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A Focused Review

The Sacroiliac Joint: 
Anatomy, Physiology and Clinical Signifi cance

The sacroiliac joint (SIJ) was con-
sidered the primary source of low back 
pain in the early 20th century (1). It 
became overshadowed by the herni-
ated nucleus pulposus after the hall-
mark 1934 article by Mixter and Barr 
(2). Mounting evidence on computed 
tomography (CT), magnetic resonance 
imaging (MRI), and scintography dem-
onstrating destructive, inflammatory, 
and degenerative pathology (3-9) sug-
gests that the joint should again be con-
sidered a potential source of low back 
pain. Provocative and palliative intra-
articular injections have validated the 
SIJ as the pain generator in a subset of 
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patients. Nevertheless, information per-
taining to the SIJ is sparse within med-
ical textbooks and courses. Therefore, 
this article serves to highlight the key 
elements of anatomy, biomechanics, ki-
netics, diagnosis, and treatment of SIJ-
mediated pain.

STRUCTURAL ANATOMY

The SIJ is a true diarthrodial joint: 
matching articular surfaces separated by 
a joint space containing synovial fluid 
and enveloped by a fibrous capsule (5-
7,10-15). It does, however, have unique 
characteristics not typically found in 
other diarthrodial joints. The SIJ has fi-
brocartilage in addition to hyaline car-
tilage (16). There is discontinuity of 
the posterior capsule. Rather than be-
ing smooth, the articular surfaces have 
many ridges and depressions that min-
imize movement and enhance stability. 
Primary stability, however, is attributed 
to the many adjacent ligaments. There 
are several myofascial structures that in-
fluence movement and stability, the most 
notable of which are the latissimus dorsi 
via the thoracolumbar fascia, the gluteus 
maximus, and the piriformis (17,18). 

Innervation
 Historically, information on the in-

nervation of the sacroiliac joint has been 
sparse and variable. There is no mention 
of it in Gray’s Anatomy (19-21). Solonen 
(22) examined data from earlier stud-
ies (1857-1944) that collectively identi-
fy branches from the lumbosacral plex-
us, superior gluteal nerve, dorsal rami of 
S1 and S2, and obturator nerve. Cunning-
ham’s Textbook of Anatomy states, “The 
sacroiliac joint is supplied: (1) by twigs di-
rectly from the sacral plexus and the dor-
sal ramus of the first two sacral nerves; 
and (2) by branches from the superior 
gluteal and obturator nerves” (16,21). 

Nagakawa (23) reported that nerve 
filaments to the joint are derived from 
the ventral rami of L4 and L5, the supe-
rior gluteal nerve, and the dorsal rami of 
L5, S1, and S2. Another study concluded 
that the superior ventral portion of the 
joint is innervated mainly by the ventral 
ramus of L5; the inferior ventral portions 
are mainly supplied by the ventral ramus 
of S2 or branches from the ventral rami of 
the sacral plexus; the superior dorsal por-
tion is innervated mainly by the dorsal ra-
mus of L5; and the inferior dorsal portion 
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is supplied by a plexus derived from the 
dorsal rami of sacral nerves (21,24). 

In contrast, Grob et al (25) found 
that the innervation of the sacroiliac 
joint is almost exclusively derived from 
the sacral dorsal rami. Dissections of fe-
tal pelvises confirmed that innervation 
of the SIJ originates in the dorsal rami 
because neurofilaments were noted sole-
ly in the dorsal mesenchyme (21,25). Re-
search generated by one author (JF) of 
this paper supports this observation: ar-
eas of hypoesthesia were found only in 
the distribution of the sacral dorsal rami 
after intra-articular anesthetic injection 
(21,26). 

Histologic analysis of the sacroiliac 
joint has verified the presence of nerve fi-
bers within the joint capsule and adjoin-
ing ligaments. Samples of capsular liga-
mentous tissue from the ventral aspect of 
the SIJ were obtained from macroscopi-
cally normal but chronically painful SI 
joints. The tissue was examined micro-
scopically and revealed both nerve fas-
cicles and individual axons (21,27). The 
nerve fascicle contained both myelinat-
ed and unmyelinated nerve fibers, two 
morphotypes of paciniform-encapsulat-
ed mechanoreceptors, and a single non-
paciniform mechanoreceptor (21,27-30). 
This would strongly suggest that both 
pain and proprioception are transmitted 
from the SIJ (17,21,26,28-30). 

Furthermore, communication exists 
between the SIJ and nearby neural struc-
tures (3). Patterns of extracapsular extrav-
asation from the SIJ have been observed 
on post-arthrography CT (3). These in-
clude posterior extension into the dorsal 
sacral foramina, extravasation into the L5 
epi radicular sheath via the superior re-
cess, and ventral leakage into the lumbo-
sacral plexus (3,27). It is plausible that in 
the setting of capsular disruption, inflam-
matory mediators could leak from the SIJ 
to the nearby neural structures. If so, SIJ 
pathology could explain radicular pain in 
certain patients (3,27). 

BIOMECHANICS

The sacrum is wedge-shaped in 
both rostrocaudal and ventrodorsal di-
mensions (5,31). This “keystone” con-
figuration functions with the many 
sacral ligaments to prevent displacement 
(5,15,19,32,33). As previously men-
tioned, the many small ridges and de-
pressions present on the articular sur-
faces also serve to optimize joint stabil-

term, nutation, denotes sacral base move-
ment anteroinferior in relation to the ile-
um (5,52). During counter nutation, the 
sacral base moves posterosuperior (5,52) 

(Fig. 1). These motions occur with lum-
bosacral extension and flexion, respective-
ly (5). However, there is gross incongruity 
among various reports pertaining to the 
position of the instantaneous axes of ro-
tation, the extent of movement, and the 
existence of motion in other dimensional 
planes (5,38-40,43,46-47,50,51). 

Clinical Considerations
Several mechanisms of injury may 

be linked to the development of SIJ pain, 
including a direct fall on the buttocks, a 
rear-end motor vehicle accident (with the 
ipsilateral foot on the brake at the mo-
ment of impact), a broadside-type motor 
vehicle accident (via a blow to the lateral 
aspect of the pelvic ring), and a step into 
an unexpected hole or from a miscalculat-
ed height (5,6,17). Additionally, the past 
medical history and review of systems 
should be noted for such conditions in-
cluding polyarthritis, lumbar fusion sur-
gery, and gravida/para. All patients with 
suspect presentations of SIJ pain should 
have the necessary laboratory and radio-
logic work-up for spondyloarthropathic, 
metabolic, or infectious etiologies.

Pain diagrams can be useful. The SIJ 
commonly refers pain in a rectangular 
pattern approximately 3 x 10 cm just in-
ferior to the posterior superior iliac spine 
(27,53,54). This often predicts which pa-
tients will respond to provocative and pal-
liative SIJ injections. 

ity (5,10). They develop in response to 
stress and vary among individuals. SIJ 
differences exist between the sexes and 
are most predominant in the second and 
third decades of life (34). Male sacroili-
ac development is a functional adapta-
tion to cope with major forces (34), and 
a thickening of ligaments results in de-
creased mobility. Hormonal influences in 
females increase pelvic ligamentous laxi-
ty (34), resulting in relatively hypermo-
bile SIJs for the purpose of childbirth.

The SIJ is 20 times more vulnerable 
to axial compression failure and twice as 
susceptible to axial torsion overloading 
than are the lumbar motion segments 
(5,14,15,34,35). Imbalanced or unilat-
eral loads may jeopardize the interlock-
ing sacral mechanics by impeding bal-
anced transiliac bony fixation and liga-
mentous tension across the “keystone” 
(5,32,33,35). Miller et al (15) discovered 
a threefold increase in sacral rotation 
with both ilia fixed versus a 2- to 8-fold 
increase in sacral rotation upon loading 
with one ilia fixed (5,36). Hence, ath-
letes and workers participating in activ-
ities requiring repetitive, unidirectional 
pelvic shear and/or torsional forces (e.g., 
figure skaters) may have a higher pro-
pensity to develop sacroiliac joint dys-
function (5,37).

KINEMATICS

Conventional wisdom has held fast to 
the notion that the SIJ is immobile. How-
ever, studies have demonstrated a screw-
axis motion of simultaneous sagittal plane 
rotation and translation (5,15,38-51). The 

Fig. 1. A. Nutation denotes sacral base movement anteroinferior in relation 
to the ileum.
B. Counternutation represents sacral base movement posterosuperior in 
relation to the ileum.
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Unfortunately, there are few find-
ings that are pathognomonic for most 
causes of low back pain (20,31). Pal-
pation, provocation/palliation maneu-
vers, and special tests have yielded rather 
low sensitivity and/or specificity for de-
tecting a pathological SIJ (17,31). Phys-
ical findings that are suggestive include: 
positive Fortin Finger test (6,17,31,55) 

(Fig. 2); positive seated flexion-standing 
test, or Gillet’s test for aberrant sacroiliac 
motion; pain provocation with Patrick’s 
maneuver; positive Gaenslen’s test; pos-
itive distraction and compression tests; 
and tenderness over the ipsilateral sac-
roiliac joint, sacrotuberous ligament, 
piriformis muscle, and pubic symphysis 
(5,17,31,55,56). 

The diagnosis of sacroiliac joint 
pain may be made by controlled diagnos-
tic blocks utilizing IASP criteria (57-62). 
The prevalence of sacroiliac joint pain has 
been demonstrated as 10% to 19% in pa-
tients with symptoms of suspected sac-
roiliac joint pain by a double block par-
adigm (57-62). The false-positive rate of 
single, uncontrolled, sacroiliac joint injec-
tions was reported as 20%. The evidence 
for validity of sacroiliac joint nerve blocks 
is limited (57,61). However, the medical 
history, physical examination, and radio-
graphic evaluation have been shown to 
yield mixed results in the diagnosis of sac-
roiliac joint pain (4-9,64-67)

abling a progressive return to activity. Pa-
tients wearing SIJ orthoses may experi-
ence mild headache or interscapular pain 
as their axial skeletons seek a homeosta-
sis with a new center of gravity (5). These 
symptoms should abate within the first 3 
weeks of proper use and therapeutic exer-
cise if other causes are eliminated. 

Injections
If conservative treatment fails, SIJ in-

tra-articular injections should be consid-
ered not only as a therapeutic interven-
tion but also to confirm the diagnosis (5-
7,17). Reproduction of symptoms upon 
distension of the joint capsule and/or mit-
igation of symptoms by analgesic block is 
the most reliable and reproducible means 
by which a pain-generator can be identi-
fied (5-7,53,54,57-63,78-81). 

Selection should be reserved for 
those patients who have not responded to 
aggressive, conservative treatment or who 
have reached an unsatisfactory plateau 
(6,82). In these cases, SIJ injection may af-
firm the diagnosis, avoid unnecessary sur-
gery, reduce pain, and facilitate rehabilita-
tion (6,82). 

In order to optimize diagnostic and 
therapeutic certainty fluoroscopy must 
be employed. “Blind” injections are un-
likely to reach the joint space (6,7,82,83). 
A study involving “experienced” spinal in-
terventionalists revealed that among those 
performing “SIJ injections” without fluo-
roscopic guidance only 12% were success-
ful in cannulating the joint (84). Hansen 
(85) and Rosenberg et al (86) also showed 
successful placement of the needle in a low 
number of patients without fluoroscopy 
with extravasation. Under image guid-
ance, a standard 22- or 25-gauge, 3.5-inch 
spinal needle is generally used (6,7,53). 
Skin and subcutaneous tissues are anes-
thetized with 1% lidocaine (6,7). Con-
trast medium is used for needle position 
verification, provocation, and arthrogra-
phy (6,7). Nonionic contrast agents (e.g., 
iohexol and iopamidol) at concentrations 
of 240-300 mg per ml are preferred be-
cause they carry less potential for allergic 
reactions (6,7). The authors (JF and MW) 
prefer to use a 2:1 mixture of 0.75% bupi-
vacaine and betamethasone for intra-ar-
ticular analgesia.

The patient is prepped follow-
ing sterile procedures and draped in the 
prone position. The spinal needle is di-
rected toward the inferior aspect of the 
sacroiliac joint using a direct posterior ap-

TREATMENT

Conservative treatment should in-
clude cold application, anti-inflammatory 
medication, and relative rest in the acute 
stages. Once pain has subsided, further ef-
forts should be employed to restore nor-
mal mechanics, including: manual medi-
cine techniques (52,68-71); pelvic stabi-
lization exercises to allow dynamic pos-
tural control (37,72,73); and muscle bal-
ancing of the trunk and lower extremities 
(5,15,17,48,49).

Muscle balancing efforts should con-
centrate on the powerful two-joint mus-
cles around the sacroiliac joint (e.g., glu-
teus maximus and biceps femoris) as they 
exert shear and torsion loads propor-
tional to the strength of their contrac-
tion (5,14,15,49). Vleeming et al (48,49) 
have documented that muscles attached 
to the sacrotuberous ligament (i.e., glu-
teus maximus and, in some individuals, 
biceps femoris and piriformis) can sig-
nificantly limit ventral rotation (i.e., nu-
tation). The clinical relevance of Vleem-
ing’s work may be seen in a patient with 
a flexed sacrum (69) or ventral capsular 
tear (53), tight psoas muscles, and weak 
gluteus/hamstrings (5). This individual 
will require correction of the imbalance 
to impede aberrant sacroiliac motion and 
loading. 

Impact loading exercises, such as 
plyometrics or the use of a Heiden board 
should be implemented in the final stages 
of the rehabilitation process (5,37,72,74). 
The patient must have demonstrat-
ed proper pelvic control during less de-
manding activities or exacerbation will 
likely result.

SIJ belts or pelvic stabilization or-
thoses will provide confidence and pro-
prioceptive awareness for sacroiliac joint 
dysfunction sufferers. Properly position-
ing the belt directly superior to the great-
er trochanters can significantly limit sac-
roiliac motion and thereby decrease pain 
(5,75,76). Orthotic options range from 
the application of water-resistant tape, 
cinch-type belts, three-point pelvic stabi-
lization orthoses with transiliac fixation, 
and sophisticated antigravity “leverage” 
devices which purportedly rotate the sa-
crum anteriorly and the ilium posterior-
ly (5,77). The particular type of orthosis 
should be chosen based on comfort, activ-
ity, and the severity of the patient’s condi-
tion. The brace should be used as an ad-
junct to the rehabilitation process, en-

Fig. 2. The Fortin fi nger test. 
A positive Fortin fi nger test is 
confi rmed when a patient points to 
the area of  pain just medial and 
inferior to the posterior superior 
iliac spine. Radiographically, this 
area lies directly over the sacroiliac 
joint.

.
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proach (6,7,53). The usual portal of entry 
is the inferior one-third of the joint where 
a lucent space should allow the least re-
sistance upon needle passage. There may 
be two or more “limbs” of the joint, be-
cause the joint is laterally divergent from 
its posterior to anterior borders and has 
interdigitations. In this instance, the me-
dial or posterior division is the most ame-
nable to cannulation. When the inferior 
aspect of the joint cannot be entered, the 
joint can be accessed through the deeper, 
more rostral aspect. Rotating the C-arm 
side to side in the axial plane (or rolling 

the patient obliquely 5-10o when using an 
overhead fluoroscopy unit) will permit a 
better three-dimensional perspective of 
the joint and enable selection of the “win-
dow” for optimal needle trajectory. Once 
the dorsal sacroiliac and interosseous liga-
ments are engaged, the needle often takes 
a characteristic bend because it conforms 
to the interdigitating contours of the di-
arthrodial joint. This phenomenon is of-
ten preceded by a subtle tactile sensation 
of “giving way” at the needle hub as the 
needle purchases and then penetrates the 
ligaments to enter the joint. If bony resis-
tance is met and the needle is not yet with-
in the joint margin, the needle should be 
withdrawn slightly without becoming dis-
engaged. Subsequent needle advancement 
while simultaneously rotating it around 
its own longitudinal axis will allow it to 
deflect and conform to the joint margins . 

Instillation of contrast medium 
should outline the coin-shaped inferior 
recess on anteroposterior (AP) projection 
and produce the unique auricular shape 
on the oblique view to confirm cannula-
tion (6,7,83). If only provocation and ar-
thrography are desired, further contrast is 
instilled to a volume commensurate with 
firm end-point resilience or extravasation. 
Provocation responses are then recorded. 
Transient, pressure-type buttock discom-
fort is a negative response in contrast to 
the intense buttock pain produced upon 
stimulating a symptomatic SIJ (6,53). 

For analgesic injections, contrast 
volume should be just enough to con-
firm placement. The capacity of the SIJ is 
only 1.08 mL (standard deviation 0.29ml) 
(3,6,74). Thus, the practitioner must also 
allow room for the analgesic and cortico-
steroid. 

SIJ arthrography may disclose ab-
normalities in capsular morphology that 
encompasses discrete attenuated areas, 
schisms, frank tears, and diverticula vary-
ing in size, shape, and number (6,7) (Fig. 
3). Communication pathways between 
the SIJ and neural elements (described 
previously) may become evident, perhaps 
explaining radicular pain beyond the usu-
al SIJ-referred region seen in a subset of 
patients (3). Both plain film and CT ar-
thrography are helpful in evaluating nor-
mal and aberrant morphology. Plain films 
optimally display diverticula, whereas CT 
is superior in identifying anterior capsu-
lar tears, extravasation, and communica-
tion (4) (Fig. 4). Parenthetically, the pres-
ence of structural pathology does not ab-

solutely ensure the presence of a physio-
logical painful condition.

Under fluoroscopy, the AP view 
demonstrates the inferior recess of the 
joint, contrast within the joint margins, 
and any subligamentous or inferior recess 
extension (6,7). The oblique (en-face or 
auricular) view is essential in delineating 
contrast in relation to the joint borders 
(6,7). It will reveal diverticula and ven-
tral capsular tears. The lateral view dem-
onstrates posterior ligamentous extrava-
sation, diverticula, and ventral tears (6,7). 
If bilateral arthrograms are obtained, an 
“offset” lateral (10°-20° from a true later-
al projection) will allow a comparison of 
both capsular borders on one film (6,7). 
As the result of beam attenuation in the 
lateral projection, ventral tears and diver-
ticula are not as sharply resolved as in the 
en-face view (6,7). At times, the opposite 
oblique view can add additional informa-
tion including contrast within the supe-
rior joint space, superior recess extrav-
asation, an outline of some diverticula, 
and confirmation of extravasation from 
the inferior recess or anteroinferior cap-
sule (6,7).

Following SIJ arthrography, patients 
should be monitored following injec-
tion for at least 15-20 minutes while vi-
tal signs are obtained and fluids provid-
ed. If desired or indicated, post-arthrog-
raphy CT should be performed within 1-
2 hours of injection of the contrast medi-
um (6). Post-procedure instructions in-
clude relative rest and application of ice 
to the affected area. Driving, manual la-
bor, and sports activities are discouraged 
the day of the procedure. Most patients 
may resume their usual activities with-
in 24 hours. An instruction sheet should 
be provided that gives emergency phone 
numbers and details the warning signs of 
infection. A majority of patients can be 
safely discharged 1-2 hours following the 
procedure. They should be instructed to 
complete a post procedure pain journal 
to be reviewed at their next follow-up ap-
pointment. 

Systematic review of evidence for the 
effectiveness of intra-articular injections 
was shown to be limited (57). This study 
utilized the available studies published 
prior to 2004 (87-89).

Radiofrequency Neurotomy
Significant but temporary relief fol-

lowing intra-articular injections may 
warrant consideration of radiofrequency 

Fig. 3. Ventral capsular and anterior 
sacroiliac ligamentous tear on an 
oblique sacroiliac joint arthrogram. 
The smooth line of  contrast 
demarcating the anteroinferior capsule 
(closed arrows), is interrupted by a 
tear in the anterior capsule (open 
arrows), allowing extravasation of  
contrast medium. 
5 = L5 pedicle. 1 = S1 pedicle

Fig. 4. Post sacroiliac joint arthro-
graphy/CT verifi es a right ventral 
tear noted on plain fi lm.
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neurotomy. This is analogous to the in-
terventional algorithm for treating facet 
syndrome (61). A few retrospective and 
prospective case studies have been per-
formed, but no controlled studies have 
yet been attempted. Preliminary results 
suggest a modest success rate. Ferrante et 
al (90) reported 12 of 33 patients (36.4%) 
with at least 50% reduction in pain last-
ing at least 6 months following sacral lat-
eral branch RF denervation. A study by 
Yin et al (91) reported 60% improvement 
or greater for more than 6 months. They 
targeted the lateral branches of the S1, 
S2, and S3 dorsal rami (91). Collectively, 
the reported complications were few and 
included transient dysesthesia and hypo-
esthesia over the buttocks (91).

The limited success rates have been 
attributed to course variability of the in-
nervating lateral branches (80). Dispute 
also remains over the exact innervation 
of the SIJ. As a result, there is no validated 
method for denervating the SIJ.

Evidence synthesis by McKenzie-
Brown et al (57) showed limited evidence 
for the effectiveness of radiofrequency 
neurotomy in controlling chronic sacro-
iliac joint pain. 

Prolotherapy 
Prolotherapy treatment is based 

on the traditional orthopedic principle 
of stabilizing weakened joints and lig-
aments (92). In cases where sacroiliac 
joint dysfunction has been diagnosed by 
intra-articular injection but fails to re-
spond to physical therapy modes of sta-
bilization, a trial of prolotherapy may be 
considered. Dorman and co-workers ob-
served in vitro that injecting chemical 
irritants into ligamentous tissue incites 
collagen proliferation (93). Theoretical-
ly, scarring and tightening of the liga-
ments results in stabilization of the joint. 
In 1937 Earl Gedney (94) injected a hy-
permobile sacroiliac joint with sclerosing 
agents, resulting in satisfactory results 
(93). George Hackett (95) perfected this 
technique in 1958 by serially injecting sa-
line and glucose solutions to the SIJ lig-
aments (93). Klein studied this phenom-
enon in 1989 and concluded that prolo-
therapy improves range of motion and 
reduces pain and disability (93). 

Drawbacks to this method of treat-
ment include multiple injections, potential 
for considerable post-injection pain, and 
general lack of research as to efficacy (96). 

Cryotherapy
Cryotherapy is another potential 

treatment for sacroiliac joint dysfunc-
tion. The lateral branches of the sacroil-
iac joint are exposed to liquid or gas ni-
trogen, resulting in necrosis analogous to 
RF lesioning (97,98). It can also be used 
to cause an inflammatory response within 
the capsular ligaments as a means of pro-
lotherapy (97). 

No controlled studies have been per-
formed as a treatment remedy for SIJ me-
diated pain. Limitations are similar to that 
of RF.

Surgical Treatment
Arthrodesis of the sacroiliac joint 

for chronic, non-traumatic, painful dys-
function is controversial but may be con-
sidered if all non-surgical treatments 
have failed (99,100). Moore found a 
75% success rate for modified Smith-
Pederson fusion involving atlanto-oc-
cipital screw fixation (99). Complica-
tions include infection, radicular irrita-
tion and pseudoarthrosis. Clinical judg-
ment should be used if lumbar spine pa-
thology coexists with sacroiliac joint dys-
function (99). 

CONCLUSION

 The SIJ is a potential pain genera-
tor that must be considered within the 
differential diagnosis of low back pain. 
Failure to recognize and treat SIJ-medi-
ated pain will result in unsatisfactory out-
comes in a subset of patients who suffer 
low back pain. Standard clinical evalua-
tion techniques are often limited in pro-
ducing concrete evidence of SIJ pain. In-
tra-articular injection provides the best 
means of obtaining diagnostic certain-
ty when performed correctly. This re-
quires fluoroscopic guidance and metic-
ulous technique. The information gener-
ated from plain film and CT arthrography 
can provide valuable details of the anat-
omy as well. However, radiographic find-
ings must be correlated with the provoca-
tion and/or analgesic response to be sig-
nificant. Initial treatment should always 
encompass more conservative measures. 
SIJ analgesic injections may be indicat-
ed in patients who fail to respond sat-
isfactorily. Finally, treatment of chronic 
SIJ pain by RF denervation, prolothera-
py, and cryotherapy may hold promise for 
a more lasting effect, but further study is 
warranted.
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