
Vol.:(0123456789)

Acta Neurochirurgica          (2024) 166:43  
https://doi.org/10.1007/s00701-024-05918-1

REVIEW ARTICLE

A systematic review and update on diagnosis and treatment of new 
onset sacroiliac joint dysfunction after lumbar fusion

Helen Karimi1  · Rahul Rodrigues1 · Shrey Patel1 · Jainith Patel1 · Jacob Kosarchuk1 · James Kryzanski1

Received: 27 August 2023 / Accepted: 20 November 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Austria, part of Springer Nature 2024

Abstract
Background Sacroiliac joint dysfunction (SIJD) after lumbar/lumbosacral fusion has become increasingly recognized as the 
utilization of lumbar fusion has grown. Despite the significant morbidity associated with this condition, uncertainty regard-
ing its diagnosis and treatment remains. We aim to update the current knowledge of the etiology, diagnosis, and treatment 
of post-lumbar surgery SIJD.
Methods PRISMA guidelines were used to search the PubMed/Medline, Web of Science, Cochrane Reviews, Embase, 
and OVID databases for literature published in the last 10 years. The ROBIS tool was utilized for risk of bias assessment. 
Statistical analyses were performed using the R foundation. A Fisher’s exact test was performed to determine the risk of 
SIJD based on operative technique, gender, and symptom onset timeline. Odds ratios were reported with 95% confidence 
intervals. A p-value ≤ 0.05 was considered statistically significant.
Results Seventeen publications were included. The incidence of new onset SIJD was 7.0%. The mean age was 56 years, 
and the follow-up length was 30 months. SIJD was more common with fixed lumbar fusion vs floating fusion (OR = 1.48 
[0.92, 2.37], p = 0.083), fusion of ≥ 3 segments (p < 0.05), and male gender increased incidence of SIJD (OR = 1.93 [1.27, 
2.98], p = 0.001). Intra-articular injection decreased the Visual Analogue Scale (VAS) score by 75%, while radiofrequency 
ablation (RFA) reduced the score by 90%. An open approach resulted in a 13% reduction in VAS score versus 68 and 29% 
for SIJ fixation using the iFuse and DIANA approaches, respectively.
Conclusions Lumbar fusion predisposes patients to SIJD, likely through manipulation of the SIJ’s biomechanics. Definitive 
diagnosis of SIJD remains multifaceted and a newer modality such as SPECT/CT may find a future role. When conserva-
tive measures are ineffective, RFA and SIJ fixation using the iFuse System yield the greatest improvement VAS and ODI.
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Abbreviations
SIJ   Sacroiliac joint pain
SIJD   Sacroiliac joint dysfunction
SIJP   Sacroiliac joint pain
VAS   Visual Analogue Scale
ODI   Oswestry Disability Index
SPECT/CT   Single-photon emission computerized 

tomography
MIS   Minimally invasive
RFA   Radiofrequency ablation
LBP   Low back pain

PT   Pelvic tilt
LL   Lumbar lordosis
SS   Sacral slope
PI   Pelvic incidence

Introduction

Low back pain (LBP) has a lifetime prevalence of 65–80% in 
adults living in the USA and is a leading cause of disability 
and lost workdays [10, 39]. Thirty percent of patients with 
LBP endorse pain originating from the sacroiliac joint (SIJ) 
[4]. The SIJ is a diarthrodial synovial joint formed by articu-
lations between the ilium and sacrum that reduces the force 
load exerted by the torso on the lower body [14].

SIJ pain resulting from abnormal motion of the joint is 
known as SIJ dysfunction (SIJD) and is endorsed by 12% 
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of patients with new-onset LBP and history of successful 
lumbar spine fusion [23]. Identifying the source of pain after 
lumbar fusion is difficult, as pain may relate to pathology of 
the vertebral column, intervertebral discs, adjacent soft tis-
sue, facet joints, or the SIJ [21]. Given the rise in these pro-
cedures over the last two decades, clinicians should expect to 
increasingly encounter new-onset post-operative SIJD [12, 
44]. Accurate diagnosis of the cause of pain not only guides 
recommended treatment options but is necessary to optimize 
treatment outcomes. Despite its high prevalence, SIJD is 
likely underdiagnosed in the outpatient setting and is also 
resource-intensive, costing the healthcare system an excess 
of ~ $3000 per patient.

A dedicated review of this topic is warranted as the clin-
icopathologic features of de novo SIJD and post-operative 
SIJD differ. SIJD literature is predominantly recent, with 
most written over the past 10–12 years and lacks primary 
focus on new onset SIJD related to lumbar surgery. There-
fore, the aim of this study is to provide a synthesized and 
comprehensive update on our understanding of the etiol-
ogy, pathogenesis, diagnosis, and treatment of post-lumbar 
fusion SIJD.

Methods

A systematic review was conducted using the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines and structured according to the broad 
PECO framework [28]: Population: patients who experience 
SIJD; Exposure: lumbar/lumbosacral surgery; Compari-
son: consensus based on literature published before 2013; 
Outcome: improvement in Visual Analog Scale (VAS) and 
Oswestry Disability Index (ODI) scores.

The following terms were utilized to search the MED-
LINE (PubMed and Ovid), EMBASE, Cochrane Library, 
and Web of Science databases, starting from study concep-
tion to February 10, 2023. (“sacroiliac joint” OR “sacro-
iliac” OR “sacroiliitis” OR “sacroiliac joint dysfunction” 
OR “SIJ” OR “SIJ dysfunction” OR “SIJD” OR “SI”) AND 
(“low back pain” OR “lumbago” OR “SI joint pain” OR “SIJ 
pain” OR “sacroiliac pain” OR “lumbar pain” OR “failed 
back surgery syndrome”) AND (“surgical procedures, opera-
tive” OR “spinal fusion” OR “lumbar spine surgery” OR 
“postoperative” OR “post-operative” OR “lumbar fixation” 
OR “lumbosacral fixation” OR “lumbosacral fusion” OR 
“laminectomy” OR “discectomy” OR “vertebroplasty” OR 
“spinal decompression” OR “spinal fixation” OR “spinal 
arthrodesis” OR “sacroiliac fixation” OR “SIJ fixation”).

Literature selection

Studies were uploaded to the Rayyan systematic review 
interface [27] A de-duplication tool was utilized; studies 
with exact match title and authors were removed and poten-
tial duplicates were reviewed by H. K. The remaining studies 
were independently reviewed by H. K and R. R; discrepan-
cies were resolved by S. P.

Studies were eligible if they were conducted with human 
participants, available in English, full-text, and published 
in 2013 to present. Clinical trials, cross-sectional, longitu-
dinal, observational, cohort, case–control studies, and rel-
evant literature reviews were included. Studies assessing 
treatment options were included if they improved VAS and 
ODI scores, suggesting clinical efficacy.

Case reports, cadaveric and animal studies, unpublished 
manuscripts, abstracts, book chapters, and editorial letters 
were excluded. Studies were ineligible if participants had 
diagnoses of ankylosing spondylitis, spondylolisthesis, SIJ 
infection, pelvic ring fracture, spine malignancy, scoliosis, 
kyphosis, or Bertolotti’s syndrome. Studies with participants 
experiencing back pain not originating from the SIJ or those 
without prior lumbar/lumbosacral surgery were excluded.

Data analysis and risk of bias analysis

The following were extracted from each study: publication 
details, sample size, participant age and gender, operative 
technique, follow-up length, and spinopelvic parameters [5, 
8, 11, 13, 18, 25, 26, 31, 33–36, 43]. Outcomes were inci-
dence and time to onset of SIJD based on the pre-operative 
diagnosis, number of fused lumbar segments, and fusion to 
the sacrum. The percent change in VAS or ODI score rela-
tive to baseline was calculated. When raw data was avail-
able, a Fisher’s exact test was performed to compare the risk 
of SIJD based on operative technique, gender, and time to 
symptom onset. Odds ratios were calculated and reported 
with 95% confidence intervals. All statistical analyses were 
performed using R (The R Foundation, v 4.1.3, Vienna, Aus-
tria). A p-value ≤ 0.05 was considered statistically signifi-
cant. Data was graphically represented using MATLAB. The 
diagnosis and management flowchart illustrated in Fig. 6 was 
created using the findings of the included studies and con-
sensus reported in literature.

The risk of bias assessment was conducted using the 
ROBIS tool and is available upon request [42]. Two poten-
tial areas of bias were identified in the second phase of 
assessment and are addressed in the limitations section of 
the review.
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Results

As illustrated in Fig. 1, the search captured 1040 relevant 
articles; 361 duplicates were excluded; and the remaining 
689 were screened by abstract and title. Eighty-three were 
included for full-text review and 17 met inclusion crite-
ria. One systematic review was included for background 
information but not data analysis [9]. The incidence of 
new-onset SIJP in patients with history of lumbar/lum-
bosacral fusion was 7.0% (303 of 4329 patients) [7, 8, 15, 
18, 23, 26, 37, 38]. This has previously been reported in 
one retrospective analysis, which had an incidence of 12% 
from a sample size of 38 patients that had lumbar fusion 
[23]. The mean follow-up time in the included studies 
was 30 months, and the mean age was 56 years. The data 
extracted from easy study is shown in Table 1.

Risk factors

A pre-operative diagnosis of lumbar stenosis resulted 
in higher incidence rate of SIJD (17%) when compared 
to lumbar disc herniation (8.8%) and lumbar structural 
defects/instability (14%) [15, 37]. The incidence of SIJD 
increases with number of fused segments and is greatest in 
patients with ≥ 3 fused segments (p < 0.05). The incidence 
of SIJD when stratified by number of fused segments was: 
11% with one segment, 19% with two segments, 27% with 
three segments, and 26% with ≥ 4 segments (Fig. 2) [15, 
18, 23, 26, 37, 38]. The average incidence increased with 
fixed fusion (extended to the sacrum, 18%) when com-
pared to floating (lumbar only, 12%). (Fig. 3) [23, 36–38]. 
Patients who receive fixed fusion are at increased odds 
of developing SIJD than those who receive a floating 
fusion (OR = 1.48 [0.92, 2.37], p = 0.083). Fixed fusion 

Fig. 1  The PRISMA flowchart 
outlining the literature search 
process that was carried out. 
Figure includes which data-
bases records were identified 
from, how many records were 
excluded at each point in the 
process, and how many studies 
were included in the review. 
PRISMA, Preferred Reporting 
Items for Systematic Reviews 
and Meta-analyses

Records identified from:

PubMed (n = 216) 

Web of Science (n = 170)

EMBASE (n = 449)

Cochrane (n = 3)

Ovid (n = 202)

Records removed before 
screening:

Duplicate records removed 

(n = 280)

Records marked as ineligible 

by automation tools (n = 71)

Records removed for other 

reasons (n = 0)

Records screened

(n = 689)

Records excluded

(n = 608)

Reports sought for retrieval

(n =81)
Reports not retrieved

(n = 16)

Reports assessed for eligibility

(n = 65)

Reports excluded:

Duplicate Study (n = 1)

Publication Type (n = 2) 

Wrong Outcome (n = 30)

Wrong Population (n = 8)

Wrong Surgery (n = 5)

Outdated Duplicate (n = 2)

Studies included in review

(n = 17)

Reports of included studies

(n = 0)

Identification of studies via databases and registers

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

In
cl

ud
ed



 Acta Neurochirurgica          (2024) 166:43    43  Page 4 of 14

Ta
bl

e 
1 

 C
ha

ra
ct

er
ist

ic
s o

f i
nc

lu
de

d 
stu

di
es

 re
po

rti
ng

 o
n 

th
e 

ep
id

em
io

lo
gy

 a
nd

 p
at

ho
ge

ne
si

s o
f s

ac
ro

ili
ac

 jo
in

t p
ai

n 
af

te
r l

um
ba

r s
pi

ne
 su

rg
er

y

St
ud

y 
ID

 
(a

ut
ho

r, 
ye

ar
)

St
ud

y 
de

si
gn

St
ud

y 
ai

m
Pa

rti
ci

pa
nt

s (
n)

A
vg

. a
ge

 
(y

ea
rs

)
Fe

m
al

e 
(%

)
A

vg
. f

ol
lo

w
-u

p 
(m

on
th

s)
O

ut
co

m
es

K
al

id
in

di
 e

t a
l. 

(2
02

1)
Re

tro
sp

ec
tiv

e 
ca

se
 c

on
tro

l
Ex

pl
or

e 
th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
ne

w
-o

ns
et

 S
I 

jo
in

t p
ai

n 
fo

l-
lo

w
in

g 
TL

IF
 

fo
r d

eg
en

-
er

at
iv

e 
sp

in
e 

di
so

rd
er

s a
nd

 
ch

an
ge

s i
n 

sp
in

op
el

vi
c 

pa
ra

m
et

er
s

To
ta

l (
35

4)
G

ro
up

 A
 (3

4)
G

ro
up

 B
 (3

20
)

63
.2

40
.4

A
t l

ea
st 

6
Po

st
-o

pe
ra

tiv
e 

lu
m

ba
r 

lo
rd

os
is

G
ro

up
 A

 (5
0.

73
 ±

 11
.4

7)
; 

G
ro

up
 B

 (6
5.

86
 ±

 7.
59

), 
p-

va
lu

e <
 0.

00
1

A
pe

x 
m

ig
ra

tio
n

G
ro

up
 A

 (3
0 

ce
ph

al
ad

, 4
 c

au
da

l);
 

G
ro

up
 B

 (2
72

 n
o 

m
ig

ra
-

tio
n,

 4
 c

ep
ha

la
d,

 4
4 

ca
ud

al
), 

p-
va

lu
e <

 0.
00

1
Po

st
-o

pe
ra

tiv
e 

pe
lv

ic
 ti

lt
G

ro
up

 A
 (2

4.
93

 ±
 9.

02
), 

G
ro

up
 B

 
(1

9.
49

 ±
 6.

65
), 

p-
va

lu
e <

 0.
00

1
In

ci
de

nc
e 

of
 S

IJ
P:

 1
0.

6%
U

no
ki

 e
t a

l. 
(2

01
6)

Re
tro

sp
ec

tiv
e 

co
ho

rt
To

 d
et

er
m

in
e 

th
e 

ris
k 

fa
ct

or
s f

or
 

sa
cr

oi
lia

c 
jo

in
t p

ai
n 

af
te

r l
um

ba
r 

or
 lu

m
bo

sa
-

cr
al

 fu
si

on
. 

Sp
ec

ifi
ca

lly
, 

th
e 

eff
ec

t 
of

 fu
si

on
 

of
 m

ul
tip

le
 

se
gm

en
ts

 o
n 

th
e 

in
ci

de
nc

e 
of

 S
IJ

P 
af

te
r 

fu
si

on

To
ta

l (
30

0)
In

cl
ud

ed
 (2

62
)

Lo
st 

to
 F

/U
 

(3
8)

66
.7

61
.8

48
.5

In
ci

de
nc

e 
of

 S
IJ

P 
(#

 o
f f

us
ed

 
se

gm
en

ts
)

O
ne

 se
gm

en
t: 

8/
13

7,
 5

.8
%

Tw
o 

se
gm

en
ts

: 6
/6

0,
 1

0.
0%

Th
re

e 
se

gm
en

ts
: 5

/2
5,

 2
0.

0%
 >

 F
ou

r s
eg

m
en

ts
: 9

/4
0,

 2
2.

5%
In

ci
de

nc
e 

of
 S

IJ
P 

(fu
sio

n 
ty

pe
)

Fi
xe

d:
 8

/6
1,

 1
3.

1%
Fl

oa
tin

g:
 2

0/
20

1,
 1

0.
0%



Acta Neurochirurgica          (2024) 166:43  Page 5 of 14    43 

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y 
ID

 
(a

ut
ho

r, 
ye

ar
)

St
ud

y 
de

si
gn

St
ud

y 
ai

m
Pa

rti
ci

pa
nt

s (
n)

A
vg

. a
ge

 
(y

ea
rs

)
Fe

m
al

e 
(%

)
A

vg
. f

ol
lo

w
-u

p 
(m

on
th

s)
O

ut
co

m
es

U
no

ki
 e

t a
l. 

(2
01

7)
Re

tro
sp

ec
tiv

e 
co

ho
rt

To
 e

xa
m

in
e 

w
he

th
er

 
SI

JP
 c

ou
ld

 
oc

cu
r m

or
e 

fr
eq

ue
nt

ly
 

in
 p

at
ie

nt
s 

w
ith

 tw
o 

ris
k 

fa
ct

or
s (

m
ul

-
tip

le
-s

eg
m

en
t 

fu
si

on
 to

 
sa

cr
um

). 
SI

JP
 a

fte
r 

m
ul

tip
le

-s
eg

-
m

en
t l

um
ba

r 
fu

si
on

 w
as

 
co

m
pa

re
d 

be
tw

ee
n 

flo
at

in
g 

fu
si

on
 

(n
on

-f
us

ed
 

sa
cr

um
) 

an
d 

fix
ed

 
fu

si
on

 (f
us

ed
 

sa
cr

um
) 

pa
tie

nt
s

Fl
oa

tin
g 

(6
3)

Fi
xe

d 
(2

8)
Fl

oa
tin

g 
(7

0.
0)

Fi
xe

d 
(6

9.
6)

Fl
oa

tin
g 

(7
3.

0)
Fi

xe
d 

(7
8.

6)
Fl

oa
tin

g 
(6

1.
2)

Fi
xe

d 
(5

8.
0)

M
ea

n 
tim

e 
to

 o
ns

et
 o

f S
IJ

P
Fi

xe
d:

 3
.7

8 ±
 2.

99
 m

on
th

s
Fl

oa
tin

g:
 8

.6
3 ±

 4.
27

 m
on

th
s

In
ci

de
nc

e 
of

 S
IJ

P 
(fu

sio
n 

ty
pe

)
Fi

xe
d:

 9
/2

8,
 3

2.
1%

Fl
oa

tin
g:

 8
/6

3,
 1

2.
7%

G
ua

n 
et

 a
l. 

(2
01

8)
Re

tro
sp

ec
tiv

e 
C

oh
or

t
To

 c
la

rif
y 

th
e 

ris
k 

fa
ct

or
s 

of
 p

os
t-o

pe
r-

at
iv

e 
SI

JP
 

fo
r p

os
te

rio
r 

op
en

 lu
m

ba
r 

su
rg

er
y

To
ta

l (
59

9)
In

cl
ud

ed
 (4

72
)

Lo
st 

to
 F

/U
 

(1
29

)

42
.2

59
.5

45
.7

In
ci

de
nc

e 
of

 S
IJ

P 
(#

 fu
se

d 
se

gm
en

ts
)

O
ne

 se
gm

en
t: 

43
/3

22
, 1

3.
4%

Tw
o 

se
gm

en
ts

: 1
5/

10
7,

 1
4.

0%
Th

re
e 

se
gm

en
ts

: 3
/3

5,
 8

.6
%

 >
 F

ou
r s

eg
m

en
ts

: 4
/8

, 5
0%

In
ci

de
nc

e 
of

 S
IJ

P 
(p

ro
ce

du
re

 
ty

pe
)

D
is

ce
ct

om
y:

 2
1/

19
3,

 1
0.

9%
Po

ste
ri

or
 in

te
rb

od
y 

fu
si

on
: 

44
/2

79
, 1

5.
8%

In
ci

de
nc

e 
of

 S
IJ

P 
(p

re
-o

p 
di

ag
no

sis
)

Lu
m

ba
r s

te
no

si
s:

 2
9/

16
9,

 1
7.

2%
Lu

m
ba

r d
is

c 
he

rn
ia

tio
n:

 1
8/

17
7,

 
10

.2
%

Lu
m

ba
r s

po
nd

yl
ol

is
th

es
is

: 
18

/1
26

, 1
4.

3%



 Acta Neurochirurgica          (2024) 166:43    43  Page 6 of 14

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y 
ID

 
(a

ut
ho

r, 
ye

ar
)

St
ud

y 
de

si
gn

St
ud

y 
ai

m
Pa

rti
ci

pa
nt

s (
n)

A
vg

. a
ge

 
(y

ea
rs

)
Fe

m
al

e 
(%

)
A

vg
. f

ol
lo

w
-u

p 
(m

on
th

s)
O

ut
co

m
es

Ya
o 

et
 a

l. 
(2

02
2)

Fi
ni

te
 e

le
m

en
t 

an
al

ys
is

 
(c

om
pu

te
r 

m
od

el
in

g)

To
 d

et
er

m
in

e 
th

e 
bi

o-
m

ec
ha

ni
cs

 
of

 a
 fu

se
d 

lu
m

bo
sa

cr
al

 
sp

in
e 

th
ro

ug
h 

th
re

e-
di

m
en

si
on

al
 

m
od

el
in

g 
us

in
g 

hu
m

an
 

co
m

pu
te

d 
to

m
og

ra
ph

y 
im

ag
es

1
21

0
N

ot
 re

le
va

nt
%

 In
cr

ea
se

 in
 st

re
ss

Fl
ex

io
n:

 1
30

%
Ex

te
ns

io
n:

 4
24

%
Be

nd
in

g:
 1

68
%

Ax
ia

l r
ot

at
io

n:
 2

41
%

%
 In

cr
ea

se
 in

 c
on

ta
ct

 p
re

ss
ur

e
Fl

ex
io

n:
 1

70
%

Ex
te

ns
io

n:
 6

76
%

Be
nd

in
g:

 1
99

%
Ax

ia
l r

ot
at

io
n:

 2
03

%

N
es

si
m

 e
t a

l. 
(2

02
1)

C
ro

ss
-s

ec
tio

na
l 

ob
se

rv
at

io
na

l 
co

ho
rt 

stu
dy

D
et

er
m

in
e 

th
e 

in
ci

de
nc

e 
an

d 
ris

k 
fa

ct
or

s 
of

 S
IJ

D
 a

fte
r 

lu
m

bo
sa

cr
al

 
fu

si
on

To
ta

l (
20

69
)

 +
 fo

r S
IJ

P 
(4

7)
C

on
tro

ls
 (4

4)

58
.4

34
N

ot
 re

le
va

nt
Po

st
-o

pe
ra

tiv
e 

pe
lv

ic
 ti

lt 
(p

 <
 0.

05
)

C
on

tro
ls

: 2
7.

28
° ±

 2.
30

°
 +

 fo
r S

IJ
: 2

0.
82

° ±
 2.

19
°

Po
st

-o
pe

ra
tiv

e 
L5

 in
ci

de
nc

e 
(p

 <
 0.

05
)

C
on

tro
ls

: 3
7.

11
° ±

 3.
50

°
 +

 fo
r S

IJ
: 2

8.
64

° ±
 3.

38
In

ci
de

nc
e 

of
 S

IJ
: 3

.9
%

To
no

su
 e

t a
l. 

(2
01

9)
Pr

os
pe

ct
iv

e 
C

oh
or

t
D

et
er

m
in

e 
if 

SI
JP

 fo
llo

w
-

in
g 

lu
m

ba
r 

su
rg

er
y 

is
 

as
so

ci
at

ed
 

w
ith

 c
ha

ng
es

 
in

 sp
in

op
el

vi
c 

pa
ra

m
et

er
s

To
ta

l (
26

5)
 +

 S
IJ

P 
(8

)
66

.9
37

.5
N

ot
 re

le
va

nt
Po

st
-o

pe
ra

tiv
e 

pe
lv

ic
 ti

lt 
(p

 =
 0.

22
)

C
on

tro
ls

: 2
0.

7 ±
 7.

9°
 +

 fo
r S

IJ
: 2

4.
1 ±

 9.
1°

Po
st

-o
pe

ra
tiv

e 
sa

cr
al

 sl
op

e 
(p

 =
 0.

49
)

C
on

tro
ls

: 2
9.

5°
 ±

 8.
6°

 +
 fo

r S
IJ

: 3
1.

6°
 ±

 8.
3°

Po
st

-o
pe

ra
tiv

e 
lu

m
ba

r 
lo

rd
os

is 
(p

 =
 0.

6)
C

on
tro

ls
: 3

9.
9°

 ±
 12

.6
°

 +
 fo

r S
IJ

: 4
2.

0°
 ±

 11
.5

°
Po

st
-o

pe
ra

tiv
e 

pe
lv

ic
 in

ci
de

nc
e 

(p
 =

 0.
01

)
C

on
tro

ls
: 4

9.
9°

 ±
 10

.4
°

 +
 fo

r S
IJ

: 5
9.

4°
 ±

 11
.5

°
In

ci
de

nc
e 

of
 S

IJ
: 3

.0
%



Acta Neurochirurgica          (2024) 166:43  Page 7 of 14    43 

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y 
ID

 
(a

ut
ho

r, 
ye

ar
)

St
ud

y 
de

si
gn

St
ud

y 
ai

m
Pa

rti
ci

pa
nt

s (
n)

A
vg

. a
ge

 
(y

ea
rs

)
Fe

m
al

e 
(%

)
A

vg
. f

ol
lo

w
-u

p 
(m

on
th

s)
O

ut
co

m
es

A
l-R

iy
am

i 
et

 a
l. 

(2
01

7)
a

Re
vi

ew
 a

rti
cl

e
A

ss
es

si
ng

 th
e 

ut
ili

ty
 o

f 
SP

EC
T/

C
T 

in
 p

os
t-o

pe
r-

at
iv

e 
im

ag
in

g 
of

 a
 fu

se
d 

lu
m

ba
r s

pi
ne

12
N

ot
 re

le
va

nt

Le
e 

et
 a

l. 
(2

01
9)

Re
tro

sp
ec

tiv
e 

co
ho

rt
Th

e 
ai

m
 o

f t
hi

s 
stu

dy
 w

as
 to

 
id

en
tif

y 
th

e 
in

ci
de

nc
e 

of
 

an
d 

pr
ed

is
-

po
si

ng
 fa

ct
or

s 
fo

r n
ew

 o
ns

et
 

SI
J p

ai
n 

fo
llo

w
in

g 
su

cc
es

sf
ul

 
lu

m
ba

r f
us

io
n

To
ta

l 
(3

17
)  

+
 fo

r 
SI

J p
ai

n 
(3

8)

56
.7

55
.0

M
in

im
um

 1
2

In
ci

de
nc

e 
of

 
SI

JP
 (#

 fu
se

d 
se

gm
en

ts
)

O
ne

 se
gm

en
t: 

15
/1

35
, 1

1.
1%

Tw
o 

se
gm

en
ts

: 
13

/1
08

, 1
2.

0%
Th

re
e 

se
gm

en
ts

: 
4/

31
, 1

2.
9%

 >
 F

ou
r s

eg
-

m
en

ts
: 6

/4
3,

 
14

.0
%

In
ci

de
nc

e 
of

 
SI

JP
 (f

us
io

n 
ty

pe
)

Fi
xe

d:
 2

2/
17

4,
 

12
.6

%
Fl

oa
tin

g:
 1

6/
14

3,
 

11
.2

%

SI
JD

 s
ac

ro
ili

ac
 jo

in
t d

ys
fu

nc
tio

n,
 S

I 
sa

cr
oi

lia
c,

 S
IJ

P 
sa

cr
oi

lia
c 

jo
in

t p
ai

n,
 T

LI
F 

tra
ns

fo
ra

m
in

al
 lu

m
ba

r 
in

te
rb

od
y 

fu
si

on
, S

IJ
 s

ac
ro

ili
ac

 jo
in

t, 
SP

EC
T/

C
T 

si
ng

le
-p

ho
to

n 
em

is
si

on
 c

om
pu

te
riz

ed
 

to
m

og
ra

ph
y

a  Th
e 

nu
m

be
r o

f s
tu

di
es

 in
cl

ud
ed

 in
 th

is
 p

ub
lic

at
io

n 
is

 re
po

rte
d 

in
ste

ad
 o

f n
um

be
r o

f h
um

an
 p

ar
tic

ip
an

ts
. A

ll 
ot

he
r d

at
a 

w
er

e 
no

t c
al

cu
la

te
d 

as
 th

ey
 w

er
e 

no
t i

nc
lu

de
d 

in
 th

e 
da

ta
 a

na
ly

si
s



 Acta Neurochirurgica          (2024) 166:43    43  Page 8 of 14

also significantly shortens the time to onset of SIJD [37, 
38]. The mean time to onset in the fixed group was 3.24 ± 
2.43 months and 8.29 ± 4.78 months in the floating group 
(p = 0.040). Lastly, 20% of the males in the included 
studies developed SIJD versus 11% of females [15, 23, 
26, 33, 35, 38]. Male gender increased the odds of SIJD 
development (OR = 1.93 [1.27, 2.98], p = 0.001). The data 
extracted from easy study is shown in Table 1.

Pathophysiology

Lumbar surgery is intended to improve patients’ spinopelvic 
parameters (SPs) including pelvic incidence (PI), pelvic tilt 
(PT), sacral slope (SS), and lumbar lordosis (LL) [1, 3, 18, 
31, 40]. These parameters are interrelated and any change 
in one results in a compensatory change in the others to 
maintain sagittal alignment.

The changes in SPs may be influenced by surgical 
approach. Among the included studies, the incidence of SIJD 
was 7.0% and was associated with an increase in PT and 
decrease in PI. When fixation did not include an interbody, 
the incidence was 4.0% and was associated with a decrease 
in PT. The change in PT both scenarios differed relative 
to controls (p < 0.05) [20, 21, 23].These findings suggest 
that use of an interbody may predispose patients to SIJD — 
yet the exact mechanism relating SIJD and change in SPs 
has not been uncovered. Other relevant literature indicates 
that an increase in PT is associated with decreased capacity 
to compensate for sagittal imbalance, inducing motion of 
the SIJ, predisposing patients to SIJD [32]. Kalidindi et al. 
examined SIJD following transforaminal interbody fusion 
(TLIF), showing that patients with this complication expe-
rienced cephalad migration of the lumbar apex, which is 
linked to a decrease in PI, which, when combined with an 
increase in PT, results in pelvic retroversion and subsequent 
hip extension [18, 41]. Yao e al. carried out 3D-modeling of 
the biomechanics of the SIJ following lumbosacral fusion, 
reporting an average of 312% increase in stress on the joint 
[43]. Hip extension was reported to result in the greatest 
stress relative to flexion, bending, and axial rotation [6, 30]. 
Together, these studies suggest a model for SIJD follow-
ing TLIF procedures – limited motion of the lumbar spine 
decreases PI and SS and increases PT, leading to pelvic ret-
roversion and subsequent motion of the SIJ (Fig. 4). Table 1 
reports the data extracted from each included study.

Diagnosis

Studies that reported diagnostic methods of SIJD required 
patients to present with new onset pain in the lower lumbar/
buttocks region that was not due to other lumbar spine dis-
eases. Six studies employed one or more pain provocation 
tests for diagnosis [5, 23, 31, 34, 37, 38]. Seven studies uti-
lized intra-articular anesthetic block as a confirmatory diag-
nostic modality with a threshold of 50–70% pain relief [23, 
26, 31, 34, 36–38]. One study demonstrated novel usefulness 
of bone SPECT/CT in diagnostic imaging [2].

Conservative and surgical management

Intra-articular injection of methylprednisone and lidocaine 
was reported to decrease the VAS and ODI scores by 75% 

Fig. 2  Incidence of post-operative SIJP based on the number of fused 
lumbar segments for three different studies. A significant increase in 
SIJP is observed when comparing single-level fusion to multi-level 
fusion. SIJP, sacroiliac joint pain

Fig. 3  Incidence of post-operative SIJP based on the type of lumbar 
fusion (fixed vs floating). A significant increase in SIJP is observed 
following fixed fusion vs floating (both of which were multilevel 
fusions). SIJP, sacroiliac joint pain
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and 49%, respectively. Patients with prior lumbar surgery 
required a second injection earlier than those without this 
history (5.9 vs 11 months) [5]. Radiofrequency ablation 
(RFA) reduced the VAS and ODI scores by 90% and 60%, 
respectively [36]. SIJ fusion/fixation is another option for 
treatment of SIJD. An anterior and posterior open approach 
resulted in a 13% and 21% improvement in VAS scores, 
respectively [33]. Patients who underwent an MIS fusion 
with triangular titanium implants (iFuse Implant Sys-
tem) experienced 68–73% improvement in VAS score and 
63–71% improvement in ODI score. The MIS distraction 
interference arthrodesis neurovascular anticipating (DIANA) 
method resulted in improvement of 29% and 11.2% in VAS 
and ODI scores, respectively. These data are reported in 
Table 2 and illustrated in Fig. 5.

Discussion

Development and diagnosis

Our understanding of post-operative SIJD has progressed 
recently. Risk factors include spinal stenosis, male gender, 
and operative technique. The incidence increases when 
instrumentation is utilized, is highest when ≥ 3 segments 
are fused, and when fusion extends to the sacrum. The 
pathophysiology model of this change is defined by biome-
chanical changes in the spine, similar to proximal junctional 
degeneration [22]. Fusion limits motion of the lumbar spine 
which interferes with its capacity for compensatory changes 

to maintain sagittal balance. Although all lumbar proce-
dures may increase the risk of SIJD, it is likely that each 
surgical approach is associated with unique changes in the 
SPs, including anterior (ALIF), lateral (LLIF), posterolat-
eral (PLF), and TLIF procedures. Ahlquist et al. concluded 
that ALIF and LLIF procedures provided superior sagittal 
alignment and more drastic SP changes than TLIF and PLF 
procedures [1]. Furthermore, TLIF procedures increase PT, 
leading to pelvic retroversion and hip extension, resulting 
in increased SIJ motion and compressive forces on the joint 
(Fig. 4) [7, 18]. However, literature linking these unique 
changes in SPs to risk of SIJD is lacking, warranting further 
research.

Ultimately, the decision regarding surgical approach 
for lumbar fusion is multifaceted, requiring consideration 
of patients’ baseline SPs, as these may predispose them to 
post-operative SIJD, as well as the extent of sagittal align-
ment that is required to reduce LBP. Taken together, these 
findings emphasize how critical initial risk assessment and 
management is to prevention of post-operative SIJD when 
patients present with LBP.

Diagnosis of SIJD is challenging as pain can mimic other 
LBP syndromes, potentially resulting in inaccurate diagno-
ses, unnecessary surgery, and worsening pain. The diagnos-
tic framework of SIJD includes consideration of clinical fea-
tures, pain provocation tests, nerve block, and more recently 
imaging, as illustrated in Fig. 6. Pain is typically localized 
inferior to the posterior superior iliac spine and may be 
referred to the L5-S1 nerve distribution in a variable pat-
tern among patients [3]. A variety of pain provoking tests are 

Fig. 4  Illustration of pelvic retroversion due to changes in spinopel-
vic parameters following transforaminal interbody fusion. (Top panel) 
Dark black indicates baseline spinal alignment and light red indicates 
changes to spinal alignment following fusion. Sacral slope (a), pel-
vic tilt (b), pelvic incidence (c), and cephalad migration of the lumbar 

apex. (Bottom panel) Demonstration of decrease in sacral slope (a), 
increase in pelvic tilt (b), and decrease in pelvic incidence (c) rela-
tive to the reference line in green. SS, sacral slope; PT, pelvic tilt; PI, 
pelvic incidence
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performed including the FABER, posterior shear, Gaenslen, 
compression, distraction, and Yeoman tests [4]. Isolation of 
pain originating from the SIJ requires a positive result in at 
least two of these maneuvers. The diagnostic modality that 
is most indicative of SIJD is an image-guided intra-articular 
anesthetic block into the joint. The image-guided aspect is 
crucial, as “blind” injections are reportedly accurate only 22% 
of the time [17]. There is uncertainty regarding the degree 
of pain relief that is required for a positive response, ~ 75% 
relief is most common [36, 37]. Until recently, imaging tech-
niques were used solely to rule out other sources of pain. 
Typical CT findings consistent with (but not diagnostic of) 
SIJD include sclerosis, erosion, osteophyte formation, joint 
space narrowing, and/or intraarticular bone fragments [13]. 
However, Al-Riyami et al. recently demonstrated the utility 
of bone SPECT/CT in diagnostic imaging for SIJD, a find-
ing that should be considered by clinicians who frequently 
treat patients with post-lumbar surgery SIJD [2]. A major 
benefit of this modality is the ability to assess increased stress 
on the SIJ, as indicated by increased tracer uptake, and the 
capability of correlating changes in osteoblast activity to the 
degenerative changes in the SIJ [2, 16].

Treatment and risk management

Though evidence is mixed, conservative treatments such as 
physiotherapy and anti-inflammatory medications should 
be first-line and provide relief in most patients. When con-
servative measures are ineffective, less-invasive endoscopic 
approaches may be utilized. While nerve block was equally 
efficacious for patients with and without history of lum-
bar surgery, patients with such history required a second 

injection earlier. Furthermore, multiple RFA approaches are 
available, including cooled, thermal, pulsed and monopolar, 
and bipolar techniques. However, consensus regarding which 
technique offers the greatest benefit needs further explora-
tion [20]. In general, the success rate of RFA is variable, 
32–89% experience at least 50% pain relief for 6 months 
and 11–44% achieve full relief for 6 months [24]. Thus, ran-
domized controlled trials comparing these RFA approaches 
for patients with SIJD following lumbar surgery are neces-
sary to elongate the pain-free period and identify patients 
who may benefit from alternative treatment options.

Surgical alternatives for patients who do not benefit from 
RFA include open or minimally invasive (MIS) SIJ fixation 
to minimize motion of the SIJ. An anterior open approach 
is cited as superior to a posterior approach, as it allows for 
direct visualization of the synovial portion of the joint with-
out risking injury to the stabilizing ligaments [9]. The stud-
ies included in this review endorse non-inferiority of an MIS 
to an open approach, and in some instances, its superiority. 
This is an important finding for patients requiring re-opera-
tion, as an MIS approach is associated with reduced surgical 
morbidity and length of hospitalization and increased quality 
of life [29]. Two MIS approaches exist: iFuse Implant Sys-
tem and the distraction interference arthrodesis neurovas-
cular anticipating (DIANA) method. The DIANA method 
restores the SIJ space using a single implant, eliminating 
the need for traditional screw-based fusion while maintain-
ing comparable fusion rates, decreasing rate of infection 
and neurovascular injury [13]. While the DIANA treatment 
was found to result in a less drastic decrease in VAS and 
ODI relative to the traditional iFuse method, it is unclear 
what change in VAS and ODI is necessary for clinically 

Fig. 5  Percent decrease in ODI 
and VAS for different treat-
ment modalities in studies that 
reported each score pre- and 
post-treatment. ODI, Oswestry 
Disability Index; VAS, Visual 
Analogue Score
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significant patient satisfaction. It may be possible that patients 
who undergo the DIANA method for SIJ fixation express sim-
ilar rates of satisfaction as those receiving the iFuse method 
and would benefit from the method’s potentially superior 
control of common post-operative complications; however, 
more research in this field is necessary. This diagnostic and 
management framework is illustrated in Fig. 6.

Strengths and limitations

Strengths of this review include its adherence to the 
PRISMA guidelines, blinded review of literature, and 
focused selection of studies.

This review should be interpreted considering the fol-
lowing limitations. The authors conducted the search on 

a limited number of databases and restricted publications 
to those available in the English language, potentially and 
inadvertently missing novel findings. The search also did not 
uncover randomized controlled studies, limiting the level of 
evidence of the included studies. However, this limitation 
further reinforces the need for more research in this field. 
Second, the bias of individual studies was not specifically 
assessed, which may have a negative effect on the reliability 
of the results. However, the limitations of each individual 
study were heavily considered when analyzing their find-
ings. Lastly, it is important to note that the authors of the 
studies reporting the utility of iFuse SIJ fusion method are 
either paid consultants or employees of the manufacturing 
company of this implant system.

Fig. 6  Flowchart of important initial and subsequent considerations when diagnosing and treating patients with sacroiliac joint dysfunction fol-
lowing lumbar surgery
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Future directions and outlook

The profile of SP changes in post-operative SIJD may be 
unique to the kind of lumbar procedures patients undergo. If 
further research can establish concrete guidelines on changes 
associated with each procedure, it may be possible to incor-
porate assessment of post-operative SPs into the diagnostic 
framework of post-lumbar fusion SIJD.

It is possible that the complex pathophysiology of SIJD 
will remain a barrier to its accurate and timely diagnosis and 
treatment. Thus, it may be necessary to shift focus to risk 
mitigation and consider which patients are true candidates 
for lumbar fusion and who may benefit from concurrent SIJ 
fixation. Some researchers have proposed that patients who 
develop post-lumbar surgery SIJD were likely misdiagnosed 
and should have received SIJ fixation instead [23]. Overall, 
adequate patient counseling and monitoring is necessary for 
patients who undergo lumbar surgery.

Conclusions

Sacroiliac joint dysfunction following lumbar fusion is an 
increasingly pertinent topic due to a sharp uptick in lumbar 
fusion procedures in the recent past. This review supports the 
consensus that history of lumbar fusion predisposes patients 
to post-operative SIJD and suggests that this risk occurs due 
to changes in the biomechanics of the SIJ. Unlike other papers 
addressing this growing issue, this review synthesizes multi-
ple aspects of SIJD and presents them in one place. Specifi-
cally for pathophysiology, this review consolidates incomplete 
information and provides a more holistic view of the new 
development of post-operative SIJD. Risk factors, provided 
with odds ratios that have not previously been reported in the 
literature, include pre-operative diagnosis of spinal stenosis, 
male gender, utilization of instrumentation in surgery (e.g., 
interbody), fusion of ≥ 3 segments, and fusion extending to 
the sacrum. The exact pathophysiology of SIJD development 
may be unique among various surgical approaches. TLIF pro-
cedures may increase PT resulting in pelvic retroversion and 
increased SIJ motion. Definitive diagnosis of SIJD remains 
challenging, with a multifaceted approach including pain 
provocation tests and intra-articular block being standard 
while newer modalities such as SPECT/CT may find a future 
role. When conservative measures are ineffective, RFA and 
MIS SIJ fixation, using the iFuse System, result in greatest 
improvement in patient-reported outcomes.
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