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v

 This textbook is a fi rst of its kind in the medical surgical literature. Despite 
the fact that surgeries on the painful, relatively stable, sacroiliac joint have 
been discussed in the literature for almost a century, there has never been a 
textbook written to bring all this information together for the surgeon or for 
the clinician dealing with surgical options for intractable sacroiliac joint pain. 
The authors creating this detailed discussion have very early on understood 
that the sacroiliac joint does cause pain, that this pain can be extremely dis-
abling, and that in our modern medical society it is still grossly ignored or 
misunderstood. These practitioners have each spent a considerable portion of 
their careers working to further understand the painful, dysfunctional sacro-
iliac joint and creating ways, both conservative and surgical, to help patients 
with this diagnosis. This book shares with its audience the vast knowledge 
base that is being amassed concerning sacroiliac joint pain, the severe dis-
ability it can cause, associated pathological conditions, ways to navigate 
through making a defi nitive diagnosis and creating a valid treatment plan, 
multiple ways to operate on this joint and avoid the multiple pitfalls that may 
present themselves, and how to rehabilitate the postoperative patient with this 
condition. The authors are all very excited to share their years of experience 
treating patients with disabling pain from a dysfunctional sacroiliac joint and 
hope, as a result of reading this material, that surgeons and clinicians will 
develop the necessary learning to proactively be diagnosing and appropri-
ately be treating this condition in their respective practices.  

  Kalamazoo, MI, USA     Bruce     E.     Dall, M.D.     

  Pref ace    
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            Introduction 

 This chapter defi nes the diagnosis of “dysfunc-
tional sacroiliac joint” and explains why a book 
on this subject matter is needed in the literature. 
It covers high points in the surgical history of 
treatment for a sacroiliac joint (SIJ) having this 
diagnosis and the evolution of that treatment dur-
ing the past century. After discussing what this 
book intends to cover, the sources for the material 
covered in this book are explained. The objec-
tives hoping to be accomplished for both the sur-
geon treating a dysfunctional SIJ and the therapist 
rehabilitating a patient after surgical intervention 
are discussed.  

    Defi nition of a Dysfunctional 
Sacroiliac Joint 

 The defi nition that will be used in this book for 
the dysfunctional SIJ is “a SIJ that is chronically 
painful, essentially stable, and has become dis-
abling to the patient” [ 1 ,  2 ]. It will be understood 
that there are a myriad of causes for a SIJ to 
become dysfunctional, each of which will be 
discussed (Chap.   5    ); however, acute fracture, 
infection, and tumor will not be considered in 
this book as each of those represents entities that 
have their own well-discussed treatment meth-
ods in the literature and surgical treatments dis-
cussed here, in general, will not apply.  

    Current Literature 

 Currently, there are no surgical textbooks avail-
able that discuss surgery for the painful, stable, 
dysfunctional SIJ despite the fact that surgery has 
been performed for this diagnosis for almost a 
century. The fi rst publication discussing surgery 
was by Smith-Pedersen in 1926 [ 3 ]. It was pub-
lished when most all low back and radiating leg 
pain was considered to be emanating from the 
SIJ. In 1934, when Mixter and Barr published 
their landmark article on the injured herniated 
lumbar disk, the SIJ as a pain generator slipped 
into obscurity [ 4 ]. This continued until the 1980s 
when the SIJ once again made its debut in the 

        B.  E.   Dall ,  M.D.      (*) 
  Neurosurgery of Kalamazoo ,  Borgess Brain 
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 surgical literature as a cause for chronic pain [ 5 ]. 
Since that time, there has been a steady increase 
of papers on surgery for the dysfunctional SIJ; 
however, the majority of these have consisted of 
series of cases followed retrospectively (Chap.   2    ).  

    The FDA and Surgery 
for the Sacroiliac Joint 

 In 2008, the Federal Drug Administration (FDA) 
granted a 510(k) to SI-BONE, Inc. for the iFuse™ 
minimally invasive SI Joint Fusion System to 
treat conditions including degenerative sacroili-
itis and SIJ disruptions [ 6 ]. The 510(k) designa-
tion makes it possible for corporations to get a 
device into the market quickly for far less cost 
than the other option of “pre-market approval” 
which typically entails spending tens of millions 
of dollars and potentially delays getting a device 
into the market for several years. The SI-BONE 
surgical method is a lateral approach and is simi-
lar to the approach used for decades by trauma 
surgeons to stabilize an acutely fractured 
SIJ. Since 2008, there have been several other 
surgical device companies that have also obtained 
a 510(k) clearance for their laterally placed fi xa-
tion/fusion devices. Surgeons now have effective 
minimally invasive surgical treatment options for 
elective SIJ fusion. For the fi rst time, because of 
the availability of these minimally invasive solu-
tions, many surgeons are now interested in and 
aware of the SIJ as a pain generator. And as a 
result of the above, many surgeons and other 
health-care providers now include the evaluation 
of the SIJ in their diagnostic evaluation of patients 
with lower back pain.  

    Current Education and Societal 
Commitments for This Condition 

 The SIJ is a subject matter that is thoroughly 
taught in universities of osteopathy, anesthesiol-
ogy, physical therapy, physiatry, and chiroprac-
tory. The anatomy and physiology are taught as 
well as a multitude of clinical diagnostic methods 
and conservative treatment regimens to include a 

multitude of invasive types of varied injections. 
It has been and currently remains a very ignored 
entity in the disciplines of orthopedic surgery, 
orthopedic spine surgery, and neurosurgery, even 
though it is the lowest joint in the spine and a key 
joint in the pelvis. At the time of this writing, no 
surgical society has laid claim to the dysfunctional 
SIJ [ 6 ]. This will change as the old myths con-
cerning the lack of pain generation from this joint 
continue to be dispelled, as more and more SIJ 
injections by pain management doctors are found 
to be giving temporary relief and as patients con-
tinue to be more and more self- educated via the 
Internet and seeking out surgeons with an interest 
in treating the painful dysfunctional SIJ.  

    Sources of Information for This 
Textbook 

 The sources for the information covered in this 
textbook are varied. It should be reiterated that 
there are no textbooks on the subject and the lit-
erature is lacking in prospective and randomized 
studies from which to ascertain solid information 
about both conservative treatment and fusion for 
the dysfunctional SIJ. Thus, we have to rely on 
individuals and institutions, of which there are 
several, that have long been involved in the diag-
nosis and treatment of this dysfunctional joint 
and have pursued continued research to further 
their ongoing learning experience. The Borgess 
Brain and Spine Institute (BBSI, Kalamazoo, MI; 
Fig.  1.1 ) has been involved in diagnosing and 
treating, both conservatively and surgically, the 
dysfunctional SIJ since 1991. Long before that, it 
was involved surgically with this joint in terms of 
trauma and infection.  

 Since 1991, BBSI has generated several publi-
cations in peer review journals [ 7 – 10 ], created an 
algorithm for the diagnosis and treatment of the 
dysfunctional SIJ [ 11 ], devised new methods of 
approach to the SIJ, invented new types of SIJ 
fi xation, and worked with engineers in the 
cadaver lab to further understand the biomechan-
ics of the ligament injured SIJ (Chap.   4    ). As a 
result, the BBSI has become an international 
referral center for patients with the diagnosis of a 
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dysfunctional SIJ. It should be noted that many of 
the surgeries and illustrations from BBSI in this 
textbook represent our posterior oriented surgical 
experience prior to 2008 and the subsequent 
development of adequate lateral instrumentation 
to perform straight lateral minimally invasive 
fusions. The posterior midline approach was used 
extensively by us for the treatment of the dys-
functional SIJ for many years as the only other 
option available was the trauma way of placing 
two screws laterally across the joint with no real 
fusion as part of the process. Since the advent of 
very good lateral fi xation devices, the current 
main operation now being used at BBSI is the 
minimally invasive lateral approach. As a result 
of having such a varied surgical history with 
the SIJ, BBSI is in the unique position of being 
able to choose between multiple techniques to 
obtain the desired fusion of the SIJ depending 
on the individual circumstances of the patient. 
These different circumstances will be discussed 
throughout this book, as well as the many varied 
ways to approach, instrument, and fuse the SIJ. 

 The authors responsible for the creation of this 
textbook comprise between them over 80 years 

of performing surgeries on the dysfunctional SIJ 
and bring their collected experience of thousands 
of patients from major referral centers covering 
all parts of the country. Each author will provide 
their reasons for using a certain approach and 
defi ne situations where it is best utilized and pos-
sibly where it should be avoided. 

 The current literature (Chap.   2    ), published in 
peer review journals since the 1980s, contains 
unique information that will also be sited 
throughout this book by multiple chapter authors.  

    The Philosophical Approach 
for the Creation of This Textbook 

 The philosophical approach to the organization 
of surgical information in this textbook is to dis-
cuss the various previously published techniques 
along with new techniques in groups according 
to the approach used to perform them. The 
approaches are defi ned by their potential to 
be invasive and their anatomical locations with 
reference to the SIJ. So, for example, one of 
the most utilized surgeries today would be found 

  Fig. 1.1    Borgess Brain and Spine Institute (BBSI), Kalamazoo, MI.  Used with permission from Borgess Health        
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in the chapter entitled “the lateral approach, 
 minimally invasive.” The emphasis in this book is 
to provide information on approaches and not 
specifi c types of instrumentation to perform those 
approach-driven procedures. It should be noted 
here that the anterior approach will not be dis-
cussed in this textbook. All the authors agree that 
this is a very rarely used approach for the dys-
functional SIJ, and only in an extremely unusual 
circumstance would a surgeon consider using 
that approach. These types of rare situations 
would most likely be associated with some acute 
event or a trauma. In this book, different authors 
do favor different types of instrumentation, and 
their bias will show through in their illustrations 
and images. It is the editors’ expectation that all 
the writings in this textbook are being provided 
for general SIJ treatment information and not as a 
medium for solicitation of devices.  

    Book Objectives 

 Through the writing of this book, the authors hope 
to accomplish several objectives for the surgeon 
treating a dysfunctional SIJ patient and the physi-
cal therapist in charge of rehabilitating such a 
patient, either in the midst of conservative treat-
ment or postoperatively after a SIJ fusion. The 
surgeon will be educated about the anatomy and 
physiology of the SIJ as a pain generator. They 
will understand how to diagnose a dysfunctional 
SIJ and learn the conservative and all the available 
surgical methods to treat a patient with this diag-
nosis. Surgeons will understand the multiple pit-
falls that can exist when operating on the SIJ and 
the complications most common with each 
 surgical approach. They will learn methods from 
various authors to choose the most appropriate 
procedure for a given patient and the best ways to 
rehabilitate the patient postsurgery. The physical 
therapist will learn the latest anatomy and physi-
ology of the dysfunctional SIJ and learn the most 
recent successful techniques in treating a patient 
with this diagnosis. They will understand what 
an important role they play in the algorithm for 
treating the dysfunctional SIJ and the appropriate 

measures to take when treating the postoperative 
SIJ fusion patient. The fi nal chapter in this text-
book (Chap.   16    ) is a “Roundtable Discussion” 
concerning important timely questions that a sur-
geon or a physical therapist might have as asked 
and discussed by the chapter authors. Hopefully, it 
will serve as a springboard for those on the edge 
of wanting to learn more about the dysfunctional 
SIJ to get started doing so.  

    “Off-Label” Uses of Products 

 Except for Chap.   8    , the lateral approach, mini-
mally invasive, and portions of Chap.   11    , the lat-
eral approach, open, all the material discussing 
instrumentation going through or into the SIJ and 
the use of bone morphogenic protein (Infuse, 
Medtronic) is used “off-label.” Within each chap-
ter, the individual authors will restate the FDA 
status of the devices they are discussing as they 
are presented.     

  Disclaimer   There currently is no established standard for 
the surgical treatment of the dysfunctional SIJ or for the 
resulting rehabilitation of the patient after such a surgery. 
The reader must understand that this textbook represents a 
collection of techniques to diagnose and treat the dysfunc-
tional SIJ from multiple sources. Not all these techniques 
have been fully tested or have been published in peer- 
reviewed journals. Those that have are listed as such 
throughout the book. The information provided here repre-
sents procedures and techniques that have worked well for 
these authors for the patients they have treated. Any surgeon 
or therapist deciding to use these procedures and techniques 
to treat patients does so knowing that the authors claim no 
responsibility for the related outcomes of such treatments.  
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            Introduction 

 Low back pain (LBP) represents the second most 
common cause of visits to primary care physi-
cians with the loss of productivity, income, and 
associated medical expenses resulting in a $60 
billion expenditure in the USA on an annual basis 
[ 1 ]. The sacroiliac joint (SIJ) has been identifi ed 
as one of the causes of LBP 15–30 % of the time 
at the initial offi ce visit [ 1 ]. The SIJ is a true 
synovial joint that primarily handles forces 
between the spine and pelvis [ 2 ,  3 ]. In its normal 
state, the SIJ gains all of its stability from numer-
ous associated ligamentous structures and its 
undulating oblique structure allows it to with-
stand signifi cant loads under normal physiologic 
conditions [ 3 ]. 

 The painful, stable SIJ has recently been 
 designated as a dysfunctional SIJ [ 4 ]. Although 
this is a recent defi nition, procedures to treat this 
joint have been in existence for nearly a century. 
The fi rst publication offering evidence in support 
of this condition with a primary diagnosis of 

 traumatic arthritis was published in 1926 [ 5 ]. 
Consideration for the SIJ’s potential to cause 
pain temporarily slipped into obscurity when 
Mixter and Barr published their work on the 
injured herniated lumbar disc in 1934 [ 6 ]. Interest 
in the SIJ as a treatable pain generator has resur-
faced, especially during the last decade. This is 
partially due to the emergence of pain clinics and 
the increasing number of diagnostic and poten-
tially therapeutic SIJ injections being performed. 
In addition, with the increased utilization of 
instrumented lumbar or lumbosacral fusions to 
treat various spinal pathologies, the awareness of 
adjacent level degeneration affecting the SIJ and 
resulting in the painful, stable SIJ has surfaced 
[ 7 – 9 ]. Common causes for painful, stable SIJs 
include infl ammatory arthritis, postpartum syn-
drome, adjacent osteoporosis, Paget’s disease, 
direct or indirect trauma, and adjacent  segmental 
degeneration secondary to a previous lumbosa-
cral fusion [ 10 ,  11 ]. 

 When patients suffering from painful, dys-
functional SIJs have failed conservative treat-
ment measures and their symptoms result in 
signifi cant inhibition of function, arthrodesis 
and/or stabilization of the joint may be consid-
ered. Again, along with an increase in diagnosis, 
there has been a resurgence of operations to fuse 
and/or stabilize the stable, painful SIJ during the 
past decade. Despite evidence of the existence of 
the painful, stable SIJ in the general population, 
the knowledge base for surgically treating the 
painful, stable SIJ remains limited. 
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 This article will systematically review the 
 literature to better understand what our cur-
rent knowledge base is concerning surgeries 
for the painful, stable SIJ. We will examine the 
indications for SIJ surgical procedures as well as 
the published surgical techniques, outcomes, and 
complications following these procedures in 
hopes of gaining a better understanding of the 
optimal treatment options for patients with pain-
ful, stable SIJs.  

    Methods Used to Review 
the Literature 

 In order to generate the initial source articles, we 
conducted an electronic search in MEDLINE 
(OVID), EMBASE, CINAHL, and Web of 
Knowledge databases using the following 
Medical Subject Heading (MESH) terms: sacro-
iliac concept, surgery, fusion concept, outcomes 
concept, and complications concept. The search 
was restricted to articles related to human sub-
jects and included articles in peer-reviewed 
 journals between January 1, 1966, and April 1, 
2013. Similar searches were conducted in each of 
the databases. Please refer to Appendix   A     for the 
complete search document. This search was per-
formed using the established criteria laid out in 
the Quorum Statement for the conduct and 
reporting of systematic reviews [ 12 ,  13 ]. 

 Studies of varying design, scale, and duration 
were included in this review. Studies were 
deemed eligible for this review if they (1) were 
published in English in peer-reviewed journals; 
(2) had relevant surgical treatment of the degen-
erative, stable sacroiliac joint; (3) were either 
randomized controlled trials, retrospective series, 
prospective series, observational or population- 
based studies, or case series; (4) reported quanti-
tative results; and (5) studied patient populations 
within the USA. Studies were classifi ed as ran-
domized controlled trials, prospective cohort 
studies, or retrospective studies [ 14 ]. Case reports 
were excluded from this review. Studies pertain-
ing to surgical treatment of the SIJ for trauma, 
tumor, or infection were also excluded from this 
review. Please refer to Appendix   A     for the full 
search strategies.  

    Results of the Literature Review 

 Of the 281,909 articles indexed in MEDLINE 
related to the surgical treatment of the SIJ, 18 
(0.00006 %) of the articles pertained to the surgi-
cal treatment of the painful, stable SIJ. A total of 
277 items pertaining to the dysfunctional SIJ 
were identifi ed in MEDLINE (OVID), EMBASE, 
CINAHL, and Web of Science. One reviewer 
(SE) examined abstracts from all of the publica-
tions identifi ed by the search and eliminated 
irrelevant articles and duplicates. Once the dupli-
cates were discarded, the remaining 195 items 
were reviewed and screened by the reviewer (SE) 
for the above inclusion criteria. Of these articles, 
11 (0.0004 %) met criteria to be included in this 
review. One additional article that met inclusion 
criteria was selected from other database 
searches, yielding a total of 12 articles. 

 The results of the review are summarized 
based on the surgical approach used in the 
included studies. The three approaches utilized 
are (1) open, dorsal approach (fi ve articles); (2) 
minimally invasive lateral approach (fi ve arti-
cles); and (3) minimally invasive, dorsal approach 
(two articles). For the purpose of this review, 
minimally invasive approaches are defi ned as 
those performed either via a percutaneous 
approach or through a skin incision of less than 
1 in. [ 15 ]. Three of the studies were prospective 
analyses [ 16 – 18 ]. The remaining nine studies 
were all retrospective in nature. None of the 
reviewed studies utilized a randomized control 
design. 

    Open, Dorsal Approach 

 Five of the studies that met our inclusion criteria 
focused on outcomes following SIJ arthrodesis 
performed via open, dorsal approaches. A total of 
118 patients underwent sacroiliac arthrodesis by 
this approach, of which 42 patients underwent 
bilateral SIJ fusions. Four of the studies were ret-
rospective case reviews and one study was a pro-
spective case review. The surgical techniques, 
treatment indications, and diagnostic and primary 
outcome measures are summarized in Table  2.1 .

S.V. Eden

http://dx.doi.org/10.1007/978-3-319-10726-4_BM1#Sec1
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   Two of the fi ve studies showed statistically 
signifi cant pain reduction scores when compar-
ing the preoperative and postoperative visual 
analog scores ( p  < 0.01 in the Keating study and 
 p  = 0.029 in the Kibsgard study) [ 10 ,  19 ]. 
Giannikas et al. demonstrated complete resolu-
tion of the symptoms in 80 % of the study patients 
[ 17 ]. Buchowski et al. demonstrated a statisti-
cally signifi cant improvement in all SF-36 out-
comes ( p  < 0.05) except for general and mental 
health ( p  < 0.4706 and  p  < 0.0604, respectively) 
[ 11 ]. The Schutz study was the outlier of the fi ve 
studies, reporting an 18 % patient satisfaction 
rate, a 65 % reoperation rate, and 35 % fusion 
rate in the patients undergoing SIJ fusions in their 
series [ 20 ]. Moreover, there were minimal 
improvements in the patients’ postoperative pain 
scores pre- and postsurgery in the study. 

 Complications were varied and only reported 
in two of the fi ve studies [ 10 ,  11 ]. The Buchowski 
study reported a 15 % reoperation rate for 
 nonunion (three patients). Following the revision 
fusion, two of the three patients developed deep 
wound infections requiring debridement and 
delayed pseudoarthrosis requiring additional 
revision surgery via an anterior approach. A few 
unusual complications were reported in the 
Kibsgard study, all of which were self-limiting 
(Table  2.1 ). There were no complications in the 
Giannikas patient cohort and complications were 
not mentioned in the Keating and Schutz papers.  

    Minimally Invasive Dorsal Approach 

 Two studies focused on minimally invasive dorsal 
techniques to treat the stable, dysfunctional SIJ. 
A total of 51 patients underwent SIJ surgeries via 
this approach and six of the patients underwent 
bilateral SIJ fusions. The Wise study was a pro-
spective study and the Haufe study was retrospec-
tive. Wise et al. demonstrated statistically 
signifi cant reductions in pain as measured on the 
preoperative and postoperative visual analog 
scales ( p  < 0.001) [ 16 ]. They also reported an 
overall fusion rate of 89 %. A formal statistical 
hypothesis could not be derived from the Haufe 
study [ 15 ]. However, they reported that 61 % of 
the fused patients had 50–100 % reductions in 
their VAS and 53 % of the study patients had 
greater than 75 % improvement for at least 2 years 
postoperatively (Table  2.2 ). The Haufe study uti-
lized a novel technique of debriding the SIJ to 
treat the pain. There were no reported complica-
tions or reoperations in either of these studies.

       Minimally Invasive Lateral Approach 

 The remaining fi ve studies focused on lateral, 
percutaneous approaches to treat the symptom-
atic, stable SIJ. One hundred and thirty-
nine patients underwent statistical analysis 
following SIJ arthrodesis via this approach. 

   Table 2.2    Minimally invasive dorsal approach   

 Article  # Fusions  Study design 
 Fusion 
technique 

 Outcome 
measures  Outcomes  Complications 

 Fusion 
re-vision 
rates 

 Wise 
et. al. 

 19  Prospective 
cohort analysis 

 Posterior MIS 
approach with 
threaded cage, 
BMP 

 VAS: 1–10 
reduction 
(average) 

 Lower back pain: 4.9 
(≤0.001) 
 Leg pain: 2.9(0.013) 
 Dyspareunia: 
2.6(0.0028) 

 None  5.3 % 

 Haufe 
et. al. 

 38  Retrospective 
analysis 

 SIJ 
debridement 
without bony 
fusion 

 VAS: 
1–10 % 
reduction 

 23/38: 50–100 % 
reduction 
 20/38: >75 % 
reduction 
 3/38: 25–50 % 
reduction 
 Avg. reduction: 4.1 

 None  0 

S.V. Eden
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The Mason study was a prospective analysis and 
the four other studies were all retrospective anal-
yses. All studies demonstrated statistically sig-
nifi cant improvements in pain levels as measured 
by various validated outcome scales [ 1 ,  18 ,  21 –
 23 ]. Signifi cant pre- and postreductions in the 
visual analog scale were seen in the Al-Khayer, 
Mason, Rudolf, and Sachs studies ( p  < 0.002, 
 p  < 0.0001,  p  < 0.0001, and  p  < 0.0001, respec-
tively). The Khurana study showed statistically 
signifi cant improvements in the SF-36 pain score 
( p  < 0.031). 

 No complications occurred in the Khurana 
and Sachs studies. The three remaining studies 
had a 33 % complication rate between them. 
These complications resulted in a 17 % reopera-
tion rate. It is with this approach that reported 
complications involved nerve pain, signifi cant 
post-op hematomas, malpositioning of the hard-
ware, and a fracture of the ilium (Table  2.3 ).

        Discussion 

 Although the fi rst article describing an SIJ 
arthrodesis was published in 1926, nearly a cen-
tury ago, our literature review suggests that data 
regarding the surgical treatment for the SIJ is 
remarkably limited [ 5 ]. Out of 281,909 articles 
indexed in MEDLINE related to the surgical 
treatment of the SIJ, 18 (0.00006 %) of the arti-
cles pertained to the surgical treatment of painful, 
stable SIJ. Only 11 (0.0004 %) of these articles 
met search criteria for inclusion in our review, 
with one additional article from the other 
searched databases. 

 Waisbrod’s 1987 article that was published 60 
years after the Smith-Peterson article marks the 
beginning of the modern era for both the diagno-
sis and surgical treatment of the painful, stable 
SIJ [ 24 ]. He reported the results of a series of 21 
patients who underwent surgery for a painful, 
stable SIJ. The approach was very similar to the 
approach described by Smith-Peterson in his sen-
tinel paper. However, this time, in addition to 
abandoning the drastic gluteal muscular dissec-
tion, he inserted ceramic blocks into the posterior 
ligamentous aspect of the SIJ. His follow-up was 

30 months with a 70 % success rate in decreasing 
patient’s original pain by at least 50 %. There 
were two nonunions, one infection, and no 
reported revision surgeries. Another hiatus of 14 
years occurred before Belanger published the 
second paper in the modern area on fusing the 
painful, stable SIJ [ 2 ]. In this study he introduces 
a new approach for reaching the SIJs. This 
approach is a midline fascial splitting approach, 
which is the same approach as described by 
Hutchinson in his paper on a new way to approach 
the iliac wing and harvest bone graft while avoid-
ing the cluneal nerves, which were cut with the 
then standard arched incision over the rim of the 
iliac crest [ 25 ]. This was also the fi rst time that 
pedicle screw instrumentation was used in 
achieving stabilization for this fusion surgery. 
This procedure also introduced a new way to fi x-
ate a screw to the ilium, allowing for bone graft to 
be placed directly into the prepared SIJ and 
allowing for compression across the SIJ by the 
instrumentation. Patients were braced in a panta-
loon brace, and for the fi rst time after such a sur-
gery, they were allowed to be immediately full 
weight bearing on the surgical side. The four 
patients in the study were followed for up to 9 
years, and all went on to solid fusions. There 
were no major complications. The long-term suc-
cess rate was determined to be 80 % with two 
patients having their hardware removed prior to 
fi nal follow-up due to one of the pelvic screws 
being point tender. This pain resolved with hard-
ware removal in each case. 

 The diagnosis of the painful, stable SIJ up to 
this time in history had been made by a combina-
tion of the surgeon’s clinical exam, various imag-
ing studies, and, more recently, extra articular 
injections of a local anesthetic. The Waisbrod and 
Belanger studies are signifi cant as they represent 
attempts to utilize more modern thought and 
devices to address SIJ dysfunction which trans-
lated into more sophisticated methods of diagno-
sis, treatment, and follow-up methods [ 2 ,  24 ]. 

 It was in 2005 that specifi c outcome measures 
(ODI, VAS, and SF-36) were fi rst used to evalu-
ate patients having an SIJ fusion procedure. 
These studies also used standardized intra- 
articular injections under image to diagnose SIJ 

2 Surgical Treatment for the Painful, Stable Sacroiliac Joint: What Does the Literature Tell Us?
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dysfunction. Of these studies, there are 12 publi-
cations that met criteria for this systematic 
review. Only two of these studies were prospec-
tive analyses, with the fi rst being published in 
2008 [ 16 ,  17 ]. Ten of the reviewed studies docu-
mented statistically signifi cant reductions in the 
pain scores based on reduction in VAS or 
improvements in the SF-36 scale [ 1 ,  10 ,  11 ,  16 , 
 18 ,  19 ,  21 ,  22 ,  26 ]. Based on a patient satisfaction 
survey, Giannikas et al. demonstrated an 80 % 
success rate in the operated patients [ 17 ]. 
Although a statistical hypothesis could not be 
derived from the Haufe study, 61 % of the patients 
in the study had 50–100 % reductions in their 
VAS and 53 % had >75 % improvement for 
greater than a 2-year follow-up period [ 15 ]. 

 Only one of the reviewed articles showed poor 
outcomes following bilateral posterior SIJ 
fusions, with an 18 % success rate and a 65 % 
reoperation rate [ 20 ]. These poor results may be 
attributable to diffi culty in patient selection and 
the surgical technique. The pseudoarthrosis rate 
was almost 30 % and bony fusion was question-
able in 42 % of the patients in this study. 
Moreover, statistical analyses failed to show any 
relationship between long-term pain relief and 
the preoperative test results. 

 There appears to be a renewed interest in fus-
ing the painful, stable SIJ. Although more studies 
concerning this topic are being published, this 
literature review confi rms that the data regarding 
the fusion of the painful, stable SIJ is scarce. 
Existing literature on this surgical procedure is 
limited to retrospective and prospective case 
series. Moreover, there is no uniformity in the 
surgical approaches to the SIJ, and many of the 
studies utilize varying outcome measures, mak-
ing it diffi cult to directly compare the outcomes 
and draw meaningful data-driven conclusions. 

 Despite these limitations, all of the studies 
reviewed with the exception of the Schutz study 
showed meaningful or statistically signifi cant 
pain reduction or improvements in the outcome 
measures following fusion surgery for the pain-
ful, stable SIJ. Moreover, no complications were 

noted in the minimally invasive posterior 
approach surgical procedures. Studies focusing 
on the lateral minimally invasive approach to the 
SIJ certainly did report higher rates of nerve root 
injuries than the studies focusing on the other 
reviewed approaches. This fi nding suggests that 
because of the pelvic anatomy, the lateral 
approach may place the neural elements at more 
risk of direct injury than the other studied 
approaches. Nevertheless, the signifi cant reduc-
tions in pain noted in 92 % of the reviewed stud-
ies certainly suggest that the dysfunctional SIJ 
does benefi t from surgical stabilization and may 
be amenable to several surgical approaches. 

 This review is important at this time due to the 
increasing number of painful, stable SIJs being 
diagnosed and the current rise in the numbers of 
fusions being done for this disease. There are 
various reasons beyond the scope of this chapter 
as to why there has recently been a dramatic 
increase in the number of SIJ fusions being per-
formed on the painful, stable SIJ. This is result-
ing in the immediate need to examine our 
knowledge base to help us make better educated 
decisions regarding the best and most appropriate 
care for patients with painful, stable SIJs.  

    Conclusion 

 This is the fi rst review article discussing fusion of 
the stable, painful SIJ, which looks at almost a 
century of experience. All papers reviewed con-
sisted of a series of case studies with each varying 
in indication and technique according to the sur-
geon performing the surgery. Eleven of the twelve 
articles demonstrated postoperative patient satis-
faction and/or statistically signifi cant improve-
ments in the validated outcome scales. There has 
been an increase in surgeries to fuse the stable, 
painful SIJ in recent years. This review helps us 
understand where we have been historically with 
this joint when it is in a stable, painful state, but 
we need good prospective comparison studies to 
better know how to proceed in the future.     

2 Surgical Treatment for the Painful, Stable Sacroiliac Joint: What Does the Literature Tell Us?
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            Introduction 

 A detailed anatomic understanding of the sacroil-
iac joints (SIJ) and surrounding areas is important 
for all clinicians involved in treating SIJ dysfunc-
tion. Prior to any surgical or invasive intervention, 
it is imperative that the treating clinician has com-
plete knowledge of that particular patient’s struc-
tural anatomy. Minimizing tissue disruption and 
sparing major structures in the area of the SIJ can 
potentially decrease complications, reduce recov-
ery time, and optimize outcomes. 

 Anatomical variants are common. Although 
several will be discussed as deemed necessary for 
this book, it is beyond the scope of this chapter to 
discuss all possible variations. The locations and 
distances in relation to other structures noted in 
this chapter are based on averages.  

    Osseous Anatomy 

    Sacroiliac Joint 

 The lateral surface of the sacrum contains an 
auricular surface, which articulates with the ilium. 
This articulation forms the SIJ and is found about 

4.5 cm deep to the subcutaneous tissue [ 32 ,  43 ]. 
The articulating surfaces are chevron shaped and 
usually extend from the cephalad aspect of S1 to 
the middle of S3. The caudal limb of the auricular 
surface is about 5.6 cm long, the cephalad limb is 
about 4.4 cm long, and they meet to form an angle 
of about 93° [ 88 ] with the apex of the chevron 
pointing ventrally and inferiorly. The auricular 
surface has a propeller-like shape (Fig.  3.1 ).  

 Relative to the sagittal plane, the angle of 
the cephalad, middle, and caudal aspects of 
the joint varies greatly from 0 to 40° and 
can be oriented anterolateral-posteromedial or 
anteromedial- posterolateral [ 16 ,  19 ,  43 ]. The SIJ 
can be classifi ed as a diarthrodial/synovial joint 
since it allows for motion and contains a synovial 
membrane, joint capsule, synovial fl uid, cartilage 
on both articulating surfaces, and ligamentous 
connections. 

 The joint space is about 4.5 mm wide [ 10 ,  43 ] 
and the auricular surfaces are covered with carti-
lage on both the sacral and iliac sides. The sacral 
cartilage is from 1.1 to 3.0 mm thick, while the 
iliac cartilage is from 0.5 to 1.0 mm thick [ 10 ,  11 , 
 55 ,  69 ] (Fig.  3.2 ).  

 Where the cartilage integrates with the under-
lying bone, the bone end-plate thickness is 
inversely related to the cartilage thickness with the 
iliac side being thicker than the sacral side [ 55 ]. 
The thickness of the cartilage on both surfaces 
decreases with age with more fi brillations and 
deep fi ssures forming on the iliac surface [ 35 ,  63 ]. 
The sacral cartilage is creamy, white, and smooth 
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and appears hyaline in nature, while the iliac carti-
lage is dull, bluish, and striated and appears more 
fi brocartilaginous in nature [ 11 ,  84 ]. Substance P 
and calcitonin gene-related peptide (CGRP) have 
been identifi ed in the superfi cial layer of the sacral 
and iliac cartilage and may contribute to intra-
articular nociception [ 76 ]. Ridges and correspond-
ing depressions can be found throughout the sacral 
and iliac cartilage [ 41 ,  84 ]. Increased age is cor-
related with larger and more numerous ridges and 

depressions, with females having less pronounced 
characteristics [ 84 ,  90 ]. These ridges and depres-
sion potentially contribute to increased SIJ stabil-
ity and increase the coeffi cient of friction at the 
joint surface.  

    Sacrum 

 The most cephalad aspect of the sacrum is the 
base (Fig.  3.3 ).  

 The base is broad and articulates with the 
fi brocartilaginous intervertebral disc between the 
fi fth lumbar vertebra and the sacrum. The ventral 
aspect of the sacral base is the sacral promontory. 
In 18–30 % of the population, structural anoma-
lies known as lumbosacral transitional vertebrae 
(LSTV) are found [ 13 ,  50 ,  60 ]. These LSTV 
can be classifi ed based on whether the fi fth lum-
bar vertebra is sacralized (characteristics of a 
sacral vertebra) or the fi rst sacral vertebra is 
 lumbarized (characteristics of a lumbar vertebra). 
Furthermore, these LSTV can be classifi ed as 
Type I (dysplastic transverse process), Type II 
(accessory articulation), Type III (bony fusion), 
or Type IV (mixed) and either “a” (unilateral) or 
“b” (bilateral) [ 12 ]. The size and location of the 
auricular surfaces may also vary depending on 
the type of LSTV. A LSTV with a lumbarized S1 
segment usually presents with a more cephalad 
SIJ with the auricular surfaces spanning from 
cephalad to the S1 vertebral body to the caudal 
aspect of the S2 vertebral body [ 51 ] (Fig.  3.4 ).  

 Conversely, a LSTV with a sacralized L5 seg-
ment usually presents with a more caudal SIJ 
with the auricular surfaces spanning from the 
middle of the S1 vertebral body to the caudal 
aspect of the S3 vertebral body [ 51 ]. Therefore, 
with a unilateral LSTV, the SIJ on one side may 
be an entirely different size and be found in a 
slightly different location than that of the oppo-
site side. 

 Lateral to the sacral base bilaterally are the 
pedicles with the most lateral aspect referred to 
as the sacral ala (Fig.  3.3 ). The S1 pedicle is 
about 2.6 cm wide (medial to lateral) and 2.5 cm 
deep (dorsal to ventral), while the S2 pedicle is 
about 2.0 cm wide and 1.8 cm deep [ 18 ,  22 ,  56 ]. 

  Fig. 3.1    Transverse sections through the ( a ) anterosupe-
rior, ( b ) middle, and ( c ) posteroinferior aspects of the sac-
roiliac joint. The  arrows  indicate the joint plane orientation 
of the right sacroiliac joint. Note the different orientations 
leading to a propeller-like shape of the sacroiliac joint [ 19 ]       
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The sacrum consists primarily of cancellous bone 
covered by a thin layer of cortical bone. The can-
cellous bone of the sacrum is denser ventrally 
[ 55 ]. At the S1 level, the sacrum is most dense at 
the ventral cortex of the sacral pedicle. The ven-
tral cortex of the ala is second densest followed 
by the ventral cortex of the lateral aspect of the 
sacral vertebral body [ 67 ]. 

 The sacrum is wedge shaped and typically 
composed of fi ve sacral vertebrae. This wedge 
shape has evolved to support the body’s 
weight during bipedal gait [ 1 ]. Composing most 
of the sacrum, the sacral vertebral bodies and 
neural arches have fused to form one continuous 
bone. The fi rst sacral vertebral body is about 
2.8 cm high (cephalad to caudal), 4.3 cm wide 

  Fig 3.2    Iliac cartilage ( left ) and sacral cartilage ( right ) separated by the sacroiliac joint space. Note the difference in 
cartilage thickness and collagen arrangement. Scale bar = 0.5 mm [ 55 ]       

  Fig. 3.3    Lateral and cephalad aspects of the sacrum       
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(medial to lateral), and 2.3 cm deep (dorsal to 
ventral). The second and third sacral vertebral 
bodies are about 2.3 cm and 1.9 cm high, 3.0 cm 
and 2.3 cm wide, and 1.3 cm and 1.0 cm deep, 
respectively [ 46 ]. 

 The sacral canal runs cephalad to caudal 
through the dorsal aspect of the sacrum and 
allows the passage of the sacral nerves (Fig.  3.3 ).  

 The caudal end of the sacral canal is often 
defi cient and referred to as the sacral hiatus. The 
coccyx articulates with the caudal end of the 
sacrum and is composed of 3–5 vertebrae, the 
most caudal being fused together. This articula-
tion where the sacrum meets the coccyx is a fi bro-
cartilaginous joint and offers minimal movement. 
The cephalad aspect of the fi rst coccygeal verte-
bra contains the coccygeal cornua, which articu-
lates to the sacral cornua found on the lateral 

aspect of the sacral apex. Sacrococcygeal fusion 
is common in males and with increasing age and 
primarily involves the fi rst coccygeal vertebra 
[ 77 ]. It is also correlated with LSTV [ 77 ]. 

 The ventral aspect of the sacrum is concave 
and contains four sacral foramina allowing for 
the exit of the ventral rami of the fi rst four sacral 
nerves (Fig.  3.5 ). The S1 ventral foramen can be 
found about 2.3 cm below the sacral base and 
2.4 cm from the lateral border of the sacrum [ 26 ]. 
Four transverse ridges run horizontally between 
each foraminal level, indicating the site of osse-
ous fusion of the sacral vertebral bodies. 

 The dorsal aspect is convex and also contains 
four sacral foramina allowing for the exit of the 
dorsal rami of the fi rst four sacral nerves 
(Fig.  3.5 ). The S1 dorsal foramen can be found 
about 2.3 cm below the sacral base and 3.7 cm 
from the lateral border of the sacrum [ 26 ]. Along 
the midline of the dorsal aspect of the sacrum is 
the median crest, which is composed of rudimen-
tary spinous processes. The sacral groove is 
found on each side of the median crest.  

    Pelvis 

 The pelvis is made up of three bones bilaterally: 
the ilium, ischium, and pubis. The ala of the ilium 
forms the iliac crest. The iliac crest spans from 
the anterior superior iliac spine (ASIS) ventrally 
to the posterior superior iliac spine (PSIS) dor-
sally. The PSIS is approximately level with the 
second sacral vertebra in the coronal plane and is 
from 1.7 to 2.2 cm dorsal to the SIJ. The thick-
ness of the ilium overlying the SIJ ranges from 
0.8 to 2.2 cm medial to lateral and is generally 
thicker dorsally [ 15 ] (Fig.  3.6 ).  

 Just caudal to the PSIS is the posterior inferior 
iliac spine (PIIS), which forms the dorsal aspect 
of the greater sciatic notch. Here, the ilium is 
from 1.5 to 1.7 cm thick in the posterolateral to 
anteromedial direction [ 72 ]. The distance from 
the PSIS to the greater sciatic notch is about 
4.0 cm [ 72 ]. 

 The interior aspect of the ilium is smooth and 
concave and is referred to as the iliac fossa. The 
medial aspect of the iliac fossa articulates with 

  Fig. 3.4    A transitional lumbosacral vertebra and pseudo-
joint (3) within the auricular surface. Note the variable 
sacroiliac joint morphology with the superior aspect of the 
auricular surface (1) cephalad to S1 and the inferior aspect 
of the auricular surface (2) at the caudal aspect of S2. In a 
normal sacroiliac joint, the auricular surface spans from 
S1 to S3 [ 59 ]       
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the sacrum to form the SIJ. The arcuate line, or 
pelvic brim, extends caudal, ventral, and medially 
over the interior surface of the pelvis. It marks the 
inferior border of the greater or false pelvis. 
Below this line is the lesser or true pelvis. 

 The ischium is dorsal while the pubis is 
 ventral. The most caudal aspect of the ischium 
is the ischial tuberosity. Located between the 
ischial spine and ischial tuberosity is the lesser 
sciatic notch. Both pubic bones meet ventrally 

  Fig. 3.5    Dorsal and ventral aspects of the sacrum       

  Fig. 3.6    Relationship of 
the auricular surface of the 
sacroiliac joint to the ilium 
(lateral view)       
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and are joined together by fi brocartilage, which 
collectively is called the pubic symphysis. All 
three pelvic bones meet laterally to form a deep, 
cuplike structure called the acetabulum. The head 
of the femur articulates with the acetabulum to 
form the hip joint and is the point where the lower 
extremity transfers the ground reaction force to 
the pelvis.   

    Ligaments 

    Anterior Ligaments 

 The ventral sacroiliac ligament crosses the SIJ 
ventrally and caudally at the level of S1–S3 
(Fig.  3.7 ).  

 It blends with the ventral joint capsule and 
inserts on the periosteum close to the margins of 
the auricular surfaces of the sacrum and ilium 
[ 34 ,  63 ]. Mechanoreceptors and nociceptive 
fi bers, including substance P and CGRP, have 

been identifi ed within the ventral sacroiliac 
 ligament and may contribute to the perception of 
pain from the SIJ [ 75 ]. The ventral sacroiliac lig-
ament undergoes the most stress during forward 
fl exion and axial rotation of the sacrum [ 24 ].  

    Posterior Ligaments 

 The sacrotuberous ligament has its origin at the 
PSIS, dorsal ligaments, sacral tubercles, sacrum, 
and superior coccyx [ 44 ] (Fig.  3.8 ).  

 It has a spiral orientation and runs 6.5–12.2 cm 
to insert on the ischial tuberosity and, in some, the 
tendon of the long head of the biceps femoris [ 44 , 
 80 ,  83 ,  85 ]. The medial fi bers originate from the 
cephalad aspect of sacrum and lateral fi bers origi-
nate from the caudal aspect of the sacrum [ 80 ]. 
The falciform process runs about 4.6 cm toward 
the ischioanal fossa and is found in about 87 % of 
the population [ 44 ]. It attaches at various loca-
tions including the ischial ramus, obturator fascia, 

  Fig. 3.7    Ventral view of the ligaments and deep musculature       
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and anococcygeal ligament [ 44 ]. The pudendal 
nerve and artery pass through Alcock’s canal 
formed by these structures. The fascia from the 
dorsal aspect of the piriformis is continuous with 
the sacrotuberous ligament and often has direct 
muscle fi ber attachment to the ventral aspect of 
the ligament [ 83 ]. The gluteus maximus also has 
attachment to the sacrotuberous ligament. The 
sacrotuberous ligament resists forward fl exion of 
the sacrum and can impose an extension force on 
the sacrum via its attachment to the gluteus maxi-
mus and long head of the biceps femoris. 

 Deep to the sacrotuberous ligament is the 
sacrospinous ligament. It extends from the lateral 
aspect of the apex of the sacrum and coccyx to 
the ischial spine. It is the division between the 
greater and lesser sciatic notches. The sciatic 
nerve and inferior gluteal artery run dorsal to the 
sacrospinous ligament, while the pudendal nerve 
runs ventral to it [ 40 ,  78 ]. The sacrospinous liga-
ment resists forward fl exion of the sacrum. 

 The dorsal sacroiliac ligaments, which are 
composed of the long and short ligaments, run 

from the PSIS to the S3–S5 sacral tubercles 
(Fig.  3.8 ). The lateral aspect is continuous with 
the gluteus maximus aponeurosis, while the 
medial aspect is continuous with the erector spi-
nae aponeurosis and deep lamina of the posterior 
layer of the thoracolumbar fascia [ 53 ,  54 ,  81 ]. 
The lateral branches of the dorsal sacral rami 
(medial cluneal nerves) penetrate the dorsal liga-
ments and are surrounded by loose connective 
tissue within the ligament [ 53 ,  54 ]. Nociceptive 
fi elds [ 68 ] along with the presence of substance P 
[ 27 ] have been identifi ed in the dorsal ligaments 
and may contribute to pain in the area of the 
SIJ. The dorsal ligaments demonstrate the most 
strain during extension of the sacrum [ 24 ]. 

 Deep to the dorsal ligaments and located within 
the most cephalad aspect between the sacrum and 
ilium is the interosseous ligament. It consists of 
several short dense bands and often becomes ossi-
fi ed in people in and beyond their sixth decade of 
life [ 64 ]. The axial interosseous ligament is a 
component of the interosseous ligament and fi lls 
the space between the sacral cavity and iliac 

  Fig. 3.8    Dorsal view of the ligaments and deep musculature       
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prominence just dorsal to the articular surface of 
the SIJ. It is composed of a mixture of collagen, 
blood vessels, and adipose tissue in comparison to 
other ligaments, which are largely composed of 
collagen [ 6 ]. Mechanoreceptors and nociceptive 
fi bers (CGRP) have also been identifi ed within 
this ligament and may contribute to joint proprio-
ception and pain [ 75 ]. The interosseous ligament 
undergoes the highest strain during forward fl ex-
ion of the sacrum and axial rotation [ 24 ]. 

 Cephalad to the SIJ is the iliolumbar ligament. 
This ligament is composed of a dorsal band, ven-
tral band, and sacroiliac part. The dorsal band 
originates at the tip of the L5 transverse process 
and inserts onto the ventral and cephalad aspect 
of the iliac tuberosity and crest [ 62 ,  65 ]. It also 
has direct attachment to the deep layer of the tho-
racolumbar fascia, erector spinae aponeurosis, 
and quadratus lumborum [ 31 ,  62 ]. The ventral 
band originates at the anteroinferior aspect of the 
L5 transverse process and caudal aspect of the L5 
end plate and fans out to insert on the anterosupe-
rior aspect of the iliac tuberosity 2.0–3.0 mm 
below the dorsal band insertion [ 62 ,  65 ]. The 
medial iliacus has some connections with the 
caudal part of the ventral band. The sacroiliac 
part runs from the cephalad surface of the 
sacral ala and joins the ventral band at the iliac 
tuberosity [ 62 ] (Fig.  3.7 ). It also merges with the 

L5–S1 intertransverse ligament and interosseous 
ligament [ 62 ]. Receptors identifi ed within the 
iliolumbar ligament include proprioceptive 
organs and free-nerve endings. The highest con-
centration of these receptors is found within the 
ligament at its iliac insertion [ 39 ]. The iliolumbar 
ligament primarily resists forward fl exion at L5–
S1 (dorsal band) and side bending (ventral band) 
and becomes more important biomechanically as 
the intervertebral disc degenerates and loses 
height [ 42 ]. The iliolumbar ligament is protected 
by activation of the erector spinae muscles [ 73 ] 
(Table  3.1 ).

        Muscles 

    Anterior Muscles 

 Several muscles compose the abdominal wall. 
These muscles include (superfi cial to deep) the 
rectus abdominis, external oblique, internal 
oblique, transversus abdominis, and quadratus 
lumborum. The rectus abdominis has its origin 
on the pubic crest and ligaments of the pubic 
symphysis. It runs cephalad and inserts onto the 
xiphoid process and fi fth to seventh ribs. It is 
innervated by the lower intercostal nerves 
and contributes to forward fl exion of the trunk. 

   Table 3.1    Ligaments and associated contributions to the sacroiliac joint   

 Ligament  Location  Primary restraint  Nerve fi bers 

 Dorsal ligaments 
  Long ligament  
  Short ligament  

 PSIS to sacral tubercles  Sacral extension  Nociceptors 
  Substance P  
 Penetrated by middle cluneal nerves 

 Sacrotuberous  PSIS and sacrum to ischial tuberosity  Sacral fl exion  – 
 Sacrospinous  Apex of sacrum to ischial spine  Sacral fl exion  – 
 Ventral ligament  Crosses ventral and caudal 

aspect of SIJ 
 Sacral fl exion 
 Axial rotation 

 Mechanoreceptors 
 Nociceptors 
  CGRP ,  substance P  

 Interosseous  Between sacrum and ilium 
dorsal to SIJ 

 Sacral fl exion 
 Axial rotation 

 Mechanoreceptors 
 Nociceptors 
  CGRP  

 Iliolumbar 
  Ventral band  
  Dorsal band  
  Sacroiliac part  

 Transverse process of L5 to iliac 
tuberosity and crest 

 Lateral side bending 
  Ventral band  
 Forward fl exion 
  Dorsal band  

 Mechanoreceptors 
 Nociceptors 

   SIJ  sacroiliac joint,  CGRP  calcitonin gene-related peptide,  PSIS  posterior superior iliac spine  
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Deep to the rectus abdominis, the external oblique 
has its origin on the lower six ribs and inserts 
inferomedially onto the anterior aspect of the 
iliac crest, pubis, and aponeurosis of the linea 
alba. It receives its innervation from many nerves 
including the lower intercostal, iliohypogastric, 
and ilioinguinal nerves. It acts to compress the 
abdominal cavity and assists with forward fl exion 
and rotation of the trunk. 

 The internal oblique has its origin over the 
iliopsoas fascia, inguinal ligament, and iliac crest 
and has variable attachment to the thoracolumbar 
fascia. Its fi bers run superolaterally and insert 
onto the lower ribs and aponeurosis of the linea 

alba. Its innervation and primary actions are 
 similar to the external oblique. However, in 
 contrast to the external oblique, rotation will be 
in the opposite direction. The transversus abdom-
inis has its origin at the middle layer of the thora-
columbar fascia, iliac crest, iliopsoas fascia, and 
inguinal ligament. It inserts onto the aponeurosis 
of the linea alba and is innervated by the same 
nerves as the internal and external oblique 
 muscles. The primary action of the transversus 
abdominis is compression of the abdominal 
 cavity. It also plays an important role in force 
 closure of the SIJ via its attachment to the 
 thoracolumbar fascia (Fig.  3.9 ).  

  Fig. 3.9    The relationship of the thoracolumbar fascia and 
surrounding musculature.  EO  external oblique,  Il  iliocos-
talis lumborum,  IO  internal oblique,  LD  latissimus dorsi, 
 LIFT  lumbar interfascial triangle,  Lo  longissimus thora-
cis,  MLF  middle layer of the thoracolumbar fascia,  Mu  
multifi dus,  QL  quadratus lumborum,  SPI  serratus poste-
rior inferior,  sPLF  superfi cial lamina of the posterior 
layer of the thoracolumbar fascia,  TF  transversalis fascia, 

 TrA  transversus abdominis. 1 = investing fascia of QL, 
2 = aponeurosis of the abdominal muscles deriving from 
TrA, 3 = paraspinal retinacular sheath (PRS), 4 = aponeu-
rosis of the paraspinal muscles, 5 = portion of the PRS 
composed of the deep lamina of the posterior layer of 
the thoracolumbar fascia, 6 = investing fascia of SPI, 
7 = aponeurosis of SPI, 8 = investing fascia of LD, 9 = 
aponeurosis of LD [ 92 ]       

 

3 Anatomy and Biomechanics



24

 The quadratus lumborum is deep to the trans-
versus abdominis and has its origin over the 
medial aspect of the iliac crest. It inserts onto the 
twelfth rib and lower lumbar vertebrae and is 
innervated by the nerves of T12–L3. The primary 
action of the quadratus lumborum is lateral fl ex-
ion of the vertebral column and fi xation of the 
distal ribs to allow for proper contraction of the 
diaphragm. 

 The iliopsoas muscle group is composed of 
two muscles, the psoas major and iliacus. The 
psoas major has its origin on the bodies and trans-
verse processes of the lumbar vertebrae and runs 
anteroinferiorly to insert on the lesser trochanter 
of the femur (Fig.  3.7 ). It is innervated by the sec-
ond to fourth lumbar nerves and  contributes to 
hip fl exion (open chain) and lumbar fl exion 
(closed chain). The iliacus has its origin over the 
iliac fossa, ventral sacroiliac ligament, iliolumbar 
ligament, and base of the sacrum and runs antero-
inferiorly to insert on the lesser trochanter of the 
femur along with the psoas major. The iliacus is 
innervated by the femoral nerve and aids in hip 
fl exion (open chain) and tilts the pelvis and 
sacrum ventrally (closed chain). Another muscle 
in close relation to the iliopsoas group is the psoas 
minor. The psoas minor is cephalad and ventral to 
the psoas major and has its origin at the twelfth 
thoracic and fi rst lumbar vertebrae. It inserts on 
the superior ramus of the pubis and has the pri-
mary action of upward rotation of the pelvis. 

 The pelvic fl oor is composed of the levator 
ani, ischiococcygeus, iliococcygeus, and pubo-
coccygeus. They form a sling through the pelvic 
ring and make up the fl oor of the abdominal cav-
ity. The muscles of the pelvic fl oor activate up to 
500 ms prior to any increases in intra-abdominal 
pressure and help support the pelvic viscera [ 33 , 
 71 ]. They are also involved with respiration [ 33 ]. 
Contraction of these muscles can increase the 
stability of the pelvic ring and stiffness at the SIJ 
while also causing extension of the sacrum [ 61 ].  

    Posterior Muscles 

 The gluteus maximus has its origins, arcing 
from superolateral to inferomedial, at the glu-
teus medius fascia, ilium, thoracolumbar fascia, 

erector spinae aponeurosis, dorsal sacroiliac 
 ligaments, sacrum, sacrotuberous ligament, and 
coccyx. The fascicle orientation runs inferolater-
ally at 32–45°, and two-thirds inserts onto the 
iliotibial band at its aponeurotic origin over the 
greater trochanter and the other one-third inserts 
onto the gluteal tuberosity [ 5 ]. The gluteus maxi-
mus attachment to the superfi cial lamina of the 
posterior layer of the thoracolumbar fascia is 
between the lower border of the PSIS and a point 
1.0–2.0 cm lateral to the S3 spinous process [ 5 ], 
which then projects across the midline between 
L3 and S3. These fi bers turn into the origin of the 
transitional component of the latissimus dorsi at 
L1–L2 and supraspinous ligament. The latissi-
mus dorsi has fi ve other components and origins 
at the lateral raphe of the thoracolumbar fascia 
and L3–L5 (raphe component), iliac crest 2.0–
5.0 cm lateral to the lateral border of the erector 
spinae (iliac component), lower three ribs (costal 
component), lower six thoracic vertebrae and 
supraspinous ligaments (thoracic component), 
and inferior angle of scapula (scapular compo-
nent) [ 9 ]. The latissimus dorsi inserts on the 
intertubercular sulcus of the humerus. In regard 
to innervation, the gluteus maximus and latissi-
mus dorsi are innervated by the inferior gluteal 
nerve and thoracolumbar nerve, respectively. 
These two muscles have a reciprocal relationship 
during walking and have the ability to add stabil-
ity to the SIJ, primarily from the action of the 
gluteus maximus whose fi bers are oriented 
almost perpendicular to the SIJ [ 5 ,  9 ]. 

 The posterior layer of the thoracolumbar fas-
cia also consists of a deep lamina. The fi bers of 
the deep lamina have their origin at the spinous 
processes of the lumbar vertebrae and run super-
omedial to inferolateral (30–40°) in contrast to 
the superfi cial lamina fi bers, which run superolat-
eral to inferomedial [ 8 ,  48 ,  82 ]. This opposition 
in fi ber orientation gives the posterior layer of the 
thoracolumbar fascia a crosshatched appearance. 
The deep lamina has attachments with the sacro-
tuberous ligament, PSIS, iliac crest, and long 
dorsal ligament [ 82 ]. The deep lamina fuses with 
the serratus posterior inferior in the thoracic 
region. These two layers form a retinaculum over 
the epaxial muscles and are fused at the sacral 
levels (Fig.  3.9 ). 
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 The erector spinae, which are a component of 
the epaxial muscles, consist of both the iliocosta-
lis lumborum and longissimus thoracis. Both 
muscles have thoracic and lumbar components. 
The thoracic component of the iliocostalis lum-
borum runs from the lower ribs to the dorsal PSIS 
and iliac crest and the lumbar component runs 
from the tip of the lumbar transverse processes to 
the ventral iliac crest [ 47 ]. The thoracic compo-
nent of the longissimus thoracis runs from the 
thoracic transverse processes and ribs to the lum-
bar and sacral spinous processes, dorsal aspect of 
the 4th sacral segment, and interspinous region of 
the posterior ilium. Its lumbar component runs 
from the lumbar transverse processes and acces-
sory processes to the ventral aspect of the PSIS 
and iliac crest [ 47 ]. The thoracic fi bers of the ilio-
costalis lumborum and longissimus thoracis form 
the erector spinae aponeurosis, which is freely 
mobile over the lumbar fi bers [ 47 ]. The lumbar 
intermuscular aponeurosis, formed by the caudal 
tendons of the lumbar component of longissimus 
thoracis, separates the lumbar components of the 
iliocostalis lumborum and longissimus thoracis 
[ 47 ]. A cleavage plane separates the erector spi-
nae from the multifi dus. This cleavage plane runs 
from the medial aspect of the PSIS toward the L1 
vertebra, curving cranial 2.0 cm lateral to the spi-
nous process [ 47 ]. The multifi dus originates at 
the lumbar spinous processes and laminae and 
inserts at the mammillary processes, inferome-
dial aspect of the PSIS, erector spinae aponeuro-
sis, dorsal aspect of the sacrum to S4, and dorsal 
sacroiliac ligaments [ 49 ] (Fig.  3.8 ). It receives its 
innervation from the medial branch of the dorsal 
rami of the same segmental number. 

 The middle layer of the thoracolumbar fascia 
originates from the tips of the lumbar transverse 
processes and intertransverse ligaments to the 
border of the transversus abdominis where it 
blends with the posterior layer of the thoracolum-
bar fascia [ 8 ] (Fig.  3.9 ). This attachment lies lat-
eral to the lateral border of the erector spinae and 
forms a dense lateral raphe. The posterior layer 
and middle layer of the thoracolumbar fascia 
form the paraspinal retinacular sheath around the 
epaxial muscles [ 71 ] (Fig.  3.9 ). Arising from the 

middle layer of the thoracolumbar fascia between 
the 12th rib and iliac crest is the transversus 
abdominis. The internal oblique has variable 
attachment to the thoracolumbar fascia but pri-
marily arises from the iliac crest. Contraction of 
the deep abdominal muscles, primarily the trans-
versus abdominis, provides lateral tension on the 
lateral raphe, which exerts a small extension 
force on the lumbar spine [ 48 ]. Lateral tension on 
the lateral raphe via the deep abdominal muscles 
combined with contraction of the epaxial mus-
cles puts tension through the posterior and mid-
dle layers of the thoracolumbar fascia which 
compose the PRS. This tension and pressure 
can assist with lumbar extension from a fl exed 
position via the hydraulic amplifi er mechanism 
[ 8 ,  30 ,  71 ]. 

 Ventral to the middle layer of the thoracolum-
bar fascia is the deep layer of the thoracolumbar 
fascia and dorsal border of the quadratus lumbo-
rum (Fig.  3.9 ). Ventral to the erector spinae and 
multifi dus are the rotatores. The rotatores mus-
cles have their origin at the sacrum and transverse 
processes of the vertebrae (lumbar to cervical). 
They insert on the spinous process of the vertebra 
one to two segments cephalad. 

 Lateral and ventral to the gluteus maximus is 
the gluteus medius. The gluteus medius has its 
origin over the lateral surface of the ilium 
between the anterior and posterior gluteal lines 
(Fig.  3.10 ).  

 It inserts onto the greater trochanter of the 
femur and is innervated by the superior gluteal 
nerve. Deep to the gluteus medius is the gluteus 
minimus. The gluteus medius and minimus are 
the primary hip abductors and play an important 
role in stabilizing the pelvis in the frontal plane 
during single-leg stance. 

 The piriformis muscle has its origin on the 
ventral surface of the sacrum (Fig.  3.11 ).  

 It runs laterally to insert onto the greater tro-
chanter of the femur. It is innervated by the fi rst 
and second sacral nerves and has the primary 
action of lateral rotation of the thigh. Other lat-
eral rotators of the hip caudal to the piriformis are 
the superior gemellus, obturator internus, inferior 
gemellus, and quadratus femoris (Table  3.2 ).
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  Fig. 3.11    Ventral view of the deep musculature and neurovascular structures       

  Fig. 3.10    Lateral view of the superfi cial musculature and neurovascular structures       
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        Vasculature 

    Anterior Vasculature 

 The abdominal aorta descends through the abdo-
men and bifurcates into the left and right com-
mon iliac arteries at about the L4 vertebral body 
(Fig.  3.11 ). The common iliac arteries continue to 
descend, and each bifurcates into the internal and 
external iliac arteries. The internal iliac artery 
then divides into a posterior division and anterior 
division. Its posterior division gives rise to the 
superior gluteal, iliolumbar, and lateral sacral 
arteries. The iliolumbar artery begins medial to 
the SIJ [ 2 ] and courses over the cephalad aspect 
of the joint [ 26 ]. It gives off three distinct 
branches that perforate the medial iliacus and a 
descending lumbar branch that perforates the 
psoas major at the level of the greater sciatic 
notch [ 66 ]. The iliac nutrient artery originates off 
of the iliolumbar artery and courses across the SIJ 
to the nutrient foramen, located 2.0–2.4 cm ceph-
alad to the pelvic brim and 1.2–1.8 cm lateral to 
the SIJ [ 2 ,  17 ]. Crossing the SIJ at the level of the 
fi rst and second sacral foramen, the lateral sacral 
artery anastomoses with the middle sacral artery 
which branches off the abdominal aorta proximal 
to its bifurcation and travels down the midline of 
the lumbar vertebrae to the coccyx [ 26 ]. The 
anterior division of the internal iliac artery 

descends and gives off branches to the umbilical, 
obturator, inferior vesicle, middle rectal, puden-
dal, and inferior gluteal arteries. The external 
iliac artery continues caudally and lets off 
branches to the deep circumfl ex iliac and inferior 
epigastric arteries and then becomes the femoral 
artery as it passes under the inguinal ligament. 

 The corresponding veins for each artery fol-
low a similar course. Of note, the internal iliac 
veins lie on the anterolateral surface of the sacral 
ala at about S1–S2 [ 58 ]. Also, the left common 
iliac vein lies dorsal and medial to the left com-
mon iliac artery, while the right common iliac 
vein lies dorsal and lateral to the right common 
iliac artery [ 23 ] (Table  3.3 ).

   Table 3.2    Muscles and associated effects on the sacroiliac joint   

 Muscle  Primary action  Effect on SIJ 

 Erector spinae 
  Iliocostalis lumborum  
  Longissimus thoracis  

 Bilateral: back extension 
 Unilateral: side bending 

 Hydraulic amplifi er effect via PRS and TLF 

 Multifi dus  Back extension, side bending, rotation  Imparts sacral fl exion, force closure of SIJ with 
deep abdominals 

 Gluteus maximus  Hip extension, hip lateral rotation  Stabilizes SIJ due to perpendicular fi ber 
orientation and attachment to TLF 

 Piriformis  Hip lateral rotation  May alter SIJ motion via direct attachment to 
ventral aspect of sacrum 

 Biceps femoris  Hip extension, knee fl exion  Long head: Imparts sacral extension via 
attachment to sacrotuberous ligament 

 Deep abdominals 
 Transversus abdominis  

 Compression of abdominal cavity  Force closure of SIJ via lateral raphe and TLF 

 Iliacus  Hip fl exion (open chain) and tilts 
pelvis/sacrum ventrally (closed chain) 

 Synchronous tilting of the pelvis/sacrum ventrally 
(closed chain) 

 Pelvic fl oor  Support pelvic viscera  Imparts sacral extension 

   SIJ  sacroiliac joint,  PRS  paraspinal retinacular sheath,  TLF  thoracolumbar fascia  

   Table 3.3    Anterior vasculature and relationship to the 
sacroiliac joint   

 Vessel  Course  Relationship to SIJ 

 Iliolumbar 
artery 

 Medial to lateral  Crosses cephalad 
aspect of SIJ 

 Iliac Nutrient 
artery 

 Medial to lateral to 
nutrient foramen 

 Crosses SIJ 

 Sacral arteries 
  Medial  
  Lateral  

 Caudally over 
vertebral bodies 
 Lateral to medial 

 Descends down 
midline of sacrum 
 Crosses SIJ at 
S1–S2 level 

 Internal iliac 
vein 

 Superomedially  Lies on 
anterolateral 
surface of sacral 
ala (S1–S2) 

   SIJ  sacroiliac joint  
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       Posterior Vasculature 

 The superior gluteal artery exits the greater sciatic 
notch and courses cephalad about 5.4 cm toward 
the gluteal muscles [ 52 ] (Fig.  3.12 ).  

 It consists of a superfi cial branch, deep supe-
rior branch, and deep inferior branch. The super-
fi cial branch inserts into the gluteus maximus 
(three perforations), the deep superior branch 
inserts into the gluteus medius (fi ve perforations) 
and gluteus minimus (one perforation), and the 
deep inferior branch inserts into the gluteus 
medius (four perforations) and gluteus minimus 
(two perforations) [ 21 ]. The distance between 
the superior gluteal artery, where it exits the 

greater sciatic notch and the PSIS, is about 
6.2 cm [ 21 ,  93 ]. As the superior gluteal artery 
courses cephalad to the level of the PSIS, it can 
be found about 3.7 cm lateral to the PSIS and 
about 10.2 cm caudal to the iliac crest [ 93 ]. The 
deep superior branch is located about 2.9 cm 
 dorsal and lateral to the ASIS at its closest 
 muscular insertion [ 21 ]. 

 The inferior gluteal artery originates from the 
internal iliac artery and passes dorsal to the sci-
atic nerve and sacrospinous ligament. It exits the 
pelvis 3.0–5.0 mm dorsal to the cephalad border 
of the sacrospinous ligament along with the sci-
atic nerve at the greater sciatic notch [ 78 ] 
(Fig.  3.12 ) (Table  3.4 ).

  Fig. 3.12    A reconstructed 3D CT image of the right 
 pelvis viewed from the lateral aspect. ( a ) Position of the 
SGA on the posterior ilium. ( b ) The right femur has been 
eliminated and the pelvic vasculature is viewed through 
the pelvis. Note the proximity of the SGA to the auricular 

surface of the sacroiliac joint.  CFA  common femoral 
artery,  DFA  deep femoral artery,  EIA  external iliac artery, 
 IA  iliac artery,  IGA  inferior gluteal artery,  IIA  internal 
iliac artery,  OA  obturator artery,  SGA  superior gluteal 
artery [ 36 ]       

   Table 3.4    Posterior vasculature and relationship to the sacroiliac joint   

 Vessel  Course  Relationship to SIJ 

 Superior gluteal artery  Exits greater sciatic notch and runs cephalad  From greater sciatic notch to PSIS: 
 6.2 cm 

 Inferior gluteal artery  Exits greater sciatic notch and runs caudal  Exits with sciatic nerve: 
 2.9 cm lateral, 0.7 cm caudal to SIJ 

   SIJ  sacroiliac joint,  PSIS  posterior superior iliac spine  
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        Nerves 

    Anterior Nerves 

 The lumbosacral plexus is composed of the distal 
lumbar nerves (L4 and L5) and sacral nerves 
(Fig.  3.13 ).  

 The L4 and L5 nerves course medial to the SIJ 
and lateral to the internal iliac vein where they 
join the S1 nerve root and sacral plexus [ 58 ]. The 
L4 nerve courses from 0.5 to 1.8 cm medial to the 
SIJ at the level of the sacral ala, while the L5 
nerve courses about 1.3 cm medially at the same 
reference point [ 4 ,  87 ]. The junction where the 
lumbar nerves join the sacral nerves is found 

about 1.2 cm medial to the SIJ and is referred to 
as the lumbosacral trunk [ 4 ]. At the pelvic brim, 
the lumbosacral trunk is at its closest to the SIJ, 
from 0.1 to 1.0 cm medially [ 4 ,  20 ,  58 ]. 

 Branches off the lumbar plexus (L1–L4) 
include the iliohypogastric, ilioinguinal, genito-
femoral, lateral femoral cutaneous, femoral, 
obturator, and accessory obturator nerves. The 
lateral femoral cutaneous nerve emerges from the 
lateral border of the psoas major and crosses the 
iliacus deep to the iliacus fascia to the ASIS. It 
passes into the thigh medial to the ASIS and dor-
sal to the inguinal ligament, exiting 1.5–2.0 cm 
caudally [ 29 ]. In some, the lateral femoral cuta-
neous nerve crosses the iliac crest lateral to 
the ASIS [ 29 ]. The obturator nerve crosses the 

  Fig. 3.13    The lumbosacral plexus in relation to the sacroiliac joint [ 3 ]       
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cephalad aspect of the SIJ, but does not contact 
the sacrum, and can be found about 1.0 cm ceph-
alad from the arcuate line [ 26 ,  58 ]. The obturator 
and femoral nerves are lateral to the L4 nerve and 
encased in soft tissue [ 4 ]. 

 The sacral nerves are medial to the SIJ and 
about 0.8 cm from the midline [ 87 ]. In relation to 
the caudal aspect of the SIJ, the S1, S2, and S3 
nerves are located about 0.2, 1.7, and 2.4 cm 
medially in the coronal plane, respectively [ 87 ]. 
Branches off the lumbosacral plexus include the 
nerve to the quadratus femoris/inferior gemellus, 
nerve to the obturator internus/superior gemellus, 
nerve to the piriformis, superior gluteal, inferior 
gluteal, posterior femoral cutaneous, pudendal, 
tibial, and common peroneal nerves. The sciatic 
nerve is composed of the tibial and common 
peroneal nerves. 

 Other important neural structures in the area 
of the sacrum are the sympathetic chains. The 
sympathetic chains descend bilaterally and are 
adherent to the anterior sacrum. They course 
medial to the foramen and join the contralateral 
chain on the surface of the coccyx to form the 
ganglion impar [ 26 ] (Table  3.5 ).

       Posterior Nerves 

 The sciatic nerve passes through the greater sci-
atic notch ventral to the piriformis and exits cau-
dally between the piriformis and superior 
gemellus (Fig.  3.14 ).  

 The sciatic nerve is 0.9–1.5 cm wide and is 
found 2.9 cm lateral and 0.7 cm caudal to the 
most caudal aspect of the SIJ [ 7 ,  40 ]. In a small 
percentage of the population, the peroneal nerve 
passes through the piriformis muscle, while the 
tibial nerve passes caudally [ 7 ]. 

 The superior cluneal nerves innervate the skin 
over the gluteus maximus and gluteus medius 
and are composed of the medial, intermediate, 
and lateral branches. They run dorsal to the qua-
dratus lumborum and ventral to the deep layer of 
the thoracolumbar fascia, emerging cephalad to 
the iliac crest through the thoracolumbar fascia 
and latissimus dorsi [ 45 ,  79 ] (Figs.  3.10  and 
 3.14 ). The medial superior cluneal nerve origi-
nates from the L1 nerve root and is located about 
8.0 cm lateral to the midline or 5.0–6.8 cm lateral 
to the PSIS along the iliac crest [ 45 ,  79 ,  93 ]. The 
intermediate superior cluneal nerve originates 
from the L2 nerve root and is located about 
7.0 cm lateral to the PSIS along the iliac crest, 
while the lateral superior cluneal nerve origi-
nates from the L3 nerve root and is located 
about 7.3 cm lateral to the PSIS along the iliac 
crest [ 79 ]. Two to three of the superior cluneal 
nerves anastomose with each other caudal to the 
iliac crest. 

 The dorsal root ganglia of S1 are primarily 
located intraforaminal, while the dorsal root gan-
glia of S2, S3, and S4 are located intracanalar 
[ 14 ]. The lateral branch nerves of the dorsal rami 
exit the foramen lateral to the foraminal midline 
[ 94 ]. These branches take various paths and enter 

   Table 3.5    Anterior nerves and relationship to the sacroiliac joint   

 Nerve  Course  Relationship to SIJ 

 L4  Inferolaterally, medial to SIJ  At pelvic brim (lumbosacral trunk): 
 0.1–1.0 cm medial to SIJ 

 L5  Inferolaterally, medial to SIJ  At pelvic brim (lumbosacral trunk): 
 0.1–1.0 cm medial to SIJ 

 Sacral 
  S1  
  S2  
  S3  

 Inferolaterally, medial to SIJ  From caudal aspect of SIJ: 
 0.2 cm medial 
 1.7 cm medial 
 2.4 cm medial 

 Obturator  Medial to lateral across SIJ  Crosses cephalad SIJ 
 Sympathetic chain  Caudally over ventral sacrum  Adherent to ventral aspect of sacrum, medial to foramen 

   SIJ  sacroiliac joint  
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the dorsal ligaments and interosseous ligament 
on the way to different areas including the SIJ. 

 The middle cluneal nerves originate from the 
dorsal sacral foramina (S1–S3) and exit caudal to 
the PSIS [ 79 ]. They course inferolaterally, enter-
ing into the subcutaneous tissue over the gluteus 
maximus, and anastomose with the medial supe-
rior cluneal nerve (Figs.  3.10  and  3.14 ) (Table  3.6 ).

        Biomechanics of the Sacroiliac Joint 

 The pelvic ring contains the SIJs dorsally and the 
pubic symphysis ventrally. Motion at the SIJ con-
sists of a combination of rotation and translation 
in the sagittal, coronal, and axial planes. 
Movement of the sacrum in the sagittal plane can 
be described as sacral fl exion or extension. Sacral 
fl exion occurs when the base of the sacrum moves 
ventrally and the apex of the sacrum moves dor-
sally. Sacral extension is the opposite, with the 
sacral base moving dorsally, while the sacral apex 
moves ventrally. Sacral fl exion is also referred to 
as nutation and sacral extension is referred to as 
counternutation. Total rotatory motion of the 
sacrum in the sagittal plane can reach 4°, with 
nutation and counternutation contributing about 
2° each [ 38 ,  74 ,  86 ]. Translation in the sagittal 
plane ranges from 0.2 to 1.9 mm and is coupled 
with rotation [ 25 ,  38 ,  91 ]. The greatest changes in 
sagittal plane rotation and translation occur during 

  Fig. 3.14    Dorsal view of the superfi cial musculature and neurovascular structures       

   Table 3.6    Posterior nerves and relationship to the sacro-
iliac joint   

 Nerve  Course  Relationship to SIJ 

 Sciatic  Exits greater 
sciatic notch and 
runs caudal 

 From caudal aspect of SIJ: 
 2.9 cm lateral, 0.7 cm 
caudal 

 Superior 
cluneal 

 Exits cephalad to 
iliac crest and run 
caudal 

 5.0 cm lateral along iliac 
crest ( medial superior 
cluneal nerve ) 

 Middle 
cluneal 

 Inferolaterally 
from dorsal sacral 
foramina 

 Penetrate dorsal ligaments 

   SIJ  sacroiliac joint  
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position changes, especially with going from 
supine (nearly end-range sacral extension) to 
standing (nearly end-range sacral fl exion). 

 Motion of the sacrum in the coronal plane is 
described as lateral side bending and consists of 
coupled rotation and translation. Rotation of the 
sacrum in the coronal plane can reach 1.9° with 
translation of about 1.1 mm during single-leg 
stance [ 25 ,  38 ]. The sacrum also moves within the 
axial plane. Motion in the axial plane is described 
as axial rotation and can reach 0.8° [ 57 ]. 

 Force is transferred through the SIJ from the 
lower extremities to the trunk and from the trunk 
down to the lower extremities through the SIJs. 
Force through the SIJ can range from 3.5 to 
7.0 MPa and is greatest with forward bending and 
side bending of the lumbar spine [ 37 ]. A leg- length 
discrepancy can alter biomechanics and lead to 
asymmetric forces through the SIJ. With a leg-
length discrepancy of 2.0–3.0 cm, the force through 
the SIJ on the side with the longer limb can reach 
10–20× that of an individual with relatively equal 
limb lengths. The force through the SIJ on the side 
with the shorter limb also increases 5–9× [ 37 ]. 

 Motion at the pubic symphysis also consists of 
translation and rotation in all three planes. 
Translation in the sagittal, coronal, and axial 
planes can range from 1.0 to 2.0 mm [ 28 ,  89 ]. 
Larger translations are found in multiparous 
females and following traumatic injuries and can 
range from 3.0 to 10.0 mm [ 28 ,  89 ]. Rotation in 
the sagittal and coronal planes is about 0.5° [ 89 ].  

    Summary 

 The anatomy and biomechanics of the SIJs and 
surrounding areas are complex. The SIJs are rela-
tively stable and allow little motion. Many mus-
cles and ligaments are found in the area of the 
SIJs and knowledge of their relative infl uence 
on the SIJ and each other is important for all 
clinicians involved in the treatment of SIJ dys-
function. Vital structures, such as nerves and vas-
culature, are found in close proximity to the SIJs 
and need to be identifi ed and avoided to prevent 
injury during invasive procedures. Structural 
variations are common and great care needs to be 
taken when operating on the SIJs.     
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 Introduction

The normal range of motion (ROM) of the sacro-
iliac joint (SIJ) has been measured in various 
ways and has been found to be minimal under 
normal conditions [1–4]. There are clinical situa-
tions where the SIJ has been “out of alignment” 
or has been “realigned” by the clinician based on 
external anatomical clinical findings. Controversy 
continues to exist regarding SIJ ROM in terms of 
stability in both clinical and surgical situations. 

This chapter discusses what happens to the ROM 
of the SIJ when the posterior supporting ligament 
structures are sequentially transected after which 
adjacent joint (L5–S1) stabilization is performed. 
Clinical relevance is then discussed based on 
these findings.

 Hypothesis

The working hypothesis for this experiment was 
that, after defining the ligament intact SIJ ROM 
in cadaver specimens, which is estimated to be 
between 2 and 6° based on the literature [1–4], 
the ROM would increase significantly with each 
successive posterior ligament transection and 
that a further increase in SIJ ROM would occur in 
this posterior ligament injured joint with the 
addition of L5–S1 fixation.

 Materials and Methods

 Specimen Preparation

Seven fresh human lumbar spines from L3 to the 
pelvis were used in the study (4M, 3F; 
53 ± 11 years old). Specimens were stored in dou-
ble plastic bags at −20 °C. After thawing over-
night, the spines were dissected by carefully 
removing paravertebral musculature while avoid-
ing disruption of spinal ligaments, joint capsules, 
joints, and intervertebral disks. The spines were 
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fixed proximally at L3 and distally at the pelvis, 
in a three-to-one mixture of bond auto body filler 
and fiberglass resin (Bondo MarHyde Corp, 
Atlanta, GA). The sacrum and pubic symphysis 
were free to move. Saline (0.9 %) was used 
throughout testing so the specimens remained 
moist and retained their viscoelastic properties.

 Flexibility Testing

The spines were placed on a custom built six 
degree-of-freedom testing machine and held in 
place with high-powered magnets. Pure uncon-
strained bending moments were applied in flex-
ion–extension, lateral bending, and axial rotation 
using a multidirectional flexibility protocol [5–
7]. The six degree-of-freedom machine applies 
unconstrained loading through three cephalad 
stepper motors located in each of the three physi-
ological rotation axes [8–12]. Moreover, the sup-
ports are mounted on air bearings to provide near 
frictionless resistance to the natural kinematics of 
the spine, which allows the spine to be uncon-
strained during load application. To account for 
the viscoelasticity of tissue, data was taken from 
the third cycle. A load control protocol with ser-
vomotors applying a pure moment at L3 at a rate 
of 1.5° per second to a maximum moment of 
±8.5 Nm, in all three planes, was performed 
(Fig. 4.1).

 Range of Motion

Plexiglass markers, each having three infrared 
light-emitting diodes, were secured rigidly to L3, 
L4, L5, sacrum, left iliac crest, and right iliac 
crest via bone screws to track motion using the 
Optotrak Certus (NDI, Inc., Waterloo, Canada) 
motion analysis system. The location of the 
markers (denoting a rigid body) is aligned 
approximately sagittal along the curvature of the 
spine. The Optotrak Certus software superim-
poses the coordinate systems of two adjacent 
vertebral bodies in order to inferentially deter-
mine the relative Eulerian rotations in each of the 
three planes.

 Surgical Reconstruction Groups

All specimens were tested intact with no damage 
to ligaments or bones. The REVERE® Stabilization 
System (Globus Medical Inc., Audubon, PA) was 
used for the 5.5 mm-diameter rigid titanium rod 
construct. Each of the seven specimens were 
tested in the following order: (1) intact; (2) left 
side sacrotuberous ligament (cephalad portion) 
injury (L-STL cut); (3) left side dorsal sacroiliac 
and interosseous ligaments injury (L-DSIL + L-IL 
cut), with the cumulative injury resulting in a tran-
section of the entire left posterior ligament com-
plex (L-PL complex cut); and (4) L5–S1 rigid 
instrumentation (L5–S1 rigid) placed adjacent to 
the posterior ligament injured SIJ. L-STL cut con-
struct was performed by carefully dissecting the 
cephalad portion of the sacrotuberous ligament at 
a point just below the posterior superior iliac 
spine. Rongeur and a scalpel were used to 
 completely transect the ligament (Fig. 4.2).

Fig. 4.1 Specimen mounted on six degree-of- freedom 
spine tester with rigid body markers for motion tracking
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The L-PL complex cut construct was created 
by inserting the scalpel into the entire junction of 
the posterior iliac crest and sacrum from its most 
cephalad to its most caudal borders transecting 
all of dorsal sacroiliac and interosseous ligaments 
down to the joint (Fig. 4.3).

 Statistical Analysis

The data points include one range of motion mea-
surement per specimen, under uniform stresses, 
for three different directions. These measure-
ments were taken at each of the ten stages men-
tioned above, including intact, simulated injuries 
and stabilization constructs. For raw data, see 
Appendix B.

To test the hypotheses, analysis involved 
paired comparisons of range of motion measure-
ments between each of the first four successive 
measurements. The Shapiro–Wilks normality test 
was applied to the measurements for each stage 
to check assumptions of the paired t-test. While 
more than half of the individual samples were 
found to diverge significantly from normality, it 
is acknowledged that the power of any such test 
is rather limited for such a small sample size. 
Therefore, the Wilcoxon sign test was also imple-
mented. Note the agreement of significance (at 
α = 0.05) between the two tests in Table 4.1.

Small sample sizes leave a question of power 
in the ability to detect differences. Using the 
average sample standard deviations over three 
directions, e.g.,

Fig. 4.2 Specimen with transected posterior sacrotuber-
ous ligament (cephalad portion)

Fig. 4.3 Specimen, with previous transection of the pos-
terior sacrotuberous ligament, now with the additional 
transection of the dorsal sacroiliac ligament and the inter-
osseous ligament. This constitutes a transection of the 
entire posterior supporting ligament structure for the SIJ

S S Sintact ISLcut F E intact ISLcut lateral bend intact I−> −> −>= +/ : : SSLcut axial rotation intact ISLcut+( )−>S : / 3
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The power curves are shown in Figs. 4.4 and 4.5.

 Variables with Statistical Significance

The following statistically significant (p < 0.05) 
results were found:
• SIJ ROM in F/E increased with each  successive 

posterior ligament (STL + DSIL and IL) 
transection.

• SIJ ROM in axial rotation increased only after 
all posterior ligaments (STL + DSIL and IL) 
were transected.

• SIJ ROM in F/E increased in the posterior 
ligament injured joint with the addition of L5–
S1 posterior fixation.

 Conclusions Verses Hypothesis

The average SIJ ROM with intact ligaments was 
very small and in ranges of 1° or less. With the 
transection of the STL, ROM increased in only 

Table 4.1 Comparisons of range of motion 
measurements

Flexion–
extension

Intact →  
STL cut

STL cut →  
PLC cut

PLC cut →  
L5–S1 rods

Change in  
ROM tested

Increase Increase Increase

t-stat (p-val) 0.0258 0.0316 0.0082
W-sgn (p-val) 0.0391 0.0078 0.0078
Significance Yes Yes Yes
Lateral bend Intact →  

STL cut
STL cut →  
PLC cut

PLC 
cut → L5–
S1 rods

Change in  
ROM tested

Increase Increase Increase

t-stat (p-val) 0.6321 0.0518 0.7157
W-sgn (p-val) 0.7693 0.0574 0.7081
Significance No No No
Axial rotation Intact →  

STL cut
STL cut →  
PLC cut

PLC 
cut → L5–
S1 rods

Change in  
ROM tested

Increase Increase Increase

t-stat (p-val) 0.5539 0.0283 0.1849
W-sgn (p-val) 0.6238 0.018 0.3057
Significance No Yes No

Fig. 4.4 Power curve for paired t-test: from ISL to L-PL transection
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the F/E plane, and with the subsequent transec-
tion of the DSIL and IL, ROM increased for the 
first time in axial rotation and further in F/E. 
Only one specimen increased its ROM past 2° 
(Chap. 18, Appendix two) despite posterior liga-
ment transection and adjacent joint fixation. 
Thus, the larger “grossly destabilizing” ROMs 
hypothesized after transecting the posterior sup-
porting ligaments were not realized. With the 
addition of L5–S1 pedicle screw and rod fixation, 
there did occur a further increase in the ROM of 
the posterior ligament injured SIJ in only the F/E 
plane and not in lateral bend or axial rotation.

 Clinical Importance of Study 
Conclusions

The ROM of the SIJ is very minimal, even in its 
posterior ligament injured state, with ROMs aver-
aging overall in the 1–2° range. These findings 
agree with our ROM findings in surgery when 

 performing a posterior SIJ fusion after all the 
 posterior ligaments are removed, as in this experi-
ment, to access the joint in a patient who is asleep 
and paralyzed (Chap. 9). Given this knowledge, 
one must question what is really happening on a 
gross clinical level when this joint is “out of align-
ment” or the clinician has “put the joint back in 
place” in the absence of significant clinical trauma.

The transection of the posterior ligaments, the 
major known posterior stabilizers for the SIJ, did 
not render the SIJ grossly unstable (no mea-
sures > 2°) resulting in the need to further reflect 
on the importance of these structures in SIJ sta-
bility and if such small resulting changes in ROM 
are of clinical importance.

The addition of lumbosacral fixation does 
increase the F/E ROM of the posterior ligament 
injured SIJ. This result is in line with papers pub-
lished on increased stresses on joints adjacent to 
rigidly fixated joints in the lumbar spine and 
increased changes in the SIJ with adjacent lum-
bosacral fusions [13–17].

Fig. 4.5 Power curve for paired t-test: intact to ISL transection

4 Biomechanics of the Injured SIJ: Results from an In Vitro Study

http://dx.doi.org/10.1007/978-3-319-10726-4_18
http://dx.doi.org/10.1007/978-3-319-10726-4_9


42

 Discussion

We know that the SIJ can become severely symp-
tomatic with pain as a result of gross dislocation 
secondary to significant trauma and also in some 
patients with ligament stretching and/or tears 
secondary to the hormonal changes in late term 
pregnancy and/or vaginal delivery [18–22]. We 
also know that this joint can be rendered asymp-
tomatic by subsequent rigid fixation [1, 23–25] 
and with the healing effects of the postpartum 
time period during which stiffening of the SIJ 
ligaments occurs. One of these results in the the-
oretical succession of motion and the other 
does not.

Increased motion and/or increased instability 
of the SIJ has been inextricably tied to the pro-
duction of or the cause of the painful, symptom-
atic SIJ. Therefore, with the current knowledge 
base in place, it is difficult to consider that the 
fairly “stable” SIJ, as in the diagnosis of the dys-
functional SIJ, should hurt to the point where it 
not only becomes disabling but also requires 
treatments that would include fusion of the joint.

The purpose for this study and placing it in 
this textbook is to challenge the existing concept 
of “increased motion” = “increased pathol-
ogy” = “increased symptoms.” If one considers 
all the conditions that exist as the primary patho-
logical causes for severe SIJ pain (Chap. 5), they 
are all conditions where in the SIJ ROM is mini-
mal. With each of these types of “symptomatic 
stable pathology,” the SIJ pain was either elimi-
nated or significantly decreased using a surgical 
procedure to theoretically stop the motion of the 
SIJ. The question then becomes: Is it the 
increased ROM that is in some way tied to the 
symptomatology of the SIJ or is it a consequence 
of how the existing ROM is transferred through 
the SIJ? This study suggests that, even with sig-
nificant gross transection of posterior ligaments, 
SIJ ROM does not increase very much. This find-
ing has been corroborated many times over in 
surgery by one of the authors (BED) while doing 
the posterior midline open approach to the SIJ 
(Chap. 9). Because our experience is that stop-
ping the ROM, regardless of its amount, in a 

symptomatic SIJ frequently significantly reduces 
or eliminates pain, ROM is a factor, to some 
degree, in the symptomatic dysfunctional 
SIJ. What might be considered is if it is the man-
ner in which the existing ROM affects the joint 
structures themselves, and in which planes it is 
occurring, that influences pain production. The 
answers to these questions are currently unknown.

 Conclusion

This in vitro cadaver study shows that overall 
motion in the SIJ is minimal and increases only 
slightly with transection of key posterior liga-
ment structures. It opens the door to questioning 
what is really happening clinically with “realign-
ment” procedures and why pain should be so dra-
matically relieved in severely disabled patients 
with a dysfunctional SIJ by simply stopping a 
few degrees of motion through the joint, if that is 
indeed what we are truly doing with SIJ fixation 
devices. It also raises the question as to what is 
really causing the pain in such a relatively stable 
joint. Future studies will need to consider how 
existing motion in the SIJ contributes to symp-
tomatology in certain pathological conditions 
and why. From what this study shows us, and our 
own clinical experiences with the dysfunctional, 
essentially stable, SIJ, it does not seem to rely 
only on increasing ROM and gross instability.
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            Introduction 

 The following chapter will discuss the pathologi-
cal conditions and diagnoses that were present 
preoperatively in patients that subsequently were 
satisfi ed with their results, long term, after having 
a sacroiliac joint (SIJ) fusion. The importance of a 
correct diagnosis will be emphasized as well as 
considerations for the differential diagnosis. The 
reader should keep in mind that frequently pathol-
ogy in the SIJ causing chronic debilitating pain 
does not stand-alone. Many times the same pathol-
ogy affecting the SIJ can be present in other joints 
as well to include the lumbar spine. This is cer-
tainly true with some arthritic conditions. This 
particularly applies to infl ammatory arthritis, 
which will be discussed as showing mixed results 
with SIJ fusion procedures. This is not a complete 
list, and other pathological conditions do exist and 
will need to be added as experience with them 

develops. The three types of pathology that will 
not be discussed in this chapter are acute trauma, 
active infection, and conditions involving tumors. 
These are acute and frequently unstable conditions 
that fall more in the category of trauma surgery. 
The pathology discussed in this chapter involves 
essentially stable SIJs in a chronic pain setting.  

    Importance of an Accurate 
Diagnosis 

 In Chap.   6    , the algorithm for the diagnosis and 
treatment of the dysfunctional SIJ will be dis-
cussed. It is important here, however, to cover a few 
of these points when considering painful pathology 
of the SIJ. When a patient presents with low back 
pain (LBP) and they point to a spot just over and 
slightly caudal to the posterior superior iliac spine 
(PSIS) (Fortin Finger Test [ 1 – 3 ]), it is mandatory 
that the clinician considers the SIJ in the differen-
tial diagnosis (Chap.   6    ). An agreement in the litera-
ture, which has been fully upheld at our institution, 
is that SIJ pain is rarely found clinically cephalad to 
the L5–S1 disk space [ 4 ,  5 ]. So, if a patient also has 
pain at L5 or more cephalad, the pathology of the 
lumbar spine must also be in the differential diag-
nosis. Our experience is that both the lumbar spine 
and the SIJ can be painful in the same patient and 
each possibly contributing to that patient’s disabil-
ity. If a patient has groin pain, it is possible for it 
to be emanating from the upper lumbar spine 
(lateral foraminal stenosis), the hip joint, the SIJ, or 
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multiples of these. We have found that at times a 
foraminal stenosis of the L4–L5 or L5–S1 can 
mimic SIJ pain. These concepts and more on diag-
nosis will be covered in detail in the chapter on the 
algorithm for diagnosis and treatment (Chap.   6    ), 
but, as one is encountering the various pathological 
states that can exist in the SIJ, it is important not to 
wear blinders and focus only on the SIJ.  

    Pathologic Conditions That 
Responded Positively to Fusion 

 These conditions will be discussed from a clinical 
perspective that a surgeon or therapist would 
encounter in the offi ce when evaluating a patient. 
It is important to remember that the exact cause of 
the pain in all of these pathological conditions 
causing chronic pain in the SIJ is currently 
unknown. All that can be said at this time is that 
each of these diagnostic pathological conditions 
has been associated with the diagnosis of a dys-
functional SIJ and a fusion of that joint resulted in 
satisfactory relief of that pain at long-term follow-
up. The only exceptions are the mixed results with 
infl ammatory arthritis, which will be discussed. 

 Pathological conditions which can cause a SIJ 
to be chronically painful:
•    Degenerative osteoarthritis  
•   Infl ammatory arthritis  
•   Postpartum SIJ dysfunction  
•   Sacral osteoporosis  
•   Aggressive iliac bone graft harvest  
•   Overstressing joint with adjacent lumbosacral 

(LS) fusion  
•   Association with certain types of lumbosacral 

transitional vertebrae (LSTV)  
•   Failed attempt at previous SIJ fusion  
•   Idiopathic pain in normal-appearing SIJ    

    Degenerative Osteoarthritis (OA) 

 The degenerative form of osteoarthritis (OA) is a 
multifactorial disease in its primary state and an 
acquired multifactorial condition in its secondary 
state. For the clinician, these two states in which 
OA can occur have implications when evaluating 
the dysfunctional SIJ. If it is primary OA, there 

may be a strong possibility that it may involve 
other joints as well. The same OA that is found in 
the SIJ is usually the same as is found in the lum-
bar spine. The hip joint itself also needs to be con-
sidered, as primary OA in the SIJ represents an 
“axial” presentation in large joints, which might 
include the hip joint. The message here is that the 
pain the patient is having could be originating 
from one, two, or all three of these anatomic sites. 
The secondary state of OA develops usually as a 
residual of some type of signifi cant insult to the 
joint. It may result from a fall, secondary impacts 
such as breaking with a straight leg in a front-end 
automobile collision, a previous infection, a prior 
healed fracture of the joint or pelvis, and postra-
diation syndrome, and the list goes on. With sec-
ondary OA, the SIJ may be the only joint involved 
though thought should be given to the possibility 
of other pain-generating sites. With both types of 
OA, the SIJ is usually “relatively” stable and may 
or may not enhance on a bone scan. If there is 
abnormal enhancement on a bone scan [ 6 ], one 
should give serious consideration for this joint 
being a pain generator (Figs.  5.1  and  5.2 ).    

  Fig. 5.1    Osteoarthritis of the sacroiliac joint demonstrat-
ing spurring, sclerosis, joint widening, and vacuum sign       
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    Infl ammatory Arthritis 

 This type of arthritis in the SIJ may arise from 
both a seropositive and seronegative infl amma-
tory disease process. The conditions that have 
resulted in a successful fusion at our institution 
were rheumatoid arthritis (RA), the non-joint fus-
ing form of HLA-B27-positive ankylosing spon-
dylitis in a young female, Reiter’s syndrome, and 
idiopathic sacroiliitis. These infl ammatory types 
of arthritis in the SIJ can cause severe pain, both 
in the acute and chronic phases, and the delay in 
diagnosis can be excessive. The affected SIJs can 
be stable or demonstrating a microtype of insta-
bility secondary to the ligament–bone attach-
ments being affected by the infl ammatory process 
(enthesopathy). It is important to be in consulta-
tion with a rheumatologist when working with 
these patients (Fig.  5.3 ).  

    Case Example of RA Affecting the SIJ 
 The fi rst patient to have a SIJ fusion at BBSI pre-
sented to us in 1991. She was 74 years old and 
unable to stand or put weight on her right leg sec-
ondary to severe pain and the feeling of instabil-
ity. Her bone scan was signifi cantly enhanced 
over the right SIJ, and her CT showed typical 
signs of joint erosions, surrounding osteoporosis, 

and an obvious separation of the joint margins. 
She had been suffering with this condition for 
several years, had seen countless doctors, and 
was confi ned to a wheel chair. Due to the current 
surgical standard being simply placing two 
screws across the joint into her osteoporotic 
sacrum, and her suggesting death as her next 
option, we devised a posterior midline approach 
to fuse and instrument her SIJ. This procedure 
allowed for better screw to bone fi xation. There 
was no readily available instrumentation for this 
at that time so a bone plate (used for long bones) 
crossing the joint posteriorly fi xated with large 
cancellous screws in the S1 pedicle and the ilium 
along with autogenous iliac bone graft were used. 
Due to the fi xation being quite rigid, she was 
allowed to weight bear as tolerated in the fi rst 
postoperative week and continued to ambulate 
with a walker, without signifi cant pain, for nine 
years until her death from other causes. The 
result from this patient was the beginning of our 
understanding that the SIJ can cause severe 
 disabling pain and that a fusion is a viable option 
in some patients (Fig.  5.4 ).  

 Our experience with fusing patients with 
infl ammatory arthritis has been mixed. It con-
tains some of our very best and also some of 
our worse results. Currently, our feeling is that 

  Fig. 5.2    Advanced 
osteoarthritis of the 
sacroiliac joint involving 
entire joint with resultant 
increase in bone density on 
both the iliac and sacral 
sides       
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if it involves one joint and the patient does not 
have other systemic problems arising from their 
infl ammatory arthritis diagnosis, they seem to 
respond the best to the surgery. If their condi-
tion is bilateral and they suffer with pain from 
multiple other sites related to the infl ammatory 
process, caution should be taken when consider-
ing surgery. This situation is illustrated in the case 

shown in Fig.  5.5 . Although some cases of infl am-
matory arthritis have done very well with fusion 
procedures others have not. Much more research 
and experience are needed in patients with this 
diagnosis to fully understand which subgroups 
would be the most appropriate for fusion surgery. 
A rheumatologist might be able to manage their 
condition as a better option to surgery (Fig.  5.5 ).    

  Fig. 5.3    Bilateral 
infl ammatory joint changes 
showing, as you look at the 
image, a fusion on the right 
(asymptomatic) and an 
incomplete fusion on the 
left (symptomatic). Note 
the narrowing, sclerosis, 
and subchondral bone 
erosions on the unfused 
side. Also note the screws 
from the lumbosacral 
fusion that failed to resolve 
this patient’s low back pain       

  Fig. 5.4    Nine-year 
follow-up of elderly patient 
with severe rheumatoid 
arthritis and osteoporosis 
after fusion of her 
sacroiliac joint using a 
plate and cancellous 
screws       
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    Postpartum SIJ Dysfunction 

 The obstetrics and gynecology literature has rec-
ognized for decades the abuse that the SIJs endure 
as a result of carrying the baby during the fi nal 
weeks of pregnancy and as a result of a vaginal 
labor and delivery [ 7 – 11 ]. In most cases, the 
endogenous factors that allow for the laxity and 
occasional injury to the ligaments surrounding 
the SIJ during labor and delivery reverse them-
selves, and the pain that was associated with this 
event subsides. In a small number of cases, the 
pain does not resolve, and the patient continues 
on with chronic pain. Typically, this pain is 
endured and possibly alters activities or lifestyle. 
Occasionally, it becomes progressively severe 
and begins to cause increasing levels of disability. 
These types of patients frequently populate 
chronic pain clinics and get repeated injections 
into the SIJ for short-term relief. It has only been 
recently that such a patient is being referred for 
possible surgery. It is usually the primary care 
doctor, the patient’s physical therapist, or a col-
laboration of both that sends this type of patient 
for a possible surgical solution. These patients are 
usually very frustrated and often depressed when 
they present to the surgeon for consultation. As a 
group, they also have the fewest fi ndings on any 

imaging test. CT and the bone scan may be essen-
tially normal. It will be the history that offers the 
clues to the etiology and the injection (Chap.   6    ) 
that ultimately solidifi es the diagnosis. 

    Case Example 
 A patient, having a greater than 10-year follow- up 
at our institution, suffered from postpartum SIJ 
dysfunction. She also had a secondary diagnosis 
of HLA-B27-positive non-fusing ankylosing 
spondylitis. After the birth of her fi rst child during 
her mid-20s, her pain slowly and steadily 
increased to a point of being very disabling. By 
the time we evaluated her in her late 40s, she had 
reached a point of constant pain and progressive 
inability to bear weight on her right leg and was 
having progressively more dyspareunia, receiving 
only short-term relief with injections, and becom-
ing increasingly frustrated with her condition. 
After failing years of appropriate conservative 
treatments, she underwent a posterior SIJ fusion. 
At an 11-year follow-up, she was still having sig-
nifi cant pain relief and increased functional abil-
ity. Her dyspareunia improved signifi cantly as 
well. She remains very satisfi ed with her outcome 
and would do it again for the same result. This 
patient has gone on to council other patients with 
chronic SIJ dysfunction (Figs.  5.6  and  5.7 ).     

  Fig. 5.5    Middle-aged 
female with severe 
bilateral sacroiliitis after a 
bilateral posterior midline 
fusion using custom 
instrumentation 
(Medtronic). Note that the 
cages are not approved for 
this purpose by the FDA 
and they are used as 
custom devices without 
label. Although initially 
successful, her pain 
returned after several 
months with no loosening 
of hardware on CT noted. 
Screws and rods were 
removed without 
improvement of pain       
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    Sacral Osteoporosis 

 This can be a very challenging condition, which 
can present to the clinician in various ways. We 
have encountered painful, dysfunctional SIJs 
adjacent to healed sacral insuffi ciency fractures 
due to osteoporosis, in RA, lupus, and Reiter’s 

syndrome with their associated osteoporotic 
states, and after sacroplasties, which inadver-
tently injured the SIJ. Osteoporosis becomes 
very important for the surgeon to understand 
when considering the quality of the bone- 
instrumentation interface available in a patient 
needing a SIJ fusion. The sacrum, which consists 
of primarily cancellous bone, may have very lit-
tle fi xation potential for laterally based fusion 
systems. In these patients, it is important to con-
sider other fi xation points such as the S1 pedicle, 
placing the iliac screw between the cortical lay-
ers of the ilium allowing for more cortical bone 
surface area capture or considering posterior lat-
eral into or obliquely crossing the longitudinal 
axis of the joint fi xation where there might be 
more of a stronger subchondral cortical bone 
available in the osteoporotic patient (Fig.  5.8 ).   

    Aggressive Iliac Bone Graft (IBG) 
Harvesting 

 Harvesting IBG is becoming less frequent in 
modern spine and orthopedic surgeries as more 
bone is being harvested locally and being com-
bined with bone growth proteins or other bone- 
enhancing factors to achieve a fusion. With the 
harvesting of bone from the posterior iliac crest 

  Fig. 5.6    Greater than 
10-year follow-up AP 
X-ray of a right posterior 
midline sacroiliac joint 
fusion       

  Fig. 5.7    Axial CT scan showing a solid sacroiliac joint 
fusion at greater than 10 years after a posterior midline 
sacroiliac joint fusion. Note the tip of the iliac screw in the 
iliacus muscle. This did not cause a problem and may 
have strengthened the stabilization with the cortical fi xa-
tion of the medial iliac wall       
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area, there are two potential ways to damage 
the SIJ. An indirect way is to cut the cephalad 
attachment of the posterior sacrotuberous liga-
ment, located just posterior and slightly caudal to 
the PSIS. This is a major posterior stabilizer for 
the SIJ. Although this is a theoretical concept, we 
feel that we have seen such instabilities, resulting 
from aggressive stripping during IBG harvesting 
in our own hands, where the SIJ has gone on to 
become arthritic and painful secondary to subse-
quent iatrogenic micro instability and eventually 
require fusion. A more direct way to injure the 
SIJ is to remove so much bone that the joint is 
injured directly by the instruments involved. 

When too much bone is removed, this may also 
injure supporting ligament structures allowing 
for increasing instability and possible joint 
degeneration [ 12 ,  13 ] (Fig.  5.9 ).   

    LSTV and the SIJ 

 In one type of LSTV, Castellvi type II (a and b), 
the pseudo joint of the LSTV, which is known to 
be a potential pain generator, is anatomically in 
intimate contact with the SIJ [ 14 ,  15 ]. Although 
the possibility of the SIJ being a pain generator in 
these types of patients is theoretical, we feel that 

  Fig. 5.8    Placing a cage 
into the sacroiliac joint as 
part of a posterior midline 
sacroiliac joint fusion. The 
sacroplasty, done 
elsewhere, entered the 
sacroiliac joint causing 
joint damage and resultant 
chronic pain. The fusion 
procedure relieved this 
iatrogenically caused pain       

  Fig. 5.9    Axial CT scan 
showing chronic changes 
in the sacroiliac joint 
adjacent to an aggressive 
iliac bone graft harvest. 
Note that the medial wall 
of the ileum is essentially 
removed and the presence 
of a vacuum sign in the 
sacroiliac joint. 
Comparison is made with 
the contralateral side       
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we have encountered two patients where it was 
most likely the case. Further research is needed to 
prove that both the pseudo joint of the LSTV and 
the SIJ can be pain generators in the same patient, 
on the same side, and at the same time. At the 
time of this writing, we feel it appropriate to sim-
ply say that the possibility could exist and that the 
clinician should be aware that both of these ana-
tomical entities should be thoroughly evaluated 
and, where appropriate, treated when making a 
diagnosis in such a patient (Figs.  5.10  and  5.11 ).    

    LS Fusion, Especially 
with Instrumentation 

 There have been several publications demon-
strating the development of pain in the SIJ after 
a LS fusion [ 6 ,  16 ,  17 ]. BBSI has been involved 
in cadaver research, which has demonstrated an 
increase in the range of motion in the SIJ result-
ing from L5 to S1 fi xation (Chap.   4    ). If an IBG 
was harvested during the LS fusion, it is possible 
that the SIJ posterior ligament structure might 
have been damaged setting up the joint for poten-
tial micro instability and injury, as discussed in a 
previous section. It is felt by many spine sur-
geons, who have a good understanding of the 
SIJ, that many of the “failed LS fusion” proce-
dures are due to new, old, or exacerbated pain 
emanating from the SIJ. Those surgeons who 
understand this and go the extra mile to make 
the diagnosis of a dysfunctional SIJ may have 
the opportunity to turn a failure into a success 
(Fig.  5.12 ).   

    Failed Attempt at Previous SIJ Fusion 

 SIJ fusion procedures are on the rise, especially 
in the United States. This is due to several factors 
to include the increased awareness of the SIJ as a 
pain generator and the creation of several new 
systems with which to fuse the joint. Each type of 
surgery for fusing the SIJ is also capable of fail-
ing to do so, thus necessitating a salvage surgery. 
There are also those previous trauma patients 
whose SIJs have been stabilized by trauma sur-
geons, using the two screws across the joint 
method, and who are continuing to have signifi -
cant pain, as a true fusion was never accom-
plished. Patients who have had a failed attempt to 
surgically treat the SIJ can be complicated to 
evaluate and treat for several reasons. They are 
fearful, as they have already had one or more 
attempts to fuse the joint. Long lateral incisions 
may have been utilized, which could have cut 
cluneal nerves resulting in secondary pain, which 
will persist after any further surgery. The type 
and placement of previously used instrumentation 

  Fig. 5.10    Axial CT scan showing a Castellvi type IIa 
lumbosacral transitional vertebrae. 1. Shows the arthritic 
“pseudo joint” of the LSTV. 2. Shows the close proximity 
of the “pseudo joint” to the synovial margins of the sacro-
iliac joint. 3. Shows a vacuum sign in the sacroiliac joint. 
With this combination, the source of LBP might be 
confusing       

  Fig. 5.11    AP X-ray showing a combined fusion of the 
LSTV and the SIJ using the posterior midline approach       
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may be diffi cult to remove or to work around. 
When any type of revision SIJ fusion surgery is 
being considered, it ups the ante on what is 
needed in the knowledge base of the treating sur-
geon. More than just the standard “cookbook,” 
lateral approach might be required to salvage the 
joint (Figs.  5.13 ,  5.14 , and  5.15 ).     

  Fig. 5.12    AP X-ray showing bilateral sacroiliac joint 
fusions using the posterior midline approach. This patient 
also required an extension of her lumbosacral fusion up to 

the lower thoracic spine. Both were accomplished with 
one posterior midline incision. She went from a VAS of 8 
to 2 at her 4-year follow-up       

  Fig. 5.13    Axial CT scan demonstrating a failed direct 
posterior bone grafting of the sacroiliac joint. Note that 
the fusion attempt was in the posterior ligamentous region 
of the joint, all the bone graft has been reabsorbed, and 
there is a persistent vacuum sign in the true synovial 
 portion of the joint       

  Fig. 5.14    AP X-ray showing a failed fusion attempt for 
the sacroiliac joint using two lateral screws for fi xation. 
This patient also presented with a long lumbosacral fusion       
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    Idiopathic Pain in the Normal- 
Appearing SIJ 

 Some type of detectable change in or around the 
joint characterizes the above pathological condi-
tions. These are seen in X-ray images, CT scans, 
other types of imaging, blood work, and other 
objective evidence that the SIJ is not normal. It is 
much more confusing when a patient has an 
injection verifi ed painful and dysfunctional SIJ 
and all the imaging and blood work are normal. If 
we look for analogies elsewhere, we can look at 
the patient with a chronically painful sprained 
ankle that is causing signifi cant disability. 
Although the images of the ankle may be normal 
and the clinical exam shows no instability, we 
still have a patient with a chronically painful 
ankle joint. If conservative treatment for it fails, 
they either live with it in a disabling lifestyle or 
the intuitive surgeon does something about it. In 
reference to the SIJ, think of a patient who falls 
directly on their buttock and suffers a severe 
sprain to that joint. The images and blood tests 
are normal, but every time the patient rolls over 
bed or gets up from a sitting position the sprained 
joint hurts just like the sprained ankle hurts with 
its provocative movements. Over time, this con-
dition can become chronically more painful and 

begin to result in worsening disability. There are 
protocols for the chronically sprained ankle, 
which is causing disability, and when the conser-
vative treatments do not work there are well- 
described surgeries to address this situation. We 
are now entering a phase of medical and surgical 
understanding to begin offering the same types of 
treatment considerations for the “normal look-
ing” chronically painful and disabling “sprained” 
SIJ [ 18 ,  19 ].   

    Conclusion 

 This chapter examined the types of pathological 
conditions that existed in patients who subse-
quently, after failure of conservative treatments, 
went on to have successful SIJ fusion surgeries 
followed long term. The complexities associated 
with the pathological diagnosis of infl ammatory 
arthritis were discussed. It also examines those 
patients who had normal imaging and laboratory 
studies associated with their dysfunctional SIJ 
that likewise had successful surgical results. This 
list of pathological conditions will expand as this 
subject receives more focus, and more patient 
experiences are recorded. As time goes on, we 
will also fi nd better ways to objectively examine 
the SIJ with improved science so that the number 
of “normal looking” chronically painful SIJs 
decreases and we are able to provide an identifi -
able diagnosis instead.     
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            Introduction 

    This chapter looks in depth at an organized 
methodical approach for diagnosing and treat-
ing the dysfunctional SIJ. The Borgess Brain and 
Spine Institute (BBSI) created it based on years 
of diagnosing and treating patients with this con-
dition [ 1 ]. Since that time, further editing of this 
algorithm has occurred with input from Arnold 
Graham Smith, MD, Jacksonville, Florida, and 
Michael Rahl, DPT, trained at the University of 
Connecticut. This algorithm is meant to be a gen-

eral guide for the clinician, providing a simple, 
reliable path through the process of diagnosing 
and treating the painful, stable SIJ. It is not meant 
to be an exhaustive review of all the literature 
that has contributed to its creation. Although this 
algorithm has worked well for our patients at the 
BBSI, it is only one concept as to how clinicians 
might proceed. As time passes, some of the steps 
in this algorithm are expected to change due to 
increasing knowledge and experience. There are 
three main principles that allow this algorithm to 
remain straightforward and easy to reproduce. 
The simplest treatments are discussed fi rst, mov-
ing into the more complex treatments as needed. 
The least invasive measures are used at the begin-
ning reserving the more invasive ones for later if 
necessary. Lastly, the least expensive treatments 
are used before moving into the increasingly 
more costly procedures.  

 It is also important to keep in mind that the 
defi nitive diagnosis of a dysfunctional, painful, 
stable SIJ does not need to be made at the start of 
treatment. At fi rst, it is treated like common low 
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back pain (LBP) with the hope that traditional 
LBP treatment measures will make a positive dif-
ference in the pain level. It is when more invasive 
treatment measures are being considered that a 
defi nitive diagnosis must be made, and how that 
can be accomplished will be explained in this 
chapter. It also must be understood that the aver-
age surgeon seeing a patient for the fi rst time, who 
has been in extensive treatment prior, will possi-
bly present with an injection verifi ed diagnosis of 
a dysfunctional SIJ. In these circumstances, it is 
important for the physician to be sure all the 
appropriate steps in the algorithm up to injection 
have been covered and no useful conservative 
measures for treatment have been overlooked.  

    The Algorithm 

    First Things First 

 The algorithm begins by fi rst helping the clini-
cian decide whether or not the SIJ might be a sig-
nifi cant pain generator. We know from the 
literature that between 15 and 22 % of patients 
presenting with LBP will have some or all of the 
pain emanating from the SIJ [ 2 – 5 ]. When a 
patient presents with a SIJ problem, they will 
have historical information and specifi c location 
pain complaints, which will help to differentiate 
potential SIJ, pain from the usual LBP. It is 
important for the clinician to understand that 
even if they suspect the SIJ to be a pain generator, 
all pain in the area of the SIJ should be consid-
ered as coming from the lumbar spine until 
proven otherwise. So the clinician must under-
stand the location of and the radiating nature of 
pain originating from a compressed lumbar nerve, 
spinal stenosis, a degenerative lumbar disk, 
degenerative facet joints, and spinal instability. 
These diagnoses are covered extensively in the 
literature and in multiple other textbooks and will 
only be alluded to in this chapter. The other caveat 
to consider is whether the pain is acute or chronic. 
If the pain is acute (<12 weeks duration), pain in 
the SIJ is treated like all acute forms of LBP. This 
algorithm begins when the clinician can reliably 
state that the potential for pain coming from 
the SIJ is greater than that of the lumbar spine. 

This is usually after a lumbar MRI, plain fl exion 
extension fi lms of the lumbar spine, and possibly 
a CT scan and/or a bone scan have ruled out the 
above-stated lumbar pathologies as sources for 
the pain. If these tests show signifi cant pathology 
that could account for the pain in the area of the 
SIJ, then treatment needs to proceed in those 
directions fi rst according to current standards 
until those pain sources are eradicated, always 
keeping in mind that pain from the SIJ can coex-
ist with pain originating from the lumbar spine.   

    Diagnosis 

 Certain historical facts, which are well docu-
mented in the literature [ 6 – 15 ], have a high cor-
relation with pain originating from the SIJ.
A female patient may recall the pain starting just 
before, during, or just after a vaginal delivery and 
steadily worsening over time. In others, there 
may have been a signifi cant fall directly on the 
buttock sometimes severe enough to be associ-
ated with bruising or even a fracture of the 
sacrum or pelvis. A patient may have had a previ-
ous lumbosacral fusion, with or without instru-
mentation that is thought to increase stresses 
through the SIJ. A bone graft may have been har-
vested from the iliac crest on the same side as a 
patient’s pain complaints. A classic means of 
injuring the SIJ is during a head on collision in an 
automobile when the patient brakes with a 
straight leg upon impact, transferring the stress 
directly to the ipsilateral SIJ. They may have a 
history of scoliosis with a pelvic obliquity or leg 
length discrepancy, causing malalignments, 
which might overstress the joint. Previous trauma 
patients may have had a pelvic disruption 
that injured the SIJ directly or indirectly. There 
may be a history of infl ammatory arthritis with 
associated painful sacroiliitis present. A history 
of having a gait abnormality might suggest a 
problem with the SIJ. When these facts surface in 
the patient’s history, it is important to consider 
the possibility of a painful dysfunctional SIJ. 

•   Has the Lumbar Spine Been Ruled Out 
as a Pain Generator?  
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  There are three symptoms about which the cli-
nician should question each patient when suspect-
ing a dysfunctional SIJ. The fi rst is about sitting. 
They will usually admit that sitting is diffi cult, 
they have trouble sitting through dinner or church, 
and they frequently favor sitting on the contralat-
eral side. This differs from some other types of 
lumbar pathology where sitting might provide 
some relief of symptoms. The second is about 
sleeping. Usually the patient with a painful SIJ 
has no problem getting to sleep, but the problem 
occurs when rolling over during sleep. This can 
actually wake them up. If awake, they sometimes 
have to manually help the ipsilateral leg in the 
effort to roll over. Many patients with chronically 
painful SIJs are sleep deprived. The third symp-
tom to ask about is stumbling. Sharp pain in the 
SIJ seems, at times, to be felt by the “whole leg,” 
and a “give way” can occur causing the patient to 
stumble. In extreme cases, this results in a fall. 
Due to this feeling of whole leg weakness and 
instability, stairs can be a problem. The patient 
may relate that climbing stairs must be taken one 
at a time leading with the good non- painful side.   

    A Word on Dyspareunia 

 For the sexually active female with a painful dys-
functional SIJ, dyspareunia (pain occurring with 
intercourse) can be a very disabling symptom 
both physically and emotionally. This usually 
does not get talked about unless the clinician asks 
the question. The supine position with legs 
abducted and forceful penetration all expose the 
SIJ to forces that can both injure the SIJ or exac-
erbate current SIJ symptomatology. In a study 
published in 2008 using a posterior minimally 
invasive approach for SIJ fusion, dyspareunia was 
evaluated as part of the prospective protocol. With 
long-term follow-up, this symptom improved to a 
signifi cant degree ( p  = 0.0028) after SIJ fusion 
[ 16 ]. Many types of organic pathology can con-
tribute to the cause of dyspareunia, but it is impor-
tant to consider the SIJ as a possible cause when 
presented with this condition and to ask about 
dyspareunia when dealing with a painful SIJ.  

    Clinical Exam 

 At this time, the literature would suggest that no 
physical examination test is reliable in diagnosing 
the painful SIJ [ 4 ,  5 ]. Many practitioners who see 
large numbers of patients with SIJ pain, and sur-
geons who successfully fuse SIJs in patients with 
pain, will attest that a very reliable clinical sign 
that pain may be coming from the SIJ is a positive 
“Fortin Finger Test” [ 17 – 21 ]. This is where the 
patient points with his or her index fi nger to the 
area just below the posterior superior iliac spine 
(PSIS) as the area of maximum pain (Fig.  6.1 ).  

 A literature review would suggest that if 
the pain is below the level of the L5 vertebral 
body, and there are no dural tension signs (i.e., 
positive SLR), then the pain generator might be 
the SIJ [ 4 ,  20 ]. 

 At this point, with strong suspicion that the 
pain might be coming from the SIJ, some 
clinicians would want to verify the diagnosis by 
injection before continuing with treatment 
knowing that the injection itself would potentially 
start the treatment process. The down side of 
doing an injection at this point is that if the SIJ 

Historical facts that may indicate SIJ pain:
•    Pain continuing after vaginal delivery  
•   Fall directly on the buttock  
•   Previous lumbosacral fusion  
•   Braking for a front-end automobile 

collision  
•   Bone graft harvest ipsilateral side  
•   Previous pelvic disruption  
•   Infl ammatory arthritis  
•   Gait abnormality  
•   Scoliosis  
•   Leg length discrepancy   

Three suggestive symptoms:
•    Painful sitting on affected side  
•   Ipsilateral pain standing on one leg  
•   Frequent stumbling due to “give way” 

of affected leg   
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is a normal joint and not the pain generator, 
an injection could possibly cause changes 
that might render the joint other than normal. 
More study is needed to validate this concern. 
Most practitioners would do some conservative 
treatment measures fi rst that might work and 
avoid any invasion into the joint if successful. 
The algorithm allows for both options depending 
on the judgment and the training of the provider.  

    Treatment 

 Now, it is time to begin treatment. It is here that 
many clinicians become confused and lost about 
where to start, how long to do something, and 
what to do next. Again, the treatment process 
should start simple, using less-invasive mea-
sures, and cost the least. If these do not work, 
then it is time to move up to more complex and 
invasive treatments.  

    Conservative Treatment Prior 
to Imaging or Injections 
 Treatment begins with anti-infl ammatory medica-
tions, the possible use of a brace (sacral belt), and 
an alteration of activities. Anti- infl ammatory 
medications can, in some patients, produce mirac-
ulous results from the start suggesting that there is 
a signifi cant infl ammatory component to the SIJ 
pain. When anti- infl ammatory medication does 
not work or the effects are not enough, then the 
addition of a sacral belt might make a signifi cant 
difference in the pain. The sacral belt is worn to 
control symptoms as much or as little as the 
patient determines is necessary. There is no known 
negative effect on the muscles by wearing a sacral 
belt on a continuous basis, as the back muscles are 
not being unloaded by this brace. One complica-
tion from wearing a sacral belt is trochanteric bur-
sitis due to direct pressure on this region, which, if 
occurs, may necessitate discontinuing the sacral 
belt. The main activities that patients tend to avoid 
to reduce symptomatology are sitting, standing 
long periods on the ipsilateral leg, laying on the 
affected side, and, in women, sexual intercourse 
with abducted legs. Avoiding these activities as a 
way to control symptoms can be challenging as 
many are required for activities of daily living or 
needed for human relationships.  

    Imaging Studies 
 If the conservative measures thus far have not sig-
nifi cantly decreased pain, it is at this point that we 
would recommend obtaining imaging studies of 
the SIJ and surrounding areas. Keep in mind that 
all the necessary imaging for suspected lumbar-
related pain has already been done prior to starting 
this algorithm. If the usual “red fl ags” for a trauma, 
infection, or tumor had surfaced before this time 
(e.g., rapid weight loss, night pain, recent severe 

  Fig. 6.1    Patient is pointing to a point at or just caudal to 
the posterior superior iliac spine, the most usual site for 
sacroiliac joint pain (Fortin Finger Test). If a patient points 
to this spot, the clinician must rule out the sacroiliac joint 
as a potential pain generator.  Copyright Borgess Health        

Types of conservative treatment:
•    Basic measures for low back pain prior 

to imaging studies  
•   Imaging studies followed by, if appro-

priate, manipulation  
•   Formal physical therapy  
•   Injections   
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trauma, etc.), X-rays would have been done at the 
fi rst consultation. It is important now to rule out 
hip joint pathology, sacral stress fracture, tumor, 
infection, or other causes that might need to be 
treated in specifi c ways other than with this algo-
rithm. This is when a diagnosis of sacroiliitis 
might be made and a referral to a rheumatologist 
recommended. The X-rays we would recommend 
would be an AP of the pelvis to include both hips 
and specifi c oblique X-rays of the SIJs. A CT scan 
or an MRI would remain optional at this time only 
to further clarify an abnormality or suspicion 
found on the plain fi lms. It should be remembered 
that there is no correlation in the literature between 
how a SIJ looks on imaging and how it feels in the 
patient in the absence of a fracture, tumor, or 
infection [ 4 ,  5 ,  21 ,  22 ].  

    Manipulation 
 Manipulation is the next treatment that should be 
considered if the more conservative measures 
have not helped and nothing alarming is found on 
X-ray. The neuromuscular and physiological 
effects of thrusting maneuvers have been found, 
in our experience at BBSI, to be the most benefi -
cial in the treatment of SIJ pain at this stage in the 
algorithm. Chiropractors, osteopaths, or physical 
therapists trained in these treatment modalities 
should be the ones providing these treatments. 
Manipulation can be one of the most successful 
conservative treatment measures for the painful 
dysfunctional SIJ and should be done prior to 
moving into more complex, expensive, and inva-
sive treatments. If manipulation efforts, lasting 
no longer than 6–12 weeks, result in no lasting 
improvement, a formal physical therapy evalua-
tion and treatment program is recommended [ 2 ].  

    Physical Therapy 
 Physical therapists will evaluate and treat the 
entire thoracolumbar, pelvic, and lower extremity 
anatomy. Interventions will be utilized to stretch, 
strengthen, and stabilize all of the musculoskele-
tal structures that have an effect on the SIJs. This 
will be done in an effort to promote structural and 
force symmetry through and around the SIJs. 
Also, the therapist can utilize modalities such as 
ice, heat, ultrasound, etc. to optimize outcomes. 
This chapter will not discuss the seemingly end-

less ways that these methods can be accomplished 
by the physical therapist. Chapter   14     covers the 
post-fusion rehabilitation by physical therapy.  

    Injections 
 Injections can be done at different points within 
this algorithm based on the experience of each 
individual patient and surgeon. It is placed here in 
the algorithm due to the fact that in a new patient 
being diagnosed and treated for the fi rst time for 
a dysfunctional SIJ, an injection is not really 
needed in the treatment regimen until now. It is 
realized by the authors that this is a controversial 
statement, and in reality, our usual patient is 
referred to us having already had one or more 
diagnostic and/or therapeutic SIJ injections. 
It then becomes our job to be sure that all the 
 necessary algorithm steps up to this one have been 
satisfi ed before moving on through the algorithm. 
If 6–12 weeks of physical therapy is not improv-
ing the patient, then more invasive and more 
costly measures are introduced. These start with 
injections if they have not already been performed. 
If a SIJ injection has not been done up to this 
point, then this injection is both diagnostic and 
potentially therapeutic [ 5 ,  20 ]. Injections should 
be performed using fl uoroscopy with contrast dye 
to verify that a long-acting anesthetic agent and a 
steroid preparation have indeed entered the SIJ. 
The patient’s spine surgeon, physiatrist, anesthesi-
ologist, interventional radiologist, or pain physi-
cian routinely performs the injections (Fig.  6.2 ).  

   A Two-Way Street 
 The process of performing SIJ injections requires 
communication between both the physician per-
forming the injection and the patient receiving 
the injection. It is mandatory that the physician 
thoroughly understands exactly where the 
patient’s pain is primarily felt and where it radi-
ates. Since the injection is the clinician’s way of 
making an accurate diagnosis of a dysfunctional 
SIJ, and it is frequently also the primary way of 
making a diagnosis of facet syndrome, symptom-
atic foraminal stenosis that might respond to 
decompression, and primary discogenic pain, it 
is paramount that the clinician has from the begin-
ning a clear idea of where the patient’s pain might 
be coming from. It is only through constant 
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 dialogue with the patient before, during, and after 
the injection(s) that the best accurate information 
about the patient’s pain can be obtained. The pro-
cess of “honing in” on the diagnosis through 
repeated injections and injections into other areas 
can therefore be very complex and requires a dedi-
cated physician to ultimately make the correct 
diagnosis or multiple diagnoses as the case may be.  

   Injections and Radiating Leg Pain 
 One of the confusing symptoms in patients with a 
dysfunctional SIJ is the presence of radiating leg 
pain. With the advent of injecting the SIJ with dye, 
to confi rm that the medication being injected is 
indeed going into the joint, the dye has been visual-
ized “leaking” out of the joint, through tears in the 
joint capsule. This leaking is verifi cation that what-
ever else is in the joint (e.g., synovial fl uid, lyso-
zymes, etc.) can leak out and come in contact with 
surrounding tissues. Many of these tissues are 
nerve roots or a plexus of nerves. If whatever con-
tacting the nerve tissue is irritating the nerve, the 
result might be the generating of an impulse in the 
nerve, thus creating referred pain down the leg. It 
is our experience that an EMG in such a patient 
is usually normal as there has been no nerve com-
pression or permanent nerve tissue injury (Fig.  6.3 ).   

   The Injection Specialist 
 The injection specialist may or may not be the 
surgeon who will ultimately make the decision to 
operate on a SIJ. Many of us participating in the 
writing of this textbook did at one time do our 
own injections, and one or two still do. The 
propagation of injection specialist within the 
“pain management” segment of medicine now 
enables surgeons to send their patients to such 
specialists for these injections. Suffi ce it to say 
that the injection specialist has a formidable job 
to make an accurate diagnosis by using their 
injection abilities, as has been stated earlier, but it 
is beyond the scope of this textbook to provide 
teaching on the specifi cs of how to become an 
expert in the injection fi eld.  

   Intra- Versus Extra-articular Injections 
 It should be understood that there are both intra- 
articular SIJ pain generators and extra-articular 
ones as well. The literature suggests that both 
intra-articular and extra-articular injections can 
be of benefi t for both diagnosis and potential 
treatment in patients with painful, dysfunctional 
SIJs [ 16 ,  23 – 28 ]. Fluoroscopy should be used for 
the extra-articular injections as well. Our current 
institutional standard at BBSI is to perform an 
intra-articular injection and to consider an extra- 
articular injection only if the intra-articular 
injection was negative and the clinician has a 
very high suspicion that the pain is SIJ related 
and no lumbosacral pathology has been found.  

   Diagnostic Part of the Injection 
 Occasionally, the pain generators can be coming 
from both the SIJ and the lumbar spine (e.g., 
facet joints, foraminal stenosis), and injections 
become the only way to diagnose them accu-
rately and potentially treat them. The diagnostic 
portion of the SIJ injection occurs by evaluating 
the patient’s pain level for up to 2 h postinjection 
while the long-acting anesthetic agent is work-
ing. If the patient has signifi cant relief during this 
time, it is assumed that the SIJ is the pain genera-
tor. We feel that signifi cant pain relief is equal to 
or greater than a 70 % reduction in pain. It is then 
hoped that the steroid that was injected with the 
anesthetic agent will successfully cause pain 
relief within 24–48 h and last for weeks to 
months. If an injection successfully diagnoses the 

  Fig. 6.2    Oblique image showing the needle at the most cau-
dal portion of the joint with dye outlining the entire joint       
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SIJ as the pain generator and the pain is relieved 
for a long period of time, then another injection 
can be done if the pain returns to its previous pre-
injection level. If the injection was diagnostic but 
did not provide long-lasting relief, then there is 
no reason to repeat the injection unless a diagnos-
tic block is once again required or the clinician is 
considering an extra-articular source of the SIJ 
pain and wishes to perform an extra- articular 
injection. At any time that the patient’s response 
to the injections results in questioning the SIJ as 
being the pain generator, the lumbar spine should 
be reevaluated as a possible source of the pain.  

   When Injections Are Enough 
 If the injections are able to reduce the pain levels 
to 3–4/10 on the visual analog scale (VAS) or less 
on a long-term basis, then all the aspects of the 
algorithm up to this point that have been relatively 
successful can be used over and over with 
judicious use of injection therapy to maintain the 
patient at a functional level.    

    More Invasive, Complex, and Costly 
Treatments 
    Alternative Treatments 
 It is at this juncture that the clinician can consider 
procedures, which are available but have not had 
consistent success in the literature for treating the 
painful, stable SIJ. These would be considered 
“alternative” treatments at this time and would 
include prolotherapy, neuroaugmentation, visco-
supplementation, radiofrequency ablation, and 

acupuncture. All of these treatment modalities 
have had some success, but not enough to become 
mainline treatments for the painful SIJ. Please 
read the references pertaining to these alternate 
methods for further information [ 29 – 35 ].  

    Fusion 
 It is only when all of the treatments in the algorithm 
thus far have failed, to include any of the “alter-
nate” treatment methods that may have been tried, 
the injection(s) has defi nitively diagnosed the SIJ 
as the pain generator, and the patient is continuing 
to live with constant chronic pain, which limits 
their ability to perform activities of daily living, 
that a fusion procedure might be considered. The 
role of the fusion to treat the chronic dysfunctional 
painful SIJ has been controversial at best. Recently, 
there has been resurgence in the literature support-
ing the role of fusion for the painful dysfunctional 
SIJ (Chap.   2    ). Surgeons interested in the SIJ have 
primarily been orthopedic surgeons, orthopedic 
surgeons with spine or trauma fellowships, and 
neurosurgeons who have had exposure to the SIJ 
by orthopedic surgeons. Most surgeons feel that a 
fusion of this joint should be kept as the last form 
of treatment after all else has failed. The patient 
should have chronic pain (>6 months), be disabled 
from activities of daily living, failed all reasonable 
conservative treatments, and be mentally capable 
of having goal direction and reasonable expecta-
tions concerning the surgery and the potential out-
comes. At this point in time, there is no standard 
way to fuse the SIJ. The type of surgery done is 

  Fig. 6.3    Dye leaking out 
of the caudal portion of the 
SIJ joint capsule coming in 
potential contact with 
nerve tissue, which can 
result in radiating pain       
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totally dependent on the training and experience of 
the treating surgeon. The joint may be approached 
anteriorly, laterally, posterior laterally, and posteri-
orly, with some of these options being done mini-
mally invasively (Fig.  6.4 ).   

 There is considerable variety in how the sur-
gery is performed and how the patient is treated 
during their recovery (e.g., type of brace and 
duration, postoperative weight bearing, etc.), but 
one single fact appears to be quite clear in the lit-
erature to date concerning the result of such sur-
gery. If a fusion is done successfully, in the 
appropriate patient for all the appropriate reasons, 
and the patient is appropriately rehabilitated, then 
success rates are very high (80 % range) for 

relieving pain and improving function (Chap.   2    ). 
In some instances, the most conservative treat-
ment method for patients being treated chroni-
cally for pain might be a fusion procedure [ 36 ].  

   A Word About Postoperative Narcotics 
in the “Chronic Pain Patient” 
 It should be noted that even in the best circum-
stance where treatment has signifi cantly reduced 
or relieved the patient’s pain, it may take some 
time to wean the patient from some of the high-
dose narcotic medication that many of them have 
been using for long periods, possibly years, to 
treat pain and to remain functional. The physician 
who has had them on long-term pain manage-
ment would be the most logical person to help the 
patient wean from the narcotics after successful 
surgical treatment of their SIJ. At BBSI, we 
 consider chronic narcotic use prior to surgery as a 
separate diagnostic entity and work to ensure that 
the patient is being appropriately followed post-
surgery to adequately address this issue.  

   Restrictions After Fusion of the SIJ 
 If the patient has experienced signifi cant pain 
relief as a result of the surgery, the patient is then 
encouraged to resume all activities as tolerated. 
Restrictions are reserved for patients having 
residual symptoms in the SIJ not completely con-
trolled by treatment or if pathology and pain in 

  Fig. 6.4    AP image in 
surgery demonstrating 
the fi nal positioning 
of the instrumentation 
(Globus Medical, SI-LOK) 
at BBSI using a lateral 
minimally invasive 
approach. This approach is 
currently the most utilized 
approach for sacroiliac 
joint fusion (Chap.   8    )       

Criteria for considering a fusion for the 
dysfunctional SIJ:
•    Must be an adult with mature pelvis  
•   Have chronic pain lasting >6 months  
•   Be disabled from all activities of daily 

living  
•   Have failed all reasonable forms of con-

servative treatment  
•   Had a “valid” diagnostic SIJ injection  
•   Be mentally capable of goal direction and 

appropriate expectations postsurgery   
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  Fig. 6.5    Illustration showing the recommended steps in the algorithm for the diagnosis and treatment of the dysfunc-
tional sacroiliac joint.  Copyright Borgess Health        
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the lumbar spine require them. A single SIJ 
treated successfully with fusion usually does not 
require restrictions.   

    Chronic Pain Management 
 If a patient fails all the steps of the algorithm 
that are appropriate for them, a referral to, or 
back to, a chronic pain management institution 
is appropriate.   

    Conclusion 

 This algorithm was developed to assist the surgeon 
and other clinicians in their attempt to diagnose 
and treat the patient with pain possibly originating 
from the SIJ. It is assumed that this algorithm will 
undergo much change as more is learned about this 
very complex joint in terms of anatomy, diagnosis, 
and treatment options (Fig.  6.5 ).      
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            Introduction 

    During my own educational process spanning 
medical school, orthopedic residency, and a spine 
surgery fellowship, I never learned much about 
the sacroiliac joint (SIJ) in terms of functionality 
and pain generation. I certainly did not learn that 
people could become functionally disabled with 
chronic severe pain from a stable appearing SIJ 
or that fusion surgery could be performed with, at 
times, almost miraculous results. It was not until 
I was faced with such a patient that I realized how 
unequipped I was to both diagnose and treat this 
problem. As the years past, I began to realize that 
most surgeons, except for trauma surgeons, were 
in the same boat as me.    Due to the increase in 
diagnosis of the dysfunctional SIJ and now 
having surgical instrumentation dedicated to 
fusing the joint that is all changing. This chapter 
discusses a few of the urgent considerations for a 
surgeon embarking on becoming a fuser of the 
SIJ. These tips have no particular order and will 
be discussed in various ways throughout this 
book. I chose to put a chapter together discussing 

them as a group in hopes that none would be 
missed from the book altogether as I feel each is 
important to at least consider.  

    The Borgess Brain and Spine 
Institute Experience 

 Borgess Brain and Spine Institute (BBSI) has 
been diagnosing and treating the dysfunctional 
SIJ patient for over two decades and has become 
an international referral center for this condition. 
As an institution dedicated to spinal surgery for 
more than 40 years, it has published many peer- 
reviewed articles on both the spine and the 
SIJ. Original research has lead to the creation of 
an algorithm (Chap.   6    ) to diagnose and treat the 
dysfunctional SIJ, new approaches for fusing the 
joint (Chaps.   9     and   10    ), and new devices to assist 
in the fusion process. As a result of the following 
hundreds of post-fusion patients, a very large 
database for patients with this diagnosis has been 
created. Multiple publications are currently in the 
process of formulation based on outcomes from 
these patients. It is by understanding this data and 
the core aspects of the dysfunctional SIJ patient 
that we can make suggestions to a surgeon who 
now wants to learn more about the surgical 
treatment of these patients. It is important for the 
reader to understand that opinions concerning the 
following paragraphs are primarily the author’s 
and are based on vast personal experience. Other 
experts might have opposing views.  
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    Important Considerations When 
Operating on the Dysfunctional SIJ 

 Although the considerations confronting the sur-
geon who is going to operate on the SIJ are seem-
ingly countless, we have found that the following 
deserve special mention here. 

 Important items a surgeon new to the SIJ 
should understand:
•    Three-dimensional orientation of the joint  
•   Considerations when imaging in the anterior–

posterior plane  
•   Location and importance of the cluneal nerves, 

sciatic nerve, and superior gluteal artery  
•   Osteopenia and Osteoporosis ramifi cations  
•   Patient demographics and their ramifi cations 

for results  
•   Should the joint be “realigned” before fusion 

surgery?  
•   Bilateral fusion considerations  
•   Fusing both lumbar spine and SIJ at same 

setting, considerations  
•   The morbidly obese patient  
•   Why rehabilitate?  
•   Different approaches for different surgeons    

    Three-Dimensional Orientation 
of the Joint 

 With the SIJ located nearly equidistance from 
anterior to posterior in the sagittal plane and 
angled obliquely with its undulating shape, it is 
very diffi cult to conceptualize its place in space 
when examining or operating on a patient. Being 
located in the midst of the pelvic bones also 
makes it challenging to image the entire joint in 
one plane. When using fl uoroscopy in surgery to 
visualize the joint from posterior, there always 
seems to be two joint images making it a guessing 
game for the surgeon (Fig.  7.1 ).  

 There is a basic fact about the orientation of 
the joint that has been relatively constant and 
if well understood can help the surgeon. 
When viewing the dorsal aspect of the patient, 
the general overall orientation of the joint is 
approximately a 20–30° angulation from 
posteromedial to anterolateral. If, however, the 

joint is analyzed in sections, again from the dor-
sal aspect, there exists an angular difference 
between them. The cephalad portion basically 
maintains the 20–30° oblique angle from pos-
teromedial to anterolateral, whereas the caudal 
portion is almost in a line perpendicular to the 
fl oor and may even angle slightly anteromedial 
(Fig.  7.2 ).  

 This is why those injecting into the joint do so 
at the caudal end where, when visualized poste-
rior to anterior in the coronal plane under fl uoros-
copy with some slight oblique medial or lateral 
angulation, this joint becomes one joint line 
allowing for accurate joint injection (Fig.  7.3 ).  

 This knowledge is useful when using image to 
place a cage from posterior into the longitudinal 
axis of the joint in its caudal portion. It is in this 
section of the joint that the ilium is closest to the 
sacrum and has less posterior ligament mass. It is 
in this caudal section that the best fusions can 
occur when approached posteriorly. Interestingly, 
the subchondral bone of the true SIJ is also where 
some of the thickest and strongest cortical bone 
exists for screw or cage fi xation. Instrumentation 
placed in this section has a better chance of fi rmly 
connecting the ilium to the sacrum.  

  Fig. 7.1    AP intraoperative image of sacroiliac joint 
showing two “confusing” joint lines       
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    Considerations When Imaging 
in the Anterior–Posterior Plane 

 Imaging the patient in the lateral plane is very 
straightforward, has been discussed in the 
literature for decades, and will be covered in 
detail in the Chap.   8     discussions on the minimally 
invasive lateral approach. What is less familiar 
for the surgeon is understanding the anatomical 
details in the patient being imaged using the 
anterior–posterior (AP) plane in the various 
angles ranging from 30° cephalad (outlet view) to 
30° caudad (inlet view). In relation to the SIJ 
orientation in the prone position, each of these 
angles views the joint in very different ways. 
When using AP image to perform posterior 
lateral screw or cage insertion, these various 
angles must be clearly understood for successful 
instrumentation. Starting with the straight AP 
image view (Figs.  7.4  and  7.5 ), note the location 
of the S1 pedicle, the S1 foramen, and the poste-
rior superior iliac spine (PSIS), as these are the 

landmarks that will be most obvious as they 
change position when angling the image in this 
plane. The value of the straight AP image is to 
assure that the spine and pelvis are symmetrically 
oriented in the coronal plane with the spinous 
processes in the centerline and the sacrum and 
iliac wings appearing equal bilaterally. This view 
also shows the most prominent portion of the 
PSIS the best in an area just lateral and cephalad 
to the S1 pedicle and foramen.   

 When the AP view is moved to the 30° cepha-
lad position, what is being imaged is the “outlet” 
view (Figs.  7.6  and  7.7 ). Note again the location 
of the S1 pedicle, the S1 foramen, and the 
PSIS. These change in location dramatically with 
this angular change in the image. This image is 
very valuable when instrumenting as it gives the 
best view of the S1 pedicle and the S1 and S2 
foramina.   

 The third AP angle we will consider is the 30° 
caudal, or “inlet” view. This represents a 60° 
angular change in viewing of the AP anatomy 

  Fig. 7.2    Intraoperative 
photo showing two K-wires. 
The vertical wire is in the 
longitudinal axis of the 
caudal portion of the 
sacroiliac joint and the 
angled wire is in the 
cephalad portion of the joint       
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compared to the 30° cephalad view. The primary 
value of this view is to visualize the anterior arch 
of the sacrum, which consists of the anterior 

  Fig. 7.3    Image showing the outline of the sacroiliac joint 
( arrows ) from posterior demonstrating its “propeller- like” 
confi guration       

  Fig. 7.4    Shows AP or PA plane for imaging for pelvis       

  Fig. 7.5    Shows skeletal anatomy with AP image. Note 
that the PSIS is cephalad to the S1 foramen and possibly 
at the level of the L5–S1 disk space       

  Fig. 7.6    Shows 30° (approximate) cephalad plane of AP 
imaging for pelvis, the “outlet” view       
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 elements of the sacral alae and both the S1 and S2 
exiting foramina. Just caudal to the S2 foramen, 
the sacrum usually angles in a caudal direction 
and severs its joint connection with the ilium. 
This caudal portion of the sacrum acts more like 
an apophasis serving no weight-bearing struc-
tural function but is an attachment for multiple 
ligaments and muscles forming the pelvic sling. 
This 30° caudal inlet angular view of the sacrum 
is the primary one used for assuring that no 
instrumentation goes anterior to the sacrum into 
the pelvis. It should always be checked as one of 
the fi nal images after any of the instrumented 
approaches (Figs.  7.8  and  7.9 ).   

 When imaging using the various angles in the 
AP plane, the surgeon must be fully knowledge-
able of the anatomical landmarks present and 
how they change in relation to one another as the 
angle of the image changes. From anyone of 
these three AP angles, there is also the ability to 
angle obliquely either medial or lateral to further 
defi ne a location. There frequently is a “learning 
curve” to understanding what is actually being 
seen and what the surgeon is expecting to see 
during these surgeries. If at any time the surgeon 
becomes confused by the image, it is imperative 

to return to a known image angle or to move the 
image “live,” for the shortest period of time pos-
sible, until the anatomy in the image is fully 
understood. If there is still confusion, the ques-
tion of aborting the current plan comes into play.  

  Fig. 7.7    Demonstrates the “outlet” pelvic view which 
shows the PSIS as being directly lateral to the S1 foramen 
and the lowest part of the joint margin directly lateral to 
the S2 foramen (this can vary according to individual)       

  Fig. 7.8    Shows 30° (approximate) caudal plane of AP 
imaging for pelvis, “inlet” view       

  Fig. 7.9    Demonstrates the “inlet” pelvic view, which 
shows the anterior margin of the sacrum. This view helps 
to avoid anterior penetration of the sacrum into the pelvis 
when placing instrumentation       
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    Location and Importance 
of the Cluneal Nerves, Sciatic Nerve, 
and Superior Gluteal Artery 

 The subject of cluneal nerves has been discussed 
in Chap.   3     on anatomy, but a few facts concerning 
these nerves deserve further dialogue. The cluneal 
nerves enter the posterior gluteal space approxi-
mately 8–12 cm cephalad and lateral to the PSIS 
along the rim of the ilium to fan out over the but-
tock (see Figs.   3.10     and   3.14    ). These nerves 
access the superfi cial deep fascial layer, which 
extends from the midline of the spine laterally 
over the gluteal musculature. When these sensory 
nerves are cut, they form neuromas on their tran-
sected ends, which can become a source of 
chronic pain for various different reasons. 
   Hutchinson published how to refl ect the cluneal 
nerves safely out of harms way when using the 
posterior midline fascial splitting approach to har-
vest iliac bone graft [ 1 ]. He presented dramatic 
results in signifi cantly decreasing or eliminating 

the chronic pain occurring from cluneal nerve 
injury with this method. The potential for injury 
to the cluneal nerves should be on the surgeon’s 
mind as he/she considers where to make the inci-
sion for exposure to the SIJ. The literature illus-
trates several techniques where the incision is 
along the entire arch of the ilium or long straight 
incisions placed posterolaterally that certainly 
cross into cluneal nerve territory. Three incision 
types do, in general, avoid the cluneal nerves. The 
fi rst type is the posterior midline incision and fas-
cial splitting approach discussed by Hutchinson. 
The second type are those incisions used for pos-
terior lateral minimally invasive approaches, 
which essentially are located at, lateral, or inferior 
to the PSIS and extending for 2 in. or less. The 
third type is the lateral minimally invasive 
approach (Fig.  7.10 ).  

 The superior gluteal artery is a branch off of 
the internal iliac artery that quickly exits the pel-
vis through the sciatic notch (see Figs.   3.12     and 
  3.14    ). It angles cephalad, anterior, and lateral as it 
branches out between the gluteal muscle layers to 
provide blood supply to those muscles. Injury to 
this artery has been implicated as a potentially 
disastrous complication in the harvesting of the 
iliac bone graft [ 2 ]. Considering that its path lit-
erally crosses over the ilium where the SIJ can be 
superimposed, it is at potential risk with any 
direct lateral instrumentation effort. If transected, 
it can retract back inside the pelvis, and if a sig-
nifi cant hematoma should occur, be advised that 
this may need extreme measures to treat. It is 
possible that interventional radiology might be 
needed to clot off the bleeder or that an open pro-
cedure might be required. At this point, one should 
also be reminded that the distance from the sci-
atic notch (see Figs.   3.6     and  7.11 ), where both the 
superior gluteal artery and the sciatic nerve exit, 
is only a few centimeters from the insertion point 
of the most posterior caudal fi xation device using 
the minimally invasive straight lateral approach. 
Great caution is advised probing this area while 
using image in attempting to secure the point of 
placement for the subsequent drilling and inser-
tion of instrumentation as pushing the probe into 
the sciatic notch is very possible and can result in 
neurologic or vascular trauma.   

  Fig. 7.10    Various posterior and lateral incisions to 
approach the sacroiliac joint with  arrows  pointing to those 
which are less likely to injure the cluneal nerves       
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    Osteoporosis and Its Ramifi cations 

 Decreased bone density continues to be the har-
binger of potential complications for surgeons 
inserting instrumentation for fusions. We are now 
in an era when many of the patients presenting to 
us at risk have had a bone density test. It is not 
unusual for such a patient to be on some type of 
bone density enhancer. Currently, there are no 
specifi c standard bone density numbers, which 
preclude the possibility of inserting instrumenta-
tion. Most of these types of patients are either 
avoided secondary to a signifi cant history of frac-
ture or they are found out intraoperatively. Should 
SIJ surgery be performed on a patient having 
known osteoporosis? Due to the body of the 
sacrum along with the sacral ala being areas 
where some of the earliest and most extensive 
decreases in bone density occur, the wisdom of 
using a direct lateral approach in these patients 
might be questioned. Our fi rst dysfunctional SIJ 
fusion patient was elderly and had a long history 
of rheumatoid arthritis. By defi nition today, she 
had osteoporosis. Because it was felt that surgery 
needed to be done and the only option at that time 
was placing two screws across the ilium into the 
osteoporotic sacrum, a posterior approach was 
devised. This approach (Chap.   9    ) utilized the S1 

pedicle and the longitudinal cortical layers of the 
narrower portion of the ilium, which provided 
excellent fi xation for 9 years and allowed her to 
ambulate with a walker until she died from other 
causes. We feel that when faced with known 
osteoporosis and it has been decided to proceed 
with SIJ surgery, the surgeon should be aware 
that the sacrum can be essentially hollow in some 
of these patients, and a search for the technique 
that has a higher likelihood of providing the 
strongest metal to bone interface should be used. 
As the procedures are discussed in this book, it 
would be benefi cial to pay attention to the poten-
tial bone available and the usual quality of that 
bone for fi xation with each technique.  

    Patient Demographics 
and Ramifi cations for Results 

 It has only been in the past few years that the basic 
profi le for a patient with a dysfunctional SIJ has 
been defi ned by the BBSI. This data resulted from 
100 consecutive patients over a 5-year period pre-
senting with chronic SIJ pain, who eventually 
underwent a unilateral or bilateral SIJ fusion. Our 
fi ndings suggest that the average SIJ fusion 
patient can be potentially complex and very chal-
lenging. Our average patient was female, middle 
aged, and had been receiving conservative treat-
ment for their pain for an average of 4 years. 
During this time, they saw multiple doctors, to 
include orthopedic  surgeons, neurosurgeons, 
anesthesiologists, and physiatrists, and had injec-
tions into their back for pain. Most were undiag-
nosed, despite the fact that many had had an 
injection into the SIJ, under fl uoroscopy with 
more than 2 h of temporary relief. They were fre-
quently disabled and depressed. More than two 
thirds were on chronic narcotic use for greater 
than 2 years, and many were dependent on the 
medications. Despite the fact that over one half of 
these patients were under current ongoing injec-
tion treatments in chronic pain clinics, they were 
most often referred not by their pain doctors but 
by their physical therapist or their primary care 
physician, or they found their way to the offi ce via 
their own initiative and the Internet. They were 
generally desperate and for the most part still 

  Fig. 7.11    Photo of instrument placement location in lat-
eral ileum of cadaver. Note the proximity of the most cau-
dal drill hole to the sciatic notch, which contains both the 
sciatic nerve and the superior gluteal artery.  Courtesy 
Globus Medical ,  Inc. Audubon ,  PA        
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highly motivated. A few patients at our institution 
did have a more recent onset of pain and were 
quickly diagnosed and referred, but this was 
 certainly not the norm. It is important for the 
 surgeon to understand that these preoperative 
demographics might exist in their patients pre-
senting with a dysfunctional SIJ. Their expecta-
tions could be unrealistic, and they might be 
carrying other emotional or psychological bag-
gage that must be acknowledged. These patients 
require a lot of education concerning their diag-
nosis and the options for modern surgical treat-
ment and for the potential results after surgery 
and rehabilitation. For those dependent on nar-
cotics, the immediate postoperative treatment 
must include a pathway for continuing on these 
medications with a plan for weaning assuming 
that the surgery is successful. Many of these 
patients have other pain issues that will not be 
treated by a fusion of the SIJ alone, and these 
have to be considered during the preoperative 
education and postoperatively as well. The demo-
graphics of these patients are a product of our 
current medical system and the existing knowl-
edge base among clinicians and surgeons in med-
icine today. This is rapidly changing and will 
continue to change over time as more and more 
clinicians and surgeons become educated on the 
dysfunctional SIJ, and it reaches a point where it 
is being taught in residency programs and in 
medical schools. Until then, however, anyone 
actively performing SIJ fusions for the dysfunc-
tional joint is to be considered a tertiary center 
for that condition, and these are the types of 
patients that may be coming through the door.  

    Should the Joint Be “Realigned” 
Before Fusion Surgery? 

 First of all, the reader needs to bear in mind three 
things. This response is one surgeon’s opinion, 
patients frequently want this done, and long after 
this book is fi nished, this will continue to be a 
controversial subject. The following is based on 
my observation of the SIJ as viewed through hun-
dreds of posterior open surgeries to fuse this 
joint. Many of these patients had a history of 
being “realigned” by their physical therapist and 

chiropractors, frequently with great short-term 
pain relief, before fi nally ending up having a 
fusion surgery. During the posterior midline 
approach for fusing the SIJ (Chap.   9    ), the entire 
posterior ligament-supporting complex is effec-
tively removed. At the same time, the patient is 
paralyzed with total muscle relaxation as the 
result of anesthesia. One would assume that 
under these circumstances, this joint, which pre-
viously needed realignment for being “displaced” 
and “out of line,” would certainly demonstrate 
signifi cant movement and instability. The truth is 
that it remains very stable with, at most, 1–2° of 
motion when attempting to move the joint using 
screws fi rmly fi xed in the sacrum and ilium as 
levers. This was not what I was expecting to see, 
and it was a time to pause and refl ect. Having this 
experience, I then arranged for a cadaver experi-
ment at Globus Medical (Audubon, PA) to test 
this fi nding in a controlled situation. Using a 
machine to test range of motion in 6°, a pelvis, 
stripped of all muscle and only having ligament 
support, was tested. The normal range of motion 
of the SIJ averaged less than 1° in each of fl exion 
and extension, axial rotation, and lateral bending 
in seven consecutive cadaver specimens. So, 
with the same ligaments transected as in surgery, 
the range of motion averaged less than 2° in all 
the cadaver specimens. This experiment can be 
reviewed in its entirety in Chap.   4    . My opinion is 
that this joint is essentially a very stable joint in 
the patient with the diagnosis of a dysfunctional 
SIJ with the capability of almost imperceptible 
movement. Therefore, unless the preoperative 
CT scan shows signifi cant displacement and 
instability, which is usually not the case, there is 
no scientifi c rationale for trying to put the SIJ 
somewhere else prior to fusion surgery. My sus-
picion is that this one paragraph might elicit more 
controversy than any other portion of the book.  

    Bilateral Fusion Considerations 

 Our experience is that approximately one third of 
patients presenting with the diagnosis of a dys-
functional SIJ are in need of a bilateral fusion. 
These patients frequently have had a previous 
lumbosacral fusion, or they have a degenerative 
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arthritis that attacks the large axial joints affect-
ing the lumbar spine and the SIJs equally. We 
have reserved a bilateral fusion for the patient 
having essentially equal pain in each joint after 
all the steps in the algorithm (Chap.   6    ) have been 
accomplished. The two factors that weigh heavy 
on the decision to do a bilateral fusion are the 
potential incisions involved and the allowance 
for weight bearing after surgery. We have per-
formed our bilateral fusions using either the pos-
terior midline technique (Chap.   9    ) or the posterior 
lateral minimally invasive technique (Chap.   10    ). 
In the fi rst instance, there is one midline incision 
through which both fusions are performed. In the 
second instance, there are two incisions, which 
are each less than 2 in. in length and cosmetically 
acceptable. With each of these procedures, using 
appropriate instrumentation, immediate postop-
erative full weight bearing is allowed, which 
helps to accelerate the rehabilitation process. We 
have found that there is no difference in out-
comes at 4 years when one or both of the SIJs are 
fused. A trend which we are observing is that if a 
patient is symptomatic in both diagnosis- 
validated dysfunctional SIJs, but one joint is 
responsible for the bulk of the pain the patient 
suffers with, and only that joint is fused, there has 
been a very low chance of having to fuse the 
other joint during long-term follow-up. Several 
of these patients have been followed for more 
than 10 years. Studies addressing this issue will 
need to be done to determine whether this trend is 

scientifi cally valid. We have avoided doing bilat-
eral SIJ fusions using the lateral minimally inva-
sive techniques due to the postoperative limited 
weight-bearing issues. We expect this to change 
with time as more instrumentation companies are 
creating lateral fi xation devices that will hold up 
to immediate weight bearing in the appropriate 
patient having adequate bone density. No such 
lateral device has yet allowed immediate postop-
erative full weight-bearing activity. We believe 
that the fi xation is theoretically superior with the 
posterior and posterior lateral techniques, even in 
the patient with osteoporosis, due to greater 
advantage to connect with the more dense corti-
cal and subchondral bone just adjacent to the 
joint margins. The success of a bilateral SIJ 
fusion seems to be largely dependent on creating 
minimal incisions, one midline incision, the least 
amount of instrumentation required for good 
contact with cortical bone and subsequent fusion, 
and immediate postoperative full weight-bearing 
status. Again, further research is needed to vali-
date our fi ndings (Fig.  7.12 ).   

    Fusing Both the Lumbar Spine 
and the SIJ: Considerations 

 Approximately one third of our SIJ fusions were 
performed in concert with a lumbar fusion. This is 
a very controversial issue, and the fi nal word is not 
in concerning the right or wrong of this decision. 

  Fig. 7.12    Coronal CT scan showing long-term, clinically successful, follow-up of bilateral minimally invasive 
 sacroiliac joint fusions       
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Our philosophy has been to fi rst make a fi rm diag-
nosis of lumbar pathology using all the published 
criteria available in the literature to do so. Then, 
only when a dysfunctional SIJ is clearly in the dif-
ferential diagnosis, and we work our way through 
the algorithm (see Chap.   6    ) to make a defi nitive 
diagnosis, do we consider performing a fusion of 
both areas at the same setting. This opinion has 
evolved over two decades infl uenced strongly by 
failed, perfectly good lumbosacral fusions, which 
subsequently had good outcomes after fusing the 
also painful SIJs. When we performed this type of 
combination surgery, which included either a uni-
lateral or bilateral SIJ fusion, we used the single 
posterior midline technique and allowed immedi-
ate postoperative weight bearing in a thoracolum-
bosacral orthosis (TLSO) with a pantaloon 
attachment. In our 5-year review of 100 fusion 
patients, one third having both areas fused, there 
was no signifi cant difference between those hav-
ing an SIJ fusion alone or in combination with a 
lumbosacral fusion when looking at outcomes or 
complications. We have not found a down side 
using this procedural technique with our patients. 
It is our belief that further prospective research is 
needed to attest that this method is the correct one 
or not. At this time, such a prospective study is 
underway at our institution (Fig.  7.13 ).   

    The Morbidly Obese Patient 

 With our society steadily becoming more and 
more obese, the chance of encountering the 
morbidly obese patient with a dysfunctional SIJ 
is increasing as well. In a recent study of patients 
having successful SIJ fusions at BBSI, 
approximately one third of the patients were 
morbidly obese (Fig.  7.14 ).  

 All these patients, of course, receive extensive 
conservative care in hopes that surgery can be 
avoided, but, for those having surgery as their last 
hope and option, the surgeon is faced with 
multiple challenges. After consideration of the 
entire medical, anesthesia, and positioning 
factors that accompany any morbidly obese 
patient undergoing surgery, there are a few 

special considerations for the surgeon fusing a 
SIJ in such a patient. Three of these factors, all 
overlapping, concern the approach, the type of 
instrumentation, and the weight-bearing status 
postsurgery. The approach is important in regard 
to the fl uoroscopy that might be used during sur-
gery. Images in the AP plane are usually better 
detailed than those in the lateral plane. This has 
to do usually with the amount of bone, muscle, 
and adipose tissue being far greater in mass when 
imaging through both hips and pelvic bones from 
side to side with the lateral approach compared to 
imaging from front to back or back to front using 
a posterior approach. Thus, a posterior or poste-
rior lateral approach, minimally invasive if pos-
sible, might result in the best imaging possibility 
for placement of instrumentation (Fig.  7.15 ).  

 The second consideration is the type of hard-
ware being used. This ties directly into the third 
consideration of potential weight bearing postop-
eratively. The type of hardware should, in the 

  Fig. 7.13    Postoperative AP X-ray of bilateral sacroiliac 
joint fusions and extension of lumbar fusion using the 
posterior midline approach. This patient had a VAS of 
1/10 at 4-year follow-up       
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morbidly obese patient, result in a very rigid 
 fi xation of the sacroiliac joint to allow for full 
weight bearing immediately postsurgery. Again, 
considering that at this point in time, all direct 
lateral approaches require limited weight bearing 

on the affected side, a posterior or posterior lat-
eral approach with rigid fi xation, capturing as 
much of the denser cortical and subcortical bone 
as possible, is desired for allowing the patient to 
be up and into full rehabilitation as soon as pos-
sible. If this goal is attained, it can help tremen-
dously to limit the myriad of potential 
postoperative complications that can befall the 
morbidly obese patient. When considering the 
success with the morbidly obese patient in 
achieving the goal of signifi cantly decreasing 
their pain with this surgery, results varied accord-
ing to how morbid their obesity was. In a recent 
review of our retrospective data, those morbidly 
obese patients with a BMI of >35 tended to have 
signifi cantly less reduction of pain than those 
morbidly obese patients with a BMI <35 despite 
the fact that they all appeared to be solidly fused 
on CT scan. Again, further research is needed to 
prove the validity of these fi ndings (Fig.  7.16 ).   

    Why Rehabilitate? 

 When considering the average type of patient we 
have operated on at our institution, it is apparent 
that many of these patients are in very poor 
physical condition going into this surgery. 

  Fig. 7.14    Morbidly obese patient in prone position for a posterior lateral minimally invasive sacroiliac joint fusion       

  Fig. 7.15    Demonstrates very clear AP image visualiza-
tion in the same morbidly obese patient using 30° cepha-
lad “outlet” view which shows the PSIS (vertical pin) 
directly lateral to the S1 foramen. This patient also has a 
LSTV, consisting of sacral lumbarization, on the same 
side which can also be seen well with this view       
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Without rehabilitating such a patient after sur-
gery, they have a high likelihood of a poor out-
come over time, as they will remain weak and 
deconditioned. Working with a physical therapist 
that understands the SIJ and the structures that 
surround it (Chap.   14    ) gives this type of postop-
erative patient the best chance for full recovery 
and maximum function. Frequently, it is the 
physical therapist that teaches the postoperative 
SIJ patient to have and reach appropriate goals 
after this surgery. Having a dedicated physical 
therapy staff for rehabilitating both the LS spine 
and the SIJ will defi nitely increase the chance for 
a successful outcome in these patients.  

    Different Approaches for Different 
Surgeons 

 The type of education and experience the surgeon 
has tends to infl uence the approach to the SIJ they 
will feel most comfortable with. For example, the 

orthopedic trauma surgeon has a greater affi nity 
for the straight lateral approach due to the lateral 
femur, hip, and pelvic surgeries with which they 
are very familiar. It was this type of surgeon who 
fi rst put, and still puts, lateral screws across the 
SIJ for acute pelvic trauma affecting that joint. 
They are comfortable with the lateral pelvic anat-
omy and have the knowledge base to deal with a 
complication from this approach. It is the ortho-
pedic trauma surgeon who would most likely per-
form the rare anterior SIJ fusion in a patient with 
a dysfunctional SIJ. The orthopedic spine sur-
geon, who does not do pelvic trauma cases, is 
most at home with the posterior approaches to the 
SIJ. The deformity orthopedic spine surgeons 
have been posteriorly crossing the SIJ for decades 
in order to achieve iliac wing fi xation to improve 
stability across the LS joint to decrease non-
unions. Though they are very familiar with the 
posterior anatomy medial to the iliac wing, they 
have steered clear of the sciatic notch and any-
thing much anterior to the lateral gluteal ridge. 
Neurosurgeons are also more familiar with the 
anatomy posteriorly, as they do not routinely per-
form any types of surgeries lateral to the ilium. 
Surgeons in each of the three specialties must 
learn about surgeries for the SIJ by reading the 
scant published literature and by being taught by 
another surgeon the ways that surgeon currently 
does this surgery resulting from their own experi-
ence. Fusions for the dysfunctional SIJ are cur-
rently not a section of education in any surgical 
society, and there is nothing on anyone’s board 
reviews that offers questions concerning this type 
of surgery [ 3 ]. Again, trauma, infection, and 
tumors are discussed in great depth in the litera-
ture, but these are acutely unstable situations and 
are very different in terms of treatment than the 
painful, mostly stable, dysfunctional SIJ.   

    Conclusion 

 This chapter has focused on a few of the major 
areas that are both unique to the techniques of 
fusing the SIJ but also, if not well understood, 
can present the surgeon with potentially chal-
lenging situations and possibly poor patient 
results. The position and orientation of the SIJ 

  Fig. 7.16    Axial CT scan demonstrating bone fusing 
across joint in the same morbidly obese patient 6 months 
postsurgery (instrumentation Globus Medical, SI-LOK, 
Audubon, PA)       
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within the pelvic structure and the vital anatomy 
surrounding it must be clearly understood by the 
surgeon in order to properly interpret the intraop-
erative images and perform the safest procedure 
for the patient. A surgeon who recognizes his/her 
own capabilities, understands rate-limiting fac-
tors for a given patient, and is not afraid to seek 
the advice of those having signifi cant experience 
with these surgeries will be the most likely to 
have satisfi ed patients in the long run.     
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            Introduction 

 This chapter will discuss the pertinent history 
regarding this approach and outline the surgical 
technique. General indications and contraindica-
tions to this procure as well as potential compli-
cations and previously documented outcomes 
associated with this approach will be addressed.  

    Literature Review 

 Several authors have published literature describ-
ing the successful use of a lateral approach to 
fuse the traumatic sacroiliac joint (SIJ) [ 1 – 4 ]. 
Al-Khayer fi rst described the use of a percutane-
ous, lateral approach to fuse the nontraumatic 
SIJ in 2008 [ 5 ]. They reported the results of a 
percutaneous placement of a hollow modular 
anchorage (HMA) screw across the SIJ via a 
 lateral approach. It was a retrospective analysis 
that reviewed the results of nine patients who 
underwent the procedure between August 2000 
and August 2006. They concluded that this 
 technique was a safe and effective treatment for 

nontraumatic SIJ pain in patients who had failed 
all conservative treatment options. Khurana sub-
sequently published the results of 15 patients 
undergoing this same SIJ stabilization procedure 
and concluded that this was a satisfactory method 
to achieve SIJ fusion [ 6 ]. In 2012, Mason et al. 
published a prospective outcome study of 73 
patients undergoing SIJ stabilization with the 
HMA screw. They found that the procedure was 
benefi cial in pain-relief and functional improve-
ment in the study patients [ 7 ]. Rudolf and Sachs 
also reported on a total of 51 patients undergoing 
lateral percutaneous placement of titanium 
implants across the SIJ in 2012 [ 8 ,  9 ]. They noted 
statistically signifi cant improvement in pain 
function and low complication rates.  

    Indications and Current Uses 

•     This minimally invasive approach is FDA 
approved for SIJ disruptions and for degenera-
tive sacroiliitis.    
 Since 2008, when the FDA issued the fi rst 510 

(k) for a direct lateral minimally invasive device 
to fuse the arthritic SIJ (Chap.   1    ), there has been a 
plethora of instrumentation devices being manu-
factured for fusion of the SIJ via this approach. As 
a result, the current most used approach for fus-
ing/stabilizing the SIJ is the lateral minimally 
invasive approach. The volume of very recent 
literature concerning this approach is increasing 
at a rapid rate. However, there are no long- term 
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studies with these new instrumentations to guide 
the surgeon’s decision making at the time of this 
writing.  

    Contraindications 

•     Signifi cant osteoporosis.  
•   Morbid obesity.  
•   Presence of anatomical anomalies that make 

lateral imaging questionable.  
•   Full weight bearing postoperatively is 

required.  
•   Iliac wing is damaged or a part is missing 

(e.g., PSIS has been previously removed or a 
vigorous bone graft harvesting has been done).    
 This procedure is indicated for the painful, 

dysfunctional SIJ that has failed conservative 
treatment measures. Contraindications include 
signifi cant osteoporosis, morbid or gross obesity 
limiting imaging capabilities, and unusual anat-
omy making landmarks unclear. 

 This procedure can be performed unilaterally 
or bilaterally. However, in the author’s experi-
ence, patients who have undergone bilateral pro-
cedures have longer postoperative recovery time. 
This may be due to the inability to remove pres-
sure from the buttocks with partial weight bear-
ing in patients undergoing bilateral procedures. 
Because of this, we have elected to perform only 
unilateral procedures when using this approach at 
our institution. In some patients, once the most 
severe SIJ is stabilized, the contralateral SIJ 
symptoms might resolve. When they don’t 
resolve, the procedure may be performed on the 
contralateral SIJ at a later date.  

    Lateral Minimally Invasive 
Approach, Step by Step 

    Step 1: Positioning 

 After the patient is placed under general anesthe-
sia, the patient is positioned in the prone position 
on a radiolucent, frame-based spine table such 
as the Allen Table (Allen Medical) or the 
Jackson Table (Mizuho OSI). All pressure points 
should be carefully checked and padded, with 

special care to ensure that there is no pressure in 
the brachial plexi. Prophylactic antibiotics are 
administered within 1 h of the incision time.  

    Step 2: Intraoperative Image Planning 

 Once the patient is appropriately positioned, set-
ting up the C-arm fl uoroscope and obtaining 
excellent intraoperative imaging of the sacrum 
and pelvis is paramount. The three views used 
during this procedure are the pelvic inlet view, 
the pelvic outlet view, and the lateral view 
(Figs.  8.1 ,  8.2 , and  8.3 ).    

  Fig. 8.1    Inlet view       

  Fig. 8.2    Outlet view       
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 Pelvic Outlet View: This view is a cephalad 
projection of the sacrum [ 10 ]. This view is very 
important for bringing the neural foramina into 
view. The X-ray beam is typically perpendicular 
to the plane of the sacrum with the X-ray beam 
tilted approximately 25°–35° cephalad (Fig.  8.2 ). 

 Lateral View: The lateral view is a “true lat-
eral” view through the sacrum and pelvis. The 
key to obtaining a true lateral is to wag the C-arm 
fl uoroscope in a direction that results in aligning 
the sacral alae and iliac notches in the same plane 
(Fig.  8.3 ). The true lateral view helps defi ne the 
“safe zones” for hardware placement during the 
lateral approach (Fig.  8.4 ).  

 Hardware should be placed within the sacrum 
with care to not breach the anterior sacral wall. 
Placement should not be too posterior within the 
sacrum to avoid entering the sacral canal. Also, 
the purchase is reduced with posteriorly placed 
hardware. There are several ligamentous struc-
tures along the dorsal wall of the sacrum, and 
placement among these structures would decrease 
the strength of the instrumentation. In addition, 
all hardware should be placed caudal to the sacral 
alae to maximize hardware purchase. This “safe 
zone” is outlined in Fig.  8.5 .  

 Pelvic Inlet View: This view is the least 
 utilized view in this surgical procedure. It is 
 typically used to make sure that the hardware 
placed in the pelvis and sacrum does not breach 

the anterior sacral wall and enter the pelvis [ 10 ]. 
The fl uoroscope is positioned for an AP view 
of the sacrum with the X-ray beam tilted approxi-
mately 25° caudally (Fig.  8.1 ).  

    Step 3: Skin Marking 

 Using the lateral view, the margins of the poste-
rior wall of the sacrum and the sacral alae are out-
lined on the skin of the ipsilateral buttock using a 

  Fig. 8.3    Lateral view         Fig. 8.4    Safe zones delineated on a lateral view       

  Fig. 8.5    Posterior wall, sacrum       
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marker (Figs.  8.6  and  8.7 ). A 3 cm incision is 
marked on the skin approximately 1–2 cm dorsal 
to the posterior sacral wall line.    

    Step 4: Guide Wire Placement 

 The skin is incised sharply. The guide wire is 
inserted into the incision with its tip on the corti-
cal wall of the ilium. The ideal insertion point is 
then determined utilizing the lateral fl uoroscopic 
view. The ideal starting point is 0.5–1 cm ventral 
to the posterior sacral wall and 1 cm caudal to the 
sacral alar line (Fig.  8.8 ).  

 The pelvic outlet view is then used to confi rm 
that the trajectory of the guide wire crosses the 
SIJ and respects the neural foramina (Fig.  8.9 ).  

 Once these two views have confi rmed a safe 
trajectory for the guide wire, the guide wire is 
either tapped or drilled across the SIJ (Fig.  8.10 ).  

 Please refer to Fig.  8.4  to see the “safe zone.” 
The guide wires should be positioned such that 
they are all at least 1–2 mm lateral to the lateral 
border of the neural foramina in order to avoid 
injury to the neural elements (Fig.  8.10 ). Some 
surgeons may elect to place the screws that are 
just cephalad and caudal to the fi rst sacral fora-
men deeper into the sacrum to obtain more bony 
purchase. We do not currently do this at our insti-
tution, as we have obtained adequate purchase 
with the shorter screws.  

    Step 5: Tubular Retractor Placement 

 Sequential dilators are placed over the guide 
wire. Following the last sequential dilation, the 
tubular retractor is inserted. This will serve as the 
working channel for the procedure (Fig.  8.11 ).   

    Step 6: Hardware Placement 

 Under fl uoroscopic guidance, a light-hand high- 
speed drill is used to drill across the SIJ 
(Fig.  8.12 ).    Fig. 8.6    Sacral ala       

  Fig. 8.7    Skin marking, 
3 cm incision       
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 Autograft bone can be harvested from the drill 
for later use, if indicated. The pelvic outlet and 
lateral views are used to ensure that drilling pro-
ceeds in a safe fashion. Once the trajectory has 
been drilled, the hardware of choice is placed 
over the guide wire across the SIJ (Fig.  8.13 ).  

 The tubular retractor is removed and the fi rst 
guide wire is left in position.  

    Step 7: Additional Guide Wire 
Placement 

 The guide wire guide is placed over the fi rst guide 
wire and the second guide wire is placed through 
the pin guide. Lateral and pelvic outlet views are 
used to confi rm safe and appropriate positioning 
of the guide wire (Figs.  8.14  and  8.15 ).   

 The high-speed drill is used to drill across the 
SIJ over the second guide wire. Steps 5 and 6 are 
subsequently repeated. Final pelvic outlet, inlet, 
and lateral views are taken to confi rm satisfactory 
hardware placement (Figs.  8.16 ,  8.17 , and  8.18 ).    

 Typically, three implants are placed with the 
fi rst being placed in line with the S1 pedicle. The 
second is typically placed adjacent to or above 
the S1 foramen. The third implant is usually 
between the S1 and S2 foramina (Fig.  8.16 ). 
Variations in patient anatomy may prevent the 
placement of three implants or alter the typical 
implant positions at times.  

    Step 8: Closure 

 Meticulous hemostasis is achieved. The wound is 
irrigated with antibiotic irrigation and closed in a 
layer fashion. Sterile dressings are applied.   

  Fig. 8.8    Lateral view, initial placement and trajectory       

  Fig. 8.9    Pelvic outlet view, initial pin placement and 
trajectory       

  Fig. 8.10    Initial pin, fi nal placement       
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  Fig. 8.11    Tubular retrac-
tor placement       

  Fig. 8.12    Drilling for pin placement       

  Fig. 8.13    Initial screw       

  Fig. 8.14    Lateral view, second pin       

  Fig. 8.15    Outlet view, second pin placement       
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    Postoperative Management 

 Following this procedure, patients are usually 
kept in the hospital overnight. They are allowed 
to ambulate with partial weight bearing on the 
operated side for approximately 4–6 weeks. 
Postoperative restrictions include no lifting 
greater than 15 pounds and avoidance of exces-
sive bending or twisting for 12 weeks. At 6 weeks 
post-op, the patients are started in a course of 
postoperative physical therapy, and they are also 
released from their partial weight bearing restric-
tions. They are able to resume full activity levels 
without any restrictions at 12 weeks post-op, pro-
vided restrictions are not necessary because of 
continued pain. 

 Patients are followed in the offi ce with post-
operative X-rays at 6 weeks, 12 weeks, 6 months, 
and 1 year post-op. CT scans are typically per-
formed only if patients don’t demonstrate clinical 
improvement or there is a concern about the 
 status of the fusion.  

    Complications and Reoperations 

   Potential complications that might result in 
further surgery: 
•   Superior gluteal artery injury.  
•   Sciatic nerve injury at point of sciatic notch.  
•   Fracture of ilium.  
•   Nerve root injury within sacral foramen.  
•   Malposition of hardware.  
•   Loosening of hardware in osteoporotic bone.  
•   Injury to intrapelvic structures.  
•   Wound infection.    

 Potential complications of this approach 
include injury to a branch of the superior gluteal 
artery. Since the approach traverses the gluteus 
medius and gluteus maximus via percutaneous 
access routes, there is always a potential for sig-
nifi cant bleeding secondary to arterial injury. 
When this occurs, arterial embolization may be 
necessary to control the bleeding. Self-limited 
buttock hematomas have also been reported 
from vascular injury during this approach as well 
[ 8 ]. Additional reported complications have 
included superfi cial or deep wound infections 

  Fig. 8.16    Final outlet view       

  Fig. 8.17    Final inlet view       

  Fig. 8.18    Final lateral view       
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and malpositioned implants resulting in nerve 
root pain or injuries requiring reoperation [ 5 ,  7 , 
 8 ]. One non- displaced fracture of the ilium was 
reported in the Rudolf study [ 8 ]. The fracture did 
heal with conservative treatment measures. The 
reported overall reoperation rate for this lateral 
approach is 0.05 % [ 5 – 9 ].  

    Chapter Summary 

 Although this percutaneous lateral approach has 
been performed for the stabilization of the trau-
matic SIJ for years, it is relatively new to the lit-
erature for treatment of the painful, dysfunctional 
SIJ. This approach is a safe and satisfactory 
approach for treating the painful, stable dysfunc-
tional SIJ. Proper patient selection is critical to 
ensure optimal patient outcomes, and in the 
appropriately selected patients, this procedure 
can be performed safely and result in pain-relief 
as well as functional improvement.     
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            Introduction 

    This chapter will discuss the relevant history 
regarding this approach, the pertinent literature 
that defi nes it, and the various ways that this 
approach has been utilized for fusing the dys-
functional sacroiliac joint (SIJ). The general indi-
cations and contraindications will be discussed 
for the approach group as a whole, and if differ-
ences exist with the use of various hardware or 
technique variations, these will be outlined as 
those variances are discussed. The technique will 
then be explained step by step noting where 
options exist for variance depending on the 
instrumentation being used. The most common 
complications and outcomes for this approach 
will be discussed. Lastly, a brief discussion of 
ways to salvage a failed surgery using this 
approach will be explained.  

    Literature and Historical Review 

 The fi rst publication using the posterior midline 
approach to fuse a dysfunctional SIJ was by 
Belanger in 2001 [ 1 ]. He explains that the basis 
for the approach stemmed from a 1994 article by 
Hutchinson [ 2 ], which described approaching the 
iliac crest for bone graft harvesting using a poste-
rior midline incision. From the midline, the super-
fi cial thoracolumbar fascia, a caudal contribution 
of the latissimus dorsi, was defi ned and separated 
from the deep thoracolumbar fascia, a caudal and 
lateral contribution of the erector  spinae, allow-
ing for a blunt fascial splitting approach between 
these two layers to the ilium. Since the cluneal 
nerves were in the more superfi cial of the two fas-
cial layers, they were elevated up and out of the 
way, while the iliac crest was approached with an 
incision along its ridge and careful subperiosteal 
dissection laterally. The harvesting of iliac bone 
graft (IBG) followed this. This technique also 
allowed for excellent fascia-to-fascia closure 
over the remaining iliac crest. By protecting the 
cluneal nerves and obtaining a tight closure, the 
clinical results in terms of decreased pain post-
bone graft harvesting were dramatic (Fig.  9.1 ).  

 Belanger used this approach to access the iliac 
wing after which the posterior superior iliac spine 
(PSIS) was removed, the posterior aspect of the 
SIJ was curetted out, bone graft was placed into 
this space, an S1 pedicle screw was placed, a 
screw was placed between the inner and outer 
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cortical layers of the ilium, a rod was placed 
between screws, compression was applied, and a 
tight fascial closure was done. The results from 
using this approach and technique in four patients 
were successful and the midline incision healed 
well, being in a low stress line, with cosmetically 
good results (Figs.  9.2  and  9.3 ).   

 Along with the posterior midline approach, 
the other fi rsts    for SIJ fusion with this technique 
included using the S1 pedicle for fi xation and the 
placing of a screw between the inner and outer 
cortical walls in the cephalad portion of the pos-
terior ilium. This technique has gone through 
several evolutionary changes at the Borgess 

  Fig. 9.1    Shows the muscle fascial contribution to the superfi cial and deep layers of the thoracolumbar fascia and the 
course of the cluneal nerves into the superfi cial fascial layer       

  Fig. 9.2    Typical instru-
mentation using the 
original Belanger 
technique       
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Brain and Spine Institute (BBSI) since that time, 
which have centered on preventing muscle injury 
and enhancing fi xation.  

    Relative Indications 
and Contraindications 

 This approach should be considered secondary 
to any of the accepted minimally invasive proce-
dures such as the lateral minimally invasive pro-
cedure discussed in Chap.   8    . There are some 
conditions and situations that might make this 
method the most attractive option to the surgeon:
•    If a repair of a previous lumbar fusion or 

extension of a lumbar fusion is required at the 
same setting as the SIJ fusion.  

•   When pathology that is thought to be both 
extra-articular and intra-articular.  

•   The patient is morbidly obese.  
•   Immediate full weight bearing is desired 

postsurgery.  
•   There is signifi cant osteoporosis present in the 

sacrum.  
•   There is insuffi cient bone present dorsal to the 

gluteal ridge of the ilium.  
•   A failed lateral or posterior lateral minimally 

invasive fusion needs to be salvaged and cur-
rent instrumentation cannot be removed.    
 There are no specifi c contraindications for 

this procedure once the decision has been made 
to go ahead with a SIJ fusion. If any of the 
other approaches discussed in this book can be 
used, then this procedure is possible to do. 

  Fig. 9.3    Ten-year 
follow-up showing incision 
and operated side 
post-original Belanger 
technique       
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As mentioned earlier, if a minimally invasive 
procedure can be done with a high likelihood of 
success, then that procedure should take prefer-
ence to this muscle sparing yet more extensive 
procedure.  

    Posterior Midline Approach: Step 
by Step 

    Step 1: Positioning 

 The patient is placed in the prone position taking 
the same standard precautions as for a lumbar 
fusion surgery and allowing the abdomen to hang 
free (Fig.  9.4 ).   

    Step 2: Incision 

 The incision is made from approximately the 
lower border of the L3 spinous process and con-
tinues caudad to the S1–S2 level (Fig.  9.5 ).   

    Step 3: Identifi cation and Separation 
of the Fascial Layers 

 The longitudinal dissection is carried down to the 
spinous processes of L3, L4, L5, and S1 without 
exposing bone and leaving the fascial layer intact 

and well defi ned. Approximately 3–4 mm lateral 
to the midline at the level of the L3 spinous pro-
cess, the fascia is incised longitudinally about 

  Fig. 9.4    Typical prone position as used for posterior lumbar fusions with the abdomen hanging free       

  Fig. 9.5    Posterior midline incision from just below L3 to 
mid-sacrum       
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3 cm, and the deep part of the two fascial layers 
is identifi ed. This deep layer is not incised or vio-
lated. There is frequently a small layer of adipose 
tissue lying between the superfi cial and deep lay-
ers of fascia. The two layers are always distinctly 
separate and well defi ned at this level. Help in 
identifi cation is that the superfi cial layer of fascia 
has a transverse or oblique pattern and the deep a 
longitudinal pattern.    The dissection then contin-
ues in a caudad direction, approximately 3–4 mm 
lateral to the midline, and the superfi cial fascial 
layer is bluntly lifted off the deep fascial layer 
laterally the length of the incision. It should be 
noted that the two layers tend to blend somewhat 
as the dissection is carried caudally possibly 
necessitating some assistance with the Bovie or 
the scalpel for separation. Toward the caudal part 
of the dissection, bleeding might occur from 
what appears to be one or two small holes in the 

deep fascia each containing a perforating vein. 
To stop this bleeding, place the tip of the Bovie 
into the small hole, without making the hole big-
ger, and Bovie. If this is unsuccessful, place a 
fi gure of eight absorbable stitch closing the hole. 
With this fascial splitting dissection, the deep fas-
cia attaches laterally to the medial border of the 
ilium. The lateral aspect of the superfi cial fascia 
attaches to the gluteal aponeurosis lateral to the 
ilium. This provides a clean blunt dissection, 
which exposes the PSIS and approximately 
8–10 cm of the dorsal iliac wing. The cluneal 
nerves are in the refl ected superfi cial fascial 
layer, which they access from the intrapelvic 
space to come over the iliac wing approximately 
8–12 cm cephalad of the PSIS and subsequently 
spread out over the buttock. It is important to 
avoid transecting them where they cross the ilium 
(Fig.  9.6 ).   

  Fig. 9.6    Elevating the superfi cial fascial layer, which is an extension of the latissimus dorsi muscle and the cephalad 
portion of the gluteal muscles and contains the cluneal nerves       
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    Step 4: Exposure of the PSIS 

 The dorsal iliac wing is incised with the Bovie 
along the entire length of exposure starting just 
caudal to the PSIS and ending approximately 
8 cm cephalad along the iliac ridge. Subperiosteal 
dissection then progresses laterally to the gluteal 
line or ridge, and the medial dissection progresses 
to the dorsal sacrum. There may be bleeding 
along the medial edge which is stopped using the 
bipolar as the dorsal foramina of the sacrum are 
just medial to this (Fig.  9.7 ).   

    Step 5: Removal of Bone 
and Posterior Ligaments 

 The posterior transverse iliosacral and interosse-
ous ligaments are then removed using a rongeur, 
which may necessitate the bipolar for control of 
bleeding. It is important to have all bleeding 

under control before proceeding. It is important 
to understand that the dorsal aspect of the sacrum 
in this location has very thin cortical bone. The 
proper direction for the removal of the ligaments 
is an anterior–lateral direction staying under the 
medial edge of the ilium. If the surgeon proceeds 
straight anterior here, he/she risks entering the 
dorsal body of the sacrum and creating a false 
passage that is in fact medial to the joint line. The 
   PSIS is then removed the length of the exposure 
down to the gluteal line laterally and the sacrum 
medially. Bone wax is used for any persistent 
cancellous bleeding (Fig.  9.8 ).   

    Step 6: Placing Cage or Bone Dowel 
into Longitudinal Axis of the Joint 

 It is at the caudal end of this exposure where 
the ilium and the sacrum come closest together, 
and there is the least amount of dorsal ligament 
mass. This location is also straight dorsal to the 
apex and caudal portion of the true SIJ with the 

  Fig. 9.7    Exposure between the superfi cial and deep fascial 
layers and exposure of the posterior superior iliac crest       

  Fig. 9.8    Axial view of the operative area showing the 
PSIS being removed, the SIJ being cavitated, and bone 
grafting of the SIJ using the bone from the PSIS       
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longitudinal plane of the joint being almost 
 perpendicular to the fl oor. It is here that the cage 
or bone dowel is placed. Image is brought in to 
visualize this caudal portion of the joint, and sub-
sequently any of the remaining PSIS overlying 
this joint line is removed. A burr hole is made 
down into the joint line, a probe is placed, the 
image verifi es that it is in the joint line, the probe 
is removed, and the burr is inserted again and so 
on back and forth until a depth of no more than 
3 cm has been achieved. The average depth 
before entering the pelvis at this level can be 
3–5 cm. The goal is not to come closer than 1 cm 
from entering the pelvis. This is where reviewing 
the preoperative CT scan and looking at the axial 
slice corresponding to this location can provide 
the surgeon with the exact number of centimeters 
that are available for this dissection in a given 
patient. The hole is then widened to a diameter 
less than the implant. Tapping is then done if nec-
essary when using a bone dowel. The cage or 
bone dowel is then packed with iliac bone graft 
or bone-enhancing material and then screwed 
down into the provided space at least 1 cm deeper 
than the bone surface. The implant is then pulled 
on with a Kocher or similar instrument to assure 
rigid or very stable fi xation (Figs.  9.9  and  9.10 ).    

    Step 7: Placing S1 Pedicle Screw 

 Having previously removed the posterior iliosa-
cral ligaments at the cephalad portion of the dis-
section, we now have the ability to retract the 
paraspinous musculature medially and place a 
marker on our entrance point into the S1 pedicle. 
The hole for the pedicle screw is then made using 
image and a drill or awl depending on the sur-
geon’s preference. The pedicle screw of choice is 
then inserted. We have used a multiaxial screw 
here. The actual placing of a pedicle screw is 
beyond the scope of this book and should be part 
of the inherent knowledge of the surgeon per-
forming this procedure.  

    Step 8: Placing Iliac Screw 

 The placing of the iliac screw in this procedure is 
different than that used with long lumbosacral 
instrumentation to add further stability for the 
lumbosacral fusion. This screw is placed between 
the inner and outer iliac cortical layers but with a 
more cephalad starting point. This starting point 
is essentially in or close to the same axial plane 
as the S1 pedicle. At a point in the exposed 

  Fig. 9.9    Intraoperative AP 
image of the cage and the 
S1 pedicle screw in place       
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 cancellous ilium in the cephalad one third of the 
exposure, a hole is made with the burr, and a ¼ in. 
drill is used to drill to a depth of 2 cm proceeding 
in a slightly lateral and slightly cephalad direc-
tion and staying between the outer and inner cor-
tical layers, which are relatively close together in 

this location. A straight probe is then inserted into 
the hole and pushed through the remaining can-
cellous bone until it reaches the laterally curving 
medial cortical wall. This depth is measured and 
then tapped. A pedicle screw of choice, again we 
use a multiaxial screw, is placed. It is then pulled 
on to be sure it is rigidly stable. If this screw has 
any movement or sense of not being rigid and 
solidly stable, it should be replaced with a larger- 
diameter screw. It is important that this screw 
head is well seated into the cancellous bone, 
which, with the previous removal of the iliac 
bone to the level of the gluteal ridge laterally and 
the sacrum medially, allows for appropriate 
recessing of the screw head for complete fascial 
closure over it. Occasionally, the ventral tip of 
the screw penetrates the medial cortical wall of 
the ilium. This places the tip within the iliacus 
muscle. There have been no complications in 
long- term follow-ups when this has occurred, but 
the absolute outcome of this situation is yet to be 
determined and currently should be considered 
with caution (Figs.  9.11  and  9.12 ).    

    Step 9: Bone Grafting, Placing Rod, 
and Compression 

 The bulk of the bone grafting will occur posterior 
and caudal to the already placed cage or bone 
dowel. First, it is important to decorticate the 

  Fig. 9.10    Axial CT scan showing cage in position 1-year 
postsurgery with solid fusion       

  Fig. 9.11    Axial CT scan 
showing iliac screw in 
position. Notice that the 
inner and outer cortical 
layers of the ilium are 
close together at this point 
allowing good fi xation and 
that the screw head 
(custom, Medtronic) is not 
prominent when compared 
to the opposite side. This 
recessing of the screw head 
allows for excellent closure 
of the fascial layers over 
the hardware       
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bone on the dorsal sacrum at this level, which 
might involve removal of more ligamentous-type 
soft tissue on the sacral side. It is here that a non-
union is most likely to develop. Iliac bone graft is 
used, which was harvested earlier in the proce-
dure. A rod is then placed between the screw 
heads, and before tightening the setscrews, com-
pression between screws is done. The setscrews 
are then tightened or broken off, depending on 
the system, and the instrumentation is complete. 
Using a large instrument or pliers, the construct is 
pulled on to assure it is rigid (Fig.  9.13 ).   

    Step 10: Tight Closure and Drain 

 This step is equally important to any that have 
preceded it. The approach, done correctly, helped 
to create medial and lateral to the ilium fascial 
layers that can be brought together for a tight 
interrupted closure over the bone graft and the 
instrumentation. When suturing, try to get a larger 
bite of tissue laterally with each interrupted stitch, 
and pull on it to be sure it is secure and does not 
easily pull out. Due to the removal of the entire 
PSIS, the instrumentation is subsequently recessed 
enough for complete coverage by the fascial layers. 

When done appropriately, this essentially recon-
structs the previous medial and lateral attach-
ments that existed before removing the PSIS. This 
helps with postoperative rehabilitation and is also 
the best protection for preventing the iliac screw 
head from being prominent and subsequently 
painful. A drain then is inserted deep to the fascial 
closure, as there will be  drainage occurring during 
the fi rst 24 h from this site (Fig.  9.14 ).   

  Fig. 9.12    Coronal CT 
scan showing positions of 
a bone dowel, the S1 
pedicle screw, and the iliac 
screw. Note how that the 
iliac screw and the S1 
screw are in approximately 
the same axial plane       

  Fig. 9.13    Final AP image with the hardware in place       

 

 

9 Posterior Midline Approach



100

    Step 11: Postoperative Management 

 Patients are kept at bed rest overnight with a 
Foley catheter and a drain. The following day, 
the catheter and drain are removed and the patient 
is mobilized. Full weight bearing as tolerated is 
allowed at this time. A sacral belt is used when-
ever up and is applied and removed in the stand-
ing position. It is removed for showers. A walker 
is substituted for the sacral belt in morbidly 
obese patients. If a lumbosacral fusion occurred 
with this procedure, the bracing is dictated 
by that procedure according to the standard 

 protocols of the surgeon. Bracing is continued 
for 12 weeks during which the primary activity is 
walking with no excessive bending, twisting, or 
lifting activities. We allow patients to lift up to 
15 lb during this period. After the initial 6 weeks, 
water therapy is allowed followed by formal 
physical therapy at 12 weeks postsurgery. Plain 
X-rays of the sacrum are taken at 6 weeks to 
assure no movement of the instrumentation, and 
a CT scan is performed at 3 months looking for 
any hardware loosening and to assure that the 
bone graft is healing well. When the patient is 
released from physical therapy, usually around 

  Fig. 9.14    The two fascial 
layers, created when the 
posterior superior iliac 
crest was subperiosteally 
exposed, are closed tightly 
with interrupted sutures 
over the instrumentation. 
Not shown is the subse-
quent closure of the 
superfi cial fascial layer 
back to the midline       
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18 weeks postsurgery, they are allowed to return 
to work. If only the SIJ(s) was fused, there are no 
restrictions placed on activity unless symptoms 
persist. If a lumbosacral fusion was performed at 
the same time, then the restrictions would result 
from that fusion according to the standard proto-
col of the surgeon. Plain X-rays are taken at 18 
weeks and 6 months. If at any time there is con-
cern, a CT scan is performed to determine cause 
and further treatment.   

    Outcomes for the Posterior Midline 
Approach 

 Belanger in 2001 [ 1 ] presented long-term out-
comes in four patients utilizing this procedure 
without the implementation of a cage or bone 
dowel. Also there were no bone graft-enhancing 
agents used. He reported successful results in all 
four patients; however, two required removal of 
the iliac screw due to point tenderness, after 
which those symptoms completely resolved. 
BBSI is currently in the process of submitting 
its review of 66 patients having had this proce-
dure over a 5-year period with an average fol-
low-up of 4 years. The results of that study will 
be summarized in the following paragraphs 
(Table  9.1 ).

       Procedural Data 

 Seventy-fi ve individual SIJ fusions were per-
formed consisting of 60 unilateral fusions and 15 
bilateral fusions. This fusion procedure was com-
bined with a lumbosacral fusion when both areas 
met appropriate criteria for fusion according to 
existing standards for the lumbosacral spine and as 
set forth in this book for the SIJ. Nine patients hav-
ing had a unilateral SIJ fusion returned, during the 
study period, to have the contralateral side fused.  

    Off-Label Uses of Products 

 The FDA does not approve the use of the cage 
(Custom, Medtronic) and its placement into the 
longitudinal axis of the SIJ. The use of bone mor-
phogenic protein (Infuse, Medtronic) is not 
approved by the FDA for use in this fashion. The 
use of these items in this procedure is “off label.”  

    Complications and Reoperations 

 A complication occurred in 15 % of patients. There 
were no deaths, neurovascular complications, or 
infections. Complications had no correlation with 
the performing of a bilateral SIJ fusion or perform-
ing an accompanying lumbosacral fusion. All com-
plications were temporary and self-limiting except 
for two patients with a nonunion of their fusion and 
one patient with point tenderness over the iliac 
screw head. All three required reoperation with long-
term successful results. In the case of the painful 
iliac screw head, reoperation consisted only of iliac 
screw removal, as the fusion was solid (Table  9.2 ).

   Table 9.1    Preoperative data for all responding study 
patients   

 # of patients  66 
 Age  52.6 (31–76) 
 Sex  18 males, 48 females 
 BMI  29.2 (16.3–48.2) 
 Diabetes  9 % 
 Heart disease  41 % 
 Pulmonary disease  15 % 
 Obesity  42 % 
 Smoker  15 % 
 Disabled  36 % 
 Retired  20 % 
 Unemployed or workman’s comp  20 % 
 Previous lumbosacral fusion  65 % 
 Time in conservative treatment  46.8 months (3.9 years) 
 Preoperative pain levels  All patients had pain 

levels of 7–10/10 at the 
time surgery was 
discussed 

   Table 9.2    All complications occurring in study group   

 Complications  Occurrence # 

 Confusion  1 
 Pulmonary embolism  1 
 Urinary tract infection  1 
 Nonunion  2 a  
 Postoperative anemia  2 
 Hemorrhagic esophagitis  1 
 Painful iliac screw head  1 a  
 Totals  10/66 (15 %) 

   a Required second surgery (3/66, 5 %)  
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       Satisfaction and Function Statistics 

 Satisfaction results were in the 80 % range for all 
patients in terms of their long-term result, being 
willing to have it again for the same result and 
being willing to recommend the procedure to 
another. Two subgroups in our retrospective fol-
low- up database for this procedure had the best 
overall results. The fi rst group consisted of all 
those having bilateral SIJ fusions and the second 
group consisted of all those having either one or 
both SIJs fused in conjunction with either a lum-
bosacral fusion repair or extension. In each group, 
there was a signifi cant decrease in pain scores 
(visual analog scale) and satisfaction scores 
greater than 85 %. Both groups are discussed fur-
ther later in this chapter. Follow-up function in 
these patients as a whole is diffi cult to assess con-
sidering that the average patient going into the 
process of having a SIJ fusion at our institution 
had been in conservative treatment for 4 years, 
was in a pain clinic, was on chronic narcotics, and 
was not working or disabled (Chap.   7    ). Our fi nd-
ings were that, despite lower pain scores and high 
degrees of satisfaction, the variables of narcotic 
use and disability remained essentially the same. 
There was, however, a signifi cant decrease in 
those requiring a pain clinic (Table  9.3 ).

       What Is the Effect of Performing 
This Procedure Bilaterally? 

 Performing bilateral SIJ fusions at the same set-
ting has been a routine at our institution for over 
a decade not only with this procedure but with 
posterior lateral minimally invasive procedures 
as well. In reviewing our retrospective long-term 
follow-up data using the posterior midline 
approach, we had 15 patients who underwent 
bilateral SIJ fusions over a 5-year period. At an 
average follow-up of 2.5 years for this group, the 
pain levels had dropped 2.4 points and the patient 
satisfaction rates averaged 87 %. This is our 
experience using one type of posterior approach 
for SIJ fusion, and it will be necessary for other 
institutions using this or other procedures to ulti-
mately prove the validity of these results. We 
have not performed bilateral fusions using the 
lateral minimally invasive techniques, as they 
require limited weight bearing for several weeks 
in the postoperative period.  

    What Is the Effect of Performing 
This Procedure Concurrently 
with a Lumbosacral Fusion? 

 Many patients having a dysfunctional SIJ requir-
ing surgery will also have lumbosacral pathology 
requiring a fusion. Our experience at BBSI is that 
65 % of patients presenting for a SIJ fusion will 
have had a previous lumbosacral fusion. 
Frequently, the lumbosacral fusion needs repair 
or further disabling symptoms have developed in 
the cephalad segments adjacent to the lumbosa-
cral fusion that an extension of that fusion is 
needed. It has been the philosophy at BBSI that 
when both areas are found to have pathology that 
warrants fusion, both are performed at the same 
setting. When reviewing our long-term results, 
we have found no correlation with satisfaction 
rates, complications, and the performing of a 
lumbosacral fusion at the same setting as the SIJ 
fusion. In patients with the specifi c diagnosis of 
dysfunctional SIJ(s) and in need of a lumbosacral 
fusion repair or extension, if both were done at 
the same setting, the 4-year follow-up decrease in 

   Table 9.3    Operative and follow-up data on all patients in 
study group   

 # Patients  66 
 Avg age (years)  52 
 # Surgeries  75 
 # Unilateral/bilateral  60/15 
 # Returning for opp. side  9 
 Duration/surg (min)  187 
 Blood loss/surg (ml)  573 
 Complications/surgery  10/75 (13 %) 
 Follow-up (months)  50 
 Disabled  45 % 
 Retired  22 % 
 Working  25 % 
 Others (WC, auto, legal, etc.)  8 % 
 Pain level  5.0/10 
 Satisfi ed with procedure  83 % 
 Would do again for same result  80 % 
 Would recommend to another  77 % 
 Avg. sat score  80 % 
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pain levels using the VAS was statistically sig-
nifi cant ( p  = 0.02192, “paired ‘t’-test”) with 
patient satisfaction rates averaging 85 %. A tech-
nical point to be made here is that when both the 
SIJ and the lumbosacral spine are fused at the 
same setting through a posterior midline inci-
sion, the rod used to cross the SIJ and connect 
the spinal pedicle screw with the iliac screw is 
passed under (anterior to) the paraspinal muscle 
belly (Fig.  9.15 ). This allows for the entire rod 

and screw fi xation device to be deep to muscle 
and fascia limiting instrumentation problems 
postoperatively.  

 When the situation of having a patient with 
both the SIJ and the lumbosacral spine meeting 
the criteria for fusion presents itself to the sur-
geon, the posterior midline approach allows for 
both areas to be operated on successfully through 
the one incision. The impact on the patient is no 
greater than performing a lumbosacral fusion 
with an IBG. Further study is needed to validate 
these current assumptions (Fig.  9.16 ).   

    What Type of Patient Is Most Likely 
to Benefi t from This Procedure? 

•     When a lumbosacral fusion needs to be 
repaired or extended in conjunction with the 
SIJ(s) fusion.  

•   When bilateral SIJ fusions are required.     

    What Type of Patient Is Least Likely 
to Benefi t from This Procedure? 

•     When the patient has not had previous lumbar 
or SIJ surgery and both areas meet all criteria for 
fusion surgery. These patients had an approxi-
mately 70 % long-term success in our experi-
ence. Reasons for this are currently unknown.     

  Fig. 9.15    Intraoperative photo showing the placement of 
the rod crossing the posterior aspect of the SIJ and ante-
rior to the paraspinous muscle belly. This patient was also 
undergoing a revision of a failed lumbosacral fusion, thus 
the generous midline exposure       

  Fig. 9.16    AP X-ray 
showing a posterior 
midline approach bilateral 
sacroiliac joint fusion 
coupled with a cephalad 
extension of a lumbosacral 
fusion       
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    Salvage Surgery for a Failed 
Posterior Midline Approach 
as Described in This Chapter 

 The two reasons for salvage surgery following a 
posterior midline approach to fuse the SIJ(s) as 
described in this chapter are a painful hardware 
situation consisting of point tenderness over the 
head of the iliac screw and a painful nonunion 
most likely accompanied by loose hardware. 
When the iliac screw is painful and needs to be 
removed, we recommend opening the posterior 
midline incision; approaching the surgical area 
between fascial layers, as described in the poste-
rior midline approach technique; and then mak-
ing a small incision in the fascia to cut the rod 
and remove the iliac screw followed by secure 
fascial repair. The rest of the hardware is left as 
the fusion has already been determined to be 
solid. If it is not solid, that then becomes the pri-
mary reason for revision as described above. For 
the second reason, there are a variety of methods 
to attempt to achieve a solid fusion. One method 
is to remove the screws and rod and add a second 
and possibly a third cage into the longitudinal 
joint line. Usually, if the screws are loose, it has 
not been fruitful to replace them, especially in the 
iliac wing. It is possible to use the lateral approach 
with a screw in device that could be maneuvered 
between the existing sagittal instrumentation to 
secure the joint in a different plane. At our insti-
tution, adding more cages or bone dowels into 
the longitudinal axis of the joint has resulted in 
fusion, decreasing pain, and improved patient 
satisfaction (Fig.  9.17 ).   

    Chapter Summary 

 This procedure is relatively new to the literature 
making its debut in 2001. It is the fi rst SIJ fusion 
procedure to utilize the posterior midline fascial 
splitting approach and S1 pedicle screw fi xation. 
This procedure also introduces a novel way to 
place a cancellous screw between cortical layers 
of the ilium for fi xation. This surgical technique 

is a safe procedure for the patient, and a relatively 
straightforward one for the spine surgeon, who 
has experience with pedicle screw fi xation, to 
perform. It has been proven to have a high fusion 
rate, low morbidity, and a low reoperation rate. 
Although many patients in our experience still 
have issues with disability and with their previ-
ously acquired narcotic addictions, the patient 
satisfaction rates averaging 4 years after surgery 
are very high. Recommendations have been sug-
gested for the type of patient who might benefi t 
the most from this procedure as well as in what 
circumstances it should be used with caution. 
This is the fi rst textbook description of this pro-
cedure, and it refl ects the results from one major 
institution that has been devoted to the diagnosis 
and treatment of the dysfunctional SIJ for over 
two decades. The reader should understand that 
this procedure is not fully understood at this point 
in time, and more information needs to be gener-
ated, not only from BBSI but also from other 
institutions as well to fully understand exactly 
what the patient and the surgeon can expect from 
it. It should be reiterated at this time that if a min-
imally invasive procedure can accomplish all the 
surgical goals for a patient, that procedure should 
take precedence over this more extensive poste-
rior midline approach.     

  Fig. 9.17    Coronal CT scan showing a 6-month follow- up 
of a salvage procedure for a failed posterior midline sac-
roiliac joint fusion using two bone dowels (Medtronic) 
with BMP (Infuse, Medtronic) placed using the Stryker 
Virtual Navigation System (Infuse is not FDA approved 
for this purpose and in this case it was used “off label”)       
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            Introduction 

    This chapter will discuss the unique nature of this 
approach and fi xation that allow it to be mini-
mally invasive and yet highly effective in achiev-
ing surgical goals. Its etiology as an Investigational 
Review Board (IRB) hospital study will be dis-
cussed as well as limitations based on the lack of 
current FDA approval for implanting instrumen-
tation in the longitudinal axis of the sacroiliac 
joint (SIJ). The indications, contraindications, 
and specifi c technical challenges to this proce-
dure will be discussed as well as relative out-
comes. Lastly, the method of salvaging this 
procedure in the event of failure will be discussed 
as well as using this approach for SIJ aspiration 
and biopsy in the event of suspected joint infec-
tion or other pathologic process.  

    Etiology of Procedure 
and Literature Review 

 The fi rst paper in the literature explaining this 
unique approach was by Wise in 2008 [ 1 ]. This 
procedure utilizes two threaded cages, each with 
bone or bone-enhancing elements packed inside, 
placed via a posterior lateral minimally invasive 
approach into the longitudinal axis of the SIJ. The 
procedure concept and design were based on the 
need for a minimally invasive technique that 
would not go through muscle, avoid neurovascu-
lar structures, meet minimal hardware require-
ments for joint stabilization, allow for a very 
solid fusion, and permit immediate full weight 
bearing with minimal bracing postsurgery. This 
procedure was fi rst performed and studied under 
an IRB in 2004, after which it became a useful 
addition to our surgical armamentarium for SIJ 
fusion. The procedure’s main limitation is that 
placing a cage into the longitudinal axis of the 
SIJ line is not FDA approved for this purpose. 
Unlike the direct lateral approaches with predi-
cates preexisting the FDA and allowing for 
approval via the 510(k) process, this approach 
has no such predicates. Bone morphogenic pro-
tein (BMP) (Infuse, Medtronic), which is used 
inside the cages, is also not FDA approved for 
this use. Surgeons using this method and 
approach must declare that what they are doing is 
“off label.” As a result of needing pre-market 
approval for this procedure to be FDA approved, 
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industry is less willing to bear the expense of 
bringing this procedure to market.  

    Indications and Contraindications 
for Procedure 

 The absolute indications for this procedure can 
only be estimated secondary to following 
approximately 40 patients having had this 
procedure either unilaterally or bilaterally at the 
same sitting and followed long term. The 
circumstances where this procedure was used 
successfully include:
•    Single or bilateral joint involvement  
•   Gross or morbid obesity  
•   When full weight bearing postsurgery is 

required  
•   As an adjunct to a lumbosacral fusion at same 

setting    
 Absolute contraindications for this procedure 

would include:
•    Signifi cant osteoporosis  
•   When there is a damaged or missing portion 

of the posterior superior iliac spine (PSIS)  
•   When intraoperative imaging cannot give a 

clear anterior posterior (AP) image  
•   When this procedure has failed to achieve 

fusion  
•   Gross joint instability  
•   Lack of stable anterior or posterior SIJ liga-

ment structures  
•   Unusual anatomy making landmarks unclear     

    Posterior Lateral into 
the Longitudinal Axis of the Joint: 
Minimally Invasive Approach, Step 
by Step 

    Step 1: Preoperative Preparation 

 In order for this procedure to proceed quickly and 
smoothly in the operating room, signifi cant work 
must be done prior to ensure complete cage 
containment. Since, in the absence of a navigation 
system, which will not be discussed here, the 
surgeon only has real-time fl uoroscopic image to 
rely on, he/she must know ahead of time where 

the cephalad and caudal margins of the SIJ “safe 
zone” are. The safe zone is defi ned as, when 
viewing the SIJ in the coronal plane, that portion 
of the SIJ having adequate bone on the iliac and 
sacral sides of the joint to support a full insertion 
of the cage. A preoperative CT scan is obtained 
of the entire pelvis. From this the axial cuts are 
evaluated looking for the most cephalad and most 
caudal slices that would allow full cage 
containment. These two views also allow the 
surgeon to know exactly the distance from the 
most palpable bone of the dorsal ilium to the 
anterior aspect of the sacrum in each of the axial 
slices (Figs.  10.1  and  10.2 ).   

 Utilizing CT scanner software, these margins 
are printed out as horizontal lines on an AP scout 
radiograph of the pelvis, appearing as the surgeon 
would visualize it with fl uoroscopy in surgery. 
The space between the lines represents the “safe 
zone” (Fig.  10.3 ).  

 Now the surgeon has knowledge of the safest 
space to place cages from posterior into the 
longitudinal axis of the SIJ in both the coronal 
and axial planes. There is no useful imaging that 
will assist the surgeon with this approach in the 
lateral plane, as the SIJ cannot be reliably imaged 
laterally. If any of the preoperative preparation 
images cannot be obtained, this technique should 
be abandoned in favor of another procedure.  

    Step 2: Positioning 

 The patient is placed in the prone position taking 
the same standard precautions as for a lumbar 
fusion surgery and allowing the abdomen to hang 
free (see Fig.   9.4    ). Image is then brought in and 
an AP view of the involved SIJ is obtained to 
assure good visibility. This can usually be 
accomplished even in the most obese patient, as 
there is actually less soft tissue muscle and bony 
obstruction in this plane than in the lateral plane. 
The image is then moved live approximately 
10–25° cephalad and, in the axial plane, posterior 
medial and anterolateral, until the best overall 
image of the joint is obtained. This becomes the 
angle of insertion for the cages and provides the 
last necessary angular information for the sur-
geon before beginning the operation.  
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    Step 3: Incision 

 The most prominent tip of the PSIS is palpated, 
and a 1–2 in., depending on the size of the patient, 
vertical incision is made. This dissection is car-
ried down to the bone. In an obese patient, the 
PSIS tip might not be felt externally and may 
need to be visualized with image after which the 
incision and blunt fi nger dissection are needed to 
physically feel the PSIS (Fig.  10.4 ).   

    Step 4: Preparing the Space 
for the Cage 

 With the image remaining in position, a ¼ in. 
drill bit is then tapped into the bone of the PSIS 
with a mallet just far enough to hold it upright. 
Image is used to verify that the bit is in the lower 
1/3 of the safe zone and aimed straight into the 
joint following the same angles as the imaging 
(Fig.  10.5 ).  

  Fig. 10.1    Preoperative 
axial CT showing the 
cephalad-most margin for 
total cage containment. 
Also shown is the 
measurement from the tip 
of the PSIS to the anterior 
aspect of the sacroiliac 
joint bilaterally. Stopping 
1 cm short of that distance 
is considered a safe depth 
for drilling, in surgery, to 
avoid entering the pelvic 
cavity       

  Fig. 10.2    Preoperative 
axial CT showing the 
caudal-most margin for 
total cage containment. 
Note that the measurement 
from the tip of the PSIS to 
the safe anterior aspect of 
the sacroiliac joint is 
shorter in this axial plane 
than in the previous more 
cephalad section       
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 The drill is then advanced through the PSIS 
and into the joint, frequently verifying with 
image that it is staying in the joint line. Once the 
depth, predetermined by preoperative CT scan, is 

reached, the drill is removed and a K-wire is 
placed, blunt end fi rst, into the hole. The surgeon 
verifi es with this that there is bone at the hole’s 
depth. After creating the channel for the inverted 
K-wire, the surgeon will have a good understand-
ing as to the density of the subchondral bone. It is 
with this knowledge that he/she decides whether 
an awl can be used to make the channel larger or 
whether a power drill will be needed. A cannu-
lated awl or drill bit is then placed over the 
K-wire, approximately 2 mm less in width than 
the cage that will be placed, and the hole is made 
larger to the same depth as the K-wire. This is 
when a lateral image becomes important. All that 
needs to be seen is the position of the tip of the 
blunt end of the K-wire. If, when using the awl or 
the drill to widen the channel, the tip of the 
K-wire moves, further drilling is stopped. The 
K-wire is removed and the hole is palpated to be 
sure that bone still remains at the base of the hole 
and no soft tissue is palpable. 

  Caution!  If after measuring the channel 
appears to be deep enough for total cage contain-
ment to include some subsidence of it at the dor-
sal surface, the procedure can continue. If not the 
decision to make the hole deeper using a “free-
hand” technique while watching the lateral image 
is an option, but only in the hands of a very tech-
nically capable and experienced surgeon keeping 

  Fig. 10.3    Preoperative 
coronal image generated 
by the CT scan as a scout 
fi lm showing the upper and 
lower margins of the “safe 
zone” for placing two 
cages, as defi ned in this 
chapter, with total 
longitudinal cage 
containment based on the 
data in Figs.  10.1  and  10.2        

  Fig. 10.4    The vertical incision is in line with and just 
cephalad and caudal to the PSIS       
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in mind that plunging through the anterior SIJ 
into the pelvis is potentially “life threatening”! 
We are not recommending that option here and 
our advice is that if there is any hesitation or con-
cern on the part of the surgeon, another method 
to fuse the SIJ should be entertained. 

 All hardware is then removed and the hole is 
palpated to insure that bone is present both deep 
and all around the created canal. It is also visual-
ized on image to assure that the created hole is 
inside the center of the joint line. We use a 9 mm-
diameter awl or drill bit for an 11 mm-diameter 
cage placed at an average depth of 4.5–5.5 cm 
depending on the preoperative studies.  

    Step 5: Insertion of Cage 

 At our institution, the cages used in our study 
were custom (Medtronic) and fi lled with BMP 
(Infuse, Medtronic). With the hole properly pre-
pared, the cage is then inserted to a depth of tight-
ening by two fi ngers. It is then visualized on 
image in both the AP and lateral planes. A clamp 
is then placed on the dorsal aspect of the cage, 
and vigorous pulling is done to verify that the 
cage is indeed very stable. If it moves, then a 
larger cage must be inserted. The success of the 

cage placement is based on the concept of dis-
tracting the joint against the opposing tension 
forces of the intact anterior and posterior SIJ liga-
ments. If these structures are severely compro-
mised, other methods for SIJ fusion should be 
considered (Figs.  10.6  and  10.7 ).    

    Step 6: Insertion of Second Cage 

 The lowest cage was placed fi rst as the landmarks 
and the qualities of bone are best in this location. 
Once the fi rst cage is placed successfully, the 

  Fig. 10.5    Intraoperative 
AP image showing the drill 
bit aimed at the sacroiliac 
joint       

  Fig. 10.6    The cage (Medtronic, Custom) is cylindrical, 
threaded, and hollow and measures 25 mm in length and 
11 mm in diameter       

 

 

10 Posterior Lateral into the Longitudinal Joint Axis Approach: Minimally Invasive



112

 second cage placement goes fairly quickly. Steps 
4 and 5 are repeated with placement aimed at put-
ting this cage just cephalad to the fi rst cage. It 
should be noted that the depth of drilling for the 
cephalad cage may be slightly deeper than the 
caudal cage. This was defi ned with the preopera-
tive CT scan (Figs.  10.1  and  10.2 ). Once the cage 
is placed, a clamp is used to verify the stability of 
this one as well. Again, if either cage is loose, 
they must be replaced with something larger in 
diameter (Figs.  10.8 – 10.10 ). 

  Caution!  If a cage cannot be placed, that is, 
rigidly stable when tested, this procedure will not 
work in the long run, and other options for fur-
ther instrumenting the SIJ should be considered. 
This would be considered a very rare situation.    

    Step 7: Closure 

 The deepest tissues, consisting only of fascial 
and subcutaneous tissues, which have been mini-
mally violated, are closed with heavy absorbable 
suture followed with routine closure after that. 
These incisions have routinely healed well with 
very good cosmetics   .   

    Step 8: Postoperative Management 

 This procedure has been performed as an outpa-
tient with equal results to the IRB study, in which 
the patients were kept overnight. Patients are 
allowed to immediately weight bear and use a 
sacral belt whenever up for 12 weeks. In the case 

  Fig. 10.7    Axial CT showing the path of the cage through 
the tip of the PSIS and then into the longitudinal axis of 
the sacroiliac joint       

  Fig. 10.8    Intraoperative AP image showing the fi rst 
cage in place and the drill bit accessing the path for the 
second cage       

  Fig. 10.9    Intraoperative AP image showing both cages in 
place within the longitudinal axis of the sacroiliac joint       
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of the very obese patient, a walker is substituted 
and used whenever up for 12 weeks. No lifting 
more than 15# is allowed for 12 weeks, and the 
main exercise is walking using a shorter stride. 
After this 12-week period, therapy is begun to 
fully strengthen the patient, and they are allowed 
to return to work without restrictions at 18 weeks. 
Restrictions are only applied if the patient still 
has residual pain or there are other issues occur-
ring requiring the restrictions (e.g., associated 
lumbar fusion). X-rays are taken at 6 and 18 
weeks postsurgery with a CT scan being per-
formed at the 12-week mark (Fig.  10.11 ). If at 
any time there is concern about the status of the 
cage or fusion, a CT scan is performed with treat-
ment as needed.    

    Procedural Data 

 This procedure was performed as part of an IRB 
protocol on 13 consecutive patients during the 
course of 1 year. Of these, six had bilateral SIJ 
fusions performed. There were more females and 
the average age was 53. The average BMI was 
31. Blood loss averaged less than 100 cc in all 

cases, and the average length of stay was 1.7 days, 
with a mean follow-up of 2.4 years.  

    Off-Label Use of Products 

 The FDA does not approve either the cage (cus-
tom, Medtronic) or the BMP (Infuse, Medtronic) 
for this use. These were used “off- label” in these 
patients.  

    Complications and Reoperations 

 Two of the 19 joints (11 %) developed a non-
union of the fusion. One patient was converted to 
a posterior midline fusion as described in Chap.   9    , 
leaving the original cage in place, with ultimate 
success. The other patient was not revised, as 
they were not symptomatic and happy with their 
result. There were no infections, neurovascular 
complications, or lasting morbidity.  

  Fig. 10.10    Intraoperative lateral image showing both 
cages in place. Note how the lower cage appears anterior 
to the midline of the sacrum demonstrating that the joint 
line extends farther into the pelvis lateral to the midline. 
This also demonstrates the inability of the lateral image to 
assist in proper cage placement       

  Fig. 10.11    One-year postoperative axial CT scan show-
ing bone fusion of the sacroiliac joint occurring directly 
through the cage        
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    Satisfaction, Pain, and Functional 
Statistics 

 Satisfaction for the procedure was 79 % at long- 
term follow-up with those patients stating they 
would do the procedure again for the same result. 
Using the VAS (0–10), the average drop in back 
pain levels averaged 4.9 ( p  = <0.001), and for leg 
pain, it was 2.4 ( p  = <0.013). Dyspareunia 
dropped by an average 2.4 ( p  = <0.0028). No data 
on functional activities pre- or postsurgery was 
gathered.  

    What Is the Effect of Performing 
This Procedure Bilaterally? 

 This was not statistically evaluated, although the 
three patients who were not satisfi ed with the 
procedure long term did not have bilateral 
fusions. Information as to whether a bilateral 
fusion verses spacing the procedures is not avail-
able at this time (Fig.  10.12 ).   

    What Is the Effect of Performing 
This Procedure with a Lumbosacral 
Fusion? 

 It can be performed with a lumbosacral fusion, 
but we have no current data to recommend for or 
against performing this combination.  

    Salvage Surgery for a Failed 
Posterior Lateral into 
the Longitudinal Axis of the Joint 
Minimally Invasive Approach 
Procedure 

 The most assured method for salvaging this 
surgery in our hands has been to perform a 
posterior midline surgery as described in Chap.   9    , 
leaving the current cages in place and not 
inserting more. We have one instance of remov-
ing both cages, which had become loose, and 
reinserting larger cages with an overall excellent 
result in a moderately obese patient.  

  Fig. 10.12    Long-term 
follow-up axial CT scan 
showing bilateral sacroiliac 
joint fusions using this 
technique       
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    Method for Using This Approach 
for Aspiration and Biopsy 

 Although this book’s primary function is not to 
discuss infection or other acute processes that 
may affect the SIJ, this particular approach offers 
a simple mechanism for aspiration and/or biopsy 
of the joint should the situation occur. The 
following discussion will provide the technical 
details for performing this procedure; however, it 
is up to the individual surgeon to decide under 
what circumstances to use it. 

    Procedure 

 Steps 1, 2, 3, and 4 are followed in an identical 
fashion as described in the preceding discussion 
for this approach. At this point, any of the bone or 
debris residing in the cannulated drill is cultured 

and sent for histology, each based on the sur-
geon’s preferences. With the passage now estab-
lished into the joint, further swabbing, curetting, 
or other    is performed to acquire further fl uid or 
tissue specimen for analysis. A permanent image 
should be obtained in various planes to verify the 
position of a probe in the joint. Closure is accom-
plished, if appropriate, depending on potential 
drainage, as discussed in the preceding step 7. 
The surgeon, based on the potential diagnosis of 
the patient, determines further decisions on treat-
ment and patient function (Figs.  10.13 ,  10.14 , 
 10.15 , and  10.16 ).     

 Our experience with this technique is limited 
and should be used by the experienced surgeon 
understanding that each patient with his or her 
associated pathology is unique and results may 
vary. This is meant to be considered as an option 
for aspiration and biopsy of the SIJ understand-
ing that several other options, with no given stan-
dard, exist for the surgeon’s consideration.   

  Fig. 10.13    Axial T2 STIR 
MRI showing hyperinten-
sity of the area surrounding 
the sacroiliac joint       
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  Fig. 10.14    Intraoperative 
AP image showing probe 
inside the sacroiliac joint       

  Fig. 10.15    Intraoperative 
lateral image showing 
cannulated drill inside the 
sacroiliac joint       
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    Chapter Summary 

 There is minimal data available for the insertion 
of cages, bone dowels, or other    into the longitudi-
nal axis of the SIJ. Our work is unique and was 
initially performed under the auspices of an IRB 
to insure patient safety and appropriate follow-up 
with subsequent publication in a peer review 
journal [ 1 ]. This surgery requires detailed preop-
erative steps, which are paramount to successful 
placement of the cages. The approach used, start-
ing at the tip of the PSIS, allows for the surgeon 
to have a secure landmark from which to proceed 
through the rest of the procedure. The ability to 
operate on obese patients with immediate weight 
bearing and minimal bracing with a procedure 
that takes a short period of time make this an 
attractive fi rst procedure to perform when a 
more complicated procedure may not be deemed 

desirable or appropriate. This surgery needs to be 
trialed in prospective multicenter studies to com-
pletely understand its exact indications, contrain-
dications, and long-term results. The main 
clinical limitation to this procedure at this time is 
the need for it to go through “pre-market 
approval” to be approved for use by the FDA. This 
approach can also be used to access the SIJ for 
other purposes like acute infection, and as with 
its use for performing a minimally invasive 
fusion, should be considered as a new procedure 
with limited and incomplete experience and one 
of many options in existence with no current 
standard model to follow.     

   Reference 

     1.    Wise CL, Dall BE. Minimally invasive sacroiliac joint 
arthrodesis: outcomes of a new technique. J Spinal 
Disord Tech. 2008;21:579–84.      

  Fig. 10.16    Six-month 
follow-up axial CT scan 
showing the previous path 
created into the sacroiliac 
joint using this approach 
with possible auto-fusion 
beginning to occur. The 
patient was asymptomatic 
at the time this image was 
obtained       
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            Introduction 

 The open posterior lateral, or transiliac, approach 
to the sacroiliac joint (SIJ) is considered by many 
to be the standard open approach for either 
arthrodesis or drainage of septic sacroiliitis. This 
chapter will describe the historical background 
and development of the transiliac approach and 
will review results and complications observed 
utilizing this technique.  

    Historical Background 

 Smith-Petersen provided the fi rst description of the 
transiliac approach to the SIJ in 1921 [ 1 ]. He sug-
gested that anterior and superior approaches were 
impractical because of the diffi culty in reaching 
the joint by those approaches and opined that an 
earlier approach described by Painter which 
involved refl ecting a large fl ap of bone from the 
posterior Ilium was too extensive [ 2 ]. Smith-
Petersen’s operation involved a long curved inci-
sion overlying the posterior portion of the iliac 
crest, continuing across the posterior superior 

iliac spine (PSIS) and curving laterally following 
the fi bers of the gluteus maximus muscle for an 
additional 4 in. (Fig.  11.1a ).  

 The gluteal musculature was detached and sub-
periosteal dissection carried out until the poste-
rior and lateral portions of the ilium were exposed 
(Fig.  11.1b ). 

 The anatomic projection of the articular portion 
of the SIJ on the ilium was visualized using the sci-
atic notch and the “medial gluteal line”, what anat-
omists refer to as the anterior gluteal line [ 3 ], as 
landmarks. A rectangular “window” was then cut 
through the ilium through which the articular sur-
face of the sacral side of the joint was visualized. 
Cartilage and subchondral bone was removed 
from the sacral side of the joint as well as from 
the removed block of bone. The block was then 
countersunk across the defect, which allowed for 
opposition of cancellous surfaces with the bone 
block spanning the joint. In his original publica-
tion Smith-Petersen made passing reference to 
seven cases of sacroiliac tuberculosis and three 
cases of “relaxation” of the joint that had under-
gone the procedure with successful results 
though, as was common at the time, no specifi c 
data were reported. In the same year Gaenslen 
reported on a transiliac approach in which a simi-
lar window was made after refl ecting a partial 
thickness fl ap of bone from the posterior ilium 
(Fig.  11.2 ) [ 4 ].  

 A triangular window was then made into the 
synovial portion of the joint through the exposed 
cancellous surface of the ilium. Decortication of 
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the sacral side of the joint was carried out and local 
bone graft was placed. The refl ected fl ap of bone 
and attached musculature were approximated 
back to the crest using sutures. Blood loss was 

not reported, but it could be expected that with 
the exposure of a large area of cancellous bone, 
blood loss would be higher than with the Smith-
Petersen technique. 

  Fig. 11.1    Smith-Petersen transiliac approach for sacroiliac 
arthrodesis. ( a ) Incision and window in original 
description. ( b ) Exposure of lateral ilium and subse-

quent modifi cation of transiliac bone window into syno-
vial portion of sacroiliac joint       
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 Smith-Petersen later reported on end results 
of his technique for patients with tuberculosis of 
the SIJ [ 5 ] and patients with non-tuberculous dis-
orders of the SIJ [ 6 ]. Twelve of thirteen 
(12/13 = 92 %) of patients operated on for tuber-
culosis had complete resolution of pain following 
surgery and eight of thirteen (8/13 = 69 %) 
returned to their prior occupation. It was noted, 
however, that four patients eventually died from 

tuberculosis, three from distant involvement due 
to meningitis or peritonitis and one from a sec-
ondary infection and abscess who left the hospi-
tal against advice and died 3 months after surgery. 
In patients with non-tubercular arthritis of the 
SIJ, 23/26 (88 %) had complete relief of pain. In 
a follow-up report on his technique, Gaenslen 
reported on nine patients undergoing surgery 
either for tuberculosis of the SIJ or sacroiliac 
“strain” [ 7 ]. One patient was considered a failure 
on the basis of a probable incorrect diagnosis. 
One patient developed a severe deep infection but 
ultimately had a good result. 

 Harris reported on a series of 67 consecutive 
cases of sacroiliac disease treated with arthrode-
sis using a transiliac approach similar to that 
described by Smith-Petersen [ 8 ]. He reported 
68 % had excellent results, 18 % partially 
improved, and 3 % had no relief and 1 patient 
died. Nine percent were lost to follow-up. 

 Bloom should be credited with the fi rst attempt 
to perform a minimally invasive sacroiliac 
arthrodesis [ 9 ]. He described a much smaller 
straight-line incision based on landmarks relating 
to a line drawn from the (PSIS) to the anterior 
superior iliac spine (ASIS) (Fig.  11.3a ).  

 A perpendicular to this line was drawn infe-
rior to a point 1.5 in. anterior to the PSIS along 
the fi rst line. A point ½ inch from the original line 
along the perpendicular was selected as the cen-
ter of a 3-in. incision that was made in the direc-
tion of the gluteus maximus muscle fi bers. Blunt 
dissection was utilized to separate muscle fi bers 
and palpate the ilium and the sciatic notch 
(Fig.  11.3b ). 

 The central point of this incision overlies the 
synovial portion of the SIJ. A Steinman pin was 
then driven across the joint perpendicular to the 
surface of the ilium. A 1.25 in. diameter hole saw 
(Fig.  11.3c ) was then used to cut a cylindrical 
core of bone through the ilium and across the 
joint into the sacrum. 

 The plug was removed, the opposing cartilage 
surfaces were excised, and the plug was then 
reinserted and countersunk providing a cancel-
lous plug spanning the joint (Fig.  11.3d ). 

 Per Bloom, the operation could be accom-
plished bilaterally in “…fi fteen to twenty-fi ve 

  Fig. 11.2    Gaenslen’s transiliac approach for sacroiliac 
arthrodesis. The outer table of the ilium is osteotomized 
and a fl ap refl ected with attached gluteal musculature. 
A triangular window is made to access the sacroiliac joint. 
After decortication and grafting, the fl ap was reapproxi-
mated with sutures       
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  Fig. 11.3    Bloom’s description of novel technique for 
sacroiliac arthrodesis with minimal soft tissue disruption. 
( a ) Landmarks and planning for incision. ( b ) Exposed outer 

surface of ilium and planned bone plug cut. ( c ) “Hole saw” 
used for removal of bone plug accessing the sacroiliac joint. 
( d ) Cadaver pelvis showing location of graft [ 9 ]       
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minutes, including closure of skin, without any 
undo haste.” Bloom noted that patients felt well 
the day following surgery and did not require 
pain medication. He allowed them to be mobi-
lized early in contrast to other postoperative regi-
mens at the time that prescribed plaster beds and 
spica casts for up to 5 months [ 10 ]. He allowed 
them to “sit up as soon as they desire” and to be 
without restrictions in 14 days. 

 Unfortunately, Bloom only reported on the 
procedure in four patients and never published any 
further information on his technique. In the same 
year, Key also reported on a variation of the Smith-
Petersen technique intended to reduce the expo-
sure and soft tissue trauma [ 11 ]. Key described a 
straight-line incision parallel to the fi bers of the 
gluteus maximus just below the PSIS. Blunt dis-
section was used to separate the gluteus maximus 
from the gluteus medius, and the ilium was 
exposed. The standard Smith- Petersen window 
was then made with much less exposure than in 
the original description. The author described hav-
ing used the procedure in eight patients with good 
results, but, as was common at the time, no spe-
cifi c data were given. 

 There is a marked absence of mention of sac-
roiliac arthrodesis in general in the literature for 
most of the next 50 years. Hodgson reported on 
11 cases of pyogenic SIJ infection, which were 
drained by a Smith-Petersen transiliac approach 
with 100 % satisfactory results but did not 
describe the surgical procedure as an arthrodesis 
per se [ 12 ]. Waisbrod et al. [ 13 ] reported on 
arthrodesis of the SIJ for chronic low back pain in 
1987 with a very limited description of their tech-
nique. It is clear from CT scans included in the 
article, however, that they used a direct posterior 
open approach rather than a transiliac approach. 
Moore fi rst reported on results from a modifi ed 
Smith-Petersen approach using a smaller incision 
and incorporating internal fi xation in 1992 [ 14 ]. 
Thirteen patients were presented in his initial 
report who had been diagnosed by CT scan or 
fl uoroscopically guided injections and who had 
failed conservative treatment. All 13 patients 
underwent fusion by a modifi ed Smith-Petersen 
approach with internal fi xation. Results were 
reported as excellent in ten patients, fair in one, 
and poor in two patients. The only complication 

reported was a pseudarthrosis in two patients. 
Subsequent reports by the same author [ 15 – 21 ] 
using the same transiliac approach documented 
favorable results with few approach-related com-
plications. In the fi nal review of 120 operations in 
110 patients, there was one superfi cial wound 
infection, one incidence of over-penetration of a 
fi xation screw causing temporary neuritic pain 
requiring screw removal, and one case where an 
intraoperative fracture into the sciatic notch 
occurred when creating the bone window using 
an osteotome. The fracture was fi xed with a sin-
gle screw during the index procedure without 
subsequent morbidity. A symptomatic pseudar-
throsis rate of 8.9 % (10/110 cases) was reported, 
seven of which were reoperated with fi ve going 
on to radiographic union and a good clinical 
result. Eight of ten patients with pseudarthrosis 
were smokers. In patients with isolated sacroiliac 
pathology, 90 % were classifi ed as clinical suc-
cesses. Operative time averaged 1 h and 15 min 
and blood loss averaged 200 cc. 

 Kurica reported on 32 patients who underwent 
open sacroiliac arthrodesis by a modifi ed Smith- 
Petersen transiliac approach without instrumen-
tation and reported a fusion rate of 94 % (30/32) 
but did not detail clinical results [ 22 ]. Giannikas 
et al. reported on fi ve patients operated on using 
two Cloward-type grafts placed across the SIJ 
without any associated instrumentation [ 23 ]. 
Four of fi ve operated patients reported complete 
relief of symptoms at a mean follow-up of 29 
months (range 25–41 months) with one patient 
reporting partial improvement. Residual symp-
toms in the fi fth patient were ascribed to coexis-
tent lumbar osteoarthropathy. 

 Buchowski et al. [ 24 ] reported on functional 
and radiographic outcomes of 20 patients who 
had undergone sacroiliac arthrodesis using a 
modifi ed Smith-Petersen technique with screw 
and plate fi xation. Solid arthrodesis was found in 
17/20 patients (85 %) though only plain radio-
graphic criteria were used. Only 15/20 (75 %) of 
patients completed preoperative and postopera-
tive SF-36 forms, but of those completing forms, 
signifi cant improvements were seen in physical 
functioning, role physical, bodily pain, vitality, 
social functioning, role emotional, and pain 
indices. Complications included pseudarthrosis 
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(15 %), deep wound infection (10 %), and painful 
hardware (5 %). 

 One frequently cited but seldom critiqued 
report is the article by Schutz and Grob that 
describes poor outcomes from sacroiliac arthrod-
esis [ 25 ]. This article stands in distinction from 
virtually every other article on sacroiliac arthrod-
esis in that satisfactory results are generally 
reported in the literature and this article reports 
negative results in the experience at a single cen-
ter using a novel technique. Critics of sacroiliac 
arthrodesis often cite this reference as being evi-
dence that SIJ arthrodesis has been associated 
with poor outcomes [ 26 ,  27 ]. Examination of the 
study, however, reveals multiple factors that limit 
any generalization of their observed results to the 
subject of sacroiliac arthrodesis. 

 The authors reported on 17 patients thought to 
have SIJ-mediated pain who underwent surgical 
treatment, though diagnostic criteria varied from 
image-guided diagnostic injection to positive 
bone scans to pain relief from a trial of external 
fi xation. By their own report, only 30 % of the 
patients were considered to have “defi nite” indi-
cations for a sacroiliac fusion. Additionally, 
10/17 (59 %) had an average of 2.7 prior surger-
ies on the lumbar spine and/or SIJs. Of the group 
of patients who had prior surgery, only two 
patients reported signifi cant improvement from 

prior surgical interventions with the remainder 
reporting limited, transient, or no improvement. 
As the absence of a symptom-free interval fol-
lowing prior surgery is well known to be corre-
lated with an unsatisfactory outcome from a 
subsequent surgical intervention [ 28 ], the study 
group was likely predisposed to negative outcomes 
regardless of the intervention. The authors instru-
mented and fused both SIJs routinely utilizing a 
technique that involved bilateral exposure of both 
lateral and medial surfaces of the ilium, direct 
decortication of (presumably) the articular portion 
of the joint, and compression instrumentation that 
spanned both ilia and included screws placed 
through the ilium into the sacral ala (Fig.  11.4 )  

 They do not cite a rationale or literature sup-
port for routinely fusing both joints, nor do they 
indicate if any of the patients in the series were 
experiencing bilateral pain. Operative time was 
121.3 min and mean blood loss was 794 cc 

 Clinical results were reported as satisfactory in 
3/17 (18 %) and unsatisfactory in the remaining 
14 patients (82 %). They reported their nonunion 
rate however to be between 41 % (defi nite non-
union and instability) and possibly 65 % (includ-
ing those with questionable union). Furthermore, 
there was a statistically signifi cant association 
between nonunion and poor clinical result. These 
data would seem to lead to a conclusion that this 

  Fig. 11.4    Drawing from 
Schutz and Grobs article 
showing technique of novel 
bilateral sacroiliac 
arthrodesis and fi xation 
spanning both ilia. 
Extensive bilateral 
exposure is necessary 
involving access to both 
lateral and medical aspects 
of ilium for posterior 
decortication of joint and 
lateral placement of plate 
and screws. Posterior 
sacroiliac ligaments were 
removed inferiorly       
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particular technique was not effective in achieving 
the surgical goal. The reported blood loss of 
794 cc exceeds that of other reports by nearly a 
factor of 4, which, even allowing for the fact that 
bilateral fusions were done, suggests that the 
technique utilized in this study is associated 
with greater tissue damage than other techniques 
[ 15 ,  17 ]. Based on a critical review of the article, 
the poor results were likely due to variable patient 
selection criteria, a high percentage of failed low 
back surgery patients, and a surgical technique 
that resulted in a very high rate of nonunions. 
The frequent use of this study as a reference pur-
porting to documenting poor results from sacroil-
iac fusion represents a lack of familiarity with the 
details of the report.  

    Indications for Open Transiliac 
Approach 

 The indications for the open posterior lateral or 
transiliac approach for sacroiliac arthrodesis are 
the same as indications for sacroiliac arthrodesis in 
general. Pain arising from the SIJ, which is causing 
signifi cant disability that has been recalcitrant to 
conservative measures, represents an indication. 
Recently developed minimally invasive approaches 
for sacroiliac fusion are arguably preferable to 
open approaches because of decreased blood loss, 

reduced operative times, and shorter hospitalization 
times [ 29 ]. Factors that might mitigate toward 
an open approach include aberrant anatomy, 
the need to carry out extensive bone grafting, or 
the need to disassemble existing instrumentation 
(see Figs.  11.5 ,  11.6a, b , and  11.9 ).    

    Relative Advantages 
and Disadvantages of Transiliac 
Approach vs. Other Open 
Approaches 

 The open posterior lateral or transiliac approach 
has the advantage over the open posterior 
approach in that the entire posterior ligamentous 
complex is avoided. Advocates argue that sacri-
fi cing any portion of the posterior ligamentous 
complex increases instability and might in theory 
increase the rate of pseudarthrosis and/or long- 
term pain because of scarring in the area of 
densely innervated ligaments. Clinical reports of 
direct open posterior approaches, however, have 
not shown this to be the case [ 30 ,  31 ]. 

 Precise localization of the synovial portion of 
the SIJ and its projection onto the outer table of 
the ilium has been cited by some authors as being 
problematic for planning the transiliac window 
[ 32 ]. As early as 1935 Gellman suggested an 
acoustic technique for solving this problem [ 33 ]. 

  Fig. 11.5    Patient with 
fi brous dysplasia affecting 
innominate bone and 
sacrum and ipsilateral 
sacroiliac pain confi rmed 
by injection. Minimally 
invasive approach 
relatively contraindicated 
because of the lack of bone 
to anchor into on either 
side of joint. Open in situ 
fusion with extensive bone 
grafting would be likely 
recommendation if patient 
elected surgery. Patient at 
this time is not interested 
in surgical treatment       
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He recommended percussion of the ilium over 
the exposed area with the handle of an osteotome. 
Gellman claimed that percussion allowed identi-
fi cation of the superior, inferior, posterior, and 
anterior borders of the joint. Use of a modern 
image intensifi er also allows more precise local-
ization of landmarks. Preoperative CT imaging 
provides precise delineation of anatomic varia-
tions and the ability to measure distances from 
easily identifi ed landmarks such as the PSIS and 
sciatic notch, which make appropriate placement 
of the transiliac window a manageable problem. 
If surgical navigation is available, very little dif-
fi culty is experienced in localizing the joint.  

    Description of Technique of Open 
Posterior Lateral (Transiliac) 
Approach to the SIJ 

 The following is the author’s preferred technique 
based on experience in 235 cases. The patient is 
placed supine on chest rolls on a radiolucent table 
after induction of general anesthesia and place-
ment of a Foley catheter. No bowel preparation is 
necessary. Prior to draping, the image intensifi er is 
used to check AP, inlet, outlet, oblique, and inlet-
oblique and outlet-oblique views. The lateral view 
may be checked but is generally not necessary 

  Fig. 11.6    Patient with 
history of major pelvic 
trauma requiring internal 
fi xation. This patient had 
persistent pain in left 
sacroiliac joint. Open 
posterior lateral approach 
is likely the best option 
because of the need to 
remove retained implants. 
( a ) Plain fi lm. ( b ) CT scan 
showing implants in 
position making transiliac 
minimally invasive 
technique diffi cult. Note 
persistent widening of 
contralateral joint. Patient’s 
predominant symptoms 
were left sided       
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intraoperatively. A CT scan of the pelvis with 3-D, 
sagittal, and coronal  reconstructions is obtained 
preoperatively in every case. Several measurements 

are made on the preoperative CT scan that are 
useful intraoperatively (see Fig.  11.7 ).  

 The distance from the PSIS to the most anterior 
extent of the joint is noted as well as the thickness 
of the Ilium at the level of the planned transiliac 
window. After sterile preparation and draping, 
a curvilinear incision is made centered on the 
PSIS (Fig.  11.8a ).  

 The length of the incision varies with the size 
of the patient but a 4–5 in. incision is usually suf-
fi cient. Dissection is taken through subcutaneous 
tissue with electrocautery until the fascial attach-
ments to the iliac crest are identifi ed. Subperiosteal 
dissection of the outer surface of the ilium is car-
ried out beginning at the PSIS. Dissection is con-
tinued anteriorly for the premeasured distance 
noted on the preoperative CT scan and inferiorly 
until the margin of the sciatic notch can be pal-
pated. Some fi bers of the gluteus maximus must 
usually be divided inferiorly to expose the ilium 
at the inferior portion of the SIJ. A Taylor retrac-
tor is placed and may be held in place with sterile 
roller gauze looped around the handle of the 
retractor and dropped down to the foot of the sur-
geon who then can maintain retraction with both 

  Fig. 11.7    Preoperative CT for planning open transiliac 
approach. The distance from the PSIS to the most anterior 
portion of the joint is measured and used to plan both 
screw placement and placement of transiliac bone win-
dow. The thickness of the ilium is noted to allow guidance 
in anticipating depth of transiliac window       

  Fig. 11.8    Author’s preferred technique for open posterior 
lateral (transiliac) approach for sacroiliac arthrodesis. ( a ) 
Incision made based on fl uoroscopic identifi cation of 

PSIS. ( b ) Exposure of outer table of ilium showing com-
pleted bone window with fi xation screws in place caudally 
and inferiorly       
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of his and his assistant’s hands free. A cerebellar or 
Weitlaner retractor is often helpful in the caudal 
portion of the wound. 

 Cancellous screws are then placed across the 
joint in superior and inferior positions. The posi-
tion and trajectory can be planned with reference 
to the PSIS based on the preoperative CT scan. 
AO large fragment non-cannulated screws are 
used. The image intensifi er can be used to check 
position and trajectory. Care is taken while drill-
ing to assure that only three cortical surfaces are 
penetrated. If only three cortical surfaces are pen-
etrated as the joint is crossed, the drill cannot be 
in the pelvis or in a sacral foramen. Penetration 
of a cortical surface is usually very easily dis-
criminated. The drill is withdrawn and a depth 
gauge is used to assess the appropriate length of 
screw. AP, inlet, outlet, and oblique image inten-
sifi er views can verify satisfactory position. The 
outer cortex is tapped and 6.5 mm cancellous 
screws with short threads are placed with wash-
ers. The superior screw is usually approximately 
50–55 mm, and the inferior screw, which is placed 
across the most inferior portion of the joint, is 
usually 20–25 mm in length. The length of screws 
can be anticipated based upon the preoperative 
CT scan. 

 The transiliac window will lie between and 
anterior to the two screws. The cortex of the ilium 
is entered using a Midas Rex K-1 bit. A rectangu-
lar window is created and then completed with 
straight and curved osteotomes. The thickness of 
the ilium and the geometry of the interior iliac 
surface are variable and can be anticipated based 
upon the preoperative CT scan. The ilium at its 
thickest portion may be 15–20 mm or greater in 
thickness. A distinct change in tone of the sound 
the mallet makes when contacting the osteotome 
can be identifi ed when the osteotome has reached 
the subchondral bone on the iliac side of the joint. 
Once this is penetrated the osteotome is removed 
and curved osteotomes are used to work around 
the window until it can be removed en bloc from 
the wound. If this is done correctly, the removed 
block of bone should have the appearance of hya-
line cartilage overlying the subchondral bone on 
the medial surface, and hyaline cartilage on the 
sacral side of the joint should be visible through 

the window. A headlight is imperative for this 
portion of the operation. Cartilage and subchon-
dral bone is removed from the bone plug and it is 
set aside. The sacral side of the joint is decorti-
cated through the window with a combination of 
osteotomes and curettes. Angled curettes are used 
to decorticate the margins of the synovial portion 
of the joint from within the window. Care must 
be taken to avoid penetration into the pelvis and 
sacral foramina. 

 Additional bone graft may be harvested from 
the PSIS and packed into the marginal decorti-
cated area within the joint. The bone plug is then 
impacted across the joint and countersunk to 
produce opposing cancellous surfaces spanning 
the joint (Fig.  11.8b ). 

 The divided fascial attachments are approxi-
mated with 1-0 Vicryl, and a drain is placed in the 
subcutaneous space. Subcutaneous closure is 
with 0 Vicryl and the skin is closed with staples 
or sutures as preferred. A dressing is applied and 
the patient is taken to the recovery room. 

 The patient is mobilized on the evening of sur-
gery. Discharge is anticipated at 24–48 h. 
Touchdown weight bearing is maintained for 6–8 
weeks. A brief period of physical therapy (3–6 
weeks) is often necessary to normalize gait. 
Gluteal strengthening and avoidance of the ten-
dency to walk with an externally rotated hip usu-
ally constitute the focus of the postoperative 
physical therapy.  

    Results 

 A retrospective review of 110 patients with recal-
citrant sacroiliac pain demonstrated an average 
operative time of 75 min and average blood loss of 
200 cc. In the subgroup with no prior spine surgery 
and no coexistent spinal pathology, successful out-
comes were seen in 90 % (53/59). Of the six 
patients considered to be failures in this group, 
four had pseudarthrosis. All four patients under-
went reoperation and three went on to successful 
clinical and radiographic outcomes. The fourth 
patient remained a clinical failure and had evi-
dence of persistent pseudarthrosis. In patients 
with coexistent spinal pathology or prior surgery, 
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outcomes were more diffi cult to categorize as 
residual pain from other interventions or coexis-
tent spinal pathology confounded evaluation of the 
success of the sacroiliac intervention. Forty- three 
of 51 patients (84 %), however, stated they felt 
improved after the sacroiliac fusion [ 18 ].  

    Complications 

 A known pseudarthrosis rate of 9.1 % (10/110) 
was observed, although only patients with recur-
rent or persistent symptoms underwent CT imag-
ing to detect nonunion. Eight of the ten patients 
with pseudarthrosis were smokers. Seven reoper-
ations for repair of pseudarthrosis were under-
taken, and fi ve patients went on to radiographic 
union and clinical success. Two patients had per-
sistent nonunions and were clinical failures. There 
was one superfi cial wound infection, which 
responded to local care and oral antibiotics. Early 
in the series a fi xation screw was purposely placed 
through the inner cortex of the sacrum to improve 
purchase, and this resulted in radicular pain and 
required removal. The radicular pain resolved 
immediately and there were no long- term sequela. 
There was one intraoperative fracture of the ilium 
into the sciatic notch during creation of the trans-
iliac window. This was repaired with a single AO 

large fragment screw, and the patient went on to 
heal without further complication.  

    Posterior Lateral Open Approach vs. 
Minimally Invasive Approaches 

 A literature is emerging with regard to minimally 
invasive approaches to arthrodesis of the SIJ [ 29 , 
 34 – 36 ]. Based upon these early data, it appears 
that similar or improved results can be achieved 
by minimally invasive approaches, though no ran-
domized comparisons are available. The mini-
mally invasive approaches have the advantages of 
lower blood loss, less tissue damage, reduced 
postoperative pain, and potentially quicker recov-
ery of function. Intuitively, it would seem that if 
patient selection is done carefully, a minimally 
invasive approach should be a superior alternative 
to open posterior lateral or transiliac approaches 
for sacroiliac arthrodesis. Exceptions might 
include cases where an open approach is required 
to remove existing implants or when bone graft 
harvest has left insuffi cient bone for either heal-
ing or implant capture on the iliac side of the 
joint. Another relative indication might be when 
dysmorphic anatomy and/or prior surgery makes 
some minimally invasive approaches particularly 
diffi cult (Fig.  11.9 ).  

  Fig. 11.9    Patient with 
small pelvis, prior lumbar 
surgery, ipsilateral bone 
graft harvest, and 
dysmorphic sacrum with 
right- sided sacroiliac pain 
recalcitrant to conservative 
treatment. Minimally 
invasive approach with 
transiliac implants thought 
not to be practical because 
of anatomic considerations 
and limited space for 
placing implants with 
adequate bony contact. 
Patient was treated with 
open in situ transiliac 
arthrodesis with excellent 
clinical result at 12 months       
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 As noted previously, if extensive bone grafting is 
required because of tumor or dysplastic condition, 
current minimally invasive techniques probably 
cannot be utilized.  

    Conclusions 

 Since its original description in 1921, the transiliac 
approach to the SIJ has been the most frequently 
reported open technique for accessing the joint 
for incision and drainage or for arthrodesis. 
The vast majority of reported cases document 
satisfactory results and low complication rates. 
The most frequently reported complication is 
pseudarthrosis. It remains a viable technique 
when minimally invasive techniques are diffi cult 
or impossible because of anatomic considerations, 
prior surgery, dysplastic conditions, and the pres-
ence of implants, which requires an open approach 
for removal, or when extensive bone grafting is 
required. Recent reports of a variety of minimally 
invasive techniques suggest that the open transil-
iac approach should be reserved for those cases 
in which a minimally invasive approach is not 
possible or practical.     
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            Introduction 

 The authors of previous chapters have identifi ed 
the anatomy, biomechanics, and the potential for 
the sacroiliac joint (SI joint or SIJ) to cause pain 
severe enough for the patient and surgeon to con-
sider surgical options after conservative measures 
have failed to control their disabling pain. I will 
defer the details to those authors and their refer-
ences and primarily report on my personal experi-
ence of surgically treating hundreds of painful SI 
joints over the past 25 years as well as my per-
sonal medical history of having traumatic SIJ pain 
diagnosed and treated nonoperatively at age 18 by 
Dr. John Royal Moore who was the Chief of 
Orthopedic Surgery at Temple University Hospital 
and Shriners Hospital in Philadelphia, PA. I also 
have the insight to differentiating between other 
confounding pain generators by way of a 40-year 
history of chronic L5-S1 discogenic pain diag-
nosed primarily by discography 20 years ago and 
requiring spinal injections and two subsequent 
discectomies. To add to my experience, I have had 
bilateral arthroscopic reconstructive hip surgeries 

5 years ago for chronic symptoms associated with 
femoroacetabular impingement (FAI).  

    Pain and the SIJ 

 As previously discussed, pain localized in the 
buttock area can be caused by maladies of the hip 
joint, such as FAI, piriformis syndrome, and 
degenerative joint disease, but more commonly 
by pathology of lumbar and sacral spinal struc-
tures which primarily includes the intervertebral 
discs, facet joints, and nerve roots, as well as the 
more recently recognized painful conditions of 
the    SIJ [ 1 – 5 ]. 

 It is the author’s opinion, and consistent with 
Dreyfuss, Lippitt, and others, that the etiology of 
a painful or dysfunctional SIJ can be divided into 
two main categories. The fi rst category is due to a 
damaged or degenerated extra-articular ligamen-
tous complex, which includes the commonly 
described sacroiliac sprain strain. The second 
category is caused by the damaged or degenera-
tive articular cartilage of the synovial portion of 
the joint [ 1 ,  6 – 8 ]. Periarticular and intra-articular 
injections and radiofrequency ablation are rea-
sonable treatment options for chronic SIJ pain 
that fails to improve with a combination of rest, 
physical therapy, and oral nonsteroidal anti-
infl ammatory drugs [ 9 – 11 ]. In the author’s opin-
ion, when nonoperative treatment fails and the SI 
ligaments are determined to be the main source 
of the pain, it is intuitive to only stabilize the joint 
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without fusion using screws or rods across the 
joint. If the articular surface of the joint is the 
source of the pain, then removal of the painful 
articular surface followed by bone grafting and 
placing stabilization/fi xation devices is advised 
which should also address the pain caused by the 
damaged ligamentous complex and subsequent 
unstable SI joint. This concept is analogous to 
other orthopedic procedures used to treat recalci-
trant joint pain and based on accepted orthopedic 
principles [ 12 ].  

    Surgical Techniques for Fusing 
the SIJ 

 The two primary surgical options for treating SIJ 
pain are with an open procedure or with a mini-
mally invasive surgical (MIS) technique. Both 
options involve either stabilization of the SIJ with 
a variety of screw designs with or without on- 
growth surface coatings, titanium rods with a 
plasma spray on-growth surface, or stabilization 
with screws combined with an SI joint fusion 
(SIF) by a variety of methods through the same 
lateral approach. 

    Open Procedures 

 The open procedure can be performed through 
the standard surgical routes to the SIJ which 
include the direct posterior, lateral, or anterior 
approaches which allows reasonable but often 
limited access to a portion of the intra-articular 
and/or extra-articular SI joint. 

 The classic Smith-Petersen technique, fi rst 
described in the early 1900s, requires a fairly 
large incision and refl ection of the gluteus muscle 
attachments with subperiosteal stripping of the 
lateral ilium followed by excision of a large block 
of the lateral ilium, removal of the articular carti-
lage, and reapplication of the resulting bone 
block into the joint. Later techniques added mul-
tiple screws or a plate and screws for fi xation 
[ 13 ]. The open anterior approach requires a simi-
lar amount of muscle disruption and plate and 
screw fi xation after cartilage removal, but only a 

small portion of anterior SIJ is accessible for 
bone grafting. There is also an additional reported 
risk of injuring the L4 and L5 nerve roots located 
in close proximity to the SIJ where anterior plate 
fi xation is performed [ 14 – 16 ]. 

 The direct posterior open approach once again 
requires extensive muscle dissection, removal of 
a large portion of the PSIS, which fortunately has 
the advantage of allowing direct visualization of 
the entire SIJ including the extra- and intra- 
articular surfaces while providing a large quan-
tity of autogenous bone graft and surface area for 
performing a fusion. The added advantage of this 
technique includes the extensive removal of the 
articular portion of the SIJ which based on ortho-
pedic principles is a signifi cant source of the 
patient’s pain similar to what is accepted to be the 
cause of pain in other degenerative joints com-
monly treated by orthopedic surgeons [ 12 ]. 
Percutaneous fi xation of the joint with trans- 
sacroiliac screws or a S1 pedicle screw/iliac 
screw/connecting rod fi xation is subsequently 
added to stabilize the joint until fusion occurs 
(Figs.  12.1 ,  12.2 ,  12.3 , and  12.4 ).     

  Fig. 12.1    An AP view of the  left  and  right  SI joints (SIJs) 
after fusion using a direct posterior approach and fi xation 
with trans-SIJ screws. Note that the  right  SIJ screw was 
removed after successful fusion due to soft tissue irrita-
tion (permission to use photo by E. Jeffrey Donner)       
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 In 1996 Donner and Browne [ 17 ] reported on 
a 3-year retrospective follow-up study on 18 
patients (25 SIFs) who had undergone an SIF 
with a posterior approach with the addition of 
internal fi xation (Fig.  12.1 ). There were 11 uni-
lateral fusions and seven bilateral fusions. The 

average duration of symptoms was 3.25 years. 
There was a minimum 1-year follow-up with an 
average follow-up of 20 months. The indications 
for surgical treatment were chronic disabling SIJ 
pain, which failed to improve with nonoperative 
treatment. The pain was localized to the SIJ using 
CT-guided or fl uoroscopic-guided SIJ injections 
with an anesthetic and steroid solution. 
Discography and facet injections were often uti-
lized to rule out possible lumbar pathology, and if 
they were signifi cant pain generators, they were 
also treated simultaneously. Fourteen out of the 
18 patients improved from the procedure. The 
average overall    symptom improvement is 89 % 
for unilateral SIJ fusions (range: 75–100 %) and 
79 % for bilateral SIFs (range: 50–100 %). The 
average leg pain improvement was 86 %. The 
purpose of the study was to evaluate the effi cacy 
of posterior SIJ fusion for chronic intractable 
SIJ-related pain syndrome. Long-term follow-up 
on this study group has demonstrated durability 
of this procedure.  

    Minimally Invasive Surgical (MIS) 
Techniques 

 The most commonly utilized MIS techniques 
involved performing a percutaneous lateral 
approach and placing fi xation screws across the 
SIJ without a fusion (as popularized by Lippitt in 
the 1990s) is similar to the method used for pel-
vic trauma, with the belief the primary cause of 
the patient’s pain was due to excessive instability 
of the joint [ 8 ]. Additional products have been 
introduced into the market, and these techniques 
primarily incorporate stabilization of the joint 
with a variety of screws with the addition of bone 
grafting techniques from the same lateral 
approach. All of these techniques may have their 
perceived advantages, but some of the disadvan-
tages based on the author’s experience primarily 
include a limited ability to visualize and assure 
adequate removal of the articular cartilage as 
well as suffi cient decortication of the subchon-
dral bone which is often very dense on the iliac 
surface. Both of these limitations may limit the 
ability to obtain a reliable boney fusion. This 

  Fig. 12.2    An AP view of PEEK Intervertebral Body 
Fusion Devices (IBFDs) in the SIJ and fi xation with S1 
and iliac pedicle screws joined by a rod (permission to use 
photo by E. Jeffrey Donner)       

  Fig. 12.3    A lateral view of PEEK IBFDs in the SIJ and 
fi xation with S1 and iliac pedicle screws joined by a rod in 
the same patient from Fig.  12.2  (permission to use photo 
by E. Jeffrey Donner)       
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issue is emphasized by Dr. Christopher Shaffrey 
in a 2013 editorial regarding SIJ stabilization 
wherein he states: “concern with this implant 
[fusion rods] is whether the porous plasma spray 
coating on the implant actually results in bone 
growth across the SIJ or only serves as a stabi-
lizer. If true fusion does not result, deterioration 
in the clinical result could occur over time” [ 18 ]. 
Furthermore, the majority of the MIS techniques 
are performed with a fl uoroscopic-guided lateral 
approach which on the surface appears minimally 
invasive when visualizing the 2–3 cm incision, 
but in reality there is a signifi cant amount of deep 
tissue disruption when making multiple passes 
with a variety of instruments in multiple loca-
tions through the gluteus muscles and in close 
proximity to their accompanying neurovascular 
bundles.  

    Author’s Experience with Minimally 
Invasive SIJ Fusions 

 Having performed the majority of these open pro-
cedures and MIS techniques, the author prefers 
performing a less invasive procedure. This proce-
dure accomplishes the principle mission of thor-
oughly removing the painful cartilage, 
decorticating the subchondral bone, and obtaining 
a boney fusion of the SIJ. This is performed by 
directly accessing the articular portion of the joint 

through a posterior inferior access “window” in 
the plane of the SIJ with a minimally invasive 
approach located above the sciatic notch and 
below the PSIS (Figs.  12.5 ,  12.6 , and  12.7 ).    

 Advantageously, this approach allows conver-
sion of an MIS technique to a mini-open tech-
nique where direct visualization of the joint 
surfaces is possible if the surgeon so desires or to 
an open procedure if the situation necessitates 
greater visualization and access to the joint, liga-
ments, or surrounding neurovascular elements. 

 It is also the author’s opinion, based on ortho-
pedic principles and analogous to other patho-
logic orthopedic joint conditions, that the main 
pain generator from a dysfunctional or degenera-
tive SI joint is related to disruption, injury, or 
degeneration of the articular surface of the joint 
and not gross instability. Based on this hypothe-
sis, the surgeon’s attention should be directed 
toward removal of the painful degenerative carti-
lage followed by fusion and fi xation. This is typi-
cal of the approach and orthopedic logic applied 
to most other degenerative joints where a joint 
replacement is not available or not the best- 
proven option [ 12 ,  19 ]. 

 The unique anatomy of the SIJ is well 
described in Chap.   3     by Dr. Michael Rahl. 
Basically, the joint has been classifi ed as both 
diarthrodial, based on satisfying the criteria of 
having a hyaline articular surface, surrounding 
capsule and synovium, and supporting ligaments, 

  Fig. 12.4    PEEK IBFDs in 
the SIJ and fi xation with 
S1 and iliac pedicle screws 
joined by a rod (permission 
to use photo by E. Jeffrey 
Donner)       
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  Fig. 12.5    Shows a lateral view illustrating the posterior 
inferior access region (permission to use photo by 
Springer illustration (permission to use duplicate image in 
book by G Sartorius))       

and more specifi cally as amphiarthrodial since 
there is very limited motion of the joint [ 20 ]. The 
motion itself is described as nutation where there 
is a sliding, rotational movement of the joint 
between the articular surfaces which has many 
matching undulations constrained by strong 
 ligaments. Another unique characteristic of this 
vertically oriented joint is its keystone type con-
fi guration, where the wedge-shaped sacrum is 
situated in the middle of the arch created by the 
ilia of the pelvis [ 1 ]. A majority of the body 
weight is transmitted through each SIJ when on a 
single leg stance, and therefore, the movement of 
the joint within this unique interlocking and con-
strained anatomy is critical to understanding 
the pathologic degenerative process and clinical 
symptoms. These same anatomic features and 
movements help create high contact stresses 
which may lead to early degeneration and pain 
especially if there is trauma or a malalignment of 

the sacroiliac undulations which can occur with 
SIJ traumatic injuries such as with motor vehicle 
accidents or through normal activities such as 
lifting and jumping. Cartilage injury in other 
joints has been demonstrated to induce chondro-
cyte apoptosis [ 21 – 23 ]. Even a small amount of 
malalignment may markedly increase the contact 
stresses across the SI joint surfaces, analogous to 
malalignment of the ankle joint where the stress 
per unit area increases as the total contact area 
decreases. The malalignment of the matching 
undulations may lead to a decrease in normal 
contact area similar to what has been identifi ed 
with even 1 mm of talar displacement in the ankle 
mortise, which leads to a 42 % reduction in the 
contact area between the tibia and talus [ 24 ]. 
According to the author’s experience, patients 
will often describe severe pain with the sensation 
that the joint is “out of place” when a malalign-
ment occurs. And when realigned, either sponta-
neously or with the assistance of a manipulation 
by a chiropractor or physical therapist, these 
patients describe the feeling as though the joint 
“pops back into place” often followed by relief of 
the pain. The long-term sequela of malalignment 
of the SIJ is analogous to what is observed when 
an ankle fracture dislocation is not anatomically 
aligned during ORIF and early degeneration of 
the joint and pain develops [ 12 ]. 

 Obesity is another major risk factor which 
adds signifi cant loads and stresses to weight- 
bearing joints, further increasing the chance of 
degeneration, pain, and dysfunction [ 25 ,  26 ]. In 
addition to this, more patients are undergoing 
longer instrumented fusions in the lumbar spine 
which typically end at the sacrum which creates a 
large lever arm and markedly increased stresses 
across the SIJ elucidated by multiple clinicians 
through radiographic surveys as well as biome-
chanical analysis [ 4 ,  5 ,  27 ,  28 ]. 

 The author has extensive experience fusing 
hundreds of SI joints through a direct open poste-
rior procedure over the course of 20 years and 
rarely visualized movement of the SI joint with 
mechanical testing. Some joint motion was 
observed after removal of the PSIS and posterior 
interosseous ligaments (ISL). Further removal of 
the joint surfaces led to mechanical instability, but 
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  Fig. 12.6    Shows a 
posterior view illustrating 
the posterior inferior 
access region (permission 
to use illustration by 
Christopher Donner)       

  Fig. 12.7    Drawings and photo illustrating the cartilaginous portion of the SIJ. Courtesy and copyright of ZYGA 
TECHNOLOGY, Inc. (permission to use photo by Zyga Technology, Inc.)       
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stability was restored by impacting bone graft with 
off-label intervertebral interbody cages into the 
joint space followed by sacroiliac screw fi xation 
across the joint. The surgical technique involves 
removing as much of the joint surfaces as possible, 
similar to the orthopedic concepts used for joint 
fusions such as the subtalar joint, in order to elimi-
nate the painful abnormal articular cartilage but 
also in order to obtain a large fusion surface area 
for long-term stability and pain relief [ 12 ]. 

 The above-described approaches disrupt sig-
nifi cant dorsal ligaments, and therefore, it is pru-
dent to utilize a technique which preserves the 
integrity of the ligamentous complex in order to 
enhance stability for obtaining a fusion. The vast 
ISL is the strongest of the SIJ-supporting liga-
ments providing for major multidirectional struc-
tural stability. Not only is the ISL the strongest 
SIJ-supporting ligament, but it also has the most 
extensive bony origin and overall volume of all 
SIJ ligaments [ 20 ,  29 ]. 

 A surgical technique, which signifi cantly dis-
rupts the ISL, may lead to further joint instability 
than techniques, which attempt to spare or mini-
mally disrupt it. This may be one of the reasons 
for Dr. Smith-Petersen’s fi ndings of when “[a] 
wedge [is] driven in between the posterior crest 
of the ilium and the dorsum of the sacrum [it] 
would tend to spread the joint and consequently 
would not render the local condition in the joint 
as favorable for bony ankylosis as an operation 
that aims to eradicate the joint. I have seen three 
cases in which the wedge operation was per-
formed. The results were far from satisfactory 
[ 30 ].” Perhaps his unsatisfactory results were due 
to a gross violation of the ISL which may have 
consequently compromised the stability of the 
joint and therefore the ability of the joint to fuse; 
or, rather, as Dr. Smith-Petersen implies, the fail-
ure to resolve the patient’s condition may lie with 
the increased distance the fusion must overcome 
given the distraction of the joint or the fact that 
the joint surfaces were insuffi ciently prepared. 

 As evidenced by a 2013 study conducted by 
Dr. Stefan Endres in Germany on 19 patients who 
had prior multilevel lumbar or lumbosacral fusion 

procedures, the patients’ VAS scores improved 
30 % from an 8.5 pre-op to a 6 at an average 13.2-
month follow-up following an extra-articular dis-
traction interference arthrodesis of the SIJ with 
an average length of stay of 7.3 days while obtain-
ing a fusion rate of 79 % [ 31 ]. While this repre-
sents an improvement in the patients’ condition, 
the author’s experience with techniques which 
specifi cally address the articular surfaces of the 
SI joint and provide adequate fi xation yields a 
much greater amount of pain relief with signifi -
cantly shorter duration of hospitalization. 

 Over time, it was recognized this procedure 
could be performed less invasively through a 
small incision below the PSIS and above the 
sciatic notch while not removing the PSIS and 
interosseous ligaments. Following cartilage 
removal from this limited exposure, local 
autogenous bone graft may still be obtained 
from the “noncontact” portion of the inferior 
PSIS (the posterior inferior overhang of the 
PSIS), which may then be packed into the 
decorticated joint along with a variety of sized 
interbody spacers. The technique is further aug-
mented with trans- sacroiliac screw fi xation 
under fl uoroscopic guidance with neural moni-
toring. The author was able to identify the 
advantages of this technique by witnessing 
quicker recovery and less pain than the tradi-
tional more extensive open posterior approach 
previously described. The remainder of this 
chapter will be dedicated to describing the steps 
of this specifi c minimally invasive technique 
and the important anatomy and technical issues 
which need to be recognized in order to achieve 
the best fusion and clinical result while avoid-
ing complications.   

   Posterior Inferior Fusion-Minimally 
Invasive Surgical (PIF-MIS) 
Technique of the SIJ 

 Figures  12.5 ,  12.6 , and  12.7  illustrate the relevant 
anatomy for the surgical approach to the poste-
rior inferior articular access to the caudal end of 
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the “boot-shaped” articular cartilage portion of 
the joint which also allows access to the cephalad 
arm of the joint and subtotal removal of the artic-
ular surfaces across the deepest point of the 
extra- articular recess. The surgical approach uti-
lizes the standard prone position on the translu-
cent operating room table to allow intraoperative 
fl uoroscopy. After the patient is prepped and 
draped in the usual aseptic manner and a sterile 
covered C-arm is positioned in the AP plane, the 
inferior portion of the joint is identifi ed above the 
sciatic notch and a metallic instrument is placed 
on the skin over this anatomic landmark just infe-
rior to the PSIS. A lateral view is then obtained 
with the sciatic notches and hip joints overlapped 
to obtain a true lateral image, and the direction of 
the probe is aligned parallel to the caudal articu-
lar arm of the joint, and the C-arm image is 
adjusted so that the probe is perpendicular to the 
fl oor (Fig.  12.8 ).   

 After anesthetizing the skin and soft tissues 
with anesthetic, a small incision, approximately 
2–4 cm, is made over this anatomic landmark, 
and the proximal fi bers of the gluteus maximus 
muscle near its insertion point are divided. A self-

retaining retractor is then placed. The articular 
portion of the joint is easily identifi ed by using a 
Bovie tip to essentially “melt” the articular carti-
lage, which is often very narrow, degenerative, 
and likely covered by a dorsal spur, which 
may need to be resected using an instrument 
such as a Cobb elevator or Leksell rongeur.   

 Once the joint has been clearly defi ned with the 
Bovie, a blunt gearshift-type pedicle probe is then 
placed just above the sciatic notch and down the 
depth of the joint to create the initial access hole to 
identify the most inferior portion of the articular 
joint space. The gearshift is then removed, and a 
blunt-tipped “feeler” probe can be placed into the 
void in the cartilage made by the probe to confi rm 
the access hole is not outside of the joint. A small 
straight curette is then used to remove the cartilage 
under direct visualization aided by lateral fl uoros-
copy. Aggressive removal of the cartilage is then 
performed using a combination of drill bits, typi-
cally performed manually, burs, rasps, and a vari-
ety of straight and angled curettes until the 
articular portion of the joint including the cepha-
lad arm has been substantially removed down to 
bleeding bone (Figs.  12.9 ,  12.10  and  12.11 ).   

  Fig. 12.9    A lateral view illustrating the step of advancing 
a probe anteriorly through the caudal portion of the carti-
laginous portion of the SIJ via a posterior inferior access 
region (permission to use photo by E. Jeffrey Donner)       

  Fig. 12.8    An AP view illustrating the step of fi nding the 
posterior inferior access region with a probe placed 
between the joint surfaces (permission to use photo by E. 
Jeffrey Donner)       
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 Following cartilage removal, broaches match-
ing the shape of the implant are employed and 
trial spacers for either cervical or lumbar inter-
body devices of a variety of compositions are 
used to size the spacers, which are fi lled with a 
combination of local autogenous bone graft from 
the posterior superior iliac spine and allograft 
paste and then impacted into the joint space. 
Additional bone graft paste is placed around the 
spacers to increase the fusion area. Fixation is 
then performed using AP, lateral, inlet, and outlet 
view fl uoroscopic images in a standard fashion to 
aid in fi xation. One or two additional screws are 
placed depending upon the clinical situation 
accounting for prior long fusions, obesity, and 
bone quality (Figs.  12.12  and  12.13 ).   

 The procedure is typically performed with 
neural monitoring, and trigger EMGs are per-
formed after screw insertion to confi rm the 
implants are not impinging any exiting nerve 
roots. Final images are obtained, following which 
the retractor is removed. The deep fascial layer is 
closed with interrupted #1 Vicryl suture. The sub-
cutaneous tissue is closed with interrupted 2-0 

  Fig. 12.10    A lateral view illustrating the step of advanc-
ing a curette anteriorly and cephalad between the joint 
surfaces of the SIJ via a posterior inferior access region 
(permission to use photo by E. Jeffrey Donner)       

  Fig. 12.11    A view down the plane of the SIJ illustrating 
the lustrous articular cartilage and a bur (permission to 
use photo by E. Jeffrey Donner)       

  Fig. 12.12    A lateral view illustrating the fi nal placement 
of titanium plasma-spray coated PEEK IBFDs between 
the joint surfaces of the SIJ within the caudal portion of 
the cartilaginous portion of the SIJ via a posterior inferior 
access region (permission to use photo by E. Jeffrey 
Donner)       
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Vicryl, and the skin is closed with staples. Sterile 
dressings are then applied and the patient is 
awakened and transferred to the recovery room. 
The patient is then instructed on partial weight 
bearing of the operative side as tolerated, and 
patients are encouraged to avoid overstrain on 
the joint for at least 6 weeks postoperatively 
(Figs.  12.14  and  12.15 ). 

 The preliminary results from this technique 
have been very encouraging with substantially 
decreased operative time, blood loss, and pain 
following a PIF-MIS procedure versus the 
 standard open posterior operation previously 
described. Noteworthy, the editor of Evidence- 
Based Spine-Care Journal who reviewed “Dual 
fi bular allograft dowel technique for sacroiliac 
joint arthrodesis” by McGuire et al. confi rmed 
the validity of this approach and technique: “ his 
[Dr. McGuire] technique is different as it does 
not attempt to cross the SIJ but rather provides 
an interference fi t within the main excursion of 
the joint. This promises to be a safer and less 
 complex undertaking than either crossing the SI 

joint or placing hardware through an anterior 
approach ” [ 32 ].  

    Case Study Examples 

    Case Study Example 1 

 64-year-old female with a 5-year history of left 
SIJ pain confi rmed with independent SIJ fl uoro-
scopic injections and surgically treated with the 
PIF-MIS technique utilizing ZIMMER SPINE’s 
TRABECULAR METAL® tantalum cervical 
IBFDs. VAS improved from    7 to 0 and ODI 
40 % to 2 % by 3 months post-op and was dura-
ble at 2 ½-year follow-up (Figs.  12.16 ,  12.17 , 
and  12.18 ).     

    Case Study Example 2 

 38-year-old female with a 1-year history of right 
SIJ pain confi rmed by independent fl uoroscopic 
injections and surgically treated with the  PIF- MIS 
technique utilizing ZIMMER SPINE’s 
TRABECULAR METAL ®  tantalum cervical 
IBFDs. VAS improved from    8 to 2 and ODI from 
32 % to 4 % by 3 months post-op and was dura-
ble at 2 ½-year follow-up (Figs.  12.19 ,  12.20 , 
 12.21 ,  12.22 , and  12.23 ).       

    Case Study Example 3 

 55-year-old female with a history of a L4-S1 
fusion in 2000 and progressive SIJ determined 
pain effectively treated with an open posterior 
right SIF in 2009 and a temporarily effective 
IFUSE ®  of the left SIJ in 2010. A fl uoroscopic 
left injection confi rmed the recurrent pain was 
due to the SIJ; a successful PIF-MIS was per-
formed in 2013. VAS improved from 8 to 2 and 
ODI improved from 40 % to 28 % at 14 months 
post-op (Fig.  12.24 ,  12.25 ,  12.26 ,  12.27 ,  12.28 , 
and  12.29 ).         

  Fig. 12.13    An AP view illustrating the step of advancing 
a bone screw in a lateral to medial direction across the SIJ 
adjacent the titanium plasma-spray coated PEEK IBFDs 
(permission to use photo by E. Jeffrey Donner)       
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  Fig. 12.15    A lateral view illustrating the fi nal placement 
of the bone screw across the SIJ and the titanium plasma-
spray coated PEEK IBFDs between the joint surfaces of 
the SIJ (permission to use photo by E. Jeffrey Donner)       

  Fig. 12.16    Case Study Ex 1: Pre-op Pain Diagram (per-
mission to use photo by E. Jeffrey Donner)       

  Fig. 12.14    An AP view illustrating the fi nal placement of the bone screw across the SIJ and the titanium plasma-spray 
coated PEEK IBFDs between the joint surfaces of the SIJ (permission to use photo by E. Jeffrey Donner)       
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  Fig. 12.19    Case Study Ex 2: Pre-op Pain Diagram (per-
mission to use photo by E. Jeffrey Donner)       

  Fig. 12.20    Case Study Ex 2: Pre-op Pain Diagram (per-
mission to use photo by E. Jeffrey Donner)       

  Fig. 12.17    Case Study Ex 1: Oblique view (permission 
to use photo by E. Jeffrey Donner)       

  Fig. 12.18    Case Study Ex 1: Lateral view (permission to 
use photo by E. Jeffrey Donner)       
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  Fig. 12.21    Case Study Ex 2: AP view (permission to use 
photo by E. Jeffrey Donner)       

  Fig. 12.24    Case Study Ex 3: Pre-op Pain Diagram (per-
mission to use photo by E. Jeffrey Donner)       

  Fig. 12.22    Case Study Ex 2: Oblique view (permission 
to use photo by E. Jeffrey Donner)       

  Fig. 12.23    Case Study Ex 2: Lateral view (permission to 
use photo by E. Jeffrey Donner)       
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    Conclusion 

 In conclusion, multiple approaches and tech-
niques have been described and continue to be 
developed to address the painful SIJ. The safest, 
most reliable, and effective method has not yet 
been fully confi rmed; however, it is reasonable 
to conclude that a method, which incorporates 
known and proven orthopedic principles, has the 
best opportunity for a successful and durable 
outcome. Presently, this unique minimally inva-
sive posterior inferior fusion surgical technique 
is limited to using off-label spinal implants; 
however, in the near future we anticipate FDA 
clearance for a surgeon-friendly SIJ-specifi c 
implant system which incorporates structural 
features designed to enhance fi xation and fusion 
of the SIJ.     

  Fig. 12.26    Case Study Ex 3: CT transverse plane cuts 
illustrating the prior right SIJ open posterior fusion, prior 
left SIJ IFUSE®, and the most recent left SIJ PIF-MIS 

with titanium plasma-spray coated PEEK IBFDs (permis-
sion to use photo by E. Jeffrey Donner)       

  Fig. 12.25    Case Study Ex 3: Pre-op Pain Diagram (per-
mission to use photo by E. Jeffrey Donner)       
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  Fig. 12.27    Case Study Ex 3: CT transverse plane cuts 
illustrating the prior right SIJ open posterior fusion, prior 
left SIJ IFUSE®, and the most recent left SIJ PIF-MIS 

with titanium plasma-spray coated PEEK IBFDs (permis-
sion to use photo by E. Jeffrey Donner)       

  Fig. 12.28    Case Study Ex 3: CT coronal plane cut illus-
trating the prior right SIJ open posterior fusion, prior left 
SIJ IFUSE®, and the most recent left SIJ PIF-MIS with 

titanium plasma-spray coated PEEK IBFDs (permission 
to use photo by E. Jeffrey Donner)       
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            Introduction 

 This chapter discusses the inherent implications 
involving the sacroiliac joint (SIJ) when a long 
lumbosacral fusion is performed. It will discuss 
direct effects on the SIJ due to adjacent stress from 
the more modern methods being used to attain a 
solid lumbosacral fusion. Current instrumentation 
techniques to fi xate the SIJ while performing a 
long lumbosacral fusion will be discussed as well 
as the hazards of over zealous bone graft harvest-
ing and positive sagittal balance.  

    Adjacent Segment Disease 

 Long fusions are being done more frequently 
today than in the past. Technology has enabled 
spine surgeons to fi x problems that previously 
could not be fi xed. The advantage of this techno-
logical advance is that more patients can be 
treated but the disadvantage is that this places 
much greater stress on the SIJ and the pelvis. We 
are now recognizing the SIJ and the pelvis as 
adjacent segments that can undergo degeneration 
just like other spinal segments. For the lumbar 

spine the rate of adjacent segment degeneration 
can be as much as 16 % at 5 years and 31 % at 10 
years    [ 1 ]. A recent study by Ha et al. [ 2 ] reports 
that 75 % of patients who were fused to the pelvis 
demonstrated radiographic degenerative changes 
within the SIJ. In patients who had a fl oating 
fusion, this only occurred 38 % of the time.  

    Implications of Long Fusions 
to the Sacrum 

 Long fusions to the sacrum/pelvis have a higher 
incidence of pseudarthrosis. The success rate with 
noninstrumented fusions was low. The next incre-
mental advance involved the Galveston technique 
which involved placing rods into the pelvis, espe-
cially in neuromuscular scoliosis [ 3 ]. This 
improved the deformity correction and the fusion 
rate. However, it was not perfect, and in many 
patients halo formation developed about the intra-
iliac portion of the rods. Presumptively this is due 
to the persistent motion across the SIJ, which is 
unfused with this technique. The clinical revision 
rate for this technique is on the order of 36 % [ 4 ]. 

 The next step forward was the development of 
a modular screw, which could be connected to a 
rod [ 5 – 7 ]. This made this technique easier to 
technically accomplish and has been the predom-
inant technique for perhaps 20 years. The revi-
sion rate for this technique is 14 %, but when 
combined with bicortical S1 screws, it drops to 
8.5 % [ 4 ]. The disadvantage of this technique is 
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that the implants are much more prominent than 
the Galveston technique. This necessitates 
removal in a signifi cant number of patients. The 
connector mechanisms can be technically 
demanding exercises adding time to the surgery. 
In addition to prominence as a source of pain, it 
is also possible that the SIJ itself can be a source 
of pain in these patients who are symptomatic. In 
my own experience, at least 35 % of these patients 
have signifi cant symptoms at the posterior supe-
rior iliac spine requiring intervention. 

 The recognition of the role of anterior column 
support has been well recognized. Anterior col-
umn fusion improves the healing rate. Structural 
interbody support decreases the strain on poste-
rior spinal instrumentation [ 8 ,  9 ]. There has been 
debate about the relative value of anterior inter-
body fusion compared to posterior interbody 
techniques [ 10 – 12 ]. 

 The relative comparative stiffness of lumbosa-
cral fi xation has now been well studied. Iliac fi xa-
tion provides the most benefi t [ 13 – 15 ]. So we can 
now do a much better job matching the biome-
chanical demands to the capabilities of the fi xa-
tion technique in terms of achieving fusion of the 
spine but still with the potential for adjacent seg-
ment degeneration [ 16 ].  

    Sacroiliac Joint Fixation with Long 
Lumbosacral Fusions 

 Recently a new technique of fi xation, the S2 alar 
iliac screw, has been popularized and studied 
[ 17 – 19 ]. This technique places a screw directly 
through the SIJ and into the ilium. This technique 
has greater insertional torque as it crosses multi-
ple cortices (dorsal sacrum, sacral outer table, 
ilium inner table) and then engages bone in the 
suprasciatic notch. This technique lowers the 
profi le of the implants compared to conventional 
iliac screws by having the rod directly landing 
into the screw, avoiding the need for a connector 
[ 20 ]. It is also more deeply seated below the ilium 
than a typical iliac screw. There is not clear data 
to look at relative amount of halo formation, but 
individual series anecdotal experience (Polly, 
unpublished data) seems to indicate a lower rate 
of halo formation and a lower rate of need for 

subsequent implant removal. Similar anecdotal 
experience shows a lower rate of symptomatic 
SIJs with the S2AI screws. Perhaps this provides 
adequate stabilization for the joint due to the 
rigid fi xation of the screw across the joint. 

 The advent of transiliac sacral fi xation (in the 
path used by iliosacral screws) poses a new chal-
lenge to long segment fusion to the pelvis. These 
devices (rods, cages, etc.) occupy a large cross- 
sectional volume of the SIJ. This may make it 
impossible to place conventional iliac screws or 
S2AI screws. The inability to place this fi xation 
will make it more challenging to achieve success-
ful fusion. This can even be the case when image- 
guided navigation is utilized.  

    Effects of Associated Iliac Bone 
Graft Harvesting 

 Iliac crest bone graft harvesting for long fusions 
probably adds to the stress upon the SI joint. With 
long fusions surgeons are more likely to be aggres-
sive in harvesting the ilium. This harvesting takes 
bone substance away from this area of high stress 
leading to greater force per unit area of bone. In 
addition there is some rate of inadvertent SIJ viola-
tion with iliac crest bone graft harvesting [ 21 ,  22 ]. 
Finally if the ilium has been harvested and the SIJ 
becomes suffi ciently symptomatic to require stabi-
lization, this stabilization will be more diffi cult 
due to decreased ilium available for purchase.  

    Positive Sagittal Balance, Especially 
in Elderly Patients 

 Today the surgeon faces the dilemma of both the 
spine and the SIJ especially in the middle-aged to 
elderly patient. If the patient has positive sagittal 
balance, then they are profoundly incapacitated 
[ 23 ]. This alignment will also place signifi cant 
additional stress on the long dorsal ligaments of 
the posterior SIJ. Physical exam and diagnostic 
injections can in fact confi rm the SIJ as a pain 
generator. Fixing the SIJ will relieve the local 
pain but will not resolve the positive sagittal bal-
ance issues. If implants are used to traverse the 
SIJ, then that will make it diffi cult or impossible 
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to place subsequent iliac fi xation for the spinal 
realignment. Conversely iliac fi xation may make 
it impossible to place implants across the 
SIJ. This is a dilemma that the surgeon must con-
sider in choosing what order to do things. An 
alternative strategy is to fi x the spinal alignment 
fi rst using S2AI screws, transfi xing the SIJ to see 
if this solves both problems.  

    Case Study 

 A patient presented with bilateral SIJ pain con-
fi rmed by physical exam provocation maneuvers 
and image-guided diagnostic injections. The patient 
was only interested in having his SIJs addressed 
and not his spine (Figs.  13.1 ,  13.2 , and  13.3 ).    

  Fig. 13.1    AP X-ray of pre-
vious lumbosacral instru-
mented fusions       

  Fig. 13.2    Lateral X-ray of 
previous instrumented lum-
bosacral fusions       
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 The patient noted signifi cant pain relief after 
his SI joint fusions; however, he had persisting 
symptoms consistent with fl at back syndrome, 
also known as positive sagittal imbalance 
(Figs.  13.4 ,  13.5 , and  13.6 ).    

 The patient then underwent spinal reconstruc-
tion with a lumbar pedicle subtraction osteotomy. 
Distal fi xation was challenging with the SI joint 
implants in place. The patient is quite satisfi ed 
with his clinical improvement (Figs.  13.7 ,  13.8 , 
 13.9 , and  13.10 ).      

    Conclusion 

 It is now recognized that adjacent segment 
 degenerative disease does affect the SIJ when a 
long lumbosacral fusion is performed. If the SIJ 
is fi xated when performing a long lumbosacral 
fusion, certain pitfalls such as over abundant iliac 
bone graft harvesting, with its associated poten-
tial effects on the SIJ and the ramifi cations of 
positive sagittal balance, especially in the elderly, 
must be considered by the spine surgeon proac-
tively to avoid potential long-term complica-
tions. When both positive sagittal balance and the 
SIJs are symptomatic and require surgery, the 
spine surgeon must be cognizant of the best 
methods to use and in what sequence to use them 
in order to achieve the best overall result for the 
patient.     

  Fig. 13.3    Image guided diagnostic injection verifi ed 
diagnosis       

  Fig. 13.4    Postoperative 
AP X-ray showing bilateral 
SIJ instrumentation       
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  Fig. 13.5    PA scoliosis fi lm         Fig. 13.6    Lateral scoliosis fi lm showing “fl at back” 
syndrome       
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  Fig. 13.8    Postoperative PA scoliosis fi lm after subtrac-
tion osteotomy       

  Fig. 13.7    Postoperative lateral scoliosis fi lm after sub-
traction osteotomy       
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            Introduction 

 Surgical interventions to treat sacroiliac joint (SIJ) 
dysfunction have changed over time with advance-
ments in medicine and surgery. In the early twen-
tieth century, surgery to treat the SIJ often required 
invasive procedures resulting in signifi cant tissue 
disruption and severe scarring. Long periods of 
immobilization were required and time frames 
until complete recovery were uncertain. Today, 
surgical options include minimally invasive pro-
cedures and instrumentation leading to SIJ fusion. 
These approaches and techniques minimize tissue 
disruption, immobilization, and recovery time. 
Little agreement exists, considering the unique-
ness of each patient and presentation, as to which 
approach, surgical technique, and instrumentation 
placement are optimal.  

    Guidelines for Rehabilitation 

 A thorough understanding of the surgical proce-
dure used to fuse the SIJ is important for safe 
rehabilitation. Different approaches to the SIJ 
may lead to more stable fusions but can disrupt 
different tissues to varying degrees (Fig.  14.1 ).  

 Knowing which tissues were interrupted, and 
in some approaches reapproximated, is essential 
to avoid unnecessary complications. The instru-
mentation used to fi xate the SIJ and adjacent 
structures involved will affect the rehabilitation 
protocol. The graft material placed within the 
joint and any intra-articular hardware used to 
fuse it might also require different precautions. 

 Most postsurgical SIJ fusion patients will fall 
into one of three categories. The fi rst category 
involves patients that have minimal restrictions 
at their initial 1–6-week post-op physical therapy 
visit (Table  14.1 ). Often, these patients have 
undergone a posterior midline or posterior lateral 
approach with minimal tissue disruption. Weight 
bearing is full and restrictions are minimal. The 
second category involves patients that have the 
same restrictions as the fi rst category plus weight- 
bearing limitations. These patients have often 
undergone a direct lateral approach. Weight bear-
ing is limited to toe touch only. The toe is allowed 
to touch the ground in order to unload the SIJ and 
surrounding soft tissue, but minimal force is 
transferred through the limb. The third group 
involves patients who have undergone a concur-
rent lumbosacral fusion. In these instances, the 
postsurgical lumbosacral fusion protocol is 
defaulted to.

   Many surgeons performing SIJ fusions have 
specifi c rehabilitation protocols, while others 
do not. Contacting the referring surgeon to 
assure proper adherence to all precautions is 
important throughout the rehabilitation process. 

        M.  D.   Rahl, PT, DPT, OCS, CSCS      (*) 
  Full Potential Physical Therapy ,   286 Hoover 
Boulevard, Holland ,  MI 49423 ,  USA   
 e-mail: michael@fullpotentialpt.com  
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Failure to do so may result in negative conse-
quences and poor outcomes. 

 While the SIJ and lumbar spine are close in 
proximity, rehabilitation following surgical 
fusion is different for each. The lumbar spine has 
many direct muscle attachments and can be stabi-
lized via interventions aimed at these muscles. 
The sacrum has less direct muscular attachments 

and joint support, which requires interventions 
directed at adjacent structures both cephalad and 
caudal to the SIJ. Structural and force symmetry 
are also more of an issue with unilateral SIJ 
fusions compared to fusions of the lumbar spine. 

 The following rehabilitation guidelines 
(Table  14.2 ) are meant to be used in conjunction 
with sound clinical judgment. Some patients may 

  Fig. 14.1    Incision sites for various surgical approaches to the sacroiliac joint (used with permission from Borgess Health)       

   Table 14.1    Surgical approaches to the sacroiliac joint and associated precautions a    

 Approach  Restrictions  Brace/assistive device  Initiate PT 

 Posterior midline  No bending, lifting (>10 lbs), 
twisting for 12 weeks 
 Full WB 

 Pelvic belt for 6–12 weeks 
 Walker/no pelvic belt (obese pts) 

 6 Weeks post-op 

 Lateral 
(minimally invasive) 

 No bending, lifting (>10 lbs), 
twisting for 12 weeks 
 Toe-touch WB for 3–6 weeks 

 Pelvic belt for 6–12 weeks 
 Crutches/walker for 3–6 weeks 

 6 Weeks post-op 

 Posterior lateral 
(minimally invasive) 

 No bending, lifting (>10 lbs), 
twisting for 12 weeks 
 Full WB 

 Pelvic belt for 6–12 weeks 
 Walker/no pelvic belt (obese pts) 

 1–2 Weeks post-op 

 Posterior lateral (open)  Toe-touch WB for 6–8 weeks  Crutches for 6–8 weeks  6–8 Weeks post-op 
 Posterior inferior  WB as tolerated  Crutches/walker for 3–6 weeks  6 Weeks post-op 
 Concurrent lumbosacral 
fusion 

 No bending, lifting (>10 lbs), 
twisting for 12 weeks 

 TLSO (pantaloon attachment)  6–10 Weeks post-op 

   WB  weight bearing,  TLSO  thoracolumbosacral orthosis,  Pts  patients 
  a Guidelines obtained from surgeons performing specifi c approach frequently  
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be progressed faster or slower at the discretion of 
the referring surgeon. Specifi c exercises, vol-
umes, and intensities will not be presented in 
detail. All patients are unique. Patient-specifi c 
interventions and education based on patient 
goals, current evidence, and clinician experience 
are the essential components to successfully 
rehabilitate a postsurgical SIJ fusion.

      Phase 1, Weeks 1–5 

 Following SIJ surgery, the patient may remain in 
the hospital for up to several days. If iliac bone 
was harvested, a drain may be placed but will 
usually be removed within 24 h. The goals of 
physical therapy are pain control, to monitor the 
surgical site looking for signs and symptoms of 

possible infection, and patient education on 
activities of daily living (ADL), mobility, and 
precautions. Modalities, such as cryotherapy, 
may be used to control pain at the surgical site 
and surrounding tissues. Redness, swelling, 
increased pain in the buttock, and fever may indi-
cate an underlying infection. If these symptoms 
are observed, contact the surgeon immediately. 

 Education should consist of verbal descrip-
tions, visual demonstrations, and written instruc-
tions. Each patient’s preferred learning style 
should be taken into consideration when educat-
ing the patient and his or her family. The patient 
should be instructed to avoid any bending, lifting 
(>10 lbs), or twisting at the waist for 12 weeks. 
Sleeping may be uncomfortable depending on 
the patient’s preferred sleeping position. If the 
patient prefers to sleep in side lying, a pillow can 

   Table 14.2    Rehabilitation guidelines for postsurgical sacroiliac joint fusions   

 Phase  Time frame post-op  PT goals  Sample interventions 

 1  Weeks 1–5  Patient education 
 Pain control 
 Bracing/assistive device training 
 Proper body mechanics with ADLs 
 Gait training 

 Cryotherapy 
 Pelvic belt instruction 
 Walker/crutches instruction (WB restrictions) 
 Transfers, sleeping/sitting position instruction 
 Stair training 
 Aquatic therapy 

 2  Weeks 6–11  Patient education 
 Pain control 
 Promote tissue remodeling 
 Correct tissue dysfunction 
 Initiate stabilization exercises 
 Gait training 
 Improve mobility/activity level 
 HEP 

 Cryotherapy, TENS 
 Scar mobilization 
 Soft tissue techniques 
 Hip ERs, HS, hip fl exor stretches 
 Eliminate compensatory patterns of muscles 
 Gentle hip, facet mobilizations 
 Draw-in maneuver, table-top exercises 
 Kegel exercises 
 Postural training 
 Light cardiovascular exercise (walking) 
 Gait mechanics correction 
 Aquatic therapy 

 3  Weeks 12–19  Patient education 
 Promote tissue remodeling 
 Correct tissue dysfunction 
 Progress stabilization exercises 
 Initiate resistance exercises 
 Increase activity level 
 HEP 
 Return to work 

 Stretches to maintain fl exibility 
 Gluteal, hip ERs, HS strengthening 
 Dynamic stabilization (Swiss ball, unstable surfaces) 
 Single-leg stance exercises (bird dip, balance reach) 
 Compound exercises (multi-planar) 
 Cardiovascular exercise (recumbent bike) 
 Workstation ergonomic evaluation 

 4  Weeks 20+  Prior level of function 
 Sport-specifi c training 
 HEP 

 Dynamic stabilization 
 Return to gym 
 Running 
 Agility exercises 

   HEP  home exercise program,  WB  weight bearing,  TENS  transcutaneous electrical nerve stimulation,  ERs  external 
 rotators,  HS  hamstrings  

14 Postsurgical Rehabilitation



162

be used between the knees and thighs to mini-
mize hip adduction and stress on the fusion site. 
Be sure the patient is able to recall all postsurgi-
cal precautions prior to discharge. 

 Some patients may be required to wear a brace 
or use an assistive device. Education on how to 
get in and out of the brace as well as when it 
needs to be worn is important. Improper adher-
ence to bracing can be detrimental to the fusion 
process. A pelvic belt can help support the SIJ by 
compressing the pelvis and increasing force clo-
sure at the SIJs (Fig.  14.2 ).  

 As the belt tightens, the alae of the ilium are 
approximated and the ventral part of the SIJ is 
compressed. The dorsal ligaments and fascia 
tighten as the posterior superior iliac spines 
(PSISs) try to separate and approximate the dor-
sal aspect of the joint (Fig.  14.3 ).  

 It is recommended that the belt be worn just 
proximal to the greater trochanter with a tension 
force of 50 N or about 11.0 lbs [ 1 ,  2 ].    The pelvic 
belt should be worn when the patient is upright 
for 6–12 weeks until referral to physical therapy 
and the initiation of core stabilization can begin. 
A pelvic belt will be ineffective in obese patients 
secondary to excessive adipose tissue around the 

midsection, so these patients are encouraged to 
use a walker for all ambulation for up to 12 weeks. 

 Assistive devices may also be required sec-
ondary to weight-bearing restrictions or due to 
the acute side effects of medication used during 
and/or after surgery. After SIJ fusions using a 
direct lateral approach, toe-touch weight bearing 
is required and the patient will use crutches or a 
walker for 3–6 weeks. Using proper technique 
with all assistive devices is imperative for safety, 
surgical site protection, and energy conservation. 

 Ascending and descending stairs may also be 
diffi cult. Proper adherence to weight-bearing 
restrictions is challenging on stairs with the 
safety of the patient being the primary goal. 
Ascending stairs using the uninvolved limb fi rst 
and descending stairs with the involved limb fi rst 
while also using a rail or rails to unload the limb 
further is the best way to start. As the patient gets 
further out from surgery and strength and stabil-
ity improve, the step-to-step pattern will transi-
tion to a step-over-step pattern. In cases of 
bilateral fusions, clinician discretion and patient 
comfort will guide treatment. 

 Patients with and without weight-bearing 
restrictions are good candidates for aquatic 

  Fig. 14.2    A sacroiliac belt and proper placement just proximal to the greater trochanters       
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 therapy. While immersed in the water up to his or 
her xiphisternum (about 70 % immersed), the 
patient will experience 25–50 % and 50–75 % 
weight bearing through his or her lower extremi-
ties during static stance/slow-speed walking and 
fast- speed walking, respectively [ 3 ] (Fig.  14.4 ).  

 Standing or fl oating in deeper water will 
unload the lower extremities further still. Being 
in the water can allow for the initiation and 
 progression of exercises that may not be possible 
on land at that time. Aquatic therapy should 
focus on stretching, stabilization, balance, and 
strengthening. 

 Most patients will be discharged from the hos-
pital and referred to physical therapy after 6 
weeks. Healing and bone callus formation usu-
ally occurs within 6–8 weeks but may take longer 
in more complex cases. The timing of referral to 
physical therapy depends on the approach used 
during the surgery, which structures were oper-
ated on, and progression of the patient. The oper-
ating surgeon will decide if physical therapy is 
needed or not.  

    Phase 2, Weeks 6–11 

 During this phase of rehabilitation, physical ther-
apy will focus on pain control, the promotion of 
tissue remodeling, correcting tissue dysfunction, 
initiation of stabilization exercises, and mobility. 
Postsurgical precautions and adherence to the 
postsurgical rehabilitation protocol provided by 
the surgeon are still important. Continued patient 
education is also necessary for the patient to have 
realistic goals, an understanding of time frames, 
and proper exercise compliance. A home exercise 
program (HEP) is started and progressed through-
out Phase 2. The HEP progression will be based 
on patient progress and goals and will continue 
on for several months to years. 

    Evaluation 
 A thorough subjective and objective examination 
and evaluation should be completed before per-
forming any interventions. Knowledge of 
whether the fusion was unilateral, bilateral, and/
or involved the lumbar spine will help direct the 

  Fig. 14.3    Force closure of the sacroiliac joint. The deep 
abdominals contract and pull the ilia medially, which 
compresses the ventral aspect of the sacroiliac joint. This 
tensions the dorsal ligaments, which compresses the 
 dorsal aspect of the sacroiliac joint. D = dorsal sacroiliac 

ligaments, F A  = force of the contracting deep abdominals 
(or pelvic belt), F D  = force compressing the dorsal joint, 
F T  = force of the tensioned dorsal ligaments, F V  = force 
compressing the ventral joint       
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evaluation. An examination of the surgical site or 
sites and any pain in the area should be clearly 
documented. Discomfort in the region of the sur-
gery is normal and intermittent increases are not 
uncommon with the start of physical therapy. 
Severe or constant pain in the area of the surgery 
or down into the lower extremity requires discus-
sion with the referring surgeon or possible refer-
ral back to his or her offi ce. 

 An evaluation of the patient’s mobility can be 
performed directly or indirectly by observing 
specifi c tasks instructed to the patient or observ-
ing how he or she moves from one task to the 
next. Specifi c tasks and transfers should be eval-
uated under direct supervision and instruction. A 
gait assessment and proper use of any assistive 
devices must also be conducted. Noting any 
structural or biomechanical asymmetries, such as 
a leg-length discrepancy, is important and needs 
to be addressed immediately. 

 Gross strength and range of motion (ROM) 
should be documented. The extremes of hip ROM 
should be avoided secondary to the accompany-
ing stress placed on the SIJs. Soft tissue lengthen-
ing during ROM testing must also be performed 
with caution to avoid disruption of any surgical 
reapproximation or disruption of the fusion site. 
Lumbar spine ROM should not be tested until at 
least 12 weeks postsurgery. Manual muscle test-
ing of any muscle with direct attachment to the 
sacrum or ligamentous structures supporting the 
SIJs should be done with caution or avoided. 
Muscles to take caution with are the hip exten-
sors, hip lateral rotators, and low back extensors. 
Hip fl exion strength should not be assessed in 
patients with concurrent lumbar fusions. 

 A complete neurological examination should 
also be conducted. Refl exes and sensation should 
be tested and documented. Decreasing sensa-
tion in the buttock or lower extremity is not 

  Fig. 14.4    Percent weight bearing through the lower extremity when submerged to the level of the xiphisternum. Note 
that increased walking speed increases the force up through the lower extremity       
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to be expected and needs careful evaluation for 
possible referral back to the surgeon.  

    Pain Control and Tissue Remodeling 
 Pain is a natural consequence of surgery. Pain 
control is important and can be achieved in a 
variety of ways. Medication prescribed by the 
surgeon can be helpful, but side effects such as 
lethargy and impaired balance can interfere with 
the goals of physical therapy. Ice can be used on 
the site of pain for periods of 20 min. At least 
20 min should pass before reapplying the ice to 
protect the skin. Other modalities such as trans-
cutaneous electrical nerve stimulation (TENS) 
can also be used in cases of moderate to severe 
pain. Ultrasound should not be used over any sur-
gical implants or fusion sites. 

 Scar mobilizations are helpful to break up any 
adhesions that may form during the scarring pro-
cess. Surgical scars resulting from various 
approaches can range from one or several small 
scars, found in minimally invasive procedures, to 
large scars, found in open procedures. Tissue 
tightens when scarred and manual mobilizations 
can help to soften it and promote proper collagen 
realignment.  

    Correcting Tissue and Joint 
Dysfunction 
 Patients may present with structural dysfunction 
that has developed over many months or years 
prior to surgery. A patient who had been dealing 

with chronic pain for several years is not 
 uncommon. Addressing this dysfunction, such 
as weakness, tightness, hypermobility, and/or 
hypomobility, is important. 

 Stretching and strengthening soft tissue in the 
surrounding areas can help optimize the biome-
chanics in the area of the SIJ. Some of the larger, 
more superfi cial muscles such as the gluteus 
maximus, biceps femoris, and erector spinae 
attach in the area of the SIJs and have a direct or 
indirect effect on SIJ motion via their attach-
ments to bone and ligamentous structures [ 4 ]. 
The lateral rotators of the hip and hamstrings 
should be gently stretched avoiding unnecessary 
strain on the SIJs and/or surgical site and mini-
mizing any neural irritation (Fig.  14.5 ).  

 The hip fl exors may also be tight or under 
spasm and require stretching; however, this 
should be avoided initially in patients with con-
current lumbar fusions. The quadratus lumborum 
may also be under spasm and can be corrected 
with different manual techniques and biome-
chanical modifi cations. 

 Strengthening of the low back, buttock, hip, 
posterior thigh, and abdominal musculature is 
important. Resistance exercises should be 
avoided in Phase 2 and gradually integrated in 
Phase 3. Good coordination and contribution of 
the surrounding musculature is important to min-
imize compensation and overactivation of neigh-
boring muscles. Single-leg stance exercises 
should be avoided at this time. 

  Fig. 14.5    ( a ) Stretch for the hamstrings. ( b ) Stretch for the lateral rotators of the hip       
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 Joint mobility of the hips and thoracolumbar 
spine should be addressed. If stiffness is present 
in one or both hips, gentle mobilizations should 
begin. It is important to avoid end-range hip 
motion since this will place excessive stress on 
the fusion site and surrounding tissues. Mobility 
through the thoracic and lumbar spine is also 
important to allow for minimal stress on the 
fusion site and to prepare these areas for slight 
increases in mobility demands due to the 
decreased motion at the SIJ following the fusion. 
Mobilization techniques used through the 
 thoracic and lumbar spine should also be gentle. 
Vigorous mobilizations can lead to increased 
symptoms and delayed progress. If symptoms 
experienced by the patient increase, the mobiliza-
tions targeting that area should be discontinued.  

    Stabilization 
 Reeducation of the core musculature must begin 
immediately. Improving on when, how much, 
and for how long muscles around the SIJ are acti-
vated will help optimize the biomechanics of the 
area surrounding the fused SIJ. Abnormal activa-
tion patterns of the gluteus maximus, biceps fem-
oris, deep abdominals, and epaxial muscles are 

common in patients with SIJ dysfunction prior to 
surgery [ 5 ]. The deep abdominals and multifi di 
help to improve the stability of the SIJ by increas-
ing force closure via their attachment to the ilium, 
lumbosacral spine, and thoracolumbar fascia [ 6 ] 
(Fig.  14.3 ). When motion is decreased at one 
joint, there tends to be compensation for that loss 
at adjacent joints. In the case of a unilateral SIJ 
fusion, the fused joint will no longer move but 
will likely put extra, and asymmetrical, stress on 
the contralateral SIJ and lumbar spine. If not con-
trolled, this motion can possibly lead to pathol-
ogy at these tissues. The draw-in maneuver, to 
activate the deep abdominals and multifi di, 
should be instructed and proper technique should 
be ensured (Fig.  14.6 ).  

 Progression of core stabilization exercises is 
made on an individual basis with the physical 
therapist using his or her discretion. The patient 
must demonstrate proper technique and body 
awareness before any stabilization exercise can 
be progressed. 

 Pelvic fl oor muscle reeducation is also impor-
tant. These muscles form a sling through the pelvis 
to support the pelvic viscera and are active during 
respiration. They activate prior to movement and 

  Fig. 14.6    Abdominal draw-in maneuver: engaging the deep abdominals to stabilize the lumbar spine and pelvis while 
continuing to breathe       
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increases in intra-abdominal pressure [ 7 ,  8 ] and 
often demonstrate abnormal activation patterns in 
patients with SIJ dysfunction [ 9 ]. The pelvic fl oor 
muscles also help to increase the stiffness of the 
SIJs via their attachments to the coccyx and 
sacrum and ability to oppose lateral motion of the 
coxal bones [ 10 ,  11 ]. Kegel exercises to help 
retrain this muscle group should be initiated early 
on in Phase 2.  

   Mobility 
 Activity should be less than moderate intensity 
and consist of ADLs, walking, and/or other light 
cardiovascular activities. Prolonged positions 
should be avoided, especially sitting. Patients 
should be instructed to sit for no more than 
20 min with forces distributed evenly over their 
buttocks, using a fi rm cushion, while keeping 
their lumbar spine in a neutral position (natural 
lordotic curve). A lumbar roll can be used to help 
assist the patient in keeping their lumbar spine in 
the neutral position. Long or bumpy car rides 
should be avoided. Stabilization and postural 
exercises performed during this phase of rehabili-
tation will improve the patient’s body awareness 
and core support to help optimize lumbar spine 
position. 

 Position transfers must be performed with 
caution and with proper technique. Increased 
stress is placed on the SIJs with changes in posi-
tion, especially going from supine to standing 
[ 12 – 14 ]. While supine, the sacrum is at near end- 
range counternutation or sacral extension. As the 
patient sits up and fi nally stands, the sacrum is 
now at near end-range nutation or sacral fl exion. 
Educating the patient how to logroll from supine 
to sitting and then with the spine held in neutral 
transition to standing is very important to mini-
mize stress across the fusion site. 

 Single-leg stance should be avoided until 
complete bony fusion of the SIJ has occurred. 
Shear force through the SIJ is increased while 
standing on one leg [ 12 ,  15 ]. The ridges and 
depressions found throughout the auricular sur-
face of the SIJ help to increase the coeffi cient of 
friction and reduce shear [ 16 ]. However, motion 
still occurs and could be harmful to the fusion 
site if not careful. 

 Similar to single-leg stance, a leg-length 
 discrepancy can also cause asymmetrical forces 
through the SIJs. A leg-length discrepancy of 
1.0 cm can increase the force up through the SIJ 
on the side of the longer limb 6-fold, while a 
3.0 cm discrepancy can increase it 20-fold [ 17 ]. 
Correction of the discrepancy with a heel lift or 
other modifi able means may be helpful during 
the healing phase. However, caution with long- 
term use is recommended secondary to altered 
biomechanics at other body parts. 

 Gait training will start immediately. Improving 
gait symmetry and normalizing the biomechanics 
associated with gait is the long-term goal. Early 
on, patients may need to be instructed to decrease 
their step length. This will decrease pelvic rota-
tion and minimize single-leg stance time. Also, a 
decreased step length can lessen the stress on the 
biceps femoris at the end of swing phase and 
beginning of stance phase. The biceps femoris 
often has attachment to the sacrotuberous liga-
ment and can impart an extension force on the 
sacrum when stressed [ 18 ]. Upper body rotation 
is important and is reciprocal to lower body 
 rotation. This coupled motion is due to the rela-
tionship of the latissimus dorsi and contralateral 
gluteus maximus [ 19 ]. Stiff and guarded motion 
will promote more stiffness and tissue dysfunc-
tion. Immediate verbal cueing and feedback can 
help break abnormal gait patterns quickly.   

    Phase 3, Weeks 12–19 

 At 3 months postsurgery, activity level should be 
of moderate intensity and most patients will 
return to work with or without modifi cations in 
time and duties. Patients with sedentary jobs will 
need to be educated on continued avoidance of 
prolonged positions, especially prolonged sitting. 
A workstation ergonomic evaluation may be nec-
essary and frequent standing breaks every 20 min 
will be required. Some people may even fi nd it 
benefi cial to temporarily raise their workstations 
to elbow height and stand for the majority of the 
day, taking seated breaks as necessary. 

 Single-leg stance exercises may begin during 
this phase. Single-leg stance exercises can be 
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used to challenge hip and core stability and to 
improve balance (Fig.  14.7 ). High impact exer-
cises like bounding and skipping should be 
avoided.  

 The HEP continues to progress with the addi-
tion of more challenging exercises and increased 
repetitions. Resistance exercises targeting mus-
cles around the SIJ may be initiated. Compound 
exercises using the sagittal, coronal, and axial 
planes simultaneously are incorporated and pro-
gressed. The patient must be reminded that com-
pliance with the HEP is still very important and 
needs to be completed 4–5 times per week.  

    Phase 4, Weeks 20 and Up 

 Most patients will have no restrictions with 
everyday activities at this time. The exception is 
contact sports. Football, volleyball, and/or any 
other sport or activity that may potentially lead to 
excessive forces on the body that can cause injury 
must be avoided. Patients are encouraged to con-
tinue with the HEP and to stay active to promote 
proper tissue remodeling. Tissue remodeling can 

continue for up to 2 years postsurgery. Patients 
should now have the tools they need in regard to 
knowledge and exercises to manage fl are-ups and 
to keep steady progress. 

 Sport-specifi c exercises and/or higher impact 
exercises can be initiated. Proper exercise tech-
nique is important, and the patient should be 
instructed to make good decisions and to listen to 
his or her body. If symptoms begin to increase, he 
or she must cease the provocative activity imme-
diately. Clearance from the referring surgeon must 
be obtained before any return to sport. The body 
should now have a stable foundation with opti-
mized biomechanics and will be able to tolerate 
these higher-level activities without further injury.   

    Summary 

 Postsurgical rehabilitation for a SIJ fusion can be 
complex. Knowledge of which surgical approach 
was used and whether the fusion was unilateral, 
bilateral, and/or involved the lumbar spine is 
very important. Tissues heal at different speeds, 
and being aware of what tissues are stressed and 

  Fig. 14.7    Single-leg bird dip: the lumbar spine and pelvis are held in a neutral position, while fl exion occurs at the hip       
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how long it has been since surgery is important. 
The rehabilitation process should be individual-
ized to each patient and close communication 
with the referring surgeon is essential. Progress is 
rarely linear and often varies day to day. However, 
weekly progress should be seen. Building sym-
metry in muscle strength, stability, fl exibility, and 
force transfer is essential for progress, patient 
satisfaction, and prevention of future injury.     
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            Introduction 

 This chapter will discuss the generalities of com-
mon types of complications as they pertain to any 
general orthopedic surgical procedure and some 
suggestions as to how to avoid certain pitfalls that 
may lead to such complications. The discussion 
will then focus on specifi c complications for 
 sacroiliac joint (SIJ) fusion as they pertain to 
the approach used to obtain that fusion. 
Considerations for salvage are then discussed.  

    Generalities 

 All operative treatment may be accompanied by 
complications due to infection or venous throm-
bosis due to the natural increase in platelet adhe-
siveness that comes with surgery. As preventative, 
antibiotics are given before and during surgery, 
and many patients are fi tted with elastic hose, 
which they are required to wear for 14 days, at 
which time platelet adhesiveness returns to nor-
mal. Cardiovascular problems and pulmonary 
problems may also occur, for which general med-
ical clearance is advisable before the operation. 

It is well documented that smokers are less likely 
to heal bony fusion (Patel et al. [ 1 ]; Al-Hidathy 
et al. [ 2 ]), so discussing this with the patient and 
offering nicotine skin patches or Wellbutrin tablets 
to enable the patient to stop smoking before the 
surgery may improve outcome. Similarly, smok-
ers and an increasing number of older patients are 
known to have a risk of osteopenia and osteoporo-
sis [ 3 ], which are most frequently seen on X-rays 
or CT scans. DEXA scans with bone density mea-
surements may be indicated before the operation. 
   In cases of severe decrease in bone density, treat-
ment by an endocrinologist or a rheumatologist 
may be needed before surgery, as with any proce-
dure that attempts to utilize instrumentation to sta-
bilize and fuse bones together, SIJ Fusions are 
subject to malposition, loosening, breakage, and 
failure to achieve the fusion as well.  

    Complications Specifi c to SIJ Fusion 

    The Original “Postero Lateral Long 
Arc” Incisional Approach 

 Specifi c complications for this approach include:
•    Cluneal nerve injury.  
•   Injury to the superior gluteal artery.  
•   Injury to the sciatic nerve.  
•   Gluteal muscle injury resulting in abductor 

weakness.  
•   Fracture of the iliac wing.  
•   Failure of fusion.    
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 Smith-Petersen and Rogers fi rst described this 
approach [ 4 ]. 

 In this posterior procedure, extensive strip-
ping of the gluteus maximus muscle was required, 
leading to the possibilities of developing a hema-
toma or injuring the gluteal artery and nerve and 
also to postoperative muscle scarring. The ilium 
is cut through to enable a direct approach to the 
SIJ. This is the bone from which bone marrow is 
harvested, so signifi cant blood loss may be 
encountered. In their account of 26 cases, these 
complications are not mentioned. No internal 
fi xation is described so the nerves that travel 
through the sacrum are not at risk. However, the 
cluneal nerves are at risk in the cephalad portion 
of the incision.  

    The Anterior Approach 

 Specifi c complications for this approach include:
•    Injury to the lateral cutaneous nerve during 

initial exposure.  
•   Injury to the deep nerves and vessels.  
•   Special consideration for the L4, L5, and S1 

nerve roots overlying the anterior joint surface.  
•   Injury to gastrointestinal and genitourinary 

structures.  
•   Hematoma formation.  
•   Osteoporosis of the sacrum causing poor 

screw fi xation.  
•   Failure of fusion.    

 Orthopedic trauma surgeons, who are very 
familiar with pelvic anatomy, may more often 
use the anterior approach. A long (20 cm) inci-
sion is made along the anterior iliac crest. The 
lateral cutaneous nerve of the thigh is vulnerable, 
especially if the leg is extended, so it is important 
to keep the hip fl exed. Access to the front of the 
joint is by subperiosteal dissection deep to the 
iliacus muscle, on which lie the great vessels, 
and, at the caudal portion of the joint, the sciatic 
nerve. Retraction may lead to thrombosis or 
nerve damage, and the deepest part of the joint, 
which is caudal, cannot easily be reached by an 
anterior approach. Removal of cartilage, grafting, 

and plating have to be done lateral to the L5 and 
S1 nerves, in the superior, shallow part of the 
joint. Bone is harvested from the inner table of 
the pelvis, giving rise to the potential for 
 hematoma formation.  

    The Posterior Approach 

 Specifi c complications for this approach include:
•    Cluneal nerve injury.  
•   Deep vessel or nerve injury if the anterior 

sacrum is penetrated.  
•   Potential chronic pain from prominent poste-

rior hardware.  
•   Hematoma formation.  
•   Failure of fusion.  
•   Incisional problems if closure is not complete 

and tight.  
•   Bony prominence at fusion site if proper deep 

fascial closure is not performed correctly.    
 The safest approach is directly dorsal to the 

joint. Initially using a 10 cm incision, which lies 
medial to the cluneal nerves and has now been 
reduced to 3 cm, as described by Dr. Donner (per-
sonal communication, 2013), the cartilage from 
both sides of the joint can be curetted, followed by 
decortication and grafting. Using the longer inci-
sion, internal fi xation is easy and safe. A pedicle 
screw [ 5 ] may be placed in the S1 pedicle, and a 
second screw may be placed between the tables of 
the ilium, using care because the ilium is sloping 
outward at an angle of about 50°. Often, the prom-
inence of the posterior superior iliac spine has 
been harvested for bone graft, making placement 
of the second screw easier. A short rod between the 
two screws will help to hold the SIJ securely while 
fusion occurs. The patient is encouraged to be non-
weight bearing until all pain has gone. In the 
account by Belanger and Dall [ 5 ], they suggested 
that a midline incision with a fascial splitting 
approach can be used to achieve the same outcome 
with minimal risk to the cluneal nerves. Also the 
approach allows for deep fascia to fascia closure 
over the instrumentation and bone grafting, and 
full weight bearing is allowed postoperatively.  
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    The Direct Lateral Approach 

 Specifi c complications for this approach include:
•    Superior gluteal artery injury.  
•   Sciatic nerve injury.  
•   Nerve root injury in the S1 or S2 foramina.  
•   Deep vessel or nerve injury if anterior sacrum 

penetrated.  
•   Bowel injury if anterior sacrum is penetrated.  
•   Iliac wing fracture.  
•   Failure of fusion.    

 It is the lateral approach to the joint that car-
ries most hazards. The L5 nerve leaves its fora-
men and travels on the anterior surface of the 
sacrum to join the S1 nerve on the piriformis 
muscle, on the anterior surface of the SIJ. The 
S1 nerve, having passed over the L5-S1 disc, 
enters its own tunnel to emerge half way down 
the SIJ, moving obliquely and laterally. Both of 
these nerves are vulnerable to fi xation devices 
inserted from lateral to medial. Cannulated 
screws [ 6 ], or the more recently described mini-
mally invasive surgery (MIS) systems [ 7 – 9 ], 
cannot be accurately located by fl uoroscopy 
alone and require CT studies, either intraopera-
tively or postoperatively, to assure the surgeon 
that they are safely placed. EMG intra-operative 
testing has been found to be defi cient, for it only 
records abnormality if the nerve is in direct con-
tact with an implant.   

    CT Scanning Considerations 

 Much has been written recently about the radia-
tion hazards of CT scans [ 10 ]. Consequently, 
they are to be used strategically, and not repeated 
unnecessarily. A preoperative CT scan is most 
helpful in planning the operation, for anatomical 
variation in the shape of the sacrum can be seen 
no other way [ 11 ]. The author fi nds that the coro-
nal reconstruction is often surprisingly informa-
tive. A CT scan during the operation, or in the 
fi rst 24 h after surgery, ensures that the patient is 

able to leave the hospital secure in the knowledge 
that emergency readmission for neurological rea-
sons will not occur. Subsequent scans may not 
be needed if symptom improvement is achieved 
and maintained.  

    When Pain Returns 

 Unexpected symptoms may still arise postopera-
tively. One patient who was greatly relieved of 
pain following an MIS approach had recurrent 
symptoms after a motor vehicle accident and had 
to be bone grafted later in the year in order to get 
better. Another patient experienced increased 
back pain once the buttock pain had been 
relieved, and additional testing was required for 
the lumbar spine to determine the origin of the 
pain. This was not a complication, but the recog-
nition of an ongoing symptom after the buttock 
pain had been relieved.  

    Salvage 

 SIJ surgical salvage is diffi cult to do successfully, 
and it is important for the patient to understand 
that this may be their last chance to reduce dis-
abling buttock symptoms. No time lines can be 
accepted for healing a salvage operation. 

 If the symptoms of the patient persist, it is 
necessary to check that they are coming from the 
SIJ. Diagnostic injection into the SIJ, followed 
by a CT scan, will indicate whether the joint is 
still painful, and the CT scan will show if the 
bone graft has healed and if there is a problem 
with instrumentation. If it has healed, and the 
injection does not help, an alternative source 
of pain must be sought. This may implicate a 
facet joint, or a disc, or even an irritated nerve. 
It must always be remembered that, as Bernard 
and Kirkaldy-Willis wrote in 1987 [ 12 ], patients 
may have multiple pathology, of which the SIJ is 
only one part. 
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 Nonunion of bone graft sometimes responds 
well to re-fi xation. The author has a small num-
ber of cases in which pedicle screws have worked 
loose, and improved stabilization, using SI-Bone 
rods, has been rewarding. There are also cases in 
which stabilization alone has not provided ade-
quate pain relief. This author believes it is very 
diffi cult to remove SI-Bone rods that have been 
in place for many weeks. In some cases, the addi-
tion of bone graft to the instrumentation, which 
the author refers to as the “hybrid operation,” has 
led to signifi cant improvement. Adequate length 
of incision is needed for this last operation, and 
cosmesis may need to be sacrifi ced in order to 
end disability.  

    Conclusion 

 This chapter has briefl y touched on some of the 
general and specifi c complications that can be 
associated with procedures that fuse the 
SIJ. Also discussed were some items that might 
be utilized to prevent or lessen the possibility of 
a complication occurring. A few considerations 
on salvaging an unsuccessful SIJ fusion were 
discussed.     
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         Moderator: Bruce E. Dall 
 Attendees: E. Jeffrey Donner, Michael Moore, 

Sonia Eden, Arnold Graham Smith, 
Michael Rahl 

 Question #1:
 –    What formal training have you had for 

diagnosing and treating both conserva-
tively and surgically the dysfunctional 
sacroiliac joint (SIJ)?    

 BD: Jeff, would you start out with that? 
 EJD: Sure. Over 25 years ago I was trained in 

orthopedics and subsequently completed a 
spinal surgery fellowship in Philadelphia. 
I can confi dently say, at that time, there 
was no discussion about sacroiliac dys-
function, pain, or treatment in either of 
those training programs other than if the 
patient had some type of pelvic trauma. 
Even within that group of patients with 
residual sacroiliac pain, the prognosis was 
“your pain will go away in time,” and there 
was no direction beyond this. 

 BD: OK, Michael Rahl. You are our only 
physical therapist in the author group, 
and we would certainly be interested to 
hear what a physical therapist was taught 
about the dysfunctional SIJ. 

 MR: Well, sure. When I was in school, I think 
we spent one laboratory session, so about 
2 h worth, talking about the biomechan-
ics of the SIJ and learning different spe-
cial tests to try to help identify SIJ 
dysfunction. We discussed how the reli-
ability and sensitivity of the special tests 
were lacking and how cluster testing 
could be useful to help identify the SIJ or 
surrounding areas as the pain generator. 
We also discussed how special tests used 
to identify abnormal motion of the SIJ 
were not useful. In regard to treating dys-
function of the SIJ, there was really no 
discussion on treatment, what would be 
effective, or what would be the best 
approach to improving these patients. I 
think the instructors, like many PTs out 
there, were not well versed in the SIJ. I 
think, unfortunately, we as students left 
the class with the same lack of under-
standing. Since that point, I have tried to 
improve my knowledge of the SIJ through 
continuing education courses, reading the 
current literature, and talking with others 
involved with treating the SIJ. 
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 BD: Thank you very much. OK, the fl oor is 
open. Who else would like to comment 
on this? 

 BD: OK, I would have to say after lecturing to 
groups of orthopedic surgeons and groups 
of physical therapists, I was really amazed 
at the lack of understanding or knowledge 
base either of these groups had. I actually 
put on a symposium in our region in 2001 
associated with Michigan State University 
on the diagnosis and treatment of the dys-
functional SIJ. The reason I did that was 
because I knew very little about it. I 
invited people from multiple disciplines 
to come in and lecture on it for a day. It 
was an extremely eye-opening experience 
for all of us, which probably is culminat-
ing in me wanting to put this book 
together 10 or 15 years later. 

 MM: Could I respond, Bruce? 
 BD: Yes. 
 MM: I had the good fortune of actually having 

some training during residency at the 
University of California at San Diego by 
one of the members of our faculty, David 
Gershuni, who is primarily a trauma sur-
geon. He would take care of most of the 
major pelvic trauma that came into our 
Level I trauma unit. In the course of fol-
lowing up some of these patients and 
other patients who did not have major 
pelvic trauma, we had a small number of 
patients who seemed to have pain arising 
from the SIJ. David is now deceased, but 
he basically taught me as a senior resi-
dent that some people do have pain aris-
ing from the SIJ. The way you diagnose it 
is by doing a CT-guided injection of local 
anesthetic into the synovial portion of the 
joint. If that relieves their pain transiently, 
they will respond positively to a sacroil-
iac fusion. We had about fi ve patients on 
whom we operated and he showed me a 
modifi ed Smith-Peterson technique of 
performing that surgery. What I recalled 
at the end of residency is that those 
patients had all done well. That was the 
extent of my formal training. I started 
looking for the problem as a fellow dur-

ing my spine surgery fellowship and also 
early in practice. It was really quite by 
happenstance and by having this experi-
ence with that particular attending that I 
did receive some small portion of formal 
training, which ended up being a very 
positive experience in terms of develop-
ing an interest in this. 

 BD: Thank you very much. Let’s go on to the 
second question. 

 Question #2:
 –    How do most of your patients end up com-

ing to your offi ce?    
 BD: Who would like to answer that question? 
 BD: I would answer that question by saying 

we have actually studied this at our insti-
tution. The people who do not send SIJ 
patients to a surgeon like me for potential 
SIJ fusion are chiropractors and pain doc-
tors; at least that has been my experience. 
Many of the patients I have ultimately 
operated on had been in years of continu-
ous chiropractic treatment as well as get-
ting injections one after another in 
situations where a fi rm diagnosis of SIJ 
dysfunction had long been made by the 
injecting clinician. In our study we found 
over half of the patients referred to our 
offi ce, who ultimately went on to have an 
SIJ fusion, were referred by either their 
primary care physician or by their physi-
cal therapist. The rest of them literally 
found our offi ce through the Internet after 
being told by their injection pain doctor 
“you need a SIJ fusion,” but not being 
able to tell their patients where to go to 
get that done. 

 BD: Someone else? 
 EJD: One of the main referrers to my practice 

is me. I initially incorporated fl uoro-
scopic injections into my practice a year 
after I went into clinical practice. I did 
not learn this in training, but I was very 
frustrated with the fact there were a lot of 
people I would see and could not give 
them the answer as to why they were hav-
ing the variety of pains in their back, but-
tock, and leg. I also became very involved 
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in the International Spinal Injection 
Society, which is now called International 
Spinal Interventional Society (ISIS). I 
learned these injection techniques and 
found I was eventually able to diagnose 
sacroiliac pain under fl uoroscopy by 
blocking the SIJ if I could not reproduce 
pain with discography or eliminate it 
with facet injections. I believe a lot of 
these patients I see come to me because 
no one else could identify the source of 
their problem, especially 25 years ago 
when very few people were doing this. 
This experience led to my early adoption 
of sacroiliac dysfunction as a legitimate 
diagnosis and eventually, especially with 
Dr. Moore’s help, I identifi ed ways to 
treat this surgically. 

 BD: Very good. Thank you Jeff. 
 AGS: Bruce, can I answer the last question? 
 BD: Yes, please go ahead. 
 AGS: I would say the same that the Internet has 

been a steady source of referrals. Having 
taught in the community and in the state 
of Florida, I have found the people in the 
community and elsewhere in Florida who 
did not want to get involved in sacroiliitis 
would send the patients to me. So, I have 
had in-state referrals from local teaching 
and out-of-state referrals from the 
Internet. 

 BD: OK, thank you, Arnold. 

 Question #3:
 –    As a surgeon, do you feel you can treat all 

cases of dysfunctional SIJs with one type 
of surgery, or do you feel you should have 
alternate procedures to fuse the SIJ under 
certain circumstances?    

 BD: Anyone want to tackle that? 
 MM: If I could    respond to that, I believe at this 

point my fi rst choice in treating someone 
with SIJ dysfunction would be one of the 
minimally invasive types of interventions 
of which there are several available now. I 
think there are some patients for whom 
that is not a practical consideration. For 
example, someone who has had a very 
extensive bone graft harvest from the 

ilium on the affected side may not have 
suffi cient bone stock for one of the mini-
mally invasive techniques to be successful. 
Again, this is just a personal bias based on 
dealing with these patients and is not really 
based on the data because such data does 
not exist. I think there are some patients for 
whom an open procedure is necessary 
because of unfavorable anatomy or 
because of prior surgery. If you need to 
perform extensive bone grafting in order to 
achieve an arthrodesis or stabilization, I 
think an open procedure may be preferable 
to one of the minimally invasive proce-
dures. So, I do think there are some cir-
cumstances in which you have to modify 
your preferred procedure in order to 
accommodate the patient’s pathology. 

 BD: Thank you, Mike. 
 SE: This is Sonia Eden. I just wanted to add 

that I agree with that. In addition, in cer-
tain patient populations, when we are 
addressing both spine and SIJ pathology 
on them simultaneously, there are some 
options for fusions of the SIJ in those 
patients that we can do at the same time 
we are doing the spine surgery. These 
may not necessarily have to be the lateral 
approach but perhaps could be the poste-
rior approach that we do at Borgess. 

 BD: Thank you. Anyone else? 
 BD: OK, let’s go onto the fourth question. 

 Question #4:
 –    Should the SIJ be realigned before per-

forming an SIJ fusion?    
 AGS: My response is to say if the patient is 

asleep, then the position in which the 
joint fi nds itself is perfectly good for me 
to fuse and I do not need to manipulate it 
while they are asleep. 

 BD: OK, anyone else? 
 EJD: There are a lot of patients who feel like 

their joint is not aligned. There are also a lot 
of providers in the chiropractic and phys-
ical therapy domains that are convinced 
the patient’s symptoms are not only pain 
but also malalignment. As we know, the 
joint is a very complex structure with 
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matching undulating surfaces. It does not 
take much of what we call malalignment, 
or displacement, of those normal surfaces 
to markedly increase the joint contact 
forces, which make the patient feel like 
there is signifi cant malalignment. We 
have seen malalignment and subtle insta-
bility in shoulders as well as other joints 
in orthopedics. I think the SIJ is a unique 
joint, which can be very painful if there is 
minimal malalignment, but I don’t recall 
seeing one that had been grossly 
malaligned after doing hundreds of these 
with an open approach. I do believe that 
if a patient and some medical provider 
feel like malalignment is an issue, the 
technique I presently use can potentially 
resolve that issue either by identifying it 
as not malaligned or attempting to realign 
the joint by operative techniques under 
direct visualization. I have not, however, 
seen a major shift, like 1 cm, you will 
often see in some of the medical reports 
by these providers. 

 BD: All right, thank you. 
 BD: In this textbook I suggested they do not 

need to be realigned and I gave the illus-
tration of coming to this opinion by doing 
open posterior midline approaches to the 
SIJ on a few hundred patients. During 
that approach, I actually exposed the 
whole dorsal joint, removing the poste-
rior superior iliac spine, removing all the 
posterior ligaments, and actually creating 
a space down into the joint itself which I 
then packed with bone before I put in all 
of the instrumentation. Part of the instru-
mentation was to put a fi xation screw in 
the ilium and in the S1 pedicle. With 
those two screws in and grabbing them 
with large instruments (this is with the 
patient asleep and paralyzed and with all 
of the ligaments removed), I could barely 
move that joint. Most of the time I could 
not see the joint move. I recreated that 
situation in a cadaver study, which is also 
in this textbook as a chapter. The results 
were exactly the same, very little move-
ment. So, I have trouble thinking that 

anything dramatic is happening with 
realignment. We do know, when chiro-
practors “realign” the painful SIJ, that the 
patient frequently walks away less pain-
ful. So something positive happens with 
this process. I think we need more sci-
ence to fi gure out what being realigned 
really means and what it is actually 
accomplishing on a biological level. It is 
good to talk about this subject. 

 BD: Anyone else? OK, question fi ve. 

 Question #5:
 –    Should bilateral SIJs be performed? If so, 

under what circumstances?    
 AGS: Well, it is just very diffi cult for the patient 

to be non-weight bearing if both SIJs are 
operated on at the same time. If they have 
a wheelchair and someone to push the 
wheelchair, fair enough. But it is asking 
an awful lot to be non-weight bearing 
while the graft heals. It is very diffi cult to 
be non-weight bearing if neither foot is 
allowed to touch the ground. That’s all. 

 BD: OK, anyone else? 
 EJD: In my experience, bilateral SIJ fusion out-

comes tend to be less favorable than uni-
lateral SIJ surgeries. I believe it is for the 
same reasons Arnold suggested. Usually, I 
try to stage them, but the patients seem to 
say, “No, I really want to get this over with 
at one time; I will not weight bear and I 
will follow instructions.” But that is really 
hard to do as Arnold suggested. I am really 
reluctant to do bilateral fusions at this time 
until we improve our technology. 

 BD: Thank you Jeff. 
 BD: I have performed several hundred SIJ 

fusions and I have done all of them from 
a posterior approach, which was either a 
posterior midline approach or a mini-
mally invasive posterolateral approach. I 
have never had any patient partially 
weight bearing after any of these surger-
ies. I have allowed immediate weight 
bearing as tolerated every time. I have 
published papers on the surgeries I do on 
the SIJ with the most recent one in 2008, 
where we did a minimally invasive pos-
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terolateral approach with cages. Actually, 
over one-third of the patients in that study 
were bilateral, and there was no correla-
tion between unilateral or bilateral in out-
comes, and the outcomes were about 
80 % successful (Fig.   7.12    ). I have con-
tinued to fi nd that out. I am currently 
working on a paper to counter the paper 
written by Shutz [ 1 ] relating his terrible 
results from bilateral SIJ fusions. Our 
study has 15 patients followed for greater 
than two years with overall satisfaction of 
87 % and a statistically valid drop in pain 
scores on the VAS. I frequently have 
fused SIJs bilaterally after which I use a 
sacral belt for immobilization unless a 
lumbar or lumbosacral fusion has simul-
taneously been performed and a TLSO 
with a pantaloon is used. So, it is sound-
ing like my experience is quite different 
from others in this group. 

 EJD: Bruce, can I ask you a question? 
 BD: Yes. 
 EJD: Did you use INFUSE (Medtronic, Inc.) 

on these patients? 
 BD: Yes, I pretty much used INFUSE, off- 

label, my whole career, well once it was 
available. For example, INFUSE was 
used in all of the cages in the study that I 
published in 2008 on minimally invasive 
SIJ fusions. I can honestly say I never had 
a problem with INFUSE used for SIJ 
fusions. I do have more to say on that 
subject in reference to its use and the spe-
cifi c approach used by other surgeons, 
but I feel that is a subject for another day. 

 Question #6:
 –    Is there a learning curve for performing SIJ 

fusions?    
 BD: The reason I put that question in here is 

because there are a lot of surgeons out 
there who obviously have not been 
trained in the SIJ fusion. They are inter-
ested in it, want to get involved in it, but 
they want to know what the learning 
curve is. I think all of us have been work-
ing on our learning curve for so many 
years that I guess the question becomes 

do you think there is a learning curve in 
the modern era with better knowledge, 
better teaching, and better equipment? 

 MM: I will respond to that. I think there is defi -
nitely a learning curve and I think the 
most important part of the learning curve 
is patient selection, because it is ulti-
mately picking the right patient that has 
the biggest impact on clinical success, I 
believe. Having said that, I think there is 
a learning curve for performing the sur-
gery. I think some of the new techniques 
are available with very good didactic and 
laboratory teaching programs that allow 
that curve to be much more abbreviated 
than it was compared to those of us who 
sort of had to feel our way along with 
doing the surgery. I think the most impor-
tant part of the learning curve is patient 
selection, and I think it is easier for sur-
geons now if they have become comfort-
able with that to obtain specifi c training 
for procedures to fuse the SIJ. 

 BD: Mike, would you have an opinion as to 
whether the average SIJ fusion patient is 
a pretty straightforward patient or possi-
bly a very complex patient with a lot of 
history behind them? Do you have an 
opinion on that? 

 MM: I think it is highly variable depending 
upon the subgroup you are discussing. I 
think someone who has had a multiply 
operated back and has either SIJ dysfunc-
tion as a consequence of prior lumbar 
surgery that involves the sacrum or per-
haps has had coexistent pathology that 
has been treated and their SIJ dysfunction 
has not been identifi ed until recently as a 
problem certainly is a more diffi cult 
patient to deal with. The subgroup of 
patients who have isolated SIJ pathology 
certainly have the best clinical success in 
my experience. Unfortunately, I would 
not say these are rare, but they are not the 
most common presentation. I would say 
it is more common that patients present 
with either coexistent or derivative 
pathology, and it is much more diffi cult 
to sort those out. However, if a practitio-
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ner is looking for and is conscious of the 
possibility of SIJ dysfunction being part 
of the differential diagnosis of low back 
pain, patients will present who are in that 
less complicated group and very good 
results can be expected. 

 BD: Thank you, Mike. 
 BD: Let’s move on to question seven. 

 Question #7:
 –    Is morbid obesity a rate-limiting factor in 

performing SIJ fusions? If so, why?    
 SE: I do think morbid obesity may be a rate- 

limiting factor if you are using a mini-
mally invasive approach because you rely 
a lot on x-ray imaging. If you cannot get 
adequate imaging on a patient because of 
their body habitus, then it makes it diffi -
cult to perform the fusion by that 
approach. 

 BD: OK, anyone else? 
 AGS: I would agree, but I would agree for a dif-

ferent reason. I think the minimally inva-
sive procedure in very heavy patients is 
asking an awful lot for the minimally 
invasive support system to work. So, I 
think very heavy patients either need a lot 
more minimally invasive placed instru-
mentation, that is to say instead of three 
rods, they need four rods, fi ve rods, or six 
rods; or they need an open procedure. I 
do not think the typical minimally inva-
sive procedure is going to work very well 
in a very obese patient. 

 BD: In review of our institutional data on SIJ 
surgeries in the morbidly obese patient, 
we have found that having a BMI of >35 
portended a more unsatisfactory result. 
Since 2008 we have operated on more 
than thirty morbidly obese patients, many 
bilateral, using both the posterior midline 
approach and the posterior lateral mini-
mally invasive approach without hard-
ware failure at long-term follow-up. I 
believe we need studies showing the 
stress to failure rates in cadavers using all 
these various approaches with the various 
different instrumentation types to see if 
there are signifi cant differences between 

them. If so, such data could help in decid-
ing what type of approach and fi xation 
device might offer the best benefi t for a 
given patient. 

 Question #8
 –    Have you performed revision surgery for 

previous SIJ fusions? If so, what were the 
challenges you faced?    

 EJD: I would like to start off with my fi rst expe-
rience resulting in a poor outcome over 
20 years ago when I attempted to obtain a 
fusion expecting a good result using the 
Smith-Petersen approach even after being 
instructed by Dr. Moore who was very 
experienced. I found that this was a very 
challenging operation where I was pass-
ing a chisel in an area that seemed very 
unusual for me to operate on let alone all 
of the anatomy that could get you in trou-
ble, so I am sure my poor result had 
something to do with that fear factor and 
inexperience. That being said, I had to 
revise the patient anteriorly after she 
failed to improve with that technique and 
a spica cast, which was a nightmare. The 
anterior approach led to a signifi cant 
bleeding problem, which gave me gray 
hairs early on in my career. I am surprised 
I continued on this endeavor despite this 
experience, but I was convinced these 
patients really did have an SIJ problem 
and there had to be a better way to obtain 
reliable results with fewer complications. 
So, I decided to do more of a traditional 
orthopedic approach and remove the 
anatomy in my way, i.e., the PSIS, in 
order to get down to the articular carti-
lage, which I believed was the source of 
the pain in most of these patients and in 
most other painful joints, and then pack 
that joint with bone. Next, I ran a couple 
of screws across the joint under fl uoros-
copy. With that technique and then some 
modifi cations like you described using 
the pedicle screws in S1 and the iliac 
bone, I was able to increase the stability 
and fusion rates. My go-to operation 
would have been that open posterior 
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approach, but I did fi nd there was quite a 
bit of recovery from that approach and the 
eventual need to remove the hardware in 
the S1 area where the rod crosses the 
ilium. Consequently, what I did was try to 
eliminate all of those potential sources of 
pain and perform an approach that mini-
mally interferes with all of the potential 
structures, which can cause post-op prob-
lems, like the cluneal nerve, gluteal neu-
rovascular bundle, and the PSIS, and 
work in the zone above the sciatic notch 
and below the PSIS. I remove the carti-
lage and pack the joint with bone and 
some spacers, which help stabilize it. I 
think this is also a very valuable tech-
nique in patients who have failed to 
improve with screws or rods, which are 
still in place because you can still work 
below these devices and remove the carti-
lage leaving a wide surface area to per-
form a fusion, which is what you need. 
This is the technique I now prefer. 

 BD: OK, thank you. Anyone else? 
 AGS: I think we are all going to be involved in 

doing revision surgery. I have had a num-
ber of patients who have gone on the 
Internet and decided which procedure 
they want, and then they come to see me 
because I am listed as a surgeon who is 
familiar with the procedure. As a result, 
some of my patients demand an MIS pro-
cedure, and if it does not work, a revision 
is going to be required. Sometimes this is 
less than 1 year out and sometimes it may 
be 2 or 3 years. The laterally placed 
implants are often diffi cult to remove, so 
I have had to add bone graft dorsally, 
achieving a bone-to-bone fusion, leaving 
the implants in place. I have done this 
operation, which I refer to as a “hybrid” 
procedure, on fi ve occasions and all have 
been pleased with the end result. There 
are more awaiting revision. The problem 
is that patient selection is being made 
more diffi cult as patients believe every-
thing they read on the Internet. 

 BD: I have revised both failed lateral and pos-
terior attempts at fusing the SIJ. Some of 
the most challenging cases are when 
instrumentation is inside the joint, such 
as cages or bone dowels, or the retained 
hardware is in a plane 90° from the plane 
being used for the insertion of new hard-
ware or bone graft. We have used the 
Stryker Virtual Navigation system to 
maneuver around existing hardware in an 
effort to obtain fusions in challenging 
cases. The fi gure (Fig.   9.17    ) illustrates a 
complex case of a middle-aged female 
with a failed posterior midline fusion. 
After her index procedure she had the 
posterior hardware removed which did 
not relieve her pain. With the assistance 
of my Neurosurgical Spine partner, Dr. 
Mark Krinock, who was well versed in 
use of the Stryker Navigation System, 
she was revised and ultimately success-
fully fused. 

 BD: Anyone else? Well, let’s get into a little of 
the theory. 

 Question #9:
 –    Do you feel there are types of lumbosacral 

pathology that can mimic SIJ pain clini-
cally even in the presence of a positive 
valid SIJ injection?    

 AGS: Bruce, please defi ne what you mean by a 
positive valid SIJ injection. 

 BD: It was an intra-articular injection using an 
anesthetic agent, a steroid, and some dye. 
The dye verifi ed that it was an intra-artic-
ular injection. The patient had much 
greater than 2 h of complete pain relief at 
least until the anesthetic wore off, which 
I think is the gold standard for saying that 
pain is coming from the SIJ. Does anyone 
feel when someone has something like 
that; there could actually be associated or 
causative pathology in the lumbar spine 
that could eliminate that pain if treated? 

 BD: The reason I threw this question in is 
because I have been confused by this sit-
uation more than once. The situation was 
the patient did have a valid injection as I 
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have defi ned it and did get pain relief. 
Under normal circumstances, the patient 
would have had an SIJ fusion. But they 
also had signifi cant lateral foraminal ste-
nosis at the L4–L5 foramen. Because that 
was so apparent, that was injected also at 
a different setting, like two weeks later, 
and their pain went away again. So, the 
foramen was opened as their only proce-
dure, and they quit having any symptoms 
at all. I have run into that scenario 2–3 
times now and it makes me wonder if 
anyone else has come across such a com-
bination of symptoms in such a patient. 
This is one of the reasons that the algo-
rithm (Chap.   6    ) states to treat all the veri-
fi ed lumbar pathology fi rst before 
proceeding to the SIJ. 

 BD: OK, well we will let that one go. Perhaps 
someone reading this discussion will be 
able to identify with this scenario. It does 
make me realize that with all the overlap 
in pain radiating musculoskeletal pathol-
ogy in this region of the body, more work 
is needed to understand it all and nothing 
about the diagnosis of SIJ dysfunction 
seems to be straightforward. 

 Question #10:
 –    How do you think the dysfunctional mostly 

stable SIJ generates pain? For example, do 
you feel it is all about micromotion and 
micro- instability? Is it about joint contact 
points or overstressing a pelvic ring caus-
ing one or most of the above? Or some-
thing else?    

 EJD: I believe this is like most things in ortho-
pedics with multiple causes, and a lot of 
times they are overlapped. I look at this 
as I do other orthopedic joints, although 
it is unique as we have already described. 
No doubt, for    the reasons we discussed 
earlier about the joint undulations, how 
minimally that joint has to be malaligned, 
and how minor trauma can sublux the 
joint enough to substantially increase the 
joint contact forces and cause degenera-

tion and pain over time, I have yet to see 
a grossly unstable or malaligned joint 
like we have discussed, but I think this 
concept of a keystone type compression 
joint with marked surface forces, the 
obesity problem, and the lumbosacral 
spine fusions are all compounding the 
problem. 

 BD: It is a complicated question and my feel-
ing is likewise that it is multifactorial. We 
did a study at Globus Medical, Inc. 
(Audubon, PA) using cadavers. They were 
stripped of all muscle. What we did was to 
sequentially transect the posterior iliosa-
cral ligament and then all of the posterior 
ligaments, each time testing the motion. It 
so happens, in the intact specimen, the 
joint under eight Newton meters of torque 
showed 1° or less of motion. When you 
cut these ligaments, it showed about 1.5° 
of motion, not a lot of motion. So, with 
our surgeries, we are literally stopping 1°, 
1.5°, or 2° of motion and the pain stops. 
This is very interesting to me and makes 
me consider that motion does play a role 
of some kind in the pain production, but 
other variables are certainly at work. 

 BD: Let’s go onto the last question. 

 Question #11:
 –    Where do you see the surgical treatment for 

the dysfunctional SIJ going in the future? 
Do you think we will have total joints? Do 
you think we will have some sort of a 
moveable spacer?    

 EJD: Bruce, I feel very strongly that the major-
ity of this pain is articular. Based on that 
and being an orthopedic surgeon who 
treats other articular problems, this surgi-
cal treatment either involves removing 
those surfaces and fusing them together 
or providing some type of surface 
replacement. We have been developing 
that latter technology. Although, as you 
can imagine especially in the United 
States and with the FDA, that is going to 
be a major challenge. The idea certainly 
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has fi t with other orthopedic principles 
and technologies, but I think extending 
that to the SIJ will be challenging. 

 BD: I do too. Right now there are a signifi cant 
number of lateral devices for SIJ fusion. 
One of the reasons for that is because it is 
easy to get a device cleared by the FDA 
using the 510(k) application if you can 
prove whatever it is you are coming up 
with is somewhat similar to what was 
being marketed before May 28, 1976. 
The problem going into the future is that 
anything that goes directly into the joint 
from a posterior minimally invasive or a 
posterior open approach will be looked at 
by the FDA as new uncharted ground, 
and that gets to be very expensive for cor-
porations to start going in that direction. I 
think the FDA is really going to be one of 
the rate-limiting factors for progress in 
SIJ surgery as we move ahead. 

 EJD: Well, Bruce, just a brief comment on that 
concept. I have found that in pre-submis-
sion meetings the FDA has been open to 
these concepts based on appropriate anal-
ogies, supporting science and biome-
chanical data. With that information, we 
are proceeding with developing technol-
ogy specifi cally down the joint. 

 BD: This concludes the round-table discus-
sion. It certainly has provided thought-
provoking ideas and opinions. I want to 
thank all the authors who participated 
and look forward to more discussions like 
this one.    
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                       Appendix A
LITERATURE SEARCH: Sacroiliac Joint 
Fusion Surgery—Outcomes/Complications 

 Prepared for Sonia Eden MD by Jennifer Barlow 
MILS, Borgess Library 

 April 11, 2013 
 Searches conducted in PubMed, EMBASE, 

CINAHL, Web of Science
   Search 1: sacroiliac concept + surgery concept + 

fusion concept  

  Search 2: sacroiliac concept + surgery concept + 
fusion concept + outcomes concept  

  Search 3: sacroiliac concept + surgery concept + 
fusion concept + complications concept    
 Limits: Human subjects, English language 



186

    PubMed Search 

 Search  Query  Items found 

 #25  Search (#14 AND #24) Filters: Humans; English Sort by: PublicationDate  60 
 #26  Select 60 document(s) (SEARCH 3 RESULTS)  60 
 #24  Search (#21 OR #22 OR #23) Filters: Humans; English  1446753 
 #23  Search adverse effects[MeSH Subheading] Filters: Humans; English  1049685 
 #22  Search postoperative complications[MeSH Terms] Filters: Humans; English  260667 
 #21  Search complication*[Title/Abstract] Filters: Humans; English  382360 
 #19  Search (#14 AND #18) Filters: Humans; English Sort by: PublicationDate  45 
 #20  Select 45 document(s) (SEARCH 2 RESULTS)  45 
 #18  Search (#16 OR #17) Filters: Humans; English  981307 
 #17  Search treatment outcome[MeSH Terms] Filters: Humans; English  497352 
 #16  Search outcome*[Title/Abstract] Filters: Humans; English  653844 
 #14  Search (#3 AND #7 AND #10) Filters: Humans; English Sort by: PublicationDate  93 
 #15  Select 93 document(s) (SEARCH 1 RESULTS)  93 
 #13  Search (#3 AND #7 AND #10) Filters: English  100 
 #12  Select 120 document(s)  120 
 #11  Search (#3 AND #7 AND #10) Sort by: PublicationDate  120 
 #10  Search (#8 OR #9)  137510 
 #9  Search spinal fusion[MeSH Terms]  15534 
 #8  Search fusion[Title/Abstract]  131404 
 #7  Search (#4 OR #5 OR #6)  2811909 
 #6  Search surgical procedures, operative[MeSH Terms]  2246906 
 #5  Search surgical[Title/Abstract]  626989 
 #4  Search surgery[Title/Abstract]  715707 
 #3  Search (#1 OR #2)  4432 
 #2  Search sacroiliac joint[MeSH Terms]  3000 
 #1  Search sacroiliac[Title/Abstract]  2961 
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       EMBASE Search 

 No.  Query  Results 

 #28  sacroiliac:ti AND [humans]/lim AND [english]/lim OR (sacroiliac:ab AND [humans]/lim AND 
[english]/lim) OR (‘sacroiliac joint’/exp AND [humans]/lim AND [english]/lim) AND (surgery:ti 
AND [humans]/lim AND [english]/lim OR (surgery:ab AND [humans]/lim AND [english]/lim) OR 
(surgery:lnk AND [humans]/lim AND [english]/lim) OR (surgical:ti AND [humans]/lim AND 
[english]/lim) OR (surgical:ab AND [humans]/lim AND [english]/lim) OR (‘surgery’/exp AND 
[humans]/lim AND [english]/lim)) AND (fusion:ti AND [humans]/lim AND [english]/lim OR 
(fusion:ab AND [humans]/lim AND [english]/lim) OR (‘spine fusion’/exp AND [humans]/lim AND 
[english]/lim)) AND (complication*:ti AND [humans]/lim AND [english]/lim OR (complication*:ab 
AND [humans]/lim AND [english]/lim) OR (‘postoperative complication’/exp AND [humans]/lim 
AND [english]/lim) OR (‘adverse effects’ AND [humans]/lim AND [english]/lim) OR (‘adverse 
effect’/exp AND [humans]/lim AND [english]/lim)) (SEARCH 3 RESULTS) 

 42 

 #27  complication*:ti AND [humans]/lim AND [english]/lim OR (complication*:ab AND [humans]/lim 
AND [english]/lim) OR (‘postoperative complication’/exp AND [humans]/lim AND [english]/lim) 
OR (‘adverse effects’ AND [humans]/lim AND [english]/lim) OR (‘adverse effect’/exp AND 
[humans]/lim AND [english]/lim) 

 909491 

 #26  ‘adverse effect’/exp AND [humans]/lim AND [english]/lim  215598 
 #25  ‘adverse effects’ AND [humans]/lim AND [english]/lim  66945 
 #24  ‘postoperative complication’/exp AND [humans]/lim AND [english]/lim  298599 
 #23  complication*:ab AND [humans]/lim AND [english]/lim  444084 
 #22  complication*:ti AND [humans]/lim AND [english]/lim  60450 
 #21  sacroiliac:ti AND [humans]/lim AND [english]/lim OR (sacroiliac:ab AND [humans]/lim AND 

[english]/lim) OR (‘sacroiliac joint’/exp AND [humans]/lim AND [english]/lim) AND (surgery:ti 
AND [humans]/lim AND [english]/lim OR (surgery:ab AND [humans]/lim AND [english]/lim) OR 
(surgery:lnk AND [humans]/lim AND [english]/lim) OR (surgical:ti AND [humans]/lim AND 
[english]/lim) OR (surgical:ab AND [humans]/lim AND [english]/lim) OR (‘surgery’/exp AND 
[humans]/lim AND [english]/lim)) AND (fusion:ti AND [humans]/lim AND [english]/lim OR 
(fusion:ab AND [humans]/lim AND [english]/lim) OR (‘spine fusion’/exp AND [humans]/lim AND 
[english]/lim)) AND (outcome*:ti AND [humans]/lim AND [english]/lim OR (outcome*:ab AND 
[humans]/lim AND [english]/lim) OR (‘treatment outcome’/exp AND [humans]/lim AND [english]/
lim)) (SEARCH 2 RESULTS) 

 49 

 #20  outcome*:ti AND [humans]/lim AND [english]/lim OR (outcome*:ab AND [humans]/lim AND 
[english]/lim) OR (‘treatment outcome’/exp AND [humans]/lim AND [english]/lim) 

 1260038 

 #19  ‘treatment outcome’/exp AND [humans]/lim AND [english]/lim  728764 
 #18  outcome*:ab AND [humans]/lim AND [english]/lim  781175 
 #17  outcome*:ti AND [humans]/lim AND [english]/lim  166270 
 #16  sacroiliac:ti AND [humans]/lim AND [english]/lim OR (sacroiliac:ab AND [humans]/lim AND 

[english]/lim) OR (‘sacroiliac joint’/exp AND [humans]/lim AND [english]/lim) AND (surgery:ti 
AND [humans]/lim AND [english]/lim OR (surgery:ab AND [humans]/lim AND [english]/lim) OR 
(surgery:lnk AND [humans]/lim AND [english]/lim) OR (surgical:ti AND [humans]/lim AND 
[english]/lim) OR (surgical:ab AND [humans]/lim AND [english]/lim) OR (‘surgery’/exp AND 
[humans]/lim AND [english]/lim)) AND (fusion:ti AND [humans]/lim AND [english]/lim OR 
(fusion:ab AND [humans]/lim AND [english]/lim) OR (‘spine fusion’/exp AND [humans]/lim AND 
[english]/lim)) (SEARCH 1 RESULTS) 

 124 

 #15  fusion:ti AND [humans]/lim AND [english]/lim OR (fusion:ab AND [humans]/lim AND [english]/
lim) OR (‘spine fusion’/exp AND [humans]/lim AND [english]/lim) 

 65348 

 #14  ‘spine fusion’/exp AND [humans]/lim AND [english]/lim  12313 
 #13  fusion:ab AND [humans]/lim AND [english]/lim  58356 
 #12  fusion:ti AND [humans]/lim AND [english]/lim  15182 
 #11  surgery:ti AND [humans]/lim AND [english]/lim OR (surgery:ab AND [humans]/lim AND 

[english]/lim) OR (surgery:lnk AND [humans]/lim AND [english]/lim) OR (surgical:ti AND 
[humans]/lim AND [english]/lim) OR (surgical:ab AND [humans]/lim AND [english]/lim) OR 
(‘surgery’/exp AND [humans]/lim AND [english]/lim) 

 2241657 

(continued)
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 No.  Query  Results 

 #10  ‘surgery’/exp AND [humans]/lim AND [english]/lim  1879248 
 #9  surgical:ab AND [humans]/lim AND [english]/lim  418000 
 #8  surgical:ti AND [humans]/lim AND [english]/lim  90096 
 #7  surgery:lnk AND [humans]/lim AND [english]/lim  1066667 
 #6  surgery:ab AND [humans]/lim AND [english]/lim  517864 
 #5  surgery:ti AND [humans]/lim AND [english]/lim  153798 
 #4  sacroiliac:ti AND [humans]/lim AND [english]/lim OR (sacroiliac:ab AND [humans]/lim AND 

[english]/lim) OR (‘sacroiliac joint’/exp AND [humans]/lim AND [english]/lim) 
 3386 

 #3  ‘sacroiliac joint’/exp AND [humans]/lim AND [english]/lim  2458 
 #2  sacroiliac:ab AND [humans]/lim AND [english]/lim  2330 
 #1  sacroiliac:ti AND [humans]/lim AND [english]/lim  872 

       CINAHL Search 

 #  Query  Limiters/Expanders  Results  Action 

 S15  S4 AND S10 AND 
S14 

 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 
 (SEARCH 1 RESULTS) 

 7 

 S14  S11 OR S12 OR S13  Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 2,377 

 S13  MH spinal fusion  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 1,336 

 S12  AB fusion  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 1,968 

 S11  TI fusion  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 784 

 S10  (S5 OR S6 OR S7 
OR S8 OR S9) 

 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 43,235 

 S9  AB surgica  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 19,412 

 S8  TI surgical  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 5,333 

 S7  MH surgery, 
operative 

 Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 2,214 

 S6  AB surgery  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 25,038 
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 #  Query  Limiters/Expanders  Results  Action 

 S5  TI surgery  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 10,165 

 S4  (S1 OR S2 OR S3)  Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 349 

 S3  AB sacroiliac  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 250 

 S2  TI sacroiliac  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 151 

 S1  MH sacroiliac joint  Limiters—English Language; Human 
 Expanders—Apply related words; Also search within the full 
text of the articles 
 Search modes—Find all my search terms 

 223 

       Web of Science Search 

 Topic = (sacroiliac) AND Topic = (surgery) AND 
Topic = (fusion) 
 Refi ned by: Languages = (ENGLISH) 
 Timespan = All Years. Databases = SCI- 
EXPANDED, SSCI, A&HCI, BKCI-S, BKCI-SSH. 

 Results = 35 (SEARCH 1 RESULTS) 
 Topic = (sacroiliac) AND Topic = (fusion) AND 
Topic = ((outcome* OR complication*)) 
 Refi ned by: Languages = (ENGLISH) 
 Timespan = All Years. Databases = SCI- 
EXPANDED, SSCI, A&HCI, BKCI-S, 
BKCI-SSH.    

 Appendix A



191

     Appendix B 

B.E. Dall et al. (eds.), Surgery for the Painful, Dysfunctional Sacroiliac Joint,
DOI 10.1007/978-3-319-10726-4, © Springer International Publishing Switzerland 2015



192

 R
O

M
 

(d
eg

re
es

) 
le

ft
 

 Fl
ex

io
n-

 
ex

te
ns

io
n  

 In
ta

ct
 

 Po
st

er
io

r 
sa

cr
ot

ub
er

ou
s 

lig
am

en
t c

ut
 

 Pl
us

 th
e 

do
rs

al
 s

ac
ro

ili
ac

 
lig

am
en

ts
 a

nd
 th

e 
in

te
ro

ss
eo

us
 li

ga
m

en
t 

 Pl
us

 L
5-

S1
 

pe
di

cl
e 

sc
re

w
s 

an
d 

ro
d 

 N
or

m
al

iz
ed

 
R

O
M

 
(%

 in
ta

ct
) 

 Fl
ex

io
n 

ex
te

ns
io

n 
 In

ta
ct

 

 Il
io

 s
ac

ro
 

lig
am

en
t c

ut
 

(l
-I

SL
 c

ut
) 

 Po
st

er
io

r 
lig

am
en

ts
 c

ut
 

(L
-P

L
 c

om
pl

ex
 c

ut
) 

 L
5-

S1
 

ro
ds

 

 Sp
in

e 
1 

 0.
38

 
 0.

41
 

 0.
59

 
 0.

89
 

 Sp
in

e 
1 

 10
0 

 10
9 

 15
6 

 23
6 

 Sp
in

e 
2 

 0.
13

 
 0.

25
 

 0.
39

 
 0.

52
 

 Sp
in

e 
2 

 10
0 

 19
0 

 30
2 

 40
0 

 Sp
in

e 
3 

 1.
45

 
 1.

54
 

 1.
61

 
 1.

64
 

 Sp
in

e 
3 

 10
0 

 10
6 

 11
1 

 11
3 

 Sp
in

e 
4 

 2.
39

 
 2.

58
 

 3.
43

 
 3.

49
 

 Sp
in

e 
4 

 10
0 

 10
8 

 14
4 

 14
6 

 Sp
in

e 
5 

 1.
01

 
 0.

97
 

 1.
16

 
 1.

45
 

 Sp
in

e 
5 

 10
0 

 96
 

 11
4 

 14
3 

 Sp
in

e 
6 

 0.
47

 
 0.

48
 

 0.
58

 
 0.

82
 

 Sp
in

e 
6 

 10
0 

 10
2 

 12
4 

 17
6 

 Sp
in

e 
7 

 0.
46

 
 0.

55
 

 0.
67

 
 0.

69
 

 Sp
in

e 
7 

 10
0 

 12
1 

 14
7 

 15
1 

 M
ea

n 
 0.

90
 

 0.
97

 
 1.

21
 

 1.
36

 
 M

ea
n 

 10
0 

 11
9 

 15
7 

 19
5 

 St
de

v 
 0.

79
 

 0.
83

 
 1.

07
 

 1.
03

 
 St

de
v 

 0 
 32

 
 66

 
 98

 
 Te

st
 

di
re

ct
io

n 
 In

cr
ea

se
 

 In
cr

ea
se

 
 In

cr
ea

se
 

 95
 %

 C
I 

 24
 

 49
 

 73
 

 Pa
ir

ed
  t  

st
at

is
tic

 
 0 

 0 
 -2

.4
24

87
11

31
 

 -2
.2

74
76

23
7 

 -3
.3

03
14

04
72

 
 95

 %
 C

I 
U

pp
er

 
B

ou
nd

 
 14

3 
 20

6 
 26

8 

  p -
V

al
ue

 
 0 

 0 
 0.

02
57

60
27

9 
 0.

03
16

26
40

4 
 0.

00
81

71
89

1 
 95

 %
 C

I 
L

ow
er

 
B

ou
nd

 
 95

 
 10

8 
 12

2 

 Si
g.

 a
t .

05
 le

ve
l 

  *  
  *  

  *  

Appendix B



193

 Lateral bending  Intact 
 Ilio sacro ligament 
cut (l-ISL cut) 

 Posterior ligaments 
cut (L-PL complex cut)  L5-S1 rods 

 Spine 1  0.09  0.10  0.09  0.08 
 Spine 2  0.09  0.07  0.10  0.10 
 Spine 3  0.37  0.36  0.37  0.36 
 Spine 4  0.51  0.51  0.62  0.64 
 Spine 5  0.19  0.19  0.19  0.19 
 Spine 6  0.10  0.10  0.11  0.09 
 Spine 7  0.17  0.18  0.25  0.25 
 Mean  0.22  0.22  0.25  0.24 
 Stdev  0.16  0.16  0.19  0.20 

 Increase  Increase  Increase 
 0.353553391  −1.917276549  0.603022689 
 0.63211757  0.051828407  0.715714372 

 Lateral bending  Intact 
 Ilio sacro ligament 
cut (l-ISL cut) 

 Posterior ligaments 
cut (L-PL complex cut)  L5-S1 rods 

 Spine 1  25  25  23  20 
 Spine 2  66  57  77  80 
 Spine 3  25  25  25  25 
 Spine 4  21  21  26  27 
 Spine 5  19  19  19  18 
 Spine 6  21  22  23  20 
 Spine 7  37  40  54  55 
 Mean  31  30  35  35 
 Stdev  17  14  22  24 
 95 % CI  10  16  17 

 95 % CI upper bound  40  52  53 
 95 % CI lower bound  20  19  18 

 Axial rotation  Intact 
 Ilio sacro ligament 
cut (l-ISL cut) 

 Posterior ligaments 
cut (L-PL complex cut)  L5-S1 rods 

 Spine 1  0.25  0.25  0.31  0.33 
 Spine 2  0.30  0.27  0.32  0.31 
 Spine 3  0.99  1.03  1.03  1.37 
 Spine 4  1.25  1.22  1.45  1.42 
 Spine 5  0.48  0.49  0.52  0.56 
 Spine 6  0.28  0.26  0.29  0.32 
 Spine 7  0.37  0.39  0.46  0.41 
 Mean  0.56  0.56  0.62  0.68 
 Stdev  0.40  0.40  0.45  0.50 

 Increase  Increase  Increase 
 0.141421356  −2.354911186  −0.969189495 
 0.553917039  0.028338378  0.184940177 
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 Axial rotation  Intact 
 Ilio sacro ligament 
cut (l-ISL cut) 

 Posterior ligament cut 
(L-PL complex cut)  L5-S1 rods 

 Spine 1  67  66  81  86 
 Spine 2  233  211  249  242 
 Spine 3  69  71  71  95 
 Spine 4  53  51  61  60 
 Spine 5  47  49  51  56 
 Spine 6  61  56  61  69 
 Spine 7  81  84  101  90 
 Mean  87  84  96  100 
 Stdev  65  57  69  65 
 95 % CI  43  51  48 

 95 % CI upper bound  127  148  148 
 95 % CI lower bound  42  45  52 

 ROM (degrees) right  Flexion- extension   Intact  Lateral bending  Intact  Axial rotation  Intact 

 Spine 1  0.34  Spine 1  0.07  Spine 1  0.23 
 Spine 2  0.11  Spine 2  0.08  Spine 2  0.32 
 Spine 3  1.54  Spine 3  0.39  Spine 3  1.04 
 Spine 4  2.46  Spine 4  0.58  Spine 4  1.30 
 Spine 5  0.94  Spine 5  0.19  Spine 5  0.45 
 Spine 6  0.49  Spine 6  0.09  Spine 6  0.26 
 Spine 7  0.44  Spine 7  0.17  Spine 7  0.36 
 Mean  0.90  Mean  0.22  Mean  0.57 
 Stdev  0.83  Stdev  0.19  Stdev  0.42 
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  A 
  Arthrodesis, posterior lateral open approach 

 advantages and disadvantages , 125, 126  
 bilateral exposure , 124  
 Bloom’s description , 121–123  
 complications , 129  
 fi brous dysplasia , 125  
 Gaenslen’s transiliac approach , 119, 121  
  vs.  minimally invasive approaches , 129–130  
 outcomes , 128–129  
 pelvic trauma, internal fi xation , 125, 126  
 preoperative CT , 127, 128  
 Smith-Petersen technique , 119–121, 123    

  B 
  Belanger technique , 91–93   
  Bone morphogenic protein (BMP) , 107   
  Borgess Brain and Spine Institute (BBSI) , 2–3, 

47, 52, 57, 61, 62, 69, 75, 78, 93, 101, 
102, 104    

  C 
  Castellvi type II, LSTV , 51, 52  

    D 
  Degenerative osteoarthritis (OA) , 46, 47  
   Dysfunctional sacroiliac joint (SIJ) 

 alternate procedures , 177  
 anterior–posterior plane 

 30° cephalad position, inlet view , 71–73  
 30° cephalad position, outlet view , 71–73  
 pelvis , 71, 72  
 skeletal anatomy , 71, 72  

 arthrodesis , 12  
 BBSI , 2–3, 69  
 bilateral , 178–179  
 causes for , 7  
 CINAHL , 8  
 defi nition , 1  
 diagnostic algorithm 

 acupuncture , 63  
 acute/chronic pain , 58  

 chronic pain management , 64  
 clinical examination , 59, 60  
 conservative treatment , 60  
 dyspareunia evaulation , 59  
 fusion , 63–64  
 imaging studies , 60–61  
 injections , 61–63  
 manipulation , 61  
 neuroaugmentation , 63  
 pain location , 58  
 patient’s history , 58  
 physical therapy , 61  
 postoperative narcotics , 64  
 prolotherapy , 63  
 radiofrequency ablation , 63  
 restrictions after , 64  
 scoliosis , 58  
 sleeping , 59  
 steps in , 64, 65  
 stumbling , 59  
 trouble sitting , 59  
 viscosupplementation , 63  

 education and societal commitments , 2  
 EMBASE , 8  
 Federal Drug Administration (FDA) , 2  
 joint three-dimensional orientation 

 fl uoroscopy , 70  
 K-wires , 70, 71  
 propeller-like confi guration , 70, 72  

 learning curve , 179–180  
 literature , 1–2  
 lumbosacral pathology , 181–182  
 MEDLINE (OVID) , 8  
 minimally invasive dorsal approach , 10  
 minimally invasive lateral approach , 10–12  
 morbid obesity , 180  
 objectives , 4  
 off-label uses , 4  
 open, dorsal approach , 8–10  
 philosophical approach , 3–4  
 realignment , 177–178  
 revision surgery , 180–181  
 surgeon training , 175–176  
 surgical treatment 

 bilateral posterior fusion , 13  

                       Index 
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 Dysfunctional sacroiliac joint (SIJ) (cont.) 
 invasive posterior approach surgical procedures , 13  
 midline fascial splitting approach , 12  
 outcome measures , 12  
 pseudoarthrosis rate , 13  

 surgical treatment for , 182–183  
   Dyspareunia , 59  

    F 
  Federal Drug Administration (FDA) , 2, 4, 49, 83, 101, 

104, 107, 117, 146, 183  
   Flat back syndrome , 154, 155  
   Foraminal stenosis , 46  
   Fortin fi nger test , 45  

    H 
  Home exercise program (HEP) , 163  

    I 
  Investigational Review Board (IRB) , 107, 112, 113, 117  

    L 
  Lateral minimally invasive approach 

 closure , 87  
 complications and reoperations , 89–90  
 contraindications , 84  
 guide wire placement 

 fi nal inlet view , 88, 89  
 fi nal lateral view , 88, 89  
 fi nal outlet view , 88, 89  
 initial pin, fi nal placement , 86, 87  
 lateral view, initial pin placement and trajectory , 

86, 87  
 lateral view, second pin placement , 87, 88  
 outlet view, initial pin placement and trajectory , 

86, 87  
 outlet view, second pin placement , 87, 88  

 hardware placement 
 drilling , 86, 88  
 initial screw , 87, 88  

 indications and uses , 83–84  
 intraoperative image planning 

 lateral view , 85  
 pelvic inlet view , 84, 85  
 pelvic outlet view , 84, 85  
 posterior wall, sacrum , 85  
 safe zones , 85  

 patient positioning , 84  
 postoperative management , 89  
 skin marking , 85–86  
 tubular retractor placement , 86, 88  

   Long lumbosacral fusion 
 adjacent segment disease , 151  
 case fi ndings 

 bilateral SIJ instrumentation , 154  
 “fl at back” syndrome , 154, 155  

 image guided diagnostic injection , 153, 154  
 lumbosacral instrumented fusions , 153  
 PA scoliosis fi lm , 154, 155  
 subtraction osteotomy , 154, 156–157  

 iliac bone graft harvesting , 152  
 positive sagittal balance, elderly patients , 152–153  
 sacroiliac joint fi xation , 152  
 sacrum 

 anterior column fusion , 152  
 Galveston technique , 151  
 modular screw development , 151–152  

   Lumbosacral transitional vertebrae (LSTV) , 16  
 Castellvi type II , 51  
 CT scan , 52  

    M 
  Minimally invasive approach 

 aspiration and biopsy , 115–117  
 bilateral fusions , 114  
 cage insertion , 111–112  
 closure , 112, 113  
 complications and reoperations , 113  
 drill bit , 109, 111  
 etiology , 107–108  
 incision , 109, 110  
 indications and contraindications , 108  
 K-wire , 110  
 lumbosacral fusion , 114  
 pain, and functional statistics , 114  
 patient positioning , 108  
  vs.  posterior lateral open approach , 129–130  
 postoperative management , 112–113  
 preoperative preparation 

 cephalad and caudal margins , 108, 109  
 safe zone , 108, 110  

 procedural data , 113  
 products, off-label use of , 113  
 salvage surgery , 114  

    O 
  Obesity , 137  
   Optotrak Certus software , 38  

    P 
  Physical therapy 

 ascending and descending stairs , 162  
 belt and proper placement , 162  
 brace wearing , 162  
 correcting tissue and joint dysfunction , 165–166  
 ergonomic evaluation , 167  
 force closure, sacroiliac joint , 162, 163  
 goals of , 161  
 gross strength and range of motion (ROM) , 164  
 HEP , 163  
 mobility , 167  
 mobility evaluation , 164  
 neurological examination , 164–165  

Index
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 pain control , 165  
 patient education , 161  
 scar mobilizations , 165  
 single-leg stance exercises , 167–168  
 sport-specifi c exercises , 168  
 stabilization , 166–167  
 subjective and objective examination , 163–164  
 weight-bearing restrictions , 162  

   Posterior inferior approach 
 minimally invasive surgical techniques, SIJ fusions , 

135, 136  
 cartilaginous portion , 136, 138  
 lateral view , 136, 137  
 posterior view , 136, 138  

 open procedures 
 PEEK IBFDs , 135, 136  
 trans-SIJ screws, fi xation , 134  

   Posterior inferior fusion-minimally invasive surgical 
(PIF-MIS) technique , 139–143  

   Posterior lateral open approach, SIJ arthrodesis 
 advantages and disadvantages , 125, 126  
 bilateral exposure , 124  
 Bloom’s description , 121–123  
 complications , 129  
 Gaenslen’s transiliac approach , 119, 121  
 indications 

 fi brous dysplasia , 125  
 pelvic trauma, internal fi xation , 125, 126  

  vs.  minimally invasive approaches , 129–130  
 outcomes , 128–129  
 preoperative CT , 127, 128  
 Smith-Petersen technique , 119–121, 123  

   Posterior midline approach 
 Belanger technique , 91–93  
 bilateral SIJ fusions , 102  
 bone grafting, rod placement, and compression , 98, 99  
 bone removal and posterior ligaments , 96  
 cage/bone dowel, placement of , 96–98  
 cluneal nerves , 91, 92  
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