 to 0.23, 
p = 0.84; I2 = 0%, moderate-quality evidence) (Figure 10).

Discussion

In this systematic review and meta-analysis, the pooled esti-
mate showed a significant improvement in pain score, dis-
ability score, HRQoL scores, patient satisfaction, and use of 
opioid analgesics in favour of MISIJ fusion with TTI at a 
follow-up of up to 24 months. Additionally, MISIJ fusion 
with TTI was not associated with a higher adverse event 
rate than nonoperative management for SIJ dysfunction.

Low back pain attributed to SIJ dysfunction has been 
perceived as a major cause of disability worldwide.1,36–38 In 

Fig. 7. EuroQoL score favouring minimally invasive sacroiliac joint (MISIJ) fusion over nonoperative management. CI = confidence 
interval; NA = not applicable; SMD = standardized mean difference.
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Fig. 8. Patient satisfaction score favouring minimally invasive sacroiliac joint (MISIJ) fusion over nonoperative management. CI = 
confidence interval; OR= odds ratio.
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Fig. 9. Opioid use favouring minimally invasive sacroiliac joint (MISIJ) fusion over nonoperative management (i.e., fewer patients in 
the MISIJ fusion group were taking opioids). CI = confidence interval; OR = odds ratio.
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our review, the weighted average pain score was 2-fold 
lower in those who underwent MISIJ fusion than those 
who received nonoperative management (WMD –39.42). 
This statistically significant reduction in pain score is also 
clinically important, as it exceeds the threshold of the min-
imum clinically important difference (MCID) in chronic 
low back pain, which is a difference of 20 or more points 
on the VAS scale.39,40 Furthermore, the significant reduc-
tion in pain score has manifested in the ODI score. There 
was a statistically and clinically important improvement in 
the ODI score with MISIJ fusion compared with nonoper-
ative management (WMD –18.11 points, MCID for ODI 
score ≥ 15 points difference) up to 24 months.23 Darr and 
Cher41 carried out a 4-year follow-up of some of the 
included trials and found that the clinical improvement in 
pain score (54-point decrease from baseline) and ODI 
score (26-point decrease from baseline) continued to be 
substantial. Furthermore, a comparative case series by 
Vanaclocha and colleagues42 compared conservative man-
agement, including weight reduction, smoking cessation, 
physiotherapy, and the use of nonsteroidal anti-
inflammatory drugs to radiofrequency ablation and MISIJ 
fusion. At the 6-year follow-up, conservative management 
and radiofrequency denervation were associated with 
higher pain score (17 points and 11 points higher than 
baseline values, respectively) and ODI score (9 points and 
8 points higher than baseline values, respectively). On the 

other hand, MISIJ fusion showed a statistically and clin
ically significant improvement in pain score and ODI score 
(58 points and 21 points lower than baseline values, 
respectively).42

Health-related quality of life is an essential factor in 
determining the impact of a treatment plan on activities of 
daily living. In our review, HRQoL was measured using 
SF-36 PCS and MCS scores and the EQ-5D score. 
Patients assigned to MISIJ fusion had a marked improve-
ment in SF-36 PCS and MCS scores and EQ-5D scores 
compared with patients assigned to nonoperative manage-
ment. This improvement continued to be statistically sig-
nificant up to 24 months. The EQ-5D score at 12 months 
was the only exception, showing a nonsignificant improve-
ment in favour of MISIJ fusion. The weighted average 
SF-36 PCS score was 41.19 in the MISIJ fusion group and 
32.68 in the nonoperative management group, and the 
weighted average SF-36 MCS score was 48.8 in the MISIJ 
fusion groups and 40.51 in the nonoperative management 
groups, and the weighted average EQ-5D score was 0.72 
in the MISIJ fusion group and 0.50 in the nonoperative 
management group. The statistical improvement in the 
HRQoL scores exceeded the MCID threshold (SF-36 
PCS score: WMD 8.51 points, MCID ≥ 4.6 points differ-
ence; SF-36 MCS score: WMD 8.29 points, MCID 
≥ 6.8 points difference; EQ-5D score: WMD 0.22 points, 
MCID ≥ 0.15–0.46 points difference).43,44 Therefore, the 

Fig. 10. Comparison of adverse events between the minimally invasive sacroiliac joint (MISIJ) fusion and nonoperative management 
groups. There was no significant difference between the groups. CI = confidence interval; SMD = standardized mean difference.
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Table 3. Comparison of adverse events associated with MISIJ fusion

Study

Device-related adverse events,* no. (%) Procedure-related adverse events, no. (%)

Total

SIJ pain 
related to 

device 
loosening

Neuropathic 
pain related to 

device 
malposition Revision

Implant-
related 

impingement

Postoperative 
medical 

problems†
Surgical wound 

problems‡

Duhon et al.25 (12 mo follow-up) 
Duhon et al.34 (24 mo follow-up)

NR 1/178 (0.56) 8/178 (4.5) 1/178 (0.56) 4/178 (2.24) 4/178 (2.24) 10/178 (5.62)

Sturesson et al.24  
Dengler et al.33  
Dengler et al.35

3/34 (8.82) 1/34 (2.94) 2/34 (5.88) NR NR 2/34 (5.88) 6/34 (17.65)

Whang et al.23  
Polly et al.31  
Polly et al.32

1/454 (0.22) 3/454 (0.66) 3/454 (0.6) 3/454 (0.66) 4/454 (0.88) 8/454 (1.76) 19/454 (4.19)

Total 4/488 (0.81) 5/666 (0.75) 13/666 (1.95) 4/632 (0.63) 8/632 (1.27) 14/666 (2.10)

MISIJ = minimally invasive sacroiliac joint; NR = not reported; SIJ = sacroiliac joint.

*The number of device or procedure-related adverse events divided by the total number of adverse events.

†e.g., nausea/vomiting, urinary retention, atrial fibrillation.

‡e.g., hematoma, wound drainage/irritation/infection, wound numbness.
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MISIJ fusion heralds a substantial clinical improvement in 
HRQoL for patients with SIJ dysfunction.

The adverse event rate was comparable between MISIJ 
fusion and nonoperative management. The weighted average 
for the number of adverse events per patient was relatively 
low across the 2 treatment options (1.11 v. 1.14 adverse 
events per patient, respectively). Recurrent or residual SIJ 
pain was the most commonly reported patient complaint 
across the 2 groups. In the MISIJ fusion group, the propor-
tion of adverse events requiring surgical revision was 1.95%. 
Miller and colleagues45 performed a postmarket analysis of 
the patients’ complaints following MISIJ fusion with TTI. 
The proportion of patients who had postoperative complains 
was 3.8%, and the most commonly reported postoperative 
complaint was pain. Neuropathic pain and recurrent SIJ pain 
were the most common causes. The proportion of adverse 
events requiring surgical revision in the study by Miller and 
colleagues was 1.8%,45 which is similar to that in our review. 
Surgical revision occurred mostly for symptomatic, malpos
itioned implants (0.9%) in the early postoperative period 
(median 19 d) and for symptom recurrence (0.6%) in the late 
postoperative period (median 279 d).45

There are many approved implant systems for MISIJ 
fusion other than the TTI system; these include hydroxy
appatite coated screws and simmetry implant systems.46 
Rappoport and colleagues,47 in a prospective case series, 
showed clinically meaningful results with MISIJ using a 
hydroxyappatite coated screws system. They reported a sta-
tistically significant and clinically important improvement 
in pain score (MCID ≥ 20-point difference on VAS scale) 
from baseline (55.8 ± 26.7) at 3 months (28.5 ± 21.6), 
6 months (31.6 ± 26.9), and 12 months (32.7 ± 27.4). 
Furthermore, the clinical improvement in ODI score 
(MCID ≥ 15 points difference) from baseline (55.6 ± 16.1) 
was also substantial at 3 months (33.3 ± 16.8), 6 months 
(33 ± 16.8), and 12 months (34.6 ± 19.4).47 Similarly, a pro-
spective single-armed clinical trial by Araghi and col-
leagues48 showed clinically significant improvements in pain 
score, ODI score, EQ-5D score, and SF-36 PCS and MCS 
scores with the use of a SImmetry implant system for MISIJ 
fusion. The evidence on the efficacy and safety of these 
other implant systems, however, was obtained from non-
randomized and noncontrolled studies. Moreover, these 
studies were limited by their small sample sizes, which 
affects the generalizability and applicability of the findings.

Limitations

Though our review provided clinical insight into the 
long-term impact of MISIJ fusion with TTI on pain, dis-
ability, and HRQoL in patients with SIJ dysfunction, we 
acknowledge that it has several limitations. First, the 
review included a small number of trials and had a rela-
tively small sample size. Second, the quality of evidence 
according to GRADE was low for most of the reported 

outcomes, mainly because of the small number of trials 
and participants as well as high statistical heterogeneity in 
most of the outcomes.

Conclusion

Our systematic review and meta-analysis showed a statis
tically significant and clinically important improvement in 
pain, disability, HRQoL, and patient satisfaction in favour of 
MISIJ fusion with TTI compared with nonoperative man-
agement for SIJ dysfunction. Similarly, significantly fewer 
patients who had MISIJ fusion than those who received non-
operative management were using opioids. There was no sig-
nificant difference in the rate of adverse events between 
MISIJ fusion and nonoperative management.
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