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Abstract

Background
A number of studies have been published regarding minimally invasive surgical (MIS) fusion of the sacroiliac (SI)
joint using a lateral transarticular approach. Herein we report a systematic review and meta-analysis to summarize
operative measures and clinical outcomes reported in published studies of MIS SI joint fusion.
Methods
The systematic review was done according to PRISMA standards. PubMed and EMBASE were searched using the
terms sacroiliac joint AND fusion. Original peer-reviewed articles in the English language that reported clinical outcomes on at least 5 cases of MIS SI joint fusion using a lateral transarticular approach were included. Random effects meta-analysis (RMA) was performed on selected variables using the DerSimonian and Laird method, including operative measures, VAS SI joint pain ratings (0-10 scale) and Oswestry Disability Index (ODI). Mean and 95%
confidence intervals (CI) were calculated and heterogeneity was assessed. Other findings were summarized qualitatively.
Results
A total of 18 articles met the inclusion criteria. After accounting for overlapping cohorts, 12 unique cohorts from 4
countries were extracted for a total of 432 subjects. The RMA mean (range) was 59 minutes (27-78) for procedure
time, 36.9cc (10-70) for estimated blood loss and 1.7 days (range 0-7) for length of stay (LOS). The RMA mean
[95% CI] pain score dropped by 5.2 points at 6 months and 5.3 points at 12 months (baseline score of 8.1 [7.8-8.4],
12-month score of 2.7 [2.1-3.3]), and a 24-month score of 2.0(1.4-2.5). ODI decreased by 31 points at 12 months
(baseline score of 56.2 [51.0-61.5], 6-month score of 30.7 [21.8-39.6], and 12-month score of 25.1 [12.3-37.9]). Some
estimates showed significant variation across studies and between the types of implants used. Other reported outcomes were supportive of the positive effects of SI joint fusion.
Conclusion
Published studies of MIS SI joint fusion using a lateral transarticular approach confirm its minimally invasive characteristics with minimal blood loss and short operating room times, and show consistent, rapid, sustained and clinically important improvements in patient reported SI joint pain, disability and quality of life scores.
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Background
Low back pain (LBP) is a global health issue and one
of the top 3 causes of health degradation in highly developed countries.1 In the United States, LBP is the
second most common reason for visits to primary
care physicians after the common cold.2 Annual expenditures for chronic back pain exceed $100 billion
per year in the U.S. alone.3 In addition to high levels
of disability and lost income, LBP increases the risk

of falls in the elderly, which can result in hip and/or
spinal fractures subsequently increasing morbidity
and mortality in this at risk population.4
While lumbar spinal structures are important factors
to consider in patients who present with LBP, the
sacroiliac (SI) joint is a well-known cause of pain in
the lumbo-pelvic region that often presents in a manner similar to pathology arising from the lumbar
spine or hip. The sacroiliac joint is the largest joint in
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the human body and is subject to shear forces of up
to 4800N with rotational movement of up to 4 degrees and translation capacity of 1.6mm.5 Studies in
healthy volunteers have helped to validate the SI
joint as a cause of pain and define its innervation.6,7
Substantial evidence suggests that the SI joint may
be the pain generator in 15-30% of patients diagnosed
with low back pain.8-11 Etiologies of SI joint pain include degenerative sacroiliitis, inflammatory arthritis, SI joint disruptions from trauma or related to
pregnancy, anatomical abnormalities such as leg
length inequality and scoliosis, adjacent segment degeneration as a result of lumbar and lumbosacral
spinal fixation procedures, infection, tumor, gout,
and idiopathic causes.12,13
In patients who fail to improve after lumbar spinal
arthrodesis, SI joint pain may explain the delayed onset of postoperative pain (indicating possible adjacent segment disease) or failure to improve as a result of possible misdiagnosis or presence of multiple
pain generators.14-17 Radiographic evidence of SI degeneration can be seen in up to 75% of patients undergoing lumbar spinal fusion.18 Moreover, the SI
joint was determined to be the pain generator in 43%
of patients complaining of new onset or persistent
pain after lumbar spinal fusion.19 Thus the SI joint
not only plays an important role in low back pain, it
also appears to be under-diagnosed.
The mainstay of care for sacroiliac pain is nonsurgical care. Non-surgical treatments for SI joint
pain include pain medication, activity modification,
weight loss, physical therapy, chiropractic care, radiofrequency ablation and sacroiliac joint steroid injections.10,20,21 However, there is only modest evidence that any of these non-surgical treatments are
effective for any length of time.22 When these measures fail to provide significant and lasting symptom
relief, surgical options may be considered.
Surgical treatment for persistent SI joint pain was
first reported in the early 1900s.23 However, mainly
due to challenges including blood loss, extended hospital stay, wound size and difficulty with mobilization
(e.g. non-weight bearing status), open surgical repair
is typically reserved for only the most severe cases.24,25 More recently, minimally invasive surgical

(MIS) methods have become available. Compared to
open surgery, minimally invasive techniques are typically associated with less blood loss, shorter hospital
stay, and less perioperative morbidity; these are likely attributable to smaller surgical incisions and less
soft tissue dissection. Reports of MIS SI joint fusion
confirm these benefits as well as show improved clinical outcomes, earlier post-operative weight bearing
and overall improved patient satisfaction compared
to open surgical techniques.26-28
To date, a number of studies have been published regarding minimally invasive fusion of the sacroiliac
joint. The literature describes two significantly different approaches to achieve this goal: a dorsal joint distraction and a lateral transarticular approach. In the
dorsal approach, the joint is distracted and a structural material (either implant, allograft) material is
placed posterior to anterior within the joint. Using
the lateral approach, implants are placed across the
joint with the lateral portion of the implant residing
in the ilium and the medial end in the sacrum. Thus
the two techniques differ markedly with respect to
the biomechanical stabilization of the SI, which is a
necessary component of the arthrodesis procedure.
The most common approach reported in the literature is the lateral transarticular approach. With this
technique, the SI joint is accessed laterally through a
small incision made into the buttocks. A drill is
passed from the ilium into the sacrum and one or
more implants are placed such that they span the
joint from ilium to sacrum. The goal is to provide immediate fixation of the joint followed by a long-term
arthrodesis. Cadaveric and finite element biomechanical studies29,30 have demonstrated marked reduction in SI joint motion after placement of transarticular implants. To our knowledge no biomechanical
studies exist to support stabilization of the SI joint
with a dorsal joint distraction technique.
Herein we present a systematic review with a quantitative meta-analysis (MA) of operative measures and
clinical outcomes reported in published prospective
or retrospective studies of MIS SI joint fusion using a
lateral transarticular technique.
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Methods
We conducted a systematic review (SR) and metaanalysis (MA) according to PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) guidelines.31 PRISMA is a framework that
provides a reproducible and transparent approach to
reporting SRs and MAs. The databases Pubmed
(http://www.ncbi.nlm.nih.gov/pubmed) and EMBASE (http://www.embase.com) were searched using the terms sacroiliac joint AND fusion. Pubmed is a
publicly available database provided and maintained
by the US National Library of Medicine at the National Institutes of Health. EMBASE is a privately
maintained database (Elsevier) available by institutional subscription and includes citations available in
MEDLINE in addition to other journals not currently indexed in Pubmed. In addition to database reviews, the bibliographies of previously published systematic reviews32 were evaluated in an effort to identify any articles not retrieved in our database searches. Only articles in the English language were considered. Original prospective or retrospective studies
with at least 5 patients that described operative and
clinical outcomes after MIS SI joint fusion using a
lateral transarticular approach for SI joint dysfunction were included. Articles that report the use of a
dorsal distraction approach, open surgical technique,
fusion of the pubic symphysis, single case reports, reports with no clinical data or very limited follow-up,
reports on traumatic pelvic ring injuries, ankylosing
spondylitis, infection or tumor, or studies that solely
evaluated imaging were excluded. In all included
studies, patients were diagnosed with SI joint pain
using a common approach based on history, physical
examination findings and diagnostic SI joint block.
All of the included studies reported on patients with
degenerative sacroiliitis (i.e., osteoarthritic degeneration of the SI joint) or SI joint disruptions (i.e. joint
disruption as a result of isolated SI trauma, pregnancy or other causes).
The following information (where available) was extracted from each study and entered into a spreadsheet: sample size at baseline and each follow-up
time point, means and standard deviations for operative parameters (blood loss, length of stay, operating
time), and patient reported outcome measures. Pain

was reported using either a 0-10 numeric rating scale
(NRS), 0-10 visual analog scale (VAS) or a 100 mm
VAS. VAS scores using 0-100 were converted to the
0-10 scale by dividing all scores by 10. A number of
the studies reported disability as assessed on the Oswestry Disability Index (ODI).33 For these studies,
means and standard deviations for ODI were included in the spreadsheet. In two cases,34,35 study authors
were contacted and confirmed that ODI was reported on the 0-50 scale rather than the 0-100% scale; for
these studies, ODI scores were adjusted prior to
analysis. SF-36 and Majeed scoring were reported in
two studies.36,37 Due to the incongruence in the reported follow-up interval, these measures could not
be analyzed quantitatively using meta-analysis.
Change scores (i.e., mean changes from baseline to a
particular time point) were reported in only a minority of studies and therefore not summarized. Instead,
we report the difference in mean population scores
as an approximate substitute. Data quality assurance
and control checks were performed to ensure accuracy.
In some cases, studies did not report key values (e.g.,
standard deviations of population means) or reported
values were unexpected; we contacted relevant study
authors to obtain the information. In a small number
of cases, standard deviation values were unavailable;
therefore we imputed these missing values as the
mean of available values. Previous publications have
failed to show any statistical predictors of change
scores, so further extraction of potential covariates
from published studies was not performed.38,39
In some retrospective case series, cohorts overlapped
(e.g. previously reported single center experience included in multi-center case series) or were reported
twice (e.g., second article on the same cohort but reported additional findings). Any suspected overlap in
studies was verified by contacting the corresponding
author. All overlapping cohorts were eliminated, and
the data summarized represent unique patients from
a total of 12 distinct cohorts; 10 cohorts used a series
of triangular porous titanium plasma spray (TPS)
coated implants (iFuse Implant System, SI-BONE,
Inc., San Jose, CA) and 2 cohorts described the use
of a hollow modular anchorage (HMA) screw (Aesculap Ltd., Tuttlingen, Germany) packed with dem-
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ineralized bone matrix.
We summarized data (all of which were continuous
variables) using two approaches. First, we calculated
mean and 95% confidence intervals using a random
effects meta-analysis (RMA) model. Pain and disability scores were reported in several articles at multiple
time points. As the data tended to be mixed (i.e., different studies reported different time points) and because methods for RMA require more complete
datasets,40 a piecewise approach to meta-analysis was
performed. That is, individual meta-analytic summaries were performed for each follow-up time point
where more than 2 studies were available at that time
point. Heterogeneity was assessed using the DerSimonian and Laird (DL) method;41 estimates are reported as showing significant heterogeneity if the DL
p-value was <0.05, moderate heterogeneity if the pvalue was between 0.05 and 0.1 and little heterogeneity if the p-value was >0.1. Second, we used weighted
local regression (LOESS) to fit available data for both
SI joint pain and ODI. Weights were the inverse of
the variance of each study’s mean (i.e., (SD/
sqrt(N))-2). All analysis was done in R.42 Random effects meta-analysis was performed using the metafor
package43 and LOESS regression was performed using the base stats package. The available literature included two types of devices (triangular implants and
HMA screws). Where data were available, device
was added as a fixed effect to RMA models.

technique (5), anterior endoscopic technique (1),
sacral fracture (1), pelvic ring fracture or fixation
(12), open surgical fusion (6), infection (3), case report (4), device complaints analysis (1), utilization
(1), tumor (1) (Figure 1). 16 articles met the inclusion
criteria. Two additional articles were identified in a
previously published review of MIS SI joint fusion. A
total of 18 articles were identified. The study design
and number of these are as follows: 10 retrospective
single-center case series,12,34,35,37,38,44-48 2 prospective
single center case series,36,49 1 multi-center retrospective case series,50 1 single center,27 and 2 multicenter26,28 comparative cohort studies, one prospective single-arm study,24 and one prospective multicenter randomized controlled trial39 (Table 1). Two
types of implants are represented: 3 studies reported
the use of a single hollow modular anchorage (HMA)
screw packed with demineralized bone matrix and 15
described the placement of a series (typically 3) of
triangular, porous titanium plasma spray (TPS) coated implants. After eliminating the overlap in patient
cohorts across studies described above, the sum of
the literature represents 12 unique studies from 4 different countries with a total of 432 patients; 368 patients from 10 cohorts using triangular TPS coated
implants and 64 patients from 2 cohorts using HMA
screws (Table 2).

Results
Search results yielded 241 records from Pubmed and
297 from EMBASE. Results from each search were
downloaded into a .csv file and included title, author,
source, ID, and abstract. Each record was reviewed
for inclusion using the aforementioned criteria. A total of 538 records were screened; 34 were not in the
English language, 372 were not relevant, 2 were duplicates within the same database, 13 were conference abstracts, and 33 identified for further review
were not unique between databases. We assessed 84
records for eligibility, 68 of which were excluded for
the following reasons: editorial (3), video technique
(2), technique description (3), review article (7), biomechanics (6), imaging studies (2), economics (3),
anatomy or cadaveric study (7), dorsal distraction

Fig. 1. PRISMA flow diagram detailing search results.
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Table 1. MIS SI joint fusion studies using a lateral transarticular approach.

Author, Year

Whang, 201539

Triangular
TPS coated
implants

Triangular
TPS coated
implants

Vanaclocha
201449

Rudolf, 2014

Implant

38

Sachs, 201450

Triangular
TPS coated
implants

Triangular
TPS coated
implants

Study design

Prospective, multi-center,
randomized controlled trial
(surgical arm reported herein)

Single center case series

Single center case series

Multi-center, Retrospective

Triangular
TPS coated
implants

Demographics
Mean (±SD) or
(range), unless
otherwise specified

Results
Mean (±SD) or (range)
unless otherwise specified
VAS uses a 0-10 scale unless
otherwise specified

Complications (n)

102

Age: 50.2 (26-72)
years
Sex: 75 F/M
Prior lumbar fusion:
38%
Follow-up: 6mo

VAS: 8.2 (1.2) pre-op, 2.9
(2.9) at 6mo
ODI: 62.2 (14.5) pre-op, 31.9
(22.7) at 6mo
SF-36PCS: 30.2(6.2) pre-op,
42.8 (10.0) at 6mo
Surgical time: 44.9 (22.3)
min
EBL: 32.7 (32.8) mL
Hospital stay: 0.8 (range 0-7)
days

Trochanteric bursitis (4), surgical wound problems (4), iliac fracture (1), hairline ilium fracture (1), nerve root
impingement (1)

24

Age: 47.4 (32-71)
years
Sex: 15F/9M
Prior lumbar fusion: 2
Follow-up: 23mo
(1-4.5 years)

VAS: 8.7 pre-op, 1.7 at 1yr,
2.1 at 4.5yrs
ODI: 54.1 pre-op, 14.3 at 1yr,
16.3 at 4.5yrs
Surgical time: 48 (40-65)min,
unilateral cases
EBL: 58 (40-70)mL

Immediate post-op pain (4-resolved), temporary post-op radiculopathic pain (2)

17

Age: 58 (36-85) years
Sex: 13F/4M
Prior lumbar fusion: 8
(47%)
Follow-up: 60mo
Bridging bone: 87%
(13/15)

VAS: 8.3 (1.4) pre-op, 3.4
(2.4) at 1yr, 1.4 (2.6) at 2yrs,
2.4 (2.2) at 5yrs
ODI: 21.5 (22.7) at 5yrs
Surgical time: 65 (18) min

No intraoperative complications, hematoma (1), cellulitis (2), deep wound infection secondary to diverticulitis
(1)

144

Age: 58 (30-89)years
Sex: 30F/10M
Prior lumbar fusion:
62%
Follow-up: 16mo
(12-26)

VAS: 8.6 pre-op, 2.7 at
follow-up
91% Very or somewhat
satisfied
91.7% would have surgery
again
Surgical time: 73min
EBL: 31mL
Hospital stay: 0.8 days

No intraoperative complications.
fall (5), trochanteric bursitis (4), piriformis syndrome (3), facet pain (3), contralateral SIJ pain(2), recurrent
pain (3), leg pain (1), toe/foot numbness (2), hematoma (1), low back pain (1), implant revision (1),burning in
upper thigh (1), bladder incontinence (1)

22

MIS Cohort
Age: 47.9 (13.1) years
Sex: 17F/5M
Prior lumbar fusion:
64%
Follow-up: median
15mo (12-26)

ODI: 61.5 (12.5) pre-op, 52
(16.9) at follow-up
Surgical time: 68.3(26.8) min
EBL: 40.5 (31.4) mL
Hospital Stay: 2.0 (1.5) days

Pulmonary embolism that resolved with treatment (1), revisions due to halo formation on the sacral side with
recurring sacroiliac joint pain (2)

22

Open Cohort
Age: 51 (9.4) years
Sex:13F/9M
Prior lumbar fusion:
50%
Follow-up: median 13
(11-33) mo

ODI: 61.8 (10.8) pre-op, 47.4
(21.7) at follow-up
Surgical time: 128 (27.9) min
EBL: 168.8 (479.0) mL
Hospital Stay: 3.3 (1.1) days

Pulmonary embolism (1), revision due to failed implant and nerve root irritation (2)

N

Single center
Retrospective, comparative cohort
study

Ledonio,
201427
4.5mm
plate,
autograft

Triangular
TPS coated
implants
Ledonio 2014

4.5mm
plate,
autograft

Triangular
TPS coated
implants

Screws,
plates

Sachs, 2013

Cummings,
201345

Transient trochanteric bursitis (3), hematoma (1), transient toe numbness (1), revision due to malpositioned
implant (1)

22

Open Cohort
Age: median 51
(34-74) years
Sex: 82F/32M
Prior lumbar fusion:
47%
Follow-up: 24mo

Values reported as median
(range)
ODI: 64 (44-78) pre-op, 46
(10-80) at 12 mo
Surgical time: 128 (73-180)
min
Hospital Stay: 3 (2-6) days

Pulmonary embolism (1), revision due to failed implant and nerve root irritation (2)

114

MIS Cohort
Age: 57.4 (14.0) years
Sex: 82F/32M
Prior lumbar fusion:
47.4%
Follow-up: 24mo

VAS: 8.3 (1.6) pre-op, 2.3
(2.6) at 12mo, 1.7 (2.9) at
24mo
MCID: 86% reached at
12mo, 82% at 24mo
Surgical time: 70 (24) min
EBL: 33 (27) mL
Hospital stay: 1.3 (0.5) days

No intraoperative complications.
Postop repositioning of implants (4), 3.5% (4/114), cellulitis (3), facet pain (4) piriformis syndrome (2),
trochanteric bursitis (2), wound infection (1)

149

Open Cohort
Age: 45.8 (11.3) years
Sex: 103F/46M
Prior lumbar fusion:
23.5%
Follow-up: 24mo

VAS: 7.1 (1.9) pre-op, 4.6
(3.0) at 12mo, 5.6 (2.9) at
24mo
MCID: 61% reached at
12mo, 50% at 24mo
Surgical time: 163 (25) min
EBL: 288 (182) mL
Hospital stay: 5.1 (1.9) days

No intraoperative.
Postop removal of implants (66), 44% (66/149). Bone fragment (1), cellulitis (1), leg pain (3), postoperative
neuropathy (4), pulmonary embolism (2), trochanteric bursitis (4), wound infection (3)

VAS (0-100mm): 76.2 (16.2)
pre-op, 29.3 (23.3) at 6mo
ODI: 55.3 (10.7) pre-op, 38.9
(18.5) at 6mo
SF-36 PCS: 30.7 (4.3) pre-op,
37 (10.7) at 6mo
88.5% (23/26) success rate
Surgical time: 48 (16.1) min
EBL: 59 (95) mL
Hospital stay: 0.8 days

No implant revision or removal, 6 AEs probably or definitely procedure-related (2 nausea, 2 wound infections,
1 cellulitis, 1 buttock pain)

40

Age: 58 (30-81) years
Sex: 30F/10M
Prior lumbar fusion:
30%
Follow-up: 12mo

VAS: 8.7 (1.5) pre-op, 0.9
(1.6) at 12mo
98% reached MCID
100% patient satisfaction

Piriformis syndrome (1), new LBP (1), facet joint pain (8), trochanteric bursitis (2)

18

Age: 64 (39-81) years
Sex: 12F/6M
Prior lumbar fusion:
61%
Follow-up: 12mo

VAS: 8.9 (1.9) pre-op, 2.3
(2.1) at 12mo
90% reached MCID
ODI: 52.6 (18.8) pre-op, 13.2
(12.6) at 12mo
SF-12 PCS: 37.8 (10.4)
pre-op, 44.6 (10.5) at 12mo

Trochanteric bursitis (3), hematoma (1), fluid retention (1), toe numbness (1), implant malposition (1)

Multi-center
Retrospective comparative cohort
study

Graham-Smith,
201326

44

Values reported as median
(range)
ODI: 53 (14-84) pre-op, 13
(0-38) at 12 mo
Surgical time: 27 (18-72) min
Hospital Stay: 1 (1-2) days

Multi-center
Retrospective, comparative cohort
study

28

Duhon, 201324

17

MIS Cohort
Age: median 66
(39-82) years
Sex: 11F/6M
Prior lumbar fusion:
82%
Follow-up: 12mo

Triangular
TPS coated
implants

Multi-center, Prospective, efficacy
(32) and safety (94) cohorts

Triangular
TPS coated
implants

Single center,
Retrospective case series

Triangular
TPS coated
implants

Single center, Retrospective case
series

32,94

Age: 50.2 (12.6) years
Sex: 21F/11M
Prior lumbar fusion:
69%
Follow-up: 6mo

Gaetani, 201335

Triangular
TPS coated
implants

Schroeder,
201334

Rudolf, 201346

Rudolf, 201247

Sachs, 2012

Triangular
TPS coated
implants

48

Mason, 201336

Triangular
TPS coated
implants

Single center,
Retrospective case series

Single center,
Retrospective case series

Single center, Sub-group analysis

Triangular
TPS coated
implants

Single center,
Retrospective case series

Triangular
TPS coated
implants

Single center, Retrospective case
series

HMA screw
packed with
DBM

Prospective case series

12

Age: 53.2 (36-71)
years
Sex: 12F
Prior lumbar fusion:
8.3%
Follow-up: 10mo
(8-18)

VAS: 7.7 (1.3) pre-op, 3 (1.2)
at follow-up
ODI: 31.4 (6.3) pre-op, 12
(3.5) at follow-up
RDQ: 17.6 (1 pre-op, 3 (4.1)
at follow-up
Surgical time: 65 (16) min
EBL: <45 mL
3 month CT scans show
initial fusion

Local hematoma (2), low back pain (1)

6

Age: 50 (25-60) years
Sex: 6F/0M
Prior lumbar fusion:
100% (deformity
correction)
Follow-up: 10.25mo
(4-15)

VAS: 7.83 pre-op, 2.67 at
follow-up
ODI: 22.1 pre-op, 10.5 at
follow-up
Hospital stay: 2 days (range
1-4)
Bony bridging seen in 4
patients

No intraoperative or post-operative complications.

40

*Subgroup analysis from Rudolf 2012 to assess effect of prior lumbar fusion on outcomes. Follow up: 12 and 24 months

18

*No prior fusion
Age: 49(12)
Sex: 12F/6M

VAS decrease at 12mo: -5.94
(3.3)
VAS decrease at 24mo: -5.47
(2.88)
Surgical time: 60(19) min

Superficial cellulitis (2), wound infection (1), revision for implant malposition (1)

15

*Prior lumbar spinal
fusion
Age: 58(11)
Sex: 11F/4M

VAS decrease at 12mo: -3.5
(3.46)
VAS decrease at 24mo: -5.81
(3.5)
Surgical time: 64(19) min

Superficial cellulitis (2), buttock hematoma (1), revision for implant malposition (1)

7

*Concomitant lumbar
pathology treated
non-surgically
Age: 58(17) Sex: 3F/
4M

VAS decrease at 12mo: -3.71
(3.11)
VAS decrease at 24mo: -4.79
(4.28)
Surgical time: 64(19) min

None reported

50

Age: 54 (24-85) years
Sex: 34F/16M
Prior lumbar fusion:
44%
Follow-up: 40mo
(24-56)

VAS: 7.6 pre-op, 2.0 at
follow-up
82% reached MCID
82% patient satisfaction
Surgical time: 65 (26) min

superficial cellulitis (3),
deep wound infection (1),
hematoma (2), reoperation (3)

11

Age: 65 (45-82) years
Sex: 10F/1M
Prior lumbar fusion:
18%
Follow-up: 12mo

VAS: 7.9 (2.2) pre-op, 2.3
(3.1) at 12mo
Surgical time: 77.5 (31.8)
min
EBL: 21.8 (18.9) mL

Piriformis syndrome (1), low back pain (1)

55

Age: 57 years
Sex: 46F/9M
Prior lumbar fusion:
40%
Follow-up: 36 (12-84)
mo

VAS: 8.05 (1.9) pre-op, 4.48
(2.81) at follow-up
SF-36PCS: 26.6 (15.2)
pre-op, 43 (22.68) follow-up
Majeed: 36.18 (15.08) pre-op,
64.78 (20.18) follow-up

Post-op nerve pain requiring reoperation (2)

Khurana,
200937

Al-Khayer,
200812

HMA screw
packed with
DBM

HMA screw
packed with
DBM

Retrospective case series

Retrospective case series

15

Age: 48.7 (37.3-62.6)
years
Sex: 11F/4M
Prior lumbar fusion:
40%
Follow-up: 17 (9-39)
mo

SF-36PCS: 28.49 (11.24)
pre-op, 51.38 (9.87) at
follow-up
Majeed: 37 (18-54) pre-op,
79 (63-96) at follow-up
Good to excellent results: 13/
15
EBL: < 50 ml
Hospital stay: 2.7 (1-7) days

No post-operative neurological or wound complications.

9

Age: 42 (35-56) years
Sex: 9F
Follow-up: 40 (24-70)
mo

VAS: 8.1 (7-9) pre-op, 4.6
(3-7) follow-up
ODI: 59 (34-70) to 45
(28-60)
EBL: <50 ml
Hospital stay: 6.9 (2-11) days
Return to work: 44.44%

Deep wound infection requiring debridement and IV antibiotics (1)

Abbreviations: F: female; M: male; EBL: estimated blood loss; mo: month; ODI: Oswestry Disability Index; VAS: Visual Analog Scale; DBM: demineralized bone matrix; HMA: hollow modular anchorage; BMP: bone morphogenic
protein.
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Reported operative parameters were procedure time,
estimated blood loss (EBL), and hospital length of
stay (LOS). Mean procedure time, reported in 11
studies, ranged from 27 to 78 minutes. The random
effects meta-analysis (RMA) mean (95% CI) procedure time was 59 minutes (50.9-66.9) (range 27-78
min) with significant heterogeneity across studies.
Mean EBL was reported in 6 studies and ranged
from 31 to 59 cc. In 5 additional studies, EBL was reported as <50 or <45 cc; these were converted to
50cc for analysis. The RMA mean EBL was 36.9 cc
(31.4 - 42.38) with moderate heterogeneity across
studies. Mean hospital LOS, reported in 9 studies,
ranged from 0.78 - 6.9 days (range 0-7 days). The
RMA mean LOS was 1.7 days (1.2 - 2.2) with significant heterogeneity across studies.
Pain severity was reported in all studies. The number
Table 2. Cohorts represented.
Author

Year

N for VAS

N for ODI

Whang

2015

102

102

Vanaclocha

2014

24

24

Rudolf

2014

17

17

Sachs

2014

144

-

2014a

-

22

Duhon

2013

32

32

Gaetani

2013

10

10

Schroeder

2013

6

6

Cummings

2013

-

18

Rudolf

2012

50

-

Mason

2013

55

-

Al-Khayer

2008

9

9

Ledonio

of unique cohorts reporting values by time were:
baseline (9 studies; 7 triangular implant, 2 HMA
screw), 6 months (4 studies, all triangular implant),
12 months (5 studies, all triangular implant), 24
months (2 studies, all triangular implant), 36 months
(3 studies; 1 triangular implant, 2 HMA screw), 48
months (1 study, triangular implant) and 60 months
(1 study, triangular implant) (Figure 2). RMA was
performed only to summarize values at baseline, 6,
12, 24 and 36 months. The baseline RMA mean pain
score was 8.1 (7.8-8.4). The 6-month score was 2.8
(2.4-3.2), representing an approximate 5.2-point
drop. The 12-month score was 2.7 (2.1-3.3), representing an approximate 5.3-point drop. The
24-month score of 2.0 (1.4- 2.5) represented the triangular implant only. The 36-month score was 3.7
(2.0- 5.4); 83% of which represent outcomes with
HMA screws. Outcomes at this timepoint were significantly different (p<.0001) by implant type: mean
(SD) score was 2.0 (1.9) for the triangular implant
and 4.6 (2.5) for the HMA screw. Significant heterogeneity was observed for the baseline, 12- and
36-month scores but not the 6- or 24-month scores.
ODI was used in several studies, with values reported at baseline (8 studies), 6 months (4 studies,), 12
months (5 studies), 24 months (1 study), 36 months
(2 studies), 48 and 60 months (1 study each time
point) (Figure 3). Outcomes for one HMA screw cohort were available at baseline and 36 months only.
ODI decreased from an RMA mean (95% CI) of 56.6
(51.8-61.3) at baseline to 30.3 (22.5-38.0) at 6 months
and 25.1 (12.3-37.9) at 12 months (Figure 2). Significant (p<.05) heterogeneity was observed for the
baseline, 6- and 12-month values. The mean changes

Overlapping cohorts excluded from analysis
Khurana

2009

Included in Mason 2013

Ledonio

2014b

Includes 17pts from Cummings 2013

Rudolf

2013

Sub group analysis from Rudolf 2012

Graham-Smith

2013

Rudolf

2013

Sachs

2013

Sachs

2012

Included in Sachs 2014

Fig. 2. SI joint pain score by months since surgery across studies. Time 0 =
baseline (pre-surgery). Dot area is proportional to the inverse variance of
each study’s estimate. The gray line shows an inverse-variance weighted
LOESS regression fit.
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from baseline to 6 months and 12 months were approximately 25 and 30 points, respectively. The
36-month RMA mean (95% CI) of 30.4 (2.0-58.8)
was calculated from 9 patients with the HMA screw
and 13 patients with the triangular implant. However,
the mean outcomes reported from each cohort were
significantly different. Although both groups were
similar in terms of baseline disability, the triangular
implant cohort showed an improvement of 2.7 times
that of the HMA screw cohort (baseline: 59, 54.1;
36-month: 45, 16 for the HMA screw and triangular
implant, respectively).
Patient quality of life measured on the SF-36 physical
component score (PCS) was not consistently reported across studies, therefore RMA methods were not
utilized. Scores were available at baseline and
6-months from 2 prospective multi-center trials for
the triangular implant cohort and at 36-months for
one HMA screw cohort. Improvements were consistent between the 2 studies of triangular implants;24,39
30.2 (6.2) and 30.7 (4.3) at baseline to 42.8 (10.0)
and 37 (10.7) at 6 months, respectively. The HMA
screw cohort showed a similar improvement from

26.6 (15.2) at baseline to 43 (22.68) at 36-months.36
Majeed score,51 an assessment tool used for grading
the outcome after pelvic fractures, was reported in
one HMA screw cohort; mean (SD) score improved
from 36.18 (15.08) at baseline to 64.78 (20.18) at
36-months.
Due to variability across studies in adverse event reporting, meta-analytic methods were not used. Instead, rates were calculated as the number of events
divided by the total number of patients. In the 12 cohorts represented (432 patients treated), the most
common events were surgical wound problems (17
events, 3.9% rate), trochanteric bursitis (8 events,
2.2%), facet pain (3 events, 0.8%), recurrent SI pain
(i.e., initial improvement in SI joint pain followed by
pain recurrence, 3 events, 0.8%), and toe/foot numbness (2 events, 0.5%) (Table 3). Nerve root impingement requiring revision occurred in 9 subjects (2.1%).
There were no deaths.

Fig. 3. Oswestry Disability Index by months since surgery across studies. Time 0 = baseline (pre-surgery). Dot area is proportional to the inverse variance of each
study’s estimate. The gray line shows an inverse-variance weighted LOESS regression fit.
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Discussion
Minimally invasive fusion of the SI joint has been
performed with several types of implants using either
a dorsal joint distraction technique (titanium cages
packed with bone morphogenic protein52, allograft
bone dowels53, autograft iliac bone plugs54) or, more
commonly, through a lateral transarticular approach
using either hollow modular anchorage screws
packed with demineralized bone matrix12,36,37 or triangular titanium plasma spray (TPS) coated implants.24,26-28,34,35,38,39,44-50 As the two techniques are fundamentally different and body of literature supporting the latter approach is comparatively more substantial, the current systematic review focused on the
lateral transarticular approach only. Compared to
open SI joint fusion, MIS SI joint fusion as reported
herein is associated with less blood loss, a shorter
hospital stay and improved clinical responses.26-28
Table 3. List of reported adverse events.
Complication
Surgical wound problems (including hematoma, wound infection, cellulitis)

n
17

Iliac fracture

1

Hairline ilium fracture at caudal implant

1

Pulmonary embolism

1

Nerve root impingement requiring revision

9

Transient post-op radiculopathic pain

3

Buttock pain

1

Low back pain

2

Trochanteric bursitis

8

Piriformis syndrome

3

Facet pain

3

Contralateral SIJ pain

2

Recurrent pain

3

Leg pain

1

Toe/foot numbness

2

Bladder incontinence

1

Total

57/432
(7.6%)

Revision rate

9/432
(2.1%)

Not surprisingly, the use of minimally invasive fusion
for SI joint pathology has overtaken open approaches.55
Our analysis of intraoperative outcomes showed a
mean procedure time of approximately one hour,
mean estimated blood loss of 50 cc and a mean
length of stay of approximately 1.7 days. These
procedure-related variables compare favorably to
open surgical SI joint fusion cohorts, which reported
mean procedure times of 128-163 minutes, EBL of
288-682 cc, and mean hospital LOS of 3.3-5.2
days.26,28
All studies reported a rapid reduction in SI joint pain
after surgery; compared to pre-surgical values, mean
pain scores were reduced at all assessed time points
by approximately 5 points on the 0-10 scale, representing a substantial clinical benefit on average (Figure 2). In parallel with pain scores, disability as measured by Oswestry Disability Index also showed
marked improvements after surgery with mean
changes at 6 months of approximately 25 points and
mean changes at 12 months and thereafter of approximately 30 points (Figure 3). These mean changes
exceed the threshold of substantial clinical benefit
(18.8 point change from baseline).56 In comparison to
the modest changes in pain and disability in similar
patients treated with non-surgical management39, improvements after minimally invasive SI joint fusion
using a lateral transarticular approach appear to be
substantial and clinically important. It is encouraging
to see that studies with longer term outcomes consistently showed sustained positive outcomes on VAS
and ODI over time.38,49
We did not use meta-analysis to summarize adverse
event rates across published studies, as methods used
to collect such events were not specified. It is important to note that serious adverse events related to the
device and placement procedure appeared to be uncommon.57 Two ongoing prospective clinical trials included in this systematic review24,39 collect all negative changes in health as adverse events according to
an international clinical trial standard (ISO
14155:2011) definition. Complications reported to
date from these trials are similar in nature to those
summarized herein.
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Of 18 studies included in this systematic review, 83%
described the use of a series of triangular TPS coated
implants. This uniquely designed implant system
works on the well-accepted principle of joint stabilization followed by long-term fusion. The porous
coating of the device is similar to that used in total
joint replacement surgery. These types of coatings
are designed to promote biological fixation of the
bone to the implant and a biomechanically sound
construct. The immediate solid fixation is akin to
that afforded in press fit total joints. Fusion of the SI
joint using these implants has been demonstrated in
two long-term studies.38,49
SI joint dysfunction is associated with a significant
burden of disease58 similar to that observed with other prominent orthopedic conditions, such as hip and
knee osteoarthritis, spinal stenosis and degenerative
spondylolisthesis, all of which are treated surgically.
Therefore, it is reasonable to consider surgical treatment for cases of sacroiliac pain that do not respond
to non-operative therapy. The meta-analysis performed in this systematic review demonstrated that
patients who fail conservative therapy and have a
positive diagnostic SI joint block may clinically benefit from minimally invasive sacroiliac joint fusion using a lateral transarticular approach.
There are several strengths and weaknesses to this
study. Strengths include similarity of diagnosis, surgical approach (lateral, transarticular) and follow-up
assessments (VAS, ODI) across studies. Significant
heterogeneity was observed in many estimates; there
were distinct differences in both operative measures
and patient reported outcomes between the 2 implant types. Although overall outcomes after MIS SI
joint fusion are favorable, the results described herein may not be transferable to other types of implants
or approaches to achieving arthrodesis of the SI joint.
The HMA screws are not currently FDA-cleared for
MIS SI joint fusion and are not commercially available in the US.
A major limitation of this systematic review is the
dearth of high quality evidence for MIS SI joint fusion; only one level I randomized trial and 3 prospective studies were available. We identified overlap in
published cohorts that reduced the total number of

available subjects. Substantial variation across studies in both the follow-up interval and the types of
outcome measures employed prohibited the use of
meta-analytic methods for certain variables as well as
for long-term outcomes. Outcomes between implant
types varied, in some instances substantially (ODI
and VAS). The PRISMA standard suggests a review
protocol, which was not done for this assessment. Individual studies could have been biased due to selfreport, regression to the mean, or other factors;
these potential biases could not be addressed by our
study. However, we note that improvement in pain,
disability and quality of life in the non-surgical control group of the one prospective randomized trial
was minimal.39 In addition, we were unable to assess
potential bias across studies due to publication bias
or selective within-study reporting. We note that
prospective trials required adverse event reporting
according to an international clinical trial standard;
this approach is typically not used in retrospective
case series. Finally, some of the studies published on
the triangular implants were sponsored by the manufacturer; however, most spine surgery device studies
are industry-sponsored.59

Conclusions
A systematic review and meta-analysis of published
studies of MIS SI joint fusion using a lateral transarticular approach in patients with symptoms due to SI
joint dysfunction due to degenerative sacroiliitis or
SI joint disruptions recalcitrant to non-surgical treatment show consistent and clinically important improvements in pain and associated disability. Furthermore, the minimally invasive characteristics of
this procedure were confirmed as evidenced by minimal blood loss, a short operative time and brief
length of stay.
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