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Abstract

Background context  Although pain is generally regarded
as originating in the lumbar spine, it has been estimated
that in 15-30 % of patients, LBP originates from the
sacroiliac joint (SIJ).

Purpose To determine whether sacroiliac joint fusion
(SIJF) for LBP is effective in reducing pain when the SIJ is
known to be the pain generator.

Study design/setting Systematic review and meta-
analysis.
Methods A systematic literature review and meta-analy-

sis was performed of observational studies describing
outcome of SIJF in patients with LBP. Outcome measures
were VAS pain, ODI, SF-36 PCS/MCS and Majeed score.
The following databases were searched: PubMed, Web of
Science, Embase, Medline and Google scholar. The
methodological quality of selected studies was assessed
using the National Heart Lung and Blood Institute case
series quality assessment tool. Meta-analysis was used to
combine the studies for each outcome and forest plots were
prepared. Outcomes were expressed as mean difference
(MD).

Results Six studies were included in the meta-analysis
with a mean follow-up of 17.6 months. All outcomes
showed statistical and clinical improvement (VAS pain
MD: 54.8; 95 % CI 48.6, 61.0; n = 380; p < 0.001, ODI
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MD: 14.5; 95 % CI 8.4, 20.6; n = 102; p < 0.001, SF-36
PCS MD: -19.5; 95 % CI -24.7, -14.2; n = 140; p < 0.001,
SF-36 MCS MD: —8.5; 95 % CI —12.9, —4.1; n = 198;
p < 0.001 and Majeed score MD: —35.4; 95 % CI —48.5,
—22.2; n = 140; p < 0.001).

Conclusions SIJF appears to be a satisfactory procedure
for alleviating pelvic girdle pain.

Keywords Sacroiliac joint - Fusion - Pelvic girdle pain -
Low back pain - Meta-analysis - Outcome

Introduction

Low back pain (LBP) is a major public health problem and
the cause of much misery and disability. Although pain is
generally regarded as originating in the lumbar spine, it has
been estimated that in 15-30 % of patients LBP originates
from the sacroiliac joint (SIJ) [1]. Pelvic girdle pain (PGP)
is defined as pain experienced between the posterior iliac
crest and gluteal fold [2]. Poor outcome after spinal fusion
for LBP may be due to incorrect diagnosis of the spine as
the pain source. Once non-operative treatments have been
exhausted and the SIJ has been determined as the source of
the PGP by physical exam and SIJ injection, and once the
extra-articular ligaments and nerves have been excluded as
the pain source, surgical intervention may be considered.
Sacroiliac joint fusion (SIJF) can be performed using a
variety of approaches and techniques, both open and
minimally invasive.

There have been a number of reports that have studied
SIJF surgery outcome in patients with LBP. Schutz et al.
[3] in a series of 17 patients found unfavourable out-
come for bilateral SIJF using bone graft and internal
fixation. Eighty-two percent of patients had poor
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outcome at mean follow-up of 39 months. In contrast,
other reports have contradicted these findings showing a
statistically and clinically significant improvement.
Kibsgard et al. [4] in a series of eight patients found the
majority had good outcome at 12 months follow-up.
Sachs et al. [5] in a series of 40 patients found all but
one had a clinically and statistically significant
improvement in outcome at 1 year. Similarly, a recent
systematic review by Zaidi et al. [6] concluded that SIJF
is beneficial in a carefully selected subset of patients
where the pain source has been accurately diagnosed as
originating from the SIJ.

Meta-analysis has become an accepted research
methodology for quantitatively integrating the results of a
collection of studies, some of which may be contradictory,
in an unbiased way. Because there have been no meta-
analyses of outcome of SIJF in patients with PGP, our aim
was to determine whether SIJF, is on the whole, a satis-
factory procedure for PGP when the pain source originates
from the SIJ.

Materials and methods

A detailed protocol was prepared in accordance with the
guidelines described in the Cochrane handbook for sys-
tematic reviews of interventions [7]. The review team
consisted of two spinal surgeons (KL, SA) and an epi-
demiologist (RP).

Study selection criteria
Types of studies

Prospective and retrospective observational studies of
adults over 16 years suffering from LBP attributed to the
SIJ.

Types of interventions

Any type of SIJF. Both standard and minimally invasive
surgery (MIS) procedures were included.

Types of outcomes

The primary outcome measure was pain. The secondary
outcome measures were Oswestry Disability Index (ODI),
Majeed score [8] and SF-36 Physical (PCS) and Mental
(MCS) component scores. Data on complications was also
extracted.

Exclusion criteria were general discussion papers not
presenting original data, fusion for fracture and animal
studies.

Literature search

Academic and grey literature was searched with no lan-
guage restrictions. Electronic searches of on-line databases
used the search terms listed below. Any articles that were
unsuitable were excluded in the early stages on the basis of
their title and abstract whilst the decision to exclude or
include articles was made from a review of the full paper.
RefWorks 2.0 on-line reference management software [9]
was used to store relevant papers as their titles and
abstracts. The number of articles included and excluded
was noted in a flow chart (Fig. 1).

In addition articles in-press and published ahead of
print, where available on the internet, were searched for in
the following journals: Spine, The Spine Journal, European
Spine Journal, The Bone and Joint Journal (Br & Am),
Journal of Spinal Disorders and Techniques, Joint Bone
Spine. These articles may not yet have been entered into
the searchable databases.

The following databases were searched:

Embase 1974 to 10/12/2014
Medline 1946 to present 10/12/2014
Web of Science to 10/12/2014

PubMed = 74
WOS =58
Embase =93
Medline = 49
Citations = 2
TOTAL =276

Title and abstract exported to
| Refworks

[ After duplicates & irrelevant ]

studies removed = 21 studies

[ Full text papers for review = 21 ]

Studies excluded after full text
review & data extraction = 15

[ Studies included in meta- ]

analysis = 6

Fig. 1 Flowchart of the study selection process
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PubMed to 10/12/2104
Cochrane Library to 10/12/2014
Google Scholar on 10/12/2014

Synonyms and boolean logic of search: sacroiliac joint
AND (fusion OR arthrodesis) AND back pain.

Manual searches of reference lists in relevant papers
were also carried out to identify any additional studies
missed during the electronic searches.

Study selection

Two authors (KL and RP) applied the search strategy
independently and after removing irrelevant studies and
duplicates there were 21 studies for possible inclusion.
Because of the small number of studies, all were obtained
as full text versions and independently reviewed. The remit
was to determine whether there was outcome data that
could be extracted for SIJF for LBP. Three of the studies
were from the same authoring group describing their
increasingly large cohort of patients. In this case only the
most recent report was included. Finally six studies were
deemed eligible for inclusion (Fig. 1).

Methodological quality assessment
The National Heart Lung and Blood Institute (NIH) quality
assessment tool for case series studies [10] was used to

assess the methodological quality of the selected studies
(Table 1). This categorises studies as either good, fair or

Table 1 Quality assessment tool for case series studies

poor. Identified studies were assessed by two reviewers
(KL & RP) independently and any disagreement over
scoring was resolved by consensus.

Data extraction

Data extraction forms were designed and for each outcome
the following were extracted: study design, type of SIJF
surgery and whether MIS or open, number of patients and
mean and standard deviation (SD) for the outcomes. Two
authors (KL, RP) extracted the data independently which
was subsequently reviewed jointly to produce accurate
data.

Statistical analysis

Meta-analysis performed using RevMan review manager
software [11] was used to combine the studies for each
outcome to provide an overall estimate of the effect in the
form of a forest plot. Missing SD’s, needed for combining
the outcomes, were calculated from the range of values
(where given) using the formulae of Hozo [12] or from the
confidence interval (CI) [7]. Data were expressed as mean
and SD and the treatment effect as mean difference and
associated CI. Where it was necessary to combine means
and SD’s in an individual study (as in the cases where data
were given separately for open and MIS procedures to get
an overall mean and SD), the formula of Headrick [13] was
used.

Criteria

Yes No Other (CD, NR,
NA)*

1. Was the study question or objective clearly stated?

2. Was the study population clearly and fully described, including a case definition?

3. Were the cases consecutive?
4. Were the subjects comparable?
5. Was the intervention clearly described?

6. Were the outcome measures clearly defined, valid, reliable, and implemented consistently across all study

participants?
7. Was the length of follow-up adequate?
8. Were the statistical methods well-described?
9. Were the results well-described?

Quality rating (good, fair, or poor)

Rater #1 initials:
Rater #2 initials:
Additional comments (If POOR, please state why):

* CD cannot determine, NA not applicable, NR not reported

@ Springer



Eur Spine J (2016) 25:1924-1931

1927

Statistical heterogeneity was assessed from the I*
statistic using a fixed effects model. An P value >50 %
was considered suggestive of statistical heterogeneity.
Where heterogeneity was present, efforts were made to
explore possible causes such as patient selection, data
outliers etc. for each included study. A “leave-one-out”
sensitivity analysis was performed by iteratively removing
one study at a time to confirm the source of the hetero-
geneity. Analysis was then performed without the study to
determine if heterogeneity was still present and if so,
random effects modelling was used.

Results

Two hundred and seventy-six studies were identified using
the search strategy. Duplicates and irrelevant studies
amounted to 255 leaving 21 studies for detailed evaluation.
All were case series. Thirteen were excluded after review
leaving 8 papers for data extraction. Reasons for exclusion
were no baseline data, only qualitative data on outcome
and studies that were from the same author describing
cumulative patient data over time i.e. including previously
reported historical data. Of the eight studies, two could not
be included due to missing SD’s leaving six studies for the
meta-analysis (Fig. 1). Included studies all had complete
data in at least one of the outcomes (Table 3).

The methodological quality as measured by the NIH
quality assessment tool was high with all studies assessed
as good (Table 1). Two were retrospective, utilising patient
database/hospital registers to get their data and the
remainder prospective (Table 2). Two of the studies were
small with 17 patients or less.

Participants were adults who underwent SIJF surgery
with LBP attributed to the SIJ. A variety of surgical
approaches were used (Table 2). Three of the studies used
MIS techniques, another used both and the other two used
open procedures. Table 3 lists the outcomes reported in

In total 407 patients underwent SIJF with mean age of
53 years (range 30-89). There was a slight excess of
females (n = 211, 52 %). All but five patients had unilat-
eral fusions.

Meta-analysis
VAS pain

Pain intensity on a 0-100 scale was reported in four studies
[14-17]. Follow-up ranged from 6-60 months. The meta-
analysis for pain shows a statistically significant improve-
ment in pain after surgery using a fixed effects model
(weighted mean difference: 48.57; 95 % CI 43.46, 53.69;
n = 490; p < 0.001). Because of significant heterogeneity
(I> = 80 %), a sensitivity analysis was performed. All the
studies apart from the Mason2013 [14] study used MIS
procedures. Removing this study from the analysis reduced
the heterogeneity to 39 % using a fixed effects model
(weighted mean difference: 54.79; 95 % CI 48.56, 61.03;
n = 380; p < 0.001) (Fig. 2).

ODI

This was reported in three studies [14, 16, 18]. The study
by Rudolf and Capobianco [16] only had follow-up data so
could not be included in the meta-analysis. The follow-up
ranged from 6-17 months. The fixed effects forest plot
(Fig. 3) shows a significant improvement in ODI after
surgery (weighted mean difference: 14.53; 95 % CI
8.42-20.64; n = 102; p < 0.001). Heterogeneity was 0 %.

SF-36 PCS

Three studies [14, 15, 18] reported this outcome. The
follow-up ranged from 6-36 months. The fixed effects
forest plot (Fig. 4) shows a significant improvement after
surgery (weighted mean difference: —13.02; 95 % CI

each study. —164, —-9.67; n=198; p <0.001). Because of
Table 2 Details of included studies
Study first author and publication date ~ Study design = Type of fusion surgery Female Male Age Follow-up
n n Mean (SD or range) Months (range)

Duhon 2013 Prospective MIS? 21 11 50.2 (12.6) 6
Khurana 2009 Retrospective  Open 11 4 48.7 (37.3-62.60) 17 (9-39)
Ledonio 2014 Retrospective  Open 13 9 51 (9.4) 13 (11-33)

MIS 5 17 479 (13.1) 15 (12-26)
Mason 2013 Prospective Open 46 9 57.9 (30-86) 36.2 (12-84)
Rudolf 2014 Prospective MIS 13 4 58.0 (13.6) 60
Sachs 2014 Prospective MIS 102 142 57.7 (30-89) 16 (12-26)

? Minimally invasive surgery
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Table 3 Pool of outcomes for included studies

Study first author and Complications VAS? Majeed obI° SF-36° SF-36 Duration of  Intraoperative Length of
publication date Score pCs? MCS surgery blood loss stay
Duhon 2013 N N N, J N
Khurana 2009 N N J N N
Ledonio 2014 N
Mason 2013 J J N J N
Rudolf 2014 N J
Sachs 2014 \/ \/ \/ \/ \/
? Visual analogue scale
® Oswestry disability index
¢ Short form 36
d Physical component summary scale
pre-op post-op Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Duhon2013 76.2 16.2 32 293 233 26 34.8% 46.90[36.33, 57.47] &+

Mason2013 80.5 19 55 448 28.1 55 0.0% 35.70 [26.74, 44.66]

rudolf2014 83 14 17 24 22 17 25.3% 59.00 [46.60, 71.40] —a

Sachs2014 86 30.6 144 27 52 144 40.0% 59.00[49.15, 68.85] &+

Total (95% ClI) 193 187 100.0% 54.79 [48.56, 61.03] ’

| | | |
T T T T

Heterogeneity: Chi? = 3.28, df =2 (P = 0.19); I = 39%
Test for overall effect: Z = 17.24 (P < 0.00001)

Fig. 2 Forest plot of VAS pain (Mason2013 excluded from analysis).
The forest plot consists of a vertical line which denotes no change in
the outcome after SIJ fusion The position of the black diamond
denotes whether there is any change and if so in which direction it lies

50 25 0 25 50
Favours no effect Favours effect

i.e. improvement or deterioration The squares denote the individual
studies with their size proportional to the weightings given to each
study

pre-op post-op Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Duhon2013 55.3 10.7 32 389 185 26 58.0% 16.40[8.38,24.42] .
Ledonio2014 61.65 11.55 22 49.7 19.36 22 42.0% 11.95[2.53, 21.37] i
Total (95% Cl) 54 48 100.0% 14.53 [8.42, 20.64] <&
Heterogeneity: Chi? = 0.50, df =1 (P = 0.48); I> = 0% : : : :
Test f Il effect: Z = 4.66 (P < 0.00001 002 0 2 %0
2 Z= <
est for overall effect: 66 ( ’ ) Favours no effect Favours effect
Fig. 3 Forest plot of ODI
significant heterogeneity (I* = 82 %) a sensitivity analy-  SF-36 MCS

sis was performed. All the studies apart from the
Duhon2013 [14] study used open procedures. Removing
this study from the analysis reduced the heterogeneity to
34 % using a fixed effects model (weighted mean dif-
ference: —19.46; 95 % ClI —24.68, —14.24; n = 140;
p < 0.001) (Fig. 4).

@ Springer

Three studies [14, 15, 18] reported this outcome. The fol-
low-up ranged from 6-36 months. The fixed effects forest
plot (Fig. 5) shows a significant improvement after surgery
(weighted mean difference: —8.50; 95 % CI —12.9, —4.1;
n = 198; p < 0.001). Heterogeneity was 0 %.
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pre-op post-op Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Duhon2013 28.49 4.3 32 37 107 26 0.0% -8.51[-12.88, -4.14]
Khurana2009 2849 11.24 15 51.38 9.87 15 47.6% -22.89[-30.46, -15.32] —
Mason2013 2650 1523 55 4293 2268 55 524% -16.34 [23.56,-9.12] &+
Total (95% CI) 70 70 100.0% -19.46 [-24.68, -14.24] ‘
Heterogeneity: Chiz = 1.51, df = 1 (P = 0.22): I = 34% — —

20 -10 0 10 20
Test for overall effect: Z = 7.30 (P < 0.00001) Favours effect Favours no effect
Fig. 4 Forest plot of SF36 PCS

pre-op post-op Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Duhon2013 41 9.6 32 471 122 26 58.5% -6.10[-11.85,-0.35] _._
Khurana2009 46.82 17.88 15 57.48 17.32 15 12.2% -10.66 [-23.26, 1.94] .
Mason2013 40.38 19.71 55 52.77 23.56 55 29.3% -12.39[-20.51, -4.27] —
Total (95% CI) 102 96 100.0% -8.50 [-12.90, -4.10] ‘
Heterogeneity: Chi? = 1.66, df = 2 (P = 0.44Y; I = 0% —t —t

20 10 0 10 20

Test for overall effect: Z = 3.79 (P = 0.0002)

Fig. 5 Forest plot of SF36 MCS

Majeed Score

Two studies [15, 18] reported this outcome. The follow-up
ranged from 17-36.2 months. The forest plot (Fig. 6)
shows a significant improvement after surgery (weighted
mean difference: —35.36; 95 % ClI —48.49, —22.23;
n = 140; p < 0.001). A random effects model was used
because of the significant heterogeneity (I* = 88 %). Both
studies used open procedures and there was no apparent
cause for the high heterogeneity.

Complications were reported in all six studies [14—19].
Sixteen patients out of 307 experienced complications
(5.21 %) These were due to implant misplacement, implant
failure, PE, infection, hematoma and neuralgia.

Discussion

In contrast to the lumbar spine, the SIJ is not widely
recognised as a pain generator for LBP. Pain can originate
from a number of areas both spinal and non-spinal. Spinal
generators include nerves, discs, facet joints, muscles and
ligaments. Non-spinal sources include the SIJ and hip.
Failure to alleviate pain after surgical treatment of the
spine may be due to incorrect identification of the pain
source.

In common with the intervertebral disc as a source of
pain, pathology in the SIJ does not necessarily correlate
with symptoms making radiological diagnosis difficult.

Favours effect Favours no effect

Physical tests have been shown to have poor sensitivity and
specificity [20, 21]. The best available reference standard
for diagnosing the SIJ as a pain source is intra-articular
steroid injection under fluoroscopic guidance although
there is some doubt about its diagnostic validity [20, 21].
More recently, single-photon emission computed tomog-
raphy (SPECT/CT) has been used to diagnose SIJ dys-
function [22]. Results from SPECT/CT have been shown to
correlate well with those from intra-articular steroid
injections. Therefore, SPECT/CT could be useful as a
supplementary diagnostic procedure to intra-articular ster-
oid injections.

Sembrano and Polly Jr. [23] found, in a series of 200
patients with LBP, that using diagnostic injections, the pain
source originated in the SIJ in 15 % of patients. In two
other studies, Schwarzer et al. [1] reported the SIJ as the
source of pain in 30 % of LBP patients and Maigne et al.
[24] in 19 %.

Conservative therapies for SIJ pain include medication,
physiotherapy and external orthotics such as pelvic belts.
Intra-articular steroid injection has been shown to give
short term pain relief and additionally, pain relief confirms
the SIJ as the pain generator. Failure of pain relief using
conservative therapies may require SIJF. A variety of
techniques and approaches have been described both open
and MIS.

Schutz et al. [3] found almost universal poor outcome
in a series of 17 patients who underwent open bilateral
fusion for PGP, with 82 % of patients reporting
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pre-op post-op Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Khurana2009 37 9 15 79 8.25 15 50.5% -42.00 [-48.18, -35.82] L
Mason2013 36.2 15.1 55 64.8 20.2 55 49.5% -28.60[-35.27,-21.93] 1
Total (95% ClI) 70 70 100.0% -35.36 [-48.49, -22.23] ‘
Heterogeneity: Tau? = 79.03; Chi? = 8.35, df = 1 (P = 0.004); |2 = 88% ’_100 _550 ' 550 100’

Test for overall effect: Z = 5.28 (P < 0.00001)

Fig. 6 Forest plot of Majeed score

unsatisfactory pain relief as measured by VAS. This poor
outcome was accounted for by the novel surgical proce-
dure used which resulted in poor quality fusion with 42 %
achieving no fusion at all. The technique used internal
fixation and decortication of the SIJ with local bone
grafting. This study was not included in the meta-analysis
because of the poor fusion rate with only 35 % showing a
definite fusion.

Wise et al. [25] in a series of 13 patients, using a MIS
posterior approach with percutaneously inserted fusion
cages and morphogenic protein, found significant pain
reduction as measured on a VAS and 89 % fusion rate.
Patient satisfaction with the procedure was high with 77 %
of patients satisfied with the result. This study was not
included in the analysis because only VAS improvement
scores were given—there was no baseline and follow-up
data.

Similarly Slinkard et al. [26] found significant
improvement in functional ability (ODI) using an open
technique in a series of 19 patients. Furthermore they found
those patients who had previous spinal fusion surgery
showed less improvement than those that did not. They
used an anterior ilioinguinal approach with autograft and
plates across the SIJ. This study was also excluded from the
analysis as only improvement scores were given.

Kibsgard et al. [4] in a case series of eight patients at
12 months follow-up found satisfactory pain reduction
(VAS), decrease in disability as measured by the ODI and
improvement in health related quality of life (SF-36), after
fusion using an open anterior approach with autologous
bone and plates, in 78 % of patients. Unfortunately they
did find three major and three minor complications in six of
the eight patients operated on. This study was not included
in the meta-analysis due to missing SD’s.

In another study by Kibsgard et al. [27], 50 patients who
underwent SIJ fusion for PGP were followed-up at 1 and
23 years after surgery. Those patients (48 %) with suc-
cessful 1 year outcomes had retained their decrease in pain
and disability as measured by VAS and ODI, respectively.
This study was not included in the meta-analysis due to
missing baseline data.

@ Springer

Favours effect Favours no effect

Cummings Jr.et al. [28] in a study of 18 patients using a
MIS technique, found favourable outcome for pain (VAS)
and functional ability (ODI) with only one complication
due to implant malposition. Patent satisfaction with the
procedure was 95 %. They used a posterior approach and
tubular implants without bone. This study was excluded
from the meta-analysis because it included data that was
subsequently included in another report from this centre
[5].

In this meta-analysis of the six studies that included
usable data, which excluded the foregoing studies, three
reported results using MIS, two used open methods, and
one study used both. The analysis has found that patients
undergoing SIJF for PGP had a statistically and clinically
significant improvement in pain relief, ODI, SF-36 and
Majeed score. The minimally clinically important differ-
ence (MCID) for VAS back pain is around 20 points [29,
30]. The meta-analysis shows a mean improvement of 55
points. Similarly, MCID for ODI is considered to be 10
points [31]. The meta-analysis for SIJF was 14.5 points.
For SF-36 PCS, 5 points is considered to be a MCID [32].
The analysis gave 19.5 points. SF-36 MCS summary score
was 8.5 which is within the range of the MCID of 7.0-15.9
[31]. There have been no studies on what is the MCID for
the Majeed score but it showed an improvement of 36
points. Both studies included in the meta-analysis for the
Majeed score showed a mean improvement from poor (37
and 36.2, respectively) to good (64.8) [18] and excellent
(79) [15].

Complications due to the surgery were low and occurred
in 16 patients out of 307 (5.2 %). For the open surgery the
rate was 5.44 and 3.49 % for the MIS methods.

The strength of our meta-analysis is that it is the first to
consider outcomes for SIJF for PGP and has been carried
out according to Cochrane guidelines. In addition, the
follow-up periods for the included studies varied from 6 to
60 months with the majority over 13 months.

Our meta-analysis has some limitations. It pools the
results of observational studies but these were the only
studies available on the topic. All the included studies were
case series. Furthermore, the number of studies available
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for meta-analysis was only six. The ODI and Majeed scores
only pooled the results of two studies.

Although this meta-analysis has shown functional and
pain outcomes to be statistically and clinically significant,
the conclusion is based upon very limited data and there-
fore its validity may be low. Providing the SIJ is
unequivocally identified as the source of pain by means of
provocative SIJ injections, SIJF appears to be a satisfactory
procedure for alleviating PGP. Further high quality studies
are needed to verify this finding.
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