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Abstract 

The burden of non-specific low back pain in the population is substantial. 

Putative sacroiliac joint pain or 'sacroiliac syndrome' is a significant subset of this 

condition. Localisable pain over the long posterior sacroiliac ligament (LPSL) is often 

described as both a clinical sign and symptom of this syndrome. The aim of this 

qualitative morphological investigation was to investigate a potential basis for a 

patho-anatomic relationship between the long posterior sacroiliac ligament (LPSL) 

and the posterior sacrococcygeal plexus (PSP). Twenty-two cadavers were available 

for study. Three methods were utilised: macro-dissection (n = 22 sides), small wax 

block histology (n = 3 sides), large wax block histology (n = 1 side), giant wax block 

histology (n = 4 sides) and a review of El2 sheet plastinated transverse and sagittal 

sections (n = 4 sides). 

The LPSL was demonstrated to have a layered structure that was penetrated by 

the lateral branches of the dorsal sacral rami. A segmental relationship was observed 

between the lateral branches of the dorsal sacral rami and the LPSL. The posterior 

layer of the thoracolumbar fascia was not continuous with the superficial layer of the 

LPSL, deep to the fibres of gluteus maximus. The LPSL was shown to have three 

morphologically distinct regions, the proximal, mid and distal LPSL. A confluence of 

three layers was observed at the mid LPSL posterior to the sacroiliac joint (SIJ) 

namely the erectores spinae aponeurosis (ESA), the gluteal aponeurosis (GA) and the 

deep fascial layer from the second and third medial dorsal sacral foramina. A region of 

adipose and loose connective tissue was evident deep to the deep fascial layer in 

which lateral branches of the dorsal sacral rami were observed. In the region of the mid 

LPSL between the inferior PSIS and the third sacral transverse tubercle (ST), the 

attachment of the ESA to sacral bone was absent. This space was occupied by the 

continuous underlying region of adipose and loose connective tissue. At its greatest 



extent, this region was observed between the central sacral canal medially and the 

gluteal aponeurosis laterally. This study suggests that the LPSL may be better 

described as a retinaculum for the lateral branches of the dorsal sacral rami. 

These morphological findings provide a basis for the existence of a potential 

patho-anatomical mechanism that may explain localised pain in the posterior 

sacroiliac region, usually interpreted as referred pain from the sacroiliac joint. The 

lateral branches of the dorsal sacral rami may have a potential vulnerability to trauma 

or ischaemic challenge in this region, which may account for SIJ related 'non-specific' 

low back pain or for pregnancy related peripartum pelvic pain. Furthermore, a 

morphological basis for the anatomical confounding of SIJ tests is shown. 

ii 



Acknowledgements 

In the first instance, I am appreciative of the professional guidance of my PhD 

committee and in particular, for the support and patience of Professor Helen 

Nicholson whose unerring insight guided the process and the drafting of this thesis. 

The Chair of my PhD Committee, Dr Nancy Tayles, began the journey with me in 

1996 as my Masters degree supervisor and has always been a measured and steadying 

influence. Thank you Nancy. A particular debt of thanks is also due to Dr Peter 

Hurst whose expertise and guidance was invaluable. Others have contributed most 

generously of their professional time, Mr Kenneth Turner and Mrs Lynda Duncan 

especially. 

I have benefited from substantial amounts of technical support at the microscope, 

fortunately accompanied with quantities of acerbic, sanity-supporting humour. Mr. 

Andrew McNaughton is indeed a bulwark of focussed knowledge. My gratitude also, 

to Mrs. Diane Potter in the Histology Service Unit and to Mr. Barry Baxter at 

Electromechanical Technology (Emtech). 

Although 'eating an elephant' may be theoretically accomplished one bite at a 

time, I have found that it cannot be undertaken as a singular process. Many challenges 

inevitably arise, some anticipated others not. Predictably, the latter led to more 

distressing bouts of indigestion. Support under such circumstances was critical, going 

well beyond the need of a simple cathartic comment. Consequently, the sustained 

personal support, through the tolerance and humour of friends, some of whom felt 

understandably neglected by this self-absorption, was instrumental to the 

accomplishment of this project. In this regard, Dr Stephanie Woodley has been a 

stalwart friend, critic and colleague through thick and thin, and to whom I am 

profoundly grateful. Somewhat further away across the Tasman Sea a colleague and 

friend-in-arms, Dr Nicholas Penney's parallel path at the University of Queensland 

111 



has provided its own measure of reassurance and encouragement; indeed, troubles 

shared are troubles halved, as the saying goes. Further still, Professor Alasdair Millar 

of Royal Perth Hospital, University of Western Australia, clinician and 

pharmacologist, educator, airline company executive and pilot, drawing-room pianist 

and skeptical philanthropist has, in spite of many pressing obligations, always been 

ready to patiently listen. And farthest away on the other side of the World, lending 

their love unremittingly, my parents Maurice and Gisela. 

Finally, the gratitude that I owe to my wife AeJa is immeasurable. Your love, 

infinite patience and more than equal dedication to the process made this work 

achievable. I learn from you constantly. 

iv 



Contents 

Abstract 

Acknowledgements iii 

Contents v 

List of Tables xii 

List of Figures xiii 

List of Abbreviations xvii 

1 Introduction 1 

1.1 Preamble .......................................................................................... 1 

1.2 Introducing the problem .................................................................. 1 

2. Review of the literature 6 

2.1 Overview of the anatomy of the sacroiliac region ........................... 6 

2.1.1 Preamble ............................................................................ 6 

2.1.2 Sacroiliac region, development and shape of the 

sacroiliac joint. ................................................................... 6 

2.1.3 The sacrum ........................................................................ 7 

2.1.4 The ilium ......................................................................... 12 

2.1.5 Classification of the sacroiliac joint ................................. 15 

2.1.6 The sacroiliac joint and motion ....................................... 17 

v 



2.2 The posterior sacroiliac ligaments ................................................. 26 

2.2.1 Overview of the posterior sacroiliac joint ligaments 

described in anatomical texts ........................................... 26 

2.2.2 Review of the anatomical research literature of the 

long posterior sacroiliac ligament .................................... 31 

2.3 The posterior sacral plexus .......................................................... .40 

2.3 .1 The anatomy of the posterior sacrococcygeal plexus 

described in anatomical textbooks .................................. 40 

2.3.2 Anatomical research literature and the posterior 

sacrococcygeal plexus ...................................................... 43 

2.3.3 A possible relationship between the long posterior 

sacroiliac ligament and the posterior sacrococcygeal 

plexus .............................................................................. 48 

2.3.4. The long posterior sacroiliac ligament as a 

pain generating structure ......................................... : ....... 50 

2.4 Summary ....................................................................................... 57 

2.4.1 Thesis aims ...................................................................... 58 

3 Cadaveric materials 59 

3.1 Preamble ........................................................................................ 59 

3.2 Available cadavers ......................................................................... 59 

3.3 Embalming fluids and tissue fixation ............................................. 59 

3.4 Cadaveric material: macro-dissection ............................................ 60 

3.5 Cadaveric material: histology ........................................................ 60 

3.6 E 12 epoxy-resin, sheet plastinated, cadaveric material.. ............... 61 

4 Macro-dissection study 62 

4.1 Macro-dissection methods ............................................................ 62 

4.1.1 Exposing the long posterior sacroiliac ligament.. ............. 62 

4.1.2 Identifying the posterior sacrococcygeal plexus ............. 63 

4.1.3 Macro-dissection image capture ...................................... 64 

4.2 Macro-dissection results ............................................................... 65 

4.2.1 Preamble .......................................................................... 65 

vi 



4.2.2 The long posterior sacroiliac ligament: 

layered morphology ........................................................ 65 

4.2.3 The lateral branches ofthe dorsal sacral rami and the 

long posterior sacroiliac ligament. ................................... 79 

4.2.4 The posterior sacrococcygeal plexus and the 

long posterior sacroiliac ligament .................................... 84 

4.2.6 Summary of dissection results ........................................ 86 

4.3 Discussion of macro-dissection results ......................................... 87 

4.3.1 Preamble .......................................................................... 87 

4.3.2 The layered morphology ofthe long posterior 

sacroiliac ligament ............................................................ 88 

4.3.3 Layering and adjacent structures ..................................... 90 

4.3.4 The long posterior sacroiliac ligament and the 

posterior sacrococcygeal plexus ................................... , .. 93 

4.3.5 Clinical consideration of morphological findings ............. 94 

4.3.6 Limitations ...................................................................... 95 

4.3.7 Implications ..................................................................... 96 

5 Histological study of the long posterior sacroiliac ligament 98 

5.1 Histological methods ..................................................................... 98 

5.1.1 Preamble .......................................................................... 98 

5 .1.2 Harvesting the long posterior sacroiliac 

ligament (SN 1, 3, and 5) .................................................. 98 

5 .1.3 Processing ...................................................................... 101 

5.1.4 Sectioning (SN 1) ........................................................... 101 

5.1.5 Staining (SN 1) ............................................................... 102 

5.1.6 Processing, sectioning and staining (SN 3) ..................... 1 03 

5 .1. 7. Processing, sectioning, staining ( SN 5) .......................... 103 

5.1.8 Cover-slipping and mounting medium (SN 1, 3, 5) ....... 103 

5 .1. 9 Image capture ................................................................ 1 03 

5 .2 Results ........................................................................................ 1 04 

5 .2.1 Preamble ........................................................................ 104 

5.2.2 Layered morphology ..................................................... 104 

vii 



5.2.3 The long posterior sacroiliac ligament and 

gluteus maxim us insertion ............................................. 113 

5 .2.4 Summary of small block histology results .................... 115 

6 Protocol large block study 116 

6.1 Methods ...................................................................................... 116 

6.1.1 Preamble ........................................................................ 116 

6.1.2 Radiographic confi1mation and harvesting (SN 6) ......... 116 

6 .1.3 Decalcification ............................................................... 117 

6.1.4 Large tissue protocol block processing ......................... 121 

6.1.5 Dehydration .................................................................. 122 

6.1.6 Clearing .......................................................................... 122 

6 .1. 7 Wax impregnation .......................................................... 123 

6.1. 8 Embedding and mounting .............................................. 124 

6.1.9 Base sledge microtome .................................................. 125 

6.1.1 0 Glass slide treatment.. ................................................... 130 

6.1.11 Sectioning ...................................................................... 131 

6.1.12 Section mounting ........................................................... 132 

6 .1.13 De-waxing large sections ............................................... 13 3 

6.1.14 Application of mounting media and cover slip ............. 13 5 

6.2 Protocol block results ................................................................. 135 

6.2.1 Preamble ........................................................................ 135 

6.2.2 Deep fasciallamina ........................................................ 136 

6.2.3 The supero-mediallong posterior sacroiliac ligament ... 140 

6.2.4 Summary of protocol block results ............................... 142 

7 Giant tissue block study 143 

7.1 Methods ...................................................................................... 143 

7.1.1 Preamble ........................................................................ 143 

7 .1.2 Radiographic confirmation and harvesting .................... 144 

7.1.3 Decalcification with ethylene-diamine-

tetra-acetic acid .............................................................. 144 

7 .1.4 Tissue firmness ............................................................. 146 

7.1.5 Tissue block bisection ................................................... 146 

viii 



7.1.6 Tissue block processing ................................................ 147 

7.1.7 Sectioning and staining (SN 7, 8, 9, 10) ......................... 149 

7.1.8 Staining method (SN 7, 8, 9 and 10) .............................. 152 

7 .1.9 Application of mounting media and cover slip ............. 152 

7 .1.1 0 Image capture equipment and software ......................... 15 3 

7.2 Results ........................................................................................ 153 

7.2.1 Preamble ........................................................................ 153 

7.2.2 Thoracolumbar fascia and the long posterior 

sacroiliac ligament. ......................................................... 15 7 

7 .2.3 The proximal long posterior sacroiliac ligament.. .......... 161 

7.2.4 The mid long posterior sacroiliac ligament.. .................. 168 

7.2.5 The distal long posterior sacroiliac ligament ................. 176 

7.2.6 Contrasting ligamentous morphology: 

the short posterior sacroiliac ligament and the 

long posterior sacroiliac ligament .................................. 179 

7 .2. 7 Summary of results ....................................................... 181 

7.3 Discussion of histology results ................................................... 183 

7.3.1 Key considerations ........................................................ 183 

7.3.2 Regional and functional differentiation ofthe 

long posterior sacroiliac ligament .................................. 187 

7.3 .3 The thoracolumbar fascia .............................................. 190 

7.3.4 Deep fasciallayer .......................................................... 190 

7.3.5 Summary ....................................................................... 191 

7.3.6 Limitations .................................................................... 192 

8 E12 epoxy resin, sheet plastinated sections 193 

8.1 Introduction to E12 epoxy resin sheet plastination .................... 193 

8.1.1 The plastination process ............................................... 193 

8.1.2 E 12 sheet plastinated material.. ..................................... 194 

8.1.3 Orientation of the sectioning plane and imaging ............ 194 

8.1.4 Image capture ................................................................ 195 

8.2 E12 sheet plastination results ..................................................... 197 

8.2.1 Preamble ........................................................................ 197 

ix 



8.2.2 The proximal long posterior sacroiliac ligament.. .......... 200 

8.2.3 The mid long posterior sacroiliac ligament.. .................. 200 

8.2.4 The distal long posterior sacroiliac ligament ................. 206 

8.2.5 Sagittal El2 plastinated sections and the 

long posterior sacroiliac ligament .................................. 206 

8.2.6 Summary ....................................................................... 210 

8.3 Discussion ofE12 sheet plastinated results ............................... 211 

8.3.1 Preamble ........................................................................ 211 

8.3.2 The long posterior sacroiliac ligament and 

the thoracolumbar fascia ................................................ 211 

8.3.3 Layered morphology of the 

long posterior sacroiliac ligament .................................. 213 

8.3.4 Adipose and loose connective tissue layer. ................... 214 

8.3.5 Limitations .................................................................... 215 

9 Final discussion 217 

9.1 Clinical considerations ................................................................ 217 

9.1.1 Preamble ........................................................................ 217 

9 .1.2 The long posterior sacroiliac ligament and 

sacroiliac joint pain ........................................................ 21 7 

9.1.3 Sacroiliac joint pain 'referral' and long posterior 

sacroiliac ligament related pain ...................................... 219 

9.1.4 Sacroiliac joint pain and the comparative 'gold standard' 

of sacroiliac joint intra-articular blockade ...................... 221 

9.1.5 A new patho-anatomy .................................................. 222 

9 .1. 6 The long posterior sacroiliac ligament and 

peripartum pain ............................................................. 226 

9 .1. 7 The sacroiliac joint and pyogenic sacroiliitis ................. 228 

9 .1. 8 Bony landmarks of the dorsal sacral region ................... 228 

9.2 Further investigation ................................................................... 229 

9 .2.1 Anatomical variation of the long posterior sacroiliac 

ligament ......................................................................... 229 

X 



9.2.2 Biomechanical function of the long posterior 

sacroiliac ligament. ......................................................... 230 

9.2.3 Clinical study of the long posterior sacroiliac ligament: 

pain generator ................................................................ 230 

10 Conclusions 231 

10.1 Anatomical conclusions .............................................................. 231 

10.2 Patho-anatomical conclusion ....................................................... 233 

10.3 Biomechanical conclusion ........................................................... 233 

Bibliography 

Appendices 

Appendix A 

Appendix B 

Appendix C 

Appendix D 

Appendix E 

Appendix F 

Appendix G 

Appendix H 

Appendix I 

235 

257 

Cadaveric data ............................................................ 258 

Embalming fluids ........................................................ 259 

Publication ................................................................. 260 

Initial ligament processing protocol. .......................... 264 

Beesoplast wax re-impregnation, re-embedding 

protocol. ..................................................................... 265 

Harris haematoxylin and alcoholic eosin staining 

protocols for large wax blocks ................................... 266 

Verhoeff haematoxylin for elastic tissue .................... 267 

van Gieson staining method for collagen fibres .......... 268 

Acid de-calcification protocol and tissue block 

processing protocol. ................................................... 269 

Appendix J Radiological assessment ofblock de-mineralisation ... 270 

Appendix K Processing schedule for protocol large tissue block ... 271 

Appendix L Acid washing of glass slides and albumin coating 

of glass slides ............................................................. 272 

Appendix M 3-amino-propyl-triethoxy-silane (APES) 

coating of slides ......................................................... 273 

Appendix N Protocol block sectioning data (SN 6) ........................ 274 

Appendix 0 Tissue block linear dimensions .................................. 275 

Appendix P Revised processing schedule for giant tissue blocks .. 276 

xi 



List of Tables 

Table 1. The relationship between the lateral neurovascular 

branches of the dorsal sacral rami and 

the LPSL (n = 22 sides) .................................................... 79 

xii 



List of Figures 

Figure 2.1.1 

Figure 2.1.2 

Figure 2.1.3 

Figure 2.1.4 

Figure 2.1.5 

Figure 2.1.6 

Figure 2.1. 7 

Figure 4.2.1 

Figure 4.2.2 

Figure 4.2.3 

Figure 4.2.4 

Figure 4.2.5 

Figure 4.2.6 

Figure 4.2. 7 

The ventral (A) and dorsal (B) aspects of the 

osseous sacrum ....................................................... 9 

The medial aspect ofthe ilium (A) and the lateral 

sacrum (B) ............................................................ 11 

The ring of the pelvis ............................................ 14 

Right-handed Cartesian axis, anatomical planes 

and motion ............................................................ 18 

Classical theory of nutation and 

counter-nutation .................................................... 20 

The ligaments of the posterior sacroiliac joint 

and region ............................................................. 28 

The variable posterior sacrococcygeal plexus ........ 42 

The superficial region overlying the long 

posterior sacroiliac ligament ................................. 67 

The superficial layer of the long posterior 

sacroiliac ligament.. .............................................. 68 

Multifidus and the superficial long posterior 

sacroiliac ligament ................................................ 69 

Gluteus maximus, the erectores spinae aponeurosis 

and the long posterior sacroiliac ligament ............. 73 

Gluteus maximus attachment to the long posterior 

sacroiliac ligament.. .............................................. 7 4 

Medial aspect of the long posterior 

sacroiliac ligament.. .............................................. 7 5 

Ligamentous 'floor' deep to multifidus ................. 76 

xiii 



Figure 4.2.8 

Figure 4.2.9 

Figure 4.2.1 0 

Figure 4.2.11 

Figure 4.2.12 

Figure 4.2.13 

Figure 5.1.1 

Figure 5.1.2 

Figure 5.2.1 

Figure 5 .2.2 

Figure 5 .2.3 

Figure 5.2.4 

Figure 5.2.5 

Figure 6.1.1 

Figure 6.1.2 

Figure 6.2.1 

Fenestration of the ligmentous 'floor' at the 

third dorsal sacral foramen ...................................... 77 

Exposure of the lateral branches at the 

long posterior sacroiliac ligament ............................ 78 

Lateral branches of the dorsal sacral rami deep to 

the long posterior sacroiliac ligament ...................... 81 

The deep ligamentous 'fat pad' ............................... 82 

Penetration by layer at the long posterior 

sacroiliac ligament. ................................................... 83 

Lateral branches of the dorsal sacral rami and the 

long posterior sacroiliac ligament: a close 

relationship .............................................................. 85 

Removal of the long posterior sacroiliac 

ligament ................................................................... 99 

Bisected long posterior sacroiliac ligament 

orientation in the wax block .................................. 100 

The lateral branches within the long posterior 

sacroiliac ligament. ................................................. 107 

Lateral branch pairs within the long posterior 

sacroiliac ligament. ................................................. 1 08 

Medial penetration of the long posterior 

sacroiliac ligament by a lateral branch of the 

dorsal sacral rami ................................................... 111 

The mid and distal long posterior 

sacroiliac ligament. ................................................. 112 

Direct and indirect attachment of gluteus maximus 

fibres to the superficial layer ofthe 

long posterior sacroiliac ligament .......................... 114 

Base sledge microtome and giant wax block .......... 128 

Section cutting, 'roll-up' and fragmentation .......... 129 

Neurovascular structures at the 

second dorsal sacral foramen ................................. 13 8 

xiv 



Figure 6.2.2 

Figure 6.2.3 

Figure 7 .1.1 

Figure 7.1.2 

Figure 7 .2.1 

Figure 7.2.2 

Figure 7.2.3 

Figure 7.2.4 

Figure 7 .2.5 

Figure 7.2.6 

Figure 7.2. 7 

Figure 7.2.8 

Figure 7.2.9 

Figure 7.2.10 

Figure 7 .2.11 

Figure 7.2.12 

Figure 7.2.13 

Figure 7.2.14 

Figure 7 .2.15 

Figure 7 .2.16 

Deep fascial layer of the second 

dorsal sacral foramen ............................................. 139 

Para-sagittal section of the lateral branch of the 

second dorsal sacral ramus .................................... 141 

Giant wax block shrinkage ..................................... 148 

Adjustable buttressing bar ..................................... 151 

Cadaveric morphological variation ........................ 156 

The thoracolumbar fascia and the erectores 

spinae aponeurosis ................................................ 159 

The thoracolumbar fascia and the long posterior 

sacroiliac ligament. ................................................. 160 

The first dorsal sacral foramen and the 

sacroiliac joint ........................................................ 162 

The first dorsal sacral ramus and branch ............... 163 

The proximal long posterior sacroiliac ligament.. .. 165 

Layered morphology at the proximal 

long posterior sacroiliac ligament .......................... 166 

Widespread innervation of the long posterior 

sacroiliac ligament. ................................................. 167 

The long posterior sacroiliac ligament at a 

confluence of layers ............................................... 169 

Boundary fold or 'isthmus' ofthe deep 

fascial layer ............................................................ 170 

The sub ligamentous adipose and loose 

connective tissue region ......................................... 172 

Continuity of the adipose and loose 

connective tissue region ......................................... 173 

Emergent recurrent branch from the 

third dorsal sacral ramus ........................................ 1 7 5 

The distal long posterior sacroiliac ligament ......... 177 

The inferior aspect of the third sacral 

transverse tubercle ................................................. 178 

The short posterior sacroiliac ligament ................. 180 

XV 



Figure 8.1.1 

Figure 8.2.1 

Figure 8.2.2 

Figure 8.2.3 

Figure 8.2.4 

Figure 8.2.5 

Figure 8.2.6 

Figure 8.2.7 

Figure 8.2.8 

Figure 9 .1.1 

E12 sheet plastinated transverse section 

orientation ............................................................. 196 

E 12 sheet plastination and the thoracolumbar 

fascia ...................................................................... 199 

Neurovascular lateral branches .............................. 202 

The proximal long posterior sacroiliac ligament .... 203 

The sub-ligamentous 'space' and layered 

morphology ........................................................... 204 

The layered morphology of the mid 

long posterior sacroiliac ligament.. ........................ 205 

The distal long posterior sacroiliac ligament ......... 207 

Layered morphology of the long posterior 

sacroiliac ligament. ................................................. 208 

The 'metameric' deep foramina! fascia .................. 209 

Key findings: schematic representation ................ 224 

xvi 



List of Abbreviations 

APES 

DPX 

EDTA 

ESA 

F 

GA 

GMx 

GMd 

H&E 

Hist 

ID 

(L) 

LPSL 

LVN 

MR 

M 

MRT 

PSIS 

PSP 

q.v. 

(R) 

RSA 

SIJ 

SD 

SN 

SPL 

SPSL 

3-Amino-propyl-triethoxy-silane 

Dibutyl phthalate in xylene 

Eythl diamine tetra acetic acid 

Erectores spinae aponeurosis 

Female 

Gluteal aponeurosis 

Gluteus maximus 

Gluteus medius 

Harris Haematoxylin and alcoholic eosin 

Histology 

Identification 

Left side 

Long posterior sacroiliac ligament, ligamentum posticum longum 

Low viscosity nitrocellulose 

Nuclear magnetic resonance 

Male 

Medical radiation technologist 

Posterior superior iliac spine 

Posterior sacral plexus 

quod vide 'which seen' 

Right side 

Radiostereometric analysis 

Sacroiliac joint 

Standard deviation 

Serial number 

Short posterior ligaments 

Short posterior sacroiliac ligament 

xvii 



S T Third lateral sacral tubercle 

TLF Thoracolumbar fascia 

VG van Gieson stain 

VVG Verhoeff van Gieson stain 

xviii 



1 Introduction 

1.1 Preamble 

Solonon (1957) described the problem ofSIJ pain succinctly, "There probably are 

no definitely certain diagnostic means to localize the aetiological factor to the SIJ and 

there exist nearly as many opinions on this point as there are writers." ... "It is 

apparent, however, that lesions of the sacroiliac joint are rare, due basically to the 

anatomic structure of the joint, concerning which, there have been expressed 

surprisingly greatly divergent opinions." 

Recently, Cohen, (2007) in a leading editorial in Regional Anesthesia and Pain 

Management entitled 'Epidemics, Evolution, and Sacroiliac Joint Pain' stated, "If the 

evolution of sacroiliac joint pain treatment were measured on a clock, the time would 

be no later than 12.01AM. Our state of knowledge on the etiology, diagnosis and 

treatment of the condition is in its earliest stages of infancy." ... "Questions still 

abound as to what causes or predisposes people to develop sacroiliac joint pain, how 

best to diagnose it, and what the optimal treatment is." 

It is hoped that the following investigation advances the 'clock'. 

1.2 Introducing the problem 

'Non-specific' low back pain is defined to be pain that occurs primarily in the 

back that suggests neither nerve root compromise nor serious underlying condition 

(Bigos et al. 1994:8). It is described to be localised to a region below the line of the 

twelfth rib and above the inferior gluteal folds, occurring with or without leg pain 

(Anderson 1986). It is the most prevalent musculoskeletal condition in Western 
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countries affecting nearly everyone at some point in their lives and between 4 - 33% 

of the population at any given moment (Woolf and Pfleger 2003). It has also been 

described as an epidemic that is insidiously destroying the fabric of our society 

(Cohen 2007). 

'Non-specific' low back pain may be caused by many conditions both serious and 

benign (Bratton 1999), but is widely acknowledged to be both a common and a 

recurrent symptom (Bigos eta!. 1994:1; Abbott and Mercer 2002; ARCIC, 2003). 

As the diagnostic terminology suggests, little is conveyed by the clinical presentation 

of 'non-specific' low back pain that reliably indicates a specific underlying cause 

(Bigos eta!. 1994:8; Scott eta!., 2003:485 - 486). Nevetiheless, many underlying 

causes of which the SIJ is one, have been identified by clinicians and anatomists 

(Mixter and Barr 1934; Bernard and Kirkaldy-Willis 1987; Rapkin 1999:645; 

Bogduk and McGuirk 2002; Hansen and Helm 2003; Bogduk 2004). 

It is contended that in as many as 85% ofpatients, 'non-specific' low back pain is 

a 'diagnostic' term applied to a condition for which there may be no specific diagnosis 

(Abraham and Killackey-Jones 2002). As a 'diagnostic' term it obviates the need to 

determine a specific underlying anatomical cause or make a specific diagnosis 

(Abraham and Killackey-Jones 2002). Indeed, it was stated that even after extensive 

work-up only about 15% of patients with non-specific low back pain can be given a 

definitive diagnosis (Kelsey 1982:5 - 8). However, a counter-point to the 'prevailing 

nihilistic opinion' suggests that diagnosis is possible 'in some 75% of cases' (Bogduk 

and McGuirk 2002: 123) and that a patho-anatomical basis for chronic low back pain 

may be identified (Bogduk 2004). The truth probably lies somewhere between these 

two perspectives. 

The sacroiliac joint (SIJ) has been described to be a cause of 'non-specific' low 

back pain (Bernard and Kirkaldy-Willis 1987; Schwarzer eta!. 1995; Cole et a!. 

1996; Bernard 1997; Fortin eta!. 1999b; Adams eta!. 2002; Hansen and Helm 

2003; Bogduk 2004; Dreyfuss eta!. 2004). SIJ dysfunction, of which SIJ pain is a 

feature, is also accepted as a clinical entity (WHO 1992; Meskey and Bogduk 1993; 

Holm eta!. 2002) with a variable prevalence of between 5 - 30% of the back pain 
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population (Schwarzer et al. 1995; Slipman et al. 2000; Hansen and Helm 2003). 

However, the prevalence of the SIJ as a cause of an acute low back pain episodes 

remains unknown (Adams et al. 2002:75). 

The infected SIJ convincingly demonstrates the 'non-specific' pain nature of SIJ 

pain. Here, the SIJ is unequivocally identified as an underlying cause of 'non-specific' 

low back pain in septic sacroiliitis (Zimmermann et al. 1996; De Toumemire et al. 

1997; Hodge and Bessette 1999; Attarian 2001 ), pneumococcal sacroiliitis (Pinson et 

al. 1997) and pyogenic sacroiliitis (Spoendlin and Zimmerli 1988; Tsai et al. 1999). 

Uncertainty about the diagnosis arises initially because the acute clinical presentation 

is 'non-specific', the symptoms and examination findings often mimic common 

pathologies ofthe hip, lumbosacral spine and abdomen (McGaughey 1996). 

A pathognomic set of signs and symptoms indicative of the SIJ as a cause of 'non

specific' low back pain continue to prove somewhat elusive, although several authors 

have endeavoured to identify them (Fortin et al. 1994a; Fortin et al. 1994b; 

Schwarzer et al. 1995; Fortin and Falco 1997; Laslett et al. 2005). Clinical studies 

also indicate that pain referred from the SIJ does not appear to be limited to the 

lumbar spine and buttocks (Slipman et al. 2000; Slipman et al. 2001 ). The clinical 

picture may be further confused as SIJ pain has also been described to simulate other 

conditions such as intervertebral disc syndrome (Norman and May 1956) or lower 

abdominal pain (Norman 1968). 

Most frequently, the investigation of putative SIJ pain quite literally lies in the 

hands of clinicians relying on manual clinical tests (Las lett 1997; Las lett et al., 2005). 

Such tests are well known and described in the literature (Beal 1982; Potter and 

Rothstein 1985; Dreyfuss et al. 1996; Laslett 1997; Cibulka and Koldehoff 1999; 

Levangie 1999; Albert et al., 2000; Freburger and Riddle 2001; Slipman et al. 2001; 

Kokmeyer et al. 2002; Hansen and Helm 2003; Ward 2003; Laslett et al. 2005). 

Unfortunately clinical tests of the sacroiliac joint have poor reliability and validity 

(van der Wurff et al. 2000a; van der Wurff et al. 2000b ). More recently, a composite 

of SIJ manual tests has been optimistically advocated as having 'significant diagnostic 

utility' for the detection of SIJ pain (Laslett et al. 2005). The use of manual clinical 
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tests is further complicated by the observation that they may not be uniformly and 

consistently applied amongst all clinicians (Levin and Stenstrom 2003). Such tests 

rely on mechanisms of force application and transmission that are necessarily 

haphazard and variable. 

Contrast guided, double local anaesthetic blockade of the SIJ is the diagnostic 

'reference standard' and sometimes described, 'gold standard', used to identify the SIJ 

as a cause of 'non-specific' low back pain (Hogan and Abram 1997; Calvillo et al. 

2000; Hildebrandt 2001; Las lett et al. 2005). However, as the SIJ possesses a 

variable, multi-segmental, overlapping innervation this imposes limitations on its' 

accurate identification as a pain generating structure by local anaesthetic blockade 

(Hogan and Abram 1997; Hildebrandt 2001). Nevertheless, pain-mapping techniques 

based on the 'reference standard' approach maintain that the SIJ may be pinpointed 

as a cause oflow back pain (Fortin et al. 1994a; Fortin et al. 1994b; Schwarzer et al. 

199 5; Fortin et al. 1997). Conversely, it has been suggested that there is 'no 'gold 

standard' for verifying the presence of SIJ pain to which the results of SI diagnostic 

block can be compared' (Saal 2002). 

Ligamentous structures found in the posterior sacroiliac region have the capacity 

to be pain-generating structures (Grob 1995). Sharing a similar innervation to the SIJ 

(Norman and May 1956; Norman 1968; Vleeming et al. 1996; O'Neill et al. 2002; 

Cohen and Salahadin 2003; Irwin and Harris 2004), these structures may limit a 

more definitive diagnosis (Vleeming et al. 2002). Local anaesthetic blockade of the 

fourth and fifth lumbar dorsal rami and lateral branch blocks of first to third dorsal 

sacral rami, appear to provide comparable relief when compared to SIJ blockade 

(Cohen and Salahadin 2003), suggesting that pain associated with SIJ ligamentous 

structures may be clinically indistinguishable from SIJ pain. 

In particular, large SIJ ligamentous structures like the long posterior sacroiliac 

ligament (LPSL) have been proposed to have a pain generating role in low back pain 

(Vleeming et al. 1996) and in peripartum low back pain (Vleeming et al. 2002). 

Anatomically, the neurovascular bundles of the lateral branches of the dorsal sacral 

rami are described to lie between 'numerous, discontinuous interwoven bands of 
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dense connective tissue' over the posterior sacral surface (Willard 1997: 15). On this 

basis it has been suggested that a potential for pain generation exists (Willard et a!. 

1998). However, an absence of detailed morphological information exists regarding 

this potential pathoanatomic relationship. Peripartum low back pain, a variant of 

'non-specific' low back pain within the defined circumstance of pregnancy, has also 

been identified as a significant problem (Wu eta!. 2004), and may involve the LPSL 

(Vleeming eta!. 2002). The pathoanatomic mechanisms for this are unknown although 

a mechanical 'counter-nutational strain' of the LPSL has been proposed (Vleeming et 

a!. 1996). 

In spite of the broad acknowledgement that the SIJ is one of many underlying 

causes of 'non-specific' low back pain, few underlying pathoanatomic mechanisms 

have been described that are based on detailed morphological study of the region. For 

example 'sacroiliac sprain caused by slip or subluxation' (Bonica 1990: 1505) 

'counter-nutational strain of the LPSL' (Vleeming eta!. 1996) and entrapment of the 

lateral branches of the dorsal sacral rami (Willard et a!. 1998) have been suggested. 

Morphological study of the detailed relationship between the LPSL and the lateral 

branches of the dorsal sacral rami (posterior sacrococcygeal plexus) has not been 

previously undertaken. Detailed morphological investigation of the LPSL may 

provide a better understanding of underlying potential pathoanatomic mechanisms 

that have been identified as a confounding cause of pain in the posterior sacroiliac 

regwn. 

The aim of this qualitative investigation is to develop an improved morphological 

understanding of the LPSL and its relationship to surrounding neurological, 

ligamentous and articular structures. The investigational hypothesis is that 

morphological structures of the posterior sacroiliac region, in particular the LPSL and 

the posterior sacrococcygeal plexus are related, providing a morphological basis for a 

potential patho-anatomic cause of localised sacroiliac joint pain. 
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2. Review of the literature 

2.1 Overview of the anatomy of the sacroiliac region 

2.1.1 Preamble 

'Anatomy is often portrayed and perceived as a dead science; in essence, whatever 

can be known is known, and is faithfully and comprehensively recorded in the great 

textbooks of anatomy' .... 'The sources of anatomical knowledge are often lost in 

antiquity. It is common for descriptions of gross anatomy to be copied (abridged or 

modified, but nonetheless copied) from earlier editions or from older textbooks' 

(Bogduk N, 1996). 

The purpose of this literature review is to highlight the functional anatomy of the 

sacroiliac region and to introduce the SIJ before devoting specific consideration to the 

LPSL and the posterior sacrococcygeal plexus (PSP). A general understanding of the 

region and the joint is a prerequisite for understanding the morphological and 

functional context of the LPSL and PSP. 

2.1.2 Sacroiliac region, development and shape of the sacroiliac joint 

The sacroiliac region is the posterior region of the pelvis encompassing the SIJ, 

adjacent iliac and sacral bones together with the sunounding anatomical structures. 

The centrally placed sacrum ariiculates with the iliac bone on either side at the SIJ. 

Bernhard Siegfried Albinus (1697- 1770) and William Hunter (1718- 1783) were said 

by Lynch (Lynch FW, 1920) to be the first anatomists to demonstrate that the SIJ is 

an articulation between the sacrum and the ilium. 
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The SIJ appears between the lOth and 12th intra-uterine week (Solonon 1957) and 

fully develops by the seventh intra-uterine month (Bernard and Cassidy 1991 ). As 

the joint continues to enlarge, the joint surfaces whilst initially plane, gradually 

assume the more corrugated and interlocking conformation observed in the adult 

(Bowen and Cassidy 1981 ). 

In adulthood, the joint shape is described as being 'C' shaped (Bowen and Cassidy 

1981; Bernard and Cassidy 1991; Cole et al. 1996), 'L' shaped (Schunke 1938; Beal 

1982) or 'V' shaped (Schunke 1938). The joint shape is also described as auricular 

(Schunke 1938; Williams et al. 1995:529; Adams et al. 2002:27) with the longer arm 

of the joint surface directed posterior and caudally, the short arm directed posterior 

and cephalad. The joint is also described to vary greatly not only in size, shape and 

contour between individuals (Brooke 1924; Bowen and Cassidy 1981 ), but also from 

side to side in the same individual (Schunke 1938). The general orientation of the SIJ 

surface is described as slightly twisted, resembling the shape of a propeller (Snijders 

et al. 1993a) citing an earlier anatomical and radiological study of Dijkstra et al. 

(1989), in which the dorsal part of the SIJ was described to have a 'complex 

sinusoidal form'. Others however, have demonstrated an even more complex and 

unpredictable joint shape. For example, Solonon (1957:47) made casts of the SIJ 

cavity that demonstrated extensive and unpredictable variation in the shape of the 

joint between individuals, and between each side in the same individual. The joint 

cavity could be 'twisted' more than once and in opposite directions, or it could be 

acutely curved through as much as 180°. Whilst a 'wedge' shape is generalised for the 

SIJ in the supero-inferior (y axis) of the joint and the antero-posterior (z axis) of the 

joint, it is evident that the contour of the joint is more complex. 

2.1.3 The sacrum 

GENERAL MORPHOLOGY 

The sacrum is a 'wedge' shaped fusion of five vertebrae, forming a notional 

keystone within the pelvic arch of the two iliac bones (Williams et al. 1995 :528) 
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(Figure 2.1.1A and B). It is usually described to be orientated obliquely in that it is 

tipped forwards relative to the vertical. The inner, anterior surface of the sacrum is 

notably concave below the antero-superior sacral promontory. This anterior bony 

surface forms the postero-superior wall of the pelvic cavity. 

The apex of the sacral 'wedge' points downward and articulates with the coccyx. 

The superior 'base' of the sacral 'wedge' articulates with the last lumbar vertebrae 

and associated lumbosacral intervertebral disc. The sacrum is also 'wedge' shaped in 

the antero-posterior dimension, the pelvic surface being broader than the dorsal 

surface (Mooney 1997) (Figure 2.1.1B). The sacral auricular surface, contributing to 

the sacral portion of the SIJ, is positioned at the upper part of the lateral surface of 

the sacrum and is orientated with the large, central convexity of the joint facing 

forward (Figure 2.1.2B). The area dorsal to the auricular surface is rough and pitted 

indicative of numerous ligamentous attachments (Williams et al. 1995:529; Rosatelli 

et al. 2006). 
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The ventral (A) and dorsal (B) aspects of the osseous sacrum 
Williams (1995:528, 529) 

Blue lines indicate the muscle attachment regions of the sacrum (A), (B). 
The attachment of the erectores spinae muscles to the dorsal sacrum (B) 
is shown by a 'U' shaped region. The region of multifidus attachment 
is enclosed within the 'U' region. 
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VENTRAL AND DORSAL SACRAL RAMI 

At each vertebral level, the ventral sacral foramina from each side are widely 

separated by the intervening sacral body. Individual sacral vertebrae are fused 

together, the fusion being visible along the line of the transverse ridge separating one 

sacral vertebra from another. Lateral to the pelvic sacral foramina the costal elements 

unite, and together with the posterior transverse processes, form the lateral part of 

the sacrum (Figure 2.1.1B). 

On the concave pelvic sacral surface, four pairs of ventral sacral foramina allow the 

egress of the ventral rami of the upper four sacral spinal nerves. The first three sacral 

ventral rami pass anterior to the piriformis muscle whose attachment arises on the 

pelvic surface ofthe sacrum between the first, second and third pelvic sacral foramina 

(Figure 2.1.1A). 

The posterior surface of the sacrum is formed by the fusion of the sacral vertebral 

laminae. It is convex with a prominent median sacral crest having three or four 

spinous tubercles, representing fused sacral spines (Figure 2.1.1B). Lateral to the mid 

line, four pairs of dorsal sacral foramina are present, each permitting the egress of the 

dorsal rami of a sacral spinal nerve from the sacral canal. The dorsal sacral foramina 

are positioned laterally in early development, the dorsal rami leaving directly from the 

ganglia and passing through the lateral (future dorsal) foramina (O'Rahilly et al. 1990). 

Compared with the adult position, a significant amount of differential growth is 

required before achieving the adult position at around 23 weeks pre-partum. 

(O'Rahilly et al. 1990). 
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FIGURE 2.1.2 

The medial aspect of the ilium (A) and lateral aspect of the sacrum (B) 
Williams (1995:669, 529) 

The morphological configuration of the sacroiliac joint with the corresponding 
auricular surfaces of the ilium and sacrum, are shown. The roughened 
osseous region posterior to the joint is the site of attachment of the 
interosseous sacroiliac ligaments, deep to the long and short posterior 
sacroiliac ligaments. 
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The intermediate sacral crest (Figure 2.1.1B) is a line of small bony tubercles 

located medial to the dorsal sacral foramina. These are positioned in a vertical line 

below the articular processes of the first sacral vertebra. They have been described to 

represent the fused sacral articular column (O'Rahilly et al. 1990). The fifth inferior 

articular processes project caudally either side of the arched sacral hiatus, a space 

created in the posterior wall of the sacrum where the laminae of the fifth sacral 

vertebra remain un-united. This space may also arch upwards to include the fourth 

sacral vertebra (Williams et al. 1995:529). Lateral to each dorsal sacral foramina is the 

lateral sacral crest formed by the fused transverse processes whose apices appear as a 

row of transverse tubercles (Williams et al. 1995:529). 

The sacral canal is formed by the sacral vertebral foramina and is triangular in 

section, following the curved shape of the sacrum (Williams et al. 1995:530). Four 

intervertebral foramina corresponding to the first four sacral vertebrae permit the 

passage of the respective sacral spinal nerves. The intervertebral foramina are 

continuous with the dorsal and pelvic sacral foramina. The sacral canal contains the 

cauda equina and spinal meninges as far as the mid-sacral level where the meninges are 

pierced by the lower spinal nerves and filum terminale (Williams et al. 1995 :530). 

The erectores spinae are described to arise from an elongated U-shaped area within 

the spinous and transverse tubercles from the first to the third sacral vertebrae on the 

dorsal surface of the sacrum (Williams et al. 1995:529). They overlie multifidus, 

whose collective sacral fascicles occupy the enclosed area (Williams et al. 1995 :529) 

(Figure 2.1.1B). 

2.1.4 The ilium 

The ilium is one bony part of the united, three part innominate or pelvic bone, the 

other two parts being the ischium and pubis. The rami of the pubis and ischium fuse 

at age seven to eight years while the ilium, pubis and ischium complete fusion at the 

acetabulum, at 16 - 18 years of age (Lockhart et al. 1974:142; Williams et al. 

1995 :669), (Figure 2.1.2A). Anteriorly, the pubis articulates with the pubis of the 
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contra-lateral side at the pubic symphysis. Posteriorly, the ilium articulates with the 

sacrum at the SIJ. The auricular surface of the ilium is immediately anterior and 

inferior to the iliac tuberosity. The bony ensemble of the sacrum, ilia and pubic bones 

form the ring structure of the pelvis (Williams et al. 1995 :663) (Figure 2.1.3). 

Of importance is the medial aspect of the ilium, with the posterior sacro-pelvic 

surface and anterior iliac fossa. A corresponding auricular surface on the sacro-pelvic 

surface articulates with the sacral auricular surface at the SIJ (Lockhart et al. 

197 4: 1 07). Superior and posterior to the auricular surface an irregular, ridge shaped 

area of bone known as the interosseous region provides attachment for the numerous 

short, very strong bands that comprise the interosseous ligaments of the SIJ (Rosatelli 

et al. 2006). These bands are described to consist of 'bundles of parallel fibres, 

disposed in two groups', the caudal fibres longer and flatter than the cranial fibres 

(Weisl 1954b ). This deep ligamentous structure is described to blend with the 

intermediate layer of posterior sacroiliac ligaments of which the short ligamentum 

laterale posticum and ligamentum posticum breve are the cranial and caudal parts 

respectively (Weisl 1954b ). 

The interosseous region of the ilium is described as convex, whilst the 

corresponding sacral surface is concave. The ridged surface of the interosseous ilium 

becomes more so with age. Ridging appears unrelated to gender (Rosatelli et al. 2006). 

The interosseous region is observed to show ossification with age, with the central 

portion of the region showing the most frequent ossification and in some instances, 

syndesmophyte formation (Rosatelli et al. 2006). 
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Snell (1995:293) 
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Transverse section through the pelvis showing the sacroiliac joints posteriorly, 
the symphysis pubis anteriorly. The sacrum forms a notional 'key-stone' in 
the 'ring' of the pelvis. The interlocking sacroiliac joints, together with the ligaments 
of the region, ensure mechanical stability. 
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2.1.5 Classification of the SIJ 

Classification of this unique joint has proved difficult as it embodies a number of 

diverse anatomical features. The SIJ is now classified primarily as a synovial 

articulation or diarthosis between the cartilaginous auricular surface of the sacrum and 

the corresponding auricular surface of the ilium (Williams et al. 1995:674; Adams et 

al. 2002:28; Standring et al. 2005: 1438). It is also classified, in its dorsal aspect as a 

fibrous joint (syndesmosis) because of the dense interosseous sacroiliac ligaments 

(Williams et al. 1995 :488), that with advancing age become a partial synostosis 

(Rosatelli et al. 2006). Later in life, the cartilaginous portion of the joint is usually 

observed to become degenerative and fibrous (Resnick et al. 1975) showing degrees of 

intra-articular and extra-articular osseous ankylosis together with para-articular, 

osteophytic inter-digitation (Bowen and Cassidy 1981 ). 

However, the classification of the SIJ has varied somewhat over time. Early 

researchers (Goldthwaite and Osgood 1905) described the SIJ as a synchrondosis, a 

hyaline cartilaginous joint or amphiarthrosis, capable of movement. Albee (1909) 

described the joint as a synchondrosis, referring to a debate of the time between 

anatomists and gynreacologists concerning the synovial characteristics of the SIJ. 

Albee ( 1909) citing von Luschka, believed the SIJ synovial membrane increased during 

pregnancy and describes the SIJ as a 'joint', as opposed to a synchondrosis. Here, the 

word 'joint' is intended to imply both movement and the possession of synovial joint 

characteristics. 

Sashin (1930) cites Meckel (1816) as the first author to classify the SIJ as a 

symphysis and von Luschka (1854) as one of the earliest authors to have described 

the presence of a synovial membrane. This membrane was observed at the anterior 

margin of the articulating cartilage and disappeared posteriorly within the fibres of the 

interosseous ligaments. The synovial nature of the SIJ was further demonstrated by 

anatomical studies in the early part of the twentieth century (Brooke 1924; Sashin 

1930; Schunke 1938). These authors identified the presence of synovial fluid and a 

synovial membrane in relation to the cartilaginous portion of the joint. 
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Bowen and Cassidy ( 1981) undertook a macroscopic and microscopic study of the 

SIJ. These authors suggested that unlike the majority of synovial joints whose joint 

surfaces are lined by hyaline cartilage, the iliac joint surface of the SIJ was lined by a 

thin layer of fibrocartilage. Later biochemical and histological study of the SIJ 

determined that the joint should be considered as a cartilaginous joint with synovial 

characteristics (Paquin et al. 1983). In this study, hyaline cartilage was identified 

lining both the sacral and iliac cartilaginous joint surfaces. Further confirmation of the 

hyaline nature of the SIJ was demonstrated by light microscopy and 

immunohistochemical analysis (Kampen and Tillmann 1998). 

More recently, Puhakka et al. (2004) utilised high resolution, magnetic resonance 

(MR) imaging ofthe normal SIJ and correlated these with histological findings. They 

observed that the joint appeared considerably more complex than is usually 

considered. Puhakka et al. (2004) found that the SIJ comprises a superior and dorsal 

syndesmosis (fibrous joint) together with a ventral C-shaped, cartilaginous covered 

articulation that is usually considered the synovial part of the joint. However, the 

hyaline cartilage of both the sacral bone and proximal third of the ilium is strongly 

attached to the surrounding stabilising ligaments through an attachment zone that 

forms a wide fibro-cartilaginous margin, similar to that seen in a symphysis. The 

distal one-third of the SIJ, confined to the ventral and dorsal margins of the ilium 

resembled a synovial joint, having an inner capsule lined with synovium. This study 

concluded that the SIJ be re-classified as a symphysis with some synovial 

characteristics, these being confined to the distal cartilaginous portion of the ilium. 

In summary, the SIJ is a large and complexly shaped joint between the ilium and 

sacrum. It defies simple classification as several morphological features associated 

with different joint classifications are described. Wide variation has been 

demonstrated in the shape of the joint surfaces, not only between individuals, but also 

between sides in the same individual. 
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2.1.6 The SIJ and motion 

Before consideration is given to the literature regarding the ligamentous 

morphology of the SIJ and in particular the LPSL, it is helpful to consider the nature 

of SIJ motion. This provides a biomechanical context in which to understand the role 

ofthe LPSL. 

The description of biomechanical movement generally employs a standard 

terminology of a 'right hand', three dimensional, orthogonal axes (x, y, z) system 

(Panjabi and White 2001 :6) (Figure 2.1.4). Further refinement of this method is the 

use of a helical axis of motion. This system describes motion in terms of translation 

and rotation about a single axis within a three dimensional, orthogonal axes (Sturesson 

1997). The principles underlying this method are described by Jacob and Kissling 

( 1995) in a study of SIJ motion. However, many descriptions of SIJ motion in the 

literature rely on more qualitative terminology like 'gliding'. 
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FIGURE 2.1.4 

Right-handed Cartesian axis, anatomical planes and motion 
Panjabi and White (2001 :6) 

Anatomical planes are shown in relation to the three dimensional orthogonal axes. 
Right handed, Cartesian x,y,z axis, translations (Tx, Ty, Tz) along the directions of arrows 
and clockwise rotations (Rx, Ry, Rz) around arrows the arrows are considered as 
positive motions. The opposite motions are negative. 
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Recent authors (Bernard and Cassidy 1991; Vleeming et al. 1996; Willard et al. 

1998; Forst et al. 2006) use the term 'nutation' and 'counter-nutation', reiterating a 

classical description that characterises SIJ motion (Kapandji 1974:64; Bernard and 

Cassidy 1991 :2114 ), (Figure 2.1.5). The origin of this description of sacral motion lies 

in the mid-nineteenth century and has been attributed to John Zaglas, an anatomist's 

assistant (Gairdner 1851, Duncan 1854). 

Nutation is defined as motion in which the sacral promontory moves antero

inferiorly about a point posterior to the joint constituted by the 'axial ligament' at the 

level of the second sacral vertebra. The tip of the sacrum and coccyx move posteriorly 

at the same time. During nutation, the iliac bones are also said to approximate and the 

ischial bones to flare apart (Figure 2.1.5). Nutation is partly limited by the reaction 

forces of the sacrotuberous and sacrospinous ligament (Kapandji 1974:64, Vleeming et 

al. 1996). Counter-nutation occurs when the sacrum moves in the opposite direction 

to nutation, around the same axis of rotation at the level of the second sacral vertebra. 

In this instance, the sacral promontory moves postero-superiorly, the apex of the 

sacrum and coccyx moving antero-inferiorly. This motion is accompanied by an 

outward flaring of the iliac bones and an approximation of the ischial tuberosities. 

Counter-nutation is restrained by the reaction forces of the LPSL (Vleeming et al. 

1996) (Figure 2.1.5). 

The suggestion that a fixed axis for SIJ motion exists posterior to the joint, 

described by Kapandj i (197 4) has not been shown. Instead, several axes outside the 

joint have been suggested (Weisl 1955; Lavignolle et al. 1983; Bernard and Cassidy 

1991 :2114 ). As both classical and more recent descriptions of SIJ movement place the 

instantaneous axis of motion outside the joint, nutation and counter-nutation, are 

stated to be a combination of rotation about the x axis and translation about the z axis 

(Bernard and Cassidy 1991 :2114 ). 
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FIGURE 2.1.5 

Classical theory of nutation and counter-nutation 
adapted from Kapandji (1974:65) 

Counter-nutation (A) and nutation (B) are displacements about an axis (X) 
resulting in small changes of position of the sacral promontory (Sl and S2 respectively) 
and the coccyx (dl and d2 respectively). When nutation (B) takes place, additional changes 
(C) are said to occur. The iliac bones approximate and the ischial tuberosities move apart. The 
converse occurs in counter-nutation. 
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As the synovial, cartilaginous joint surfaces of the SIJ closely conform (Schunke 

1938; Weisl 1954a; Solonon 1957; Bakland and Hansen 1984) and the dorsal aspect 

of the SIJ is classified as fibrous (Williams et al. 1995 :488), it is reasonable to 

conclude that SIJ motion is likely to be limited. This premise seems to be confirmed 

by a number of motion studies (Egund et al. 1978; Sturesson 1997; Sturesson et al. 

2000a,2000b; Kokmeyer et al. 2002). The known anatomical variation of SIJ shape 

from side to side and between individuals (Solonon 1957) may also explain the 

variation in axes of motion also suggested by Kapandji (1974:66) and observed by 

others (Weisl1955; Lavignolle et al. 1983; Jacob and Kissling, 1995). 

Studies that measure SIJ motion have used a number of methods that vary in their 

objectivity, being either descriptive or analytical. For example, an early descriptive 

study was reported (Gairdner 1851). This report was made about the work of Zaglas, 

an anatomist's assistant who observed SIJ movement in vitro in a single cadaver, fixed 

by the lower limbs in the upright position. In this study, the posterior sacroiliac 

ligaments were exposed and the body of the cadaver was flexed and extended as SIJ 

movement was observed. The long axis of the sacrum was identified to move as a 

lever in concert with the trunk. The 'sacro-sciatic' ligaments were reported to tighten 

with flexion of the trunk and to relax with extension of the trunk. 

Another early descriptive study of SIJ joint motion analysed 200 sacroiliac joints, 

both male and female, encompassing all ages (Brooke, 1924). These were obtained 

from the dissecting room and from post mortem subjects. A distinction was evident 

between male and female joints, female joints being particularly mobile around 

parturition with laxity of the anterior sacroiliac ligaments. Thereafter, female joint 

laxity was reported to decline with age but always remained greater than male joint 

movement. Male joints were shown to be slightly mobile at puberty and to remain 

only slightly mobile until 50 years of age, after which mobility was said to be 

negligible. Both males and females were reported to have similar joint mobility until 

puberty. 
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Sashin (1930), cited by Weisl (1955) and in Hollinshead (1982), performed an 

early quantitative studies in which manually induced, unspecified movements on 

excised, posterior hemi-pelvii were used to assess motion. In an initial group of 43 

cases (86 joints) up to 29 years of age, resultant SIJ movement was measured 

between two fixed points, one on the sacrum and one on the ilium. The average 

motion obtained was 4° (range 2° - 4°). In a further 111 cases aged between 30 - 50 

years, mobility markedly diminished to the imperceptible and in a further final group 

of 103 cases, bony ankylosis was stated to be present in 82% of cases of male joints 

and 30% of female joints. SIJ motion was summarised as 'slight' and made up of a 

superior and inferior 'gliding' motion with slight 'anterior-posterior' motion. Motion 

was observed to increase in females during pregnancy (Sashin 1930). 

Bowen and Cassidy (1981) undertook a qualitative anatomical study looking at 

macroscopic and microscopic anatomy of the SIJ from embryonic life until the eighth 

decade and made a qualitative report of SIJ mobility. The joint mobility they 

observed resulted from manually induced, unspecified 'gliding' movements. Eighty 

eviscerated sacroiliac joints from 40 autopsies, 16 females and 24 males, were studied. 

Gliding motion was reported to be possible 'in all directions' in the first decade and 

limited to a postero-superior, antero-inferior nodding in the second and third decades. 

In the fourth and fifth decades, 'rotatory gliding' was possible; in the sixth and 

seventh decades, 'when stressed, all specimens maintained some degree of mobility', 

though less than younger specimens. Intra-articular fibrous interconnections were 

frequently present in the eighth decade, to which the authors attributed the 

observation of decreased mobility of the SIJ. In summary, joint motion was reported 

to decline steadily with advancing age, from embryonic life to the eighth decade. 

Quantitative studies using more sophisticated, analytical methods have also 

demonstrated and measured SIJ motion. One of the first in vivo radiographic 

measurements ofthe 'fixed' pelvis with movement occurring at the SIJ, was made in 

association with positional changes in 159 individuals (Weisl 1955). The age range of 

the group under investigation was 17 - 40 years and comprised approximately equal 

numbers of male and females. 
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In Weisl's (1954) investigation, three separate groups of males and females 

executed a different action that was measured radiographically. The largest movement 

observed was of the sacral promontory moving in the ventral direction by 5.6 mm ± 

1.4 mm. This resulted in the maximum reduction of the true conjugate (the distance 

between the antero-superior margin of the first sacral vertebra and the antero-superior 

margin of the pubic symphysis) when rising, defined as moving from the recumbent 

posture to the upright position. When the trunk flexes, the promontory moves 

ventrally and when the trunk is extended, the promontory moves dorsally. No 

difference was detected between males and females except during the puerpenum, 

when it was observed greater in females. 

Somewhat more recently, SIJ movements were measured in a dissected dried 

pelvis, in a single cadaver and in vivo in one individual using stereo-radiography 

(Frigerio et al. 1974). The findings of this study, which do not appear to have been 

reproduced elsewhere, suggest that a movement of several centimeters was possible 

between the sacrum and ilium. The measurements were based on a modeled dried 

pelvis that had been wired and bolted in a manner whereby 'known movement could 

be introduced by appropriate readjustment of the bolts'. These measurements were 

conducted in a non-load bearing, side-lying position. 

These previous two studies of Weisl (1955) and Frigerio (1974) are open to 

criticism. Weisl (1954) conducted investigation on individuals whose pelves were 

restrained in a 'special support which held the hip bones firmly, whilst allowing the 

sacrum to move, and in which a (radiographic) cassette was held'. Frigerio et al. 

(1974) used one 'fortuitous' [sic], in vivo case, one of the authors, who was 

incorporated into the study because he required a spinal radiology examination. 

Results obtained under such circumstances may be open to chance, bias and 

confounding. Chance, because the study size was small (n = 1 ); bias, because the 

subject was also an investigator, confounding because of a possible concurrent spinal 

condition in the subject, necessitating a radiological investigation. Consequently, 

whilst the orthogonal stereo-radiographic measurements made by Frigerio (1974) may 

represent an indication of SIJ movement under experimental conditions, wider 

inferences of SIJ motion in vivo may not be possible. 

23 



A turning point came in SIJ motion measurement with the use of more advanced 

techniques, enabling 'real-life' biomechanics to be assessed. In the following analytical 

studies, radiostereometric analysis (RSA) was used. Radiographic tantalum marking 

balls were inserted into the sacrum and ilium. These radio-opaque markers facilitate 

the accurate measurement of relative movement between the sacrum and ilium under 

physiological conditions using roentgen stereophotogrammetry. This technique is 

regarded as the 'gold standard' in determining mobility in orthopaedic research 

concerning growth, small movements in joints and tendons, and the micro-motion of 

arthroplasties; error rates are regarded as very small (Sturesson 1997:17 4). 

In vivo movements were measured using RSA in 4 individuals (Egund et al. 1978), 

in 28 women and 6 men (Sturesson 1997: 171 ), in 6 women (Sturesson et al. 2000b) 

and in 18 women and 4 men (Sturesson et al. 2000a). Using a different though 

comparable technique, 15 men and 9 women took part in a study using 

percutaneously applied marker triads. These were rigidly attached to the sacrum and 

ilium by surgically implanted Kirschner wires in order to measure any relative 

movement between the two bones. Measurements were made using plain light 

stereophotogrammetry (Kissling and Jacob 1995). An orthogonal axis (x, y, and z 

axes) centred at the midline of the sacrum (right hand rule, clockwise rotation is 

positive) was used to describe SIJ movement in terms of rotation or translation about 

these axes. 

The SIJ mobility indicated by these studies is very small. For example, in moving 

from the sitting to the standing position, the ilia are said to move around the sacrum 

as a unit, the sacrum showing x axis negative rotation with a mean value of -1.2° 

(range: -2.3° - 0°) (Sturesson 1997: 173). Manual manipulation of the sacroiliac joint 

in ten patients demonstrated no difference in pre- and post- SIJ positional findings 

measured by RSA (Tullberg et al. 1998). Movement ofthe SIJ during the standing hip 

flexion test was likewise very small, at less than 2° in all axes (Sturesson et al. 2000a). 

This study also lends support to the theory of form and force closure of the SIJ 

(Snijders et al. 1993a, 1993b ). This theory models SIJ stability on the close but not 

perfect approximation of the SIJ that permits a small amount of necessary movement. 
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Motion is nevertheless inhibited by loading, which increases the ligamentous tension 

around the joint reinforcing closure and therefore stability of the joint. Furthermore, 

muscle forces are also said to promote further closure of the joint. Sacral x axis 

rotation, approximating 'nutation' and 'counter-nutation', was found to be 

unpredictable, 'nutation' and 'counter-nutation' being equally likely with spinal 

flexion (Egund et al. 1978; Jacob and Kissling 1995). 

The prevwus results from in vivo SIJ motion studies usmg RSA, were 

corroborated in a further study that examined the mobility of the left SIJ in four in 

vitro female cadavers. The aim was to determine the influence of the anterior and 

posterior sacroiliac ligaments on the stability of the SIJ (Wang and Dumas 1998). 

Eccentric compressive loads at 60% body weight were applied to the pelvis through 

the sacrum and subsequent motion recorded using a motion-tracking device mounted 

to the posterior surface of the sacrum and fixed to the adjacent ilium. Intact specimens 

showed very small lateral rotation of the sacrum of 1.2° and translation along the -z 

axis (sacrum and ilium separation) of0.9 mm. Sacral 'nutation' of0.3°- 0.6° was seen. 

On average, observed rotation angles increased by 10% when either the anterior or the 

posterior sacroiliac ligaments were cut and increased by 30% when both anterior and 

postetior ligaments were cut. 

Unfortunately, this study did not describe the detailed morphology of the 

ligaments sectioned, the posterior sacroiliac ligaments only being referred to as 'wide 

transverse fibrous bands'. It is known that the posterior ligaments did not include the 

interosseous ligaments that were described as 'impossible to tear'; nor did they 

include the accessory ligaments, the sacrotuberous or sacrospinous ligaments. 

However, as the interosseous ligaments have been described by others (Weisl 1954b) 

to merge with the posterior ligaments, it is uncertain exactly which ligaments were 

severed by Wang and Dumas (1998). 

SUMMARY 

Contemporary analytical studies that have measured joint motion at the SIJ 

provide information regarding the small degree of motion (rotation and translation) 
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seen at the joint. This appears consistent with SIJ morphology. It is suggested that 

the small amount of SIJ motion facilitates the attenuation of torsional stresses in the 

ring of the pelvis exposed to asymmetric loads during bipedal gait (Adams et al. 

2002:27). The small amount of observed SIJ motion is also consistent with the 

requirements for a stable, force-transmitting structure (Vleeming et al. 1990a; 

Vleeming et al. 1990b; Snijders et al. 1993a; van Wingerden et al. 2004). 

2.2 The posterior sacroiliac ligaments 

2.2.1 Overview of the posterior sacroiliac joint ligaments described in 

anatomical texts 

Strictly speaking, the nomenclature of LPSL is not formally recognised in the 

Terminologia Anatomica, International Anatomical Terminology (FCA T and 

Terminology FCoA, 1998:30), said to supercede the Nomina Anatomica, (Whitmore 

1999). The SIJ ligaments are coded by the designation A03. 6. 03.001 - 7 (FCAT and 

Terminology FCoA, 1998:30) and listed as anterior, interosseous, posterior, 

sacrotuberous, falciform and sacrospinous. This point is made more forthrightly by 

others, who have suggested that under this terminological system the LPSL does not 

exist, a problem that is said to highlight the difficulties of topographical anatomy 

(Vleeming et al. 1996). Nevertheless, the term 'LPSL' continues to be used in 

anatomical texts and in the research literature. 

Descriptions and depictions ofthe LPSL have also changed in the same anatomical 

text over the years in a manner that may be confusing. For example, in the 20th 

edition of Gray's Anatomy (Lewis 1918) the depiction of the LPSL is labeled 

accurately and the text description provided is consistent with the figure shown. This 

description is also consistent with the description of the LPSL in the literature today 

(Vleeming et al. 1996; Willard et al., 1998) but it is not the same as depictions in 

later editions of Gray's Anatomy. For example, the most recent 39th edition of 

Gray's Anatomy (Standring et al. 2005:1439), the LPSL is depicted in a labeled figure 

that appears inconsistent with the description in the text. The description of the 
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LPSL is based on the earlier work of Weisl (1954), first cited in the 33rd edition 

(Davies and Davies 1962:530). However, the figures and labeling used in the 33rd 

edition to show the posterior SIJ ligaments remain the same as the pre-Weisl (1954) 

text in the 32nd edition (Johnston et al. 1958:508) (Figure 2.1.6). 

The 39th edition of Gray's Anatomy describes the LPSL as a structure that 'may' 

be formed from the inferior fibres of the posterior sacroiliac ligament, which arise 

from the third and fourth sacral segments and ascend to the posterior superior iliac 

spine (PSIS). The posterior sacroiliac ligament, of which the LPSL is a part, is also 

stated to consist of 'several weak fasciculi connecting the intermediate and lateral 

sacral crests to the PSIS and posterior end of the internal lip of the iliac crest'. 

Attention will be drawn again later, to this statement when it is reviewed in the 

context of the cited anatomical study (Weisl 1954b ). 
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FIGURE 2.1.6 

Ligaments of the posterior sacroiliac joint and region 
adapted from Standring (2005:792) 

process 

Depiction of the posterior ligaments of the sacroiliac joint from the 39th edition of Gray's Anatomy. 
The location of the long posterior sacroiliac ligament (LPSL) is inconsistent with the description provided 
by Weisl (1954). The two black asterisks highlight the posterior superior iliac spine and the 
largest sacral transverse tubercle between the third and fourth dorsal sacral foramina. These are the 
attachment sites of the LPSL or ligamentum posticum longum, described by Weisl (1954). 
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Morphological distinction between the LPSL and the sacrotuberous ligament is 

often variable. This makes functional distinction of the LPSL more difficult, a point 

made by Vleeming (1996). Other anatomical texts state that the lateral part of the 

LPSL is indistinguishable from the upper part of the sacrotuberous ligament 

(Romanes 1981 :242) or that it attaches to the PSIS (Romanes 1981 :242; Palastanga et 

al. 1989:416). In contrast, the LPSL and sacrotuberous ligaments may be portrayed to 

have greater functional separation (Hollinshead 1982:627), or to be entirely separate 

structures (Standring et al. 2005:762; Palastanga et al. 1989:417). In one text however, 

the LPSL is depicted to attach to the posterior inferior iliac spine and blend with the 

superficial fibres of the posterior sacrococcygeal ligament, whilst the sacrotuberous 

ligament is shown as the dominant structure attaching to the PSIS (Standring et al. 

2005:762). Yet, in another text, the anatomical depiction of the posterior sacroiliac 

ligaments may be confusing as the short posterior sacroiliac ligament resembles an 

iliolumbar ligament (Palastanga et al. 1989:417). 

Grant's Atlas of Anatomy (Agur and Dalley 2005:299) provides a brief, general 

description of the lumbar and pelvic ligaments. Here, the posterior sacroiliac ligaments 

are said to lie between the sacrum and tuberosity of the ilium. Short fibres pass 

between the first and second transverse tubercles of the sacrum and the iliac 

tuberosity, and long fibres pass between the PSIS and the third and fourth transverse 

tubercles of the sacrum q. v. LPSL. The sacrotuberous ligaments are non-specifically 

described to attach the sacrum, ilium and coccyx to the ischial spine. 

Cunningham's Textbook of Anatomy (Romanes 1981 :242), does not describe the 

LPSL by name, describing the posterior sacroiliac ligaments as 'strong' and divided 

into two layers. The short, thick and extremely strong interosseous sacroiliac 

ligament, located between the rough areas on the sacral and iliac bones and the more 

superficial dorsal sacroiliac ligament, which passes obliquely, medially and 

downwards from the ilium. The longest and most superficial fibres of this more 

superficial ligament q. v. LPSL, pass almost vertically downwards from the posterior 

superior iliac spine to the third and fourth segments of the sacrum. 
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Anatomy for Surgeons (Hollinshead 1982:628) describes the posterior part of the 

SIJ capsule to be 'enormously thickened' by the interosseous and dorsal sacroiliac 

ligaments. The ligaments are described as long, more obliquely placed, and 

'sometimes' divided into long and short ligaments. They are also said to be continuous 

on their deep surface with the interosseous sacroiliac ligaments. Hollinshead 

(1982:628), writes that the uppermost fibres, the short ligament, are said to be nearly 

horizontal in direction and pass between the tuberosity of the ilium and the lateral 

sacral crest (tubercles) of the first and second sacral segments. The lower and longer 

fibres, the long ligament q. v. LPSL, pass downward, some of them almost vertically 

from the region of the PSIS to the lateral crest of the third segment of the sacrum. 

Here they are described to blend with some of the origin of the sacrotuberous 

ligament. 

In a review of the surgical anatomy and operative approaches to the sacrum (Esses 

and Botsford 1991 :2098), the ligaments that are described to stabilise the dorsal SIJ 

are named as the dorsal and interosseous ligaments and are said to be very strong. The 

authors describe the dorsal sacroiliac ligaments to be divided into the deep, short 

posterior sacroiliac ligament that blends with the interosseous ligament, and the 

superficial LPSL. The LPSL is described to partly overlie the short posterior 

sacroiliac ligament, attaching to the PSIS and to the tubercles of the lateral sacral 

crests, its lateral border being continuous with the sacrotuberous ligament. No 

relationships are described between the LPSL and sulTounding structures except a 

connection with the sacrotuberous ligament. 

Anatomy and Human Movement (Palastanga et al. 1989:414) divides the posterior 

sacroiliac ligament into two groups: the interosseous sacroiliac ligaments and the long 

and short posterior sacroiliac ligaments. The former are described to be the deepest 

ligaments being short, thick and extremely strong. The latter are described to lie 

superficial to the interosseous ligaments and to consist of numerous bands passing 

between the two bones. Within the longer fibres running obliquely downwards and 

medially, two sets of fibres are identifiable. One set, the short posterior sacroiliac 

ligament is found between the two bones, passing horizontally between the first and 

second transverse tubercles of the sacrum and the iliac tuberosity. The other set, the 
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LPSL, has the longest and most superficial fibres of the posterior complex and runs 

almost vertically downwards from the PSIS to the third and fourth tubercles of the 

sacrum. It is said that its function is to resist downward movement of the sacrum 

with respect to the ilium. 

SUMMARY 

Whilst the LPSL is generally considered part of the posterior sacroiliac ligaments 

in the preceding anatomical texts, the descriptions, depictions and terminology vary. 

The same may apply to the sacrotuberous ligament, which is often not clearly 

distinguished from the LPSL. The anatomical study of the sacroiliac ligaments by 

Weisl (1954) appears to be the single source cited that provides detailed 

morphological information of the sacroiliac ligaments. 

2.2.2 Review of the anatomical research literature of the long posterior 

sacroiliac ligament (LPSL) 

Early anatomical studies of the SIJ did not directly investigate the detailed 

morphology ofthe sacroiliac ligaments and the LPSL. Instead, their aim was directed 

toward investigating SIJ mobility or classification (Goldthwaite and Osgood 1905; 

Albee 1909; Brooke 1924). However, Sashin (1930) provided an early description of 

the SIJ ligaments in an anatomical dissection study of 143 post-mortem cases. The 

posterior sacroiliac ligaments are briefly described as 'interwoven' with the 

interosseous ligaments and to lie directly posterior to the articular cartilage. They are 

reported to consist of numerous short and irregularly placed 'bands' passing between 

the ilium and sacrum in different directions. Space between the mesh of ligament 

bands was filled with soft areolar connective tissue, fat, elastic tissue and numerous 

blood and lymph vessels. The posterior ligaments are described to consist of a 

'longus' and 'brevis' ligament, which are said to be very strong. The detailed 

attachment of both these ligaments is not described. 
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In a further, early anatomical and clinical study of SIJ pain (Pitkin and Pheasant 

1936), four cadavers were dissected together and an analysis of 506 clinical 

examinations for 'low back disability' was undertaken. In this study, the LPSL is 

described by name, citing Morris' Anatomy (Jackson 1914:223). This anatomical text 

cited by Pitkin and Pheasant (1936) states that the LPSL is formed by 'myomeric 

degeneration of the continuations of the tendinous origin of the semitendinosus and 

the long head of biceps femoris muscles'. The authors state that the LPSL is palpable 

in the region of the interspinous notch located between the PSIS and the posterior 

inferior iliac spine. 

Review of the local bony anatomy suggests that the posterior inferior iliac spine is 

placed at a point that forms the most lateral extent of a triangle formed by the PSIS, 

the largest lateral sacral tubercle, located between the third and fourth dorsal foramen 

and the posterior inferior iliac spine. Therefore, the interspinous notch, referred to by 

Pitkin and Pheasant ( 1936) is observed to be somewhat lateral to the long axis of the 

LPSL. 

The anatomical location of the LPSL is stated by Vleeming ( 1996) to be readily 

attained by palpating an area immediately inferior to the PSIS. This observation is 

consistent with descriptions of the insertion of the LPSL (Weisl 1954b; Vleeming et 

al. 1996; Willard et al. 1998). Early anatomical studies of the posterior sacral region 

(Pitkin and Pheasant 1936; Steindler and Luck 1938) highlight clinical implications 

for understanding low back pain and indicate the ease of anatomical identification of 

the LPSL. Recent studies have looked at the role of the LPSL in low back pain and 

peripartum pelvic pain (Vleeming et al. 1996; Vleeming A et al. 2002). These also 

highlight the potential ease with which the LPSL may be palpated. More recently, the 

same region has also been used as the basis of a clinical test (F miin and Falco 1997), 

named the 'Fortin finger test'. A corresponding point of tenderness in this region was 

described earlier by Steindler and Luck (193 8), but they describe it localised to an area 

they term the 'sacral triangle', confusingly described in the following way: 'the PSIS, 

posterior iliac crest, posterior inferior iliac spine, posterior sacroiliac ligament, and 

apex and base at the sacrolumbar joint' [sic]. 
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A key anatomical dissection study of the posterior sacroiliac ligaments, in which 

the LPSL is described, was undertaken by Weisl (1954). The primary aim of this 

study was to examine the ligaments of the SIJ with reference to their function. A 

further aim was to clarify different accounts of the sacroiliac ligaments based, 

according to Weisl (1954), on the extant anatomical premise that ligamentous fasciculi 

ofthe region were arranged metamerically, that is, reflective of spinal segmentation. 

Weisl (1954) cited mid-eighteenth century descriptions ofthe posterior sacroiliac 

ligaments (Weitbrecht 1742; Sandifort 1763) in which the Latinate anatomical 

terminology ligamentum posticum longum and breve (long and short posterior 

ligament) are used. An alternative name is provided by Weisl (1954) for the LPSL 

namely, the fourth, intersegmental, ilia-conjugated ligament based on traditional 

nomenclature. This nomenclature is not widely used in the English literature, although 

it is used in French studies (Hakim and Lazaro 193 7; Le Blanche et al. 1996). 

Fifty-one adult and 11 foetal sacroiliac joints were dissected and examined by 

Weisl ( 1954 ), in addition to 7 5 dried hip bones and 64 sacra. The salient findings are 

outlined as follows and these provide a morphological context for the LPSL. The 

'dorsal accessory ligaments' are described by Weisl ( 1954) to be indistinguishable 

from the capsular SIJ ligament and arranged in the adult in three layers: deep, 

intermediate and superficial. 

The deep layer, comprised of the interosseous ligaments, was described to consist 

of parallel bundles of fibres that inserted into the retro-auricular areas of the sacrum 

and ilium. The intermediate layer was described as an extension of the superficial 

fasciculi of the interosseous ligament and to have compact cranial and dorsal surfaces, 

being 2 - 3 mm thick. The caudal fibres of this layer are described to form the 

ligamentum posticum breve, short posterior ligament (SPL), that runs from the inner 

lip of the iliac crest and PSIS to the lateral crest on the second and third sacral 

vertebrae and the second and third lateral tubercles. Weisl (1954) states that the SPL 

was present in three-quarters of the adult specimens examined and that the ligament 

lay within the 'intermediate' ligament layer of the SIJ deep to the LPSL. Weisl (1954) 
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stated that the SPL was separated from the LPSL by an intervening layer composed 

of the dorsal rami, vessels and loose connective tissue. 

Dorsal to the intermediate layer and separated from it by the posterior primary 

sacral rami, vessels and loose connective tissue, a fascial sheet is described to be 

present. In this fascial sheet Weisl (1954) states that 'several weak fasciculi pass 

dorsally and laterally from the superior articular process and from each of the 

posterior sacral tubercles, particularly the first and second, to the inner lip of the iliac 

crest and to the caudal lateral sacral tubercles'. Caudal to the iliac crest the 'fascial 

lamina' is continuous laterally with the posterior lamina of the lumbar fascia and the 

superficial part of the sacrotuberous ligament. Weisl (1954) makes no further 

morphological reference to the sacrotuberous ligament in this detailed study, as it is 

not regarded as a ligament of the sacroiliac joint. 

Where the 'fascial lamina' and the posterior lamina of the lumbar fascia join, the 

ligamentum posticum longum (LPSL) is observed (Weisl 1954b). The ligament is 

described to pass from the PSIS and adjacent iliac crest to the third and fourth lateral 

sacral tubercles and the intervening portion of the lateral sacral crest. 

Weisl (1954) cites an anatomical study by Hakim and Lazaro (1937) who 

provided an earlier description of the 'fascial lamina' or 'fasciculi', entitled 'le 

ligamenteux superficiel ilio-articulaire de l 'articulation sacro-iliaque'. They examined 

42 sacroiliac joints from 30 cadavers of unspecified age and sex and concluded that a 

'new' superficial ligamentous layer is interposed between the dorsal spinal muscles 

and the ligaments of the posterior SIJ. This 'new' ligamentous layer is made up of a 

maximum of four fasciculi spreading out from the PSIS to the articular tubercles and 

posterior surface ofthe sacrum. The second and third fasciculi, are said by Hakim and 

Lazaro (1937) to be consistently present, whereas the first and fourth are variably 

present. 

This description is in contradistinction to the description given by Weisl (1954), 

who stated that the fasciculi attached to the first and second posterior tubercles most 

frequently. Hakim and Lazaro (193 7) describe the fasciculi to merge inferiorly with 
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the 'third ilia-conjugated ligament' and at a deep level with the origins of the second 

'ilia-transverse ligament of Farabeuf. In addition, the fasciculi are reported to insert 

in half the cases, to the inferior, internal aspect of the third dorsal sacral foramen. 

Weisl ( 1954) suggested instead that the fasciculi attach to the posterior sacral 

tubercles. 

Weisl (1954) referred to the LPSL as the 'fourth, intersegmental, ilia-conjugated 

ligament' and this ligament is not referred to by Hakim and Lazaro (1937) per se. 

Instead, they describe the 'third ilia-conjugated ligament', which may be the same as 

the LPSL, as that ligament attaches to the third and fourth lateral sacral tubercles or 

crest (Weisl 1954b; Vleeming et al. 1996; Willard et al. 1998). More recently, Le 

Blanche et al. (1996) described the LPSL as 'fibrous bands ofthe third and fourth iliac 

conjugated ligaments' that are vertically orientated. 

Furthermore, whilst in the French study the 'fasciculi' are described to blend with 

the 'third ilia-conjugated ligament' and at a deep level with the origins of the second 

'ilia-transverse ligament of Farabeuf, no reference is made to a relationship with the 

posterior lamina of the lumbar fascia and superficial part of the sacrotuberous 

ligament. In contrast however, this morphological relationship is illuminated by Weisl 

(1954), 'where these laminae join (the fascial lamina, the posterior layer of the lumbar 

fascia and the superficial part ofthe sacrotuberous ligament), a ligament (LPSL) can 

be demonstrated by sharp dissection'. 

Reference to the original French article of Hakim and Lazaro ( 193 7) shows that 

they hypothesise that the main function of the 'new' superficial ligaments is related 

to the SIJ. It is suggested that the ligaments are sufficiently developed to play an 

important articular role, being said to tense or relax following loading of the pelvic 

bones, although no evidence is presented to support this statement. They surmise 

that the role of the superficial ligaments is mechanical in nature, reinforcing the 

underlying posterior ligamentous system of the SIJ. In contrast, Weisl (1954) 

emphasises the variable presence of the 'fascial sheet', which together with its 

thinness, attests to its functional insignificance. 
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In summary, whilst differences exist between the descriptions of 'fasciculi' 

described by Hakim and Lazaro (1937) and the 'fascial sheet' described by Weisl 

(1954), they appear to be the same ligamentous or fascial structure and the LPSL 

appears to be a common anatomical feature. Weisl (1954) states that the LPSL is a 

ligament that occurs where two 'laminae', the 'fascial lamina' and the posterior lamina 

of the lumbar fascia, join and concludes by stating that the findings do not justify the 

traditional anatomical view of the time, namely that the connective tissue on the 

dorsal aspect of the SIJ is arranged metamerically. 

More recently, the LPSL has been the subject of several anatomical studies 

(Vleeming eta!. 1996; Willard 1997; Willard et a!. 1998; Fortin et a!. 1999b ). In a 

two-part study, Vleeming eta!. (1996) investigated the function of the LPSL and its 

implication for understanding low back pain. The first part of this study was an 

anatomical dissection. The second part, a biomechanical study, analysed the effect on 

the LPSL when tensile loads were applied to the sacrotuberous ligament, the erectores 

spinae aponeurosis, and the long head of the biceps femoris muscle. 

Six cadavers, five males, one female, aged 72 - 90 years, were dissected. The fascial 

continuity of part of the gluteus maximus with the superficial lamina of the posterior 

layer of the thoracolumbar fascia was identified. The 'deep fascia' of the gluteus 

maximus and the gluteus maximus muscle itself are both described to have continuity 

with the sacrotuberous ligament and to the 'long ligament' q. v. LPSL. Linear 

measurements are made of the LPSL that show a high degree of variation in length ( 42 

- 75 mm) and breadth (15 - 30 mm). However, they appear consistent with those 

made by Weisl ( 1954) who recorded an average length of 50 mm and average width of 

10 mm for the LPSL. Weisl (1954) also reported that the average LPSL thickness was 

1 mm. 

The medial fibres of the long ligament are described to connect to the deep lamina 

of the posterior layer of the thoracolumbar fascia, previously described (Vleeming et 

a!. 1995) and to the aponeurosis of the erectores spinae muscle (ESA). In contrast, 

Weisl (1954) makes no mention of the ESA in connection with the LPSL. After 

dissection ofthe ESA, the connections between the LPSL and multifidus are stated to 
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become visible, although detailed, descriptive morphology of this relationship IS 

absent. 

The anatomical description provided by Vleeming et al. ( 1996) may be contrasted 

with the anatomical description ofthe LPSL by Weisl (1954). Both descriptions agree 

on the superior and inferior attachments of the LPSL. However, the former describes 

the medial LPSL to be connected to the 'deep lamina of the posterior layer of the 

thoracolumbar fascia and to the erectores spinae muscle'. The lateral LPSL is 

described to blend with 'ligamentous fibres that are continuous between the iliac bone 

and the ischial tuberosity'. On the other hand, the latter describes the medial LPSL to 

be continuous with the deep fascial lamina or fasciculi, mentioned previously, with no 

reported connection with the erectores spinae muscle. The lateral LPSL is described 

by Weisl (1954) to be continuous with the posterior lamina of the lumbar fascia and 

the superficial part of the sacrotuberous ligament and in this regard is similar to the 

description ofVleeming et al. (1996). 

Vleeming et al. ( 1996) also highlight a functional distinction between the LPSL and 

the sacrotuberous ligament, stating that this is not always readily apparent in 

anatomical descriptions. Some depictions of the long ligament and the sacrotuberous 

ligament often show these structures as 'fully continuous ligaments'. Previously 

mentioned, this observation is not only borne out by some texts (Agur and Dalley 

2005:299; Bernard and Cassidy 1991:2111; Romanes 1981:243) but also in early 

anatomical studies (Sashin 1930). For example, Sashin (1930) states that the 

sacrotuberous ligament lies behind and close to the posterior sacroiliac ligaments. The 

direction and course ofthe ligamentous fibres are from the 'posterior anterior spine of 

the ilium' [sic} and from the 'third, fourth and fifth segments of the sacrum towards 

the ischial tuberosity'. Anatomical distinction between the LPSL and the 

sacrotuberous ligament is not evident. 

The result of the anatomical and biomechanical study by Vleeming et al. ( 1996) 

showed that the LPSL restrained sacral counter-nutation whilst the sacrotuberous 

ligament resisted sacral nutation (Figure 2.1.5). This was explained by the anatomical 

observation that the long ligament linked the sacrum to the PSIS whereas the 
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sacrotuberous ligament linked the sacrum to the ischial tuberosity. A small section of 

lateral fibres of the sacrotuberous ligament were observed to run from the ischial 

tuberosity to the iliac bone, providing an attachment for the gluteus maximus. 

More recently, the LPSL was described by Willard (1997:15) in a dissection 

study. Information regarding the study methodology is not readily apparent although 

it appeared that one female and one male pelvis were dissected. The LPSL was inter

changeably named the 'long posterior interosseous ligament' (Willard 1997:17). A 

raphe is described by Willard (1997), visible on the posterior surface of the 'long 

dorsal interosseous ligament', providing attachment for gluteus maxim us and 

separating multifidus from gluteus maximus. This expands on an earlier description of 

the LPSL and its relationship to multifidus by Vleeming et al. ( 1996). 

An anatomical study was published in conference proceedings, entitled 'The long 

posterior interosseous ligament and the posterior sacrococcygeal plexus' (Willard et 

al. 1998). The LPSL is described as a 'prominent' structure that appears as a 

thickened band extending from the PSIS to the lower sacral transverse tubercles on the 

lateral sacral crest, consistent with other descriptions of the LPSL (Weisl 1954b, 

Vleeming et al. 1996). Like Weisl (1954) but in contrast to Vleeming et al. (1996), 

Willard eta!. (1998) exclude the ESA as part of the contributive morphology of the 

LPSL. 

Willard et a!. ( 1998) state that 'previous descriptions of the posterior 

sacrococcygeal plexus focus on its location in the sacral gutter inferior to the 

multifidus muscle' [sic], presumed to mean 'deep to' or 'anterior to' multifidus. Ten 

cadaveric specimens were dissected bilaterally and the LPSL described as a 

ligamentous structure that 'stretches between the PSIS and the largest of the 

transverse tubercles in the lateral sacral crest, located just apposed to the posterior 

foramen of S3 '. The relationship between the LPSL and the sacrococcygeal plexus is 

investigated in this study and this will be reviewed in a later section. However, the 

plexus is described as 'composed of branches from the dorsal rami of the sacral and 

coccygeal nerves'. 
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SUMMARY 

Some discrepancy exists between morphological descriptions and depictions of the 

LPSL in anatomical texts. However, broad agreement appears to exist in the research 

literature defining the superior and inferior attachment of the LPSL, the PSIS and third 

sacral transverse tubercle, respectively. The contribution of adjacent morphological 

layers and structures to the LPSL is somewhat less clear. Few studies have explored 

the detailed morphology of the LPSL and only one study appears to have examined 

the relationship between the LPSL and the posterior sacrococcygeal plexus (PSP). 

Anatomical and clinical studies suggest that LPSL appears clinically identifiable by 

palpation. These studies also suggest that the LPSL may be implicated in low back 

and peripartum pelvic pain. Understanding the detailed morphology of the LPSL may 

help enhance functional and clinical implications of the region. 

2.3 The posterior sacral plexus (PSP) 

2.3.1 The anatomy of the PSP described in anatomical textbooks 

Sometimes described as the middle cluneal nerves (Lockhart et al. 197 4:281, Agur 

and Dalley 2005:374), the first second and third dorsal sacral rami traverse the 

posterior sacral foramina and are said to supply the deep muscles by medial and 

lateral branches. The lateral branches form interconnecting loops, the PSP, on the 

posterior of the sacrum. They may be joined by twigs from the fifth lumbar and 

fourth sacral nerves (Lockhart et al. 1974:281). Cunningham's Textbook of Anatomy 

(Romanes 1981 :768) presents a slightly different description stating that the medial 

branches of the first, second and third dorsal sacral rami supply multifidus. The 

lateral branches are said to supply the skin and fascia over the dorsal surface of the 

sacrum and medial part of the gluteal region. The PSP is not described. 

Several editions of Gray's Anatomy provide similar descriptions of the first, 

second and third sacral dorsal rami, stating that they exit the posterior sacral foramina 

deep to sacral multifidus. The medial branches supply multifidus, and the lateral 

branches join with lateral branches of the last lumbar and fourth sacral dorsal rami to 
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form loops dorsal to the sacral surface (Lewis 1918; Davies and Davies 1962: 1166; 

Williams and Warwick 1980:1091; Williams et al. 1995:1263; Standring et al. 

2005:784), (Figure 2.1.7A). 
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FIGURE 2.1.7 

The variable posterior sacrococcygeal plexus (PSP) 
A: Gray (1918) 

B: Horwitz (1939) 
C: Solonon (1957) 

D: Willard et al. (1998) 

Four depictions of the PSP spanning eighty years. The complex and variable 
morphology of the PSP is evident. This is highlighted by Horwitz (1939) 
who showed variations of the plexus in thirty cadavers (sixty dissections). 
The conference report by Willard et al. (1998) appears to be the first article to 
describe a relationship between the PSP and the long posterior sacroiliac ligament. 
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2.3.2 Anatomical research literature and the PSP 

Very few anatomical studies describe the detailed morphology of the PSP. One 

study by Willard eta!. (1998) state that the sacral lateral branches that comprise the 

PSP 'flatten into a remarkably thin ribbon' as they pass deep to the LPSL. Liguoro et 

a!. (1999) report the sacral dorsal rami and lateral branches to be 'filiform' or thread 

like. Bradley (197 4) states that the lateral branches of the posterior dorsal rami are 

small, being 0.33 mm at the fifth lumbar vertebra, 1 mm at first sacral vertebra, 0.5 

mm at the second sacral vertebra and 0.25 mm, at the third sacral vertebra and fourth 

sacral vertebra. This is in broad agreement with the findings of another study (Ikeda 

1991) that reported the nerves supplying the SIJ to be within a range of diameter of 

0.292 mm to 0.997 mm. 

The PSP is mentioned in an early anatomical and clinical pain study investigating 

the SIJ and pain referral (Pitkin and Pheasant 1936). The anatomical aspect of this 

study undertook dissection of four cadavers. The lateral branch of the fifth lumbar 

posterior rami was observed to communicate with the corresponding element of the 

PSP, the plexus being formed by the lateral branches of the posterior rami of the first 

three sacral nerves. A communicating loop was sent to the posterior division of the 

fourth sacral nerve. The PSP was observed to distribute branches from the fifth 

lumbar nerve and from the first two sacral nerves to the interosseous sacroiliac 

ligaments and the SIJ. 

Horwitz ( 1939) conducted the first detailed morphological study of the PSP based 

on 30 cadavers (60 dissections), stating that extant anatomical descriptions were 

inadequate given the clinical interest in the region (Figure 2.1. 7B). Reference is made 

to earlier anatomical and pain studies of the SIJ of Pitkin and Pheasant (1936) and 

Steindler and Luck (1938). The PSP is described by Horwitz (1939) to comprise the 

larger lateral branches of the first four dorsal sacral rami that lie deep (anterior) to the 

ligaments covering the posterior sacral surface. The lateral branches anastomose with 

each other and with the lateral branch of the posterior division of the fifth lumbar 

nerve in a series of loops. Variable combinations of lateral branches are described by 
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Horwitz (1939) as follows: the first, second and third sacral nerves combined in 20 

(33.3%) ofthe cadavers. The second, third and fourth sacral nerves combined in three 

(5%). The second sacral nerve remained alone in three (5%) and the third sacral nerve 

alone in four (6.7%). The second and third sacral nerves combined in 25 (43.7%) 

cadavers and the second, third and fourth sacral nerves in five (8.3%). These variable 

formations are said to occur symmetrically on both sides in 21 specimens and 

asymmetrically in nine. Hand drawings are presented of the variations of the 

configuration of the PSP and their observed prevalence. 

This morphological depiction enables a limited comparison to be drawn with 

information from recent studies regarding the prevalence of the lateral branch of the 

first sacral dorsal rami. From the data that Horwitz (1939) provided, an inference may 

be made that the lateral branch of the first dorsal rami crosses the LPSL in 27/60 

( 45%) cases. However, Willard et al. (1998) suggest that this lateral branch 

consistently crosses the LPSL inferior to the PSIS in all 20 cases examined. 

The innervation of the SIJ was investigated by Solonon (1957) in a dissection 

study of nine cadavers (18 sides) (Figure 2.1. 7C). In all 18 cases, the posterior 

innervation of the SIJ is said to be from the first and second dorsal sacral rami. This 

finding is illustrated with a schematic of the upper PSP formed from the dorsal rami 

of the first and second sacral segments. Solonon (1957) cites Pitkin and Pheasant 

( 193 6), stating that the innervation of the dorsal side of the SIJ conforms to the 

opinion of anatomists since the publication of the anatomical studies by Ri.idinger 

(1857). 

A Japanese anatomical and histological study using 10 cadavers and 4 patients was 

undertaken by Nakagawa (1966) who cited the earlier work of Horwitz (1939), but 

instead described the PSP as 'Plexus X'. This dissection study identified the PSP in 

20 sides ( 10 cadavers) stating that it is not a well-recognised structure but suggesting 

that it may be of clinical significance. Histological findings from four patients 

indicated the presence of autonomic innervation to the SIJ and accompanying vascular 

supply from the internal iliac artery. Several sketches are also presented that show 

the anatomical location of the PSP in relation to the LPSL and sacrotuberous 
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ligaments. A detailed morphological relationship with these ligaments was not 

portrayed. 

An unspecified number of cadavers were investigated in a dissection study of the 

medial and lateral branches of the posterior primary rami throughout the spine and 

sacrum by Bradley (1974). Dissection of the sacral region revealed a 'plexiform 

arrangement of nerves' lying on the posterior surface of the sacrum, in contact with 

the interosseous sacroiliac ligament and sacrotuberous ligament. The plexus was 

formed from the lateral branches of the fifth lumbar and first to fourth dorsal sacral 

rami. The PSP is presented as an illustration, drawn on a photo of the posterior 

aspect of a skeletal sacrum. The fifth lumbar and the first four posterior divisions of 

the sacral nerves are described to be of 'fine calibre'. The plexus of nerves lies along a 

strip on the sacral bone immediately lateral to the sacral foramina, formed at various 

levels by fibres from the lateral branches of the fifth lumbar and the first four sacral 

nerves. 

Zadeh et al. ( 1989) undertook an anatomical study of the PSP in eight cadavers. 

These French researchers consider the PSP important because of its associated 

'innervated articular, ligamentous and cutaneous territory'. Like Horwitz (1939), they 

found that the PSP was an 'anastomosis' of the posterior branches from the first, 

second, third and occasionally fourth, sacral dorsal rami. The posterior branch of the 

fifth lumbar dorsal rami was consistently found to 'anastomose' with the first sacral 

dorsal rami. Similarly, they also identified a series of 'arcades' between lateral 

branches and noted that three arcades, without specification, supplied the posterior 

SIJ, gluteal muscle and skin. In contrast to Solonon (1957), who stated that the first 

and second dorsal sacral rami supplied the SIJ, Zadeh et al. (1989) state that the 

arcade between the fifth lumbar and first sacral dorsal rami supplies the SIJ. No 

detailed information is given regarding a relationship between the PSP and the dorsal 

sacral ligaments. 

Ikeda ( 1991) undertook a macroscopic and histological investigation of the 

innervation of the SIJ. Eighteen cadavers were examined by dissection and six by 

histology. Consistent with previous studies (Horwitz 1939; Solonon 1957; Zadeh et 

45 



al. 1989) identified the upper dorsal innervation of the SIJ to arise from the lateral 

branches ofthe dorsal ramus ofthe fifth lumbar nerve, while the lower dorsal portion 

of the SIJ is innervated by nerves arising from a plexus composed of lateral branches 

of the dorsal sacral rami. Histological examination using the Bielschowskey modified 

method (a silver nitrate based stain) demonstrated nerve fibres in the ligaments of the 

posterior portion of the SIJ. 

Grob (1995) conducted a detailed anatomical study of the innervation of the SIJ. 

Four specimens (two male, two female), providing four joints were dissected. The 

dorsal sacral rami of the first to the fourth sacral spinal nerves are described to lie in 

the soft tissue, 'supported' by the dorsal ligament of the SIJ, with the dorsal rami 

interconnected by a 'long anastomosis'. Grob (1995), unlike the previous authors 

suggested that the innervation of the SIJ was exclusively posterior. The aim of this 

study was to investigate the innervation of the SIJ rather than the ligaments or 

posterior lateral branches of the PSP so less information is gained concerning these 

structures and relationships. 

Previously referred to in section 2.2.2, Willard et al. (1998) conducted an 

anatomical study of the posterior sacroiliac region in 10 cadavers, each providing two 

SIJ's for study (Figure 2.1. 7D). They identified and traced the first to the third sacral 

dorsal rami to their respective sacral foramen. The PSP, referred to as the posterior 

sacrococcygeal plexus by Willard et a!. ( 1998) is described to form from the 

'anastomosing' lateral branches of the first to third sacral dorsal rami. 

Whilst this depiction is similar to others previously reviewed, it differs in one 

main way. A lateral branch of the second sacral dorsal rami is described to divide, 

with one branch joining the lateral branch of the first sacral dorsal rami and passing 

through the LPSL in a deep tunnel. The other passes superficially over the LPSL or 

through an intermediately placed tunnel. It is apparent from other descriptions of the 

PSP (Weisl 1954b; Grob et al. 1995) that the dorsal rami have been described to lie 

deep to the LPSL and do not appear to cross it at a superficial level. Willard et al. 

( 1996) removed the ESA as part of the preparation to expose the LPSL. This suggests 
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that it is possible that the ESA may be a morphological part of the LPSL and that 

through its removal, the underlying lateral branches were exposed. 

Liguoro et al. (1999) undertook a dissection study of the dorsal sacral foramina in 

six cadavers to describe the relationship of vascular and neurological structures. This 

study aimed to enhance the knowledge of detailed morphology in order to improve 

the clinical technique of percutaneous needle placement in neuromodulation. Whilst 

the morphology of the PSP was not an aim of this study per se, it did provide 

contributive anatomical information. For example, the authors describe a fibrous 

membrane that closes each sacral foramen. This membrane is conjectured to be 

analogous to the ligamentum flava of the mobile vertebral column. Dissection of this 

membrane reveals the underlying 'filiform' (thread or filament like) dorsal branches of 

the sacral nerves, of variable arrangement. This membrane is somewhat similar to the 

'weak fasciculi' described by Weisl (1954) or the 'superficial ligaments' described by 

Hakim and Lazzaro (193 7). Adipose tissue is observed to be abundant, particularly at 

the level of the third and fourth sacral foramina. A similar observation is also made by 

(Zadeh et al. 1989) who stated that the 'terminal branch runs along the inferior 

segment of the lateral wall of the sacrum, in a tunnel of its own and surrounded by 

abundant adipose tissue'. 

A recent study of the PSP conducted by Yin et al. (2003) consisted of a two-part 

anatomical and clinical study ofradiofrequency neurotomy of the PSP, which is used 

in the treatment of 'chronic sacroiliac joint complex pain'. The anatomical aspect of 

this study conducted 'meticulous' dissection to expose the PSP and lateral branches 

entering the SIJ complex. The study highlighted the high degree of variation in the 

number and location of the lateral branches of the dorsal sacral rami between cadavers 

and in the same cadaver. Like Grob (1995), it also emphasised the 'deep' position of 

the PSP in relation to the SIJ ligaments. 

In their discussion, Yin et al. (2003) critique an earlier radiofrequency SIJ 

neurotomy study by Ferrante et al. (200 1 ). In this latter study, radiofrequency 

lesioning of the lateral branches was conducted along a 'strip' over the posterior SIJ. 

Yin et al (2003) suggest that the 'strip' approach was 'inherently flawed from an 
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anatomic standpoint' because the lateral branches are embedded in various dense 

ligamentous layers, making them largely inaccessible'. In support ofthis statement, an 

earlier dissection study by Willard et al (1998) is cited, which was reviewed 

previously. 

In summary, the PSP is primarily composed of interconnecting lateral branches of 

the dorsal sacral rami and lies close to the posterior sacral surface and posterior SIJ 

surrounded by adipose tissue. These nerve branches are described to be generally less 

than 1 mm in diameter and possess delicate, fine morphology. They lie closely related 

to the deep ligamentous structures and layers of the posterior sacral region although 

this relationship is not well described. 

2.3.3 A possible relationship between the LPSL and the PSP 

Literature with the main aim of highlighting the relationship between the LPSL and 

the PSP is scarce. However, when one or other structure is considered independently, 

a relationship is sometimes referred to indirectly. It is apparent when reviewing the 

literature of the PSP and the LPSL that such a relationship exists but the detail and 

morphological extent of this relationship is not evident. 

For example, in the 1918 edition of Gray's Anatomy (Lewis 1918) the posterior 

divisions of the sacral nerves are described to emerge from the posterior sacral 

foramina, covered by multifidus. The lateral branches join with one another and with 

the lateral branches of the posterior divisions of the last lumbar and fourth sacral 

nerves to form loops on the surface of the sacrum, q. v. the PSP. From these loops, 

branches run to the dorsal surface of the sacrotuberous ligament, forming a second 

series of loops under gluteus maximus. In this description, whilst there is some 

anatomical information concerning a relationship between the lateral branches of the 

sacral dorsal rami and the surrounding ligaments or structures, detailed description is 

absent. 

On the other hand, when describing the posterior sacroiliac ligaments, the most 

recent edition of Gray's Anatomy (Standring et al. 2005: 1439) describes the dorsal 
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rami of the sacral spinal nerves to 'intervene' between the posterior sacroiliac 

ligament and the interosseous ligaments. This description is based on the earlier study 

of Weisl (1954) that also implies a layered morphology, yet the sacral dorsal spinal 

rami (Standring et al. 2005:784) remain described in nearly exactly the same way as 

they are in the 1918 edition of Gray's Anatomy (Lewis 1918). 

Cunningham's Textbook of Anatomy (Romanes 1981 :7 69), describes the lateral 

branches of the sacral dorsal rami as piercing the sacrotuberous ligament and gluteus 

maximus. By contrast, in Grant's Anatomy (Agur and Dalley 2005:374), no 

relationship is stated to exist between the posterior rami of the first, second and third 

sacral nerves and the posterior SIJ ligaments or LPSL. Instead, the posterior sacral 

rami were described to exit from the posterior sacral foramina and enter the gluteal 

regiOn. 

Anatomical studies however, provide indirect information suggestive of a 

relationship between the LPSL and sacral dorsal rami when investigating either one or 

the other structure. For example, Weisl (1954) describes the posterior primary sacral 

rami, vessels and loose connective tissue to lie between the intermediate ligamentous 

layer and a fascial sheet, although the layered morphology is not described in detail. 

Pitkin and Pheasant ( 193 6), dissected four cadavers and according to their 

observations, state that the PSP lies deeply embedded in the dense sacroiliac and 

sacroischial ligaments, being separated from the sacrum by a thin layer of ligaments 

and periosteum. This morphological arrangement is not described elsewhere. 

Additionally, they describe the PSP to distribute branches from the fifth lumbar nerve 

and first two sacral nerves to the interosseous sacroiliac ligaments and SIJ. They state 

that their findings agree with Rtidinger (1857), and they present a depiction of the 

PSP, which is drawn as an exposed series of anastomosing arcades, with the posterior 

SIJ ligaments and gluteus maximus muscle cut away. 

Bradley (1974) describes the PSP as deeply situated and in contact with the 

posterior surface of the sacrum, covered by the lumbosacral muscle mass and the 

origins of the sacrotuberous ligament. This description is similar to a later one used in 
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another anatomical study (Zadeh et al. 1989) where the plexus was also described to 

be covered by the 'lumbosacral muscle mass' but contradistinctly, by the start of the 

gluteal muscle. 

Grob et al. (1995) state that the first to the fourth sacral dorsal rami are supported 

in the dorsal ligaments of the SIJ. The rami are described to run in a lateral direction, 

under the superficial and in the deep layers of the LPSL. The dorsal nerve branches 

are described to 'squeeze themselves through layers of the sacrotuberous ligament, 

passing through the origin of gluteus maximus to reach the epidermis as the middle 

cluneal nerves'. 

Willard et al. (1998) conducted possibly the only anatomical study that looked 

specifically at the relationship between the LPSL and the PSP. As previously stated 

the lateral divisions of the first to third sacral dorsal rami pass around and through the 

LPSL and anastomose with each other. The lateral branch of the first sacral dorsal 

rami is described to 'frequently pass through an isolated tunnel' located between the 

LPSL and the SIJ, or to pass through the LPSL. No relationship was observed 

between the LPSL and the lateral branch of the fourth dorsal sacral rami. The lateral 

branches of the PSP were observed to penetrate the LPSL deeply through a tunnel, at 

an intermediate level or to be crossed superficially. 

2.3.4. The LPSL as a pain generating structure 

Anatomical pain sources may be difficult to localise because of the overlapping 

segmental innervation at each level and because of an overlap of pain patterns 

(O'Brien 1984:243). In the case of the SIJ, a multiplicity of structures may refer pain 

to the area surrounding the SIJ (Bernard and Kirkaldy-Willis 1987). Pain emanating 

from the SIJ may also be associated with varying patterns of sclerotomal pain 

(Slipman et al. 2000). Sclerotomal structures originate from a common embryonic 

somite (Kellgren 1977) and refer pain in a pattern that does not coincide with the 

corresponding dermatome (Inman and Saunders 1944). 
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The innervation of the LPSL, the surrounding ligaments of the SIJ together with 

the SIJ itself, are a reason of continuing clinical and anatomical debate. This is 

highlighted by the number of anatomical and clinical review articles devoted to the SIJ 

that highlight the variable innervation of the joint and its surrounding ligaments (Beal 

1982; Cole et al. 1996; Slipman et al. 2001; Saal 2002; Hansen and Helm 2003; 

Bogduk 2004; Dreyfuss et al. 2004; Cohen 2005; Forst et al. 2006). A variable 

pattern of multi-segmental innervation deriving from both ventral and dorsal 

lumbosacral sources is said to innervate the SIJ. This ranges from the ventral branches 

of the third lumbar rami to the second sacral rami; the dorsal rami of the fourth lumbar 

to the fourth sacral nerves, as well as the pelvic portion of the sympathetic outflow 

(Pitkin and Pheasant 1936; Solonon 1957; Nakagawa 1966; Ikeda 1991; Grob et al. 

1995). 

In order to rationalise the consideration of pain related to the SIJ and its 

surrounding ligaments, it is helpful to consider the way in which pain may originate. 

A pain generating structure in the vertebral column may be found in three distinct 

anatomical areas, each said to produce a characteristic type of pain. These anatomical 

areas are broadly described as 'deep', 'superficial' and 'neurological' (O'Brien 

1984:240; Hirsch et al. 1963). 

PAIN ARISING FROM DEEP ANATOMICAL STRUCTURES 

The deep structures of the vetiebral segment, the intervertebral disc and joints, 

ligaments and muscles give rise to pain that is described as dull and aching in quality 

and is poorly localized (Kellgren 1939; Inman and Saunders 1944; O'Brien 

1984:242). For example, pain from the SIJ may be felt diffusely and variably over the 

ischial tuberosities and into the groin, down the whole thigh to the ipsilateral knee 

(Kellgren 1939; Fortin et al. 1994b; Daum 1995; Schwarzer et al. 1995). The 

observation that pain is referred diffusely over the ischial tuberosities from the SIJ is 

also reported by O'Brien (1984:244), citing a personal communication with Kellgren 

(1982). Conversely, ischial pain of visceral origin is reported (Raj 1996:253), who 

refers to the 'Racz sign' that may be present in patients with pelvic pain arising from 

carcinoma of the rectum that is referred to the ischial tuberosities. A positive sign is 
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interpreted by pressure over the ischial tuberosities invoking ischial pain and indicates 

those patients likely to respond favourably to a superior hypogastric plexus block. 

Pelvic pain of gymeacological origin is also described to refer to the SIJ (Norman 

1968; Davis and Lentle 1978) and to the abdomen from the SIJ (Slipman eta!. 2000). 

Again, the converse is also described and the SIJ is cited as a peripheral cause of 

chronic pelvic pain (Rapkin 1999:645). Patients with pain whose origin is later and 

unequivocally identified to be the SIJ exhibit a non-specific clinical presentation 

having no pathognomic signs indicative of pain generation from the SIJ. Examples 

include cases of septic sacroiliitis, (Zimmermann et a!. 1996; De Tournemire et a!. 

1997; Hodge and Bessette 1999; Attarian 2001) pneumococcal sacroiliitis (Pinson et 

a!. 1997) and pyogenic sacroiliitis (Spoendlin and Zimmerli 1988; McGaughey 1996; 

Tsai et a!. 1999). Initial clinical presentation is non-specific and the SIJ is not 

identified as the pain generator until the systemic signs of infection manifest later. 

PAIN ARISING FROM SUPERFICIAL ANATOMICAL STRUCTURES 

Structures such as the skin, fascia, ligaments and muscles are said to produce pain 

that is superficial and well localised (O'Brien 1984:244). This is different from the 

diffuse pain emanating from the deep region of the SIJ outlined previously. Superficial 

SIJ pain may be identified, for example, by a 'finger test' where the patient points to 

a localisable site of pain immediately infero-medial to the PSIS (Fortin and Falco, 

1997). This test is said by Dreyfuss eta!. (2004) to have a sensitivity (ability of the 

test to identify the number of true cases) of between 26% - 50%, and a specificity 

(ability ofthe test to identify true negatives) of76%- 100% (Last 1995:154). Fortin 

and Falco (1997) validated the 'finger-test' test by using it to identify a sub-group of 

16 patients from an initial group of 54 consecutive patients with a presumptive 

diagnosis of lumbar disco genic or posterior joint pain. The sub-group of patients then 

underwent a further SIJ pain-provocation injection to confirm the SIJ as the source of 

pain. A 100% correlation was found between the 'finger-test' and SIJ pain

provocation injection. However, confidence in the predictive value of this test may be 

premature as Schwarzer eta!. ( 1995) have stated that in cases of SIJ pain, positive 

pain-provocation tests have some negative predictive value as the production of pain 
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may occur in patients relieved by anresthetic blockade as well as in patients who are 

not. 

Broadhurst and Bond ( 1998) argue that complete abolition of SIJ pain as the result 

of anresthetic blockade of the joint suggests an intra-articular pain source whereas 

partial abolition of SIJ pain suggests an extra-articular pain source. Such a distinction 

of pain generator does not feature frequently in the literature. Vleeming et al. (2002) 

are notable in their suggestion to seek specific peripheral blockade of the LPSL as a 

potential pain generator. Dreyfus et al. (2004) suggest that residual pain from the 

procedure itself is a potential cause of a perceived negative response and highlight the 

need to limit local anresthetic injectate. 

Pain provocation and pain mapping procedures have been carried out for the SIJ 

(Fortin et al. 1994a; Fortin et al. 1994b; Fortin and Falco 1997). These were based 

on SIJ injection of contrast medium followed by local anresthetic blockade in both 

asymptomatic volunteers and patients with SIJ pain. However, some do not consider 

this approach specific enough to differentially identify the LPSL as the pain generator 

(Vleeming et al. 1996; Vleeming et al. 2002). Instead, it is suggested that peripheral 

blockade of the LPSL should precede SIJ blockade in order to exclude the LPSL as the 

pain generating structure (Vleeming et al. 2002). 

A recent evidence-based review of SIJ interventions supports the existence of SIJ 

pain, stating that such pain may be diagnosed with reasonable certainty using 

controlled, comparative local anresthetic diagnostic blockade (Boswell et al. 2005). 

However, distinction is not made in this evidence-based review regarding the potential 

sources of SIJ pain that share the same or similar patterns of innervation, such as the 

LPSL. 

As previously stated, the anatomical location of the LPSL is commonly identified 

as a site of SIJ pain (Steindler and Luck 1938; Bernard and Cassidy 1991:2115, 

Vleeming et al. 1996; Willard et al. 1998; Vleeming et al. 2002). This anatomical 

location is also identified as a frequent site of pelvic pain in pregnancy (Ostgaard et al. 

1994; Rost et al. 2004 ). The LPSL may be the morphological structure that is 
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responsible for a positive provocation test in pregnancy (Ostgaard et al. 1994). The 

positive provocation test in pregnancy has shown a good level of sensitivity and 

specificity (80%) for discrimination of posterior pelvic pain from low back pain in 

pregnancy. Vander Wurff et al. (2006) also found that pain in this specific region is a 

highly consistent finding for SIJ pain. 

PAIN GENERATING LIGAMENTOUS TISSUE (SUPERFICIAL PAIN) 

Superficial pain that putatively originates from the dense connective tissue of the 

LPSL is postulated to arise from tensile stress in the ligament due to sustained 

'counter-nutation' of the SIJ (Vleeming et al. 1996). The generation of this pain relies 

upon the presence of small diameter, unmyelinated (or lightly myelinated) primary 

afferent nociceptors or 'C' fibres (Willard 2003: 13 8) or slightly larger myelinated Ao 

fibres (Jerome 2003:216) within the ligamentous tissue of the LPSL. 'C' fibres are 

associated with diffuse, poorly localised and dull sensation, and 'Ao' fibres with a 

sharp and localisable pain. Large diameter, primary afferent nociceptors such as 'AJ3' 

fibres that usually detect discriminative and proprioceptive events may in addition, 

undergo phenotypic change as the result of inflammation and behave like 'C' fibres. 

(Willard 2003: 140). 

Vilensky et al. (2002) undertook a neurohistological and immunohistochemical 

investigation of the dorsal SIJ ligaments. The aim of this study was to ascertain the 

presence of proprioceptive and pain nerve endings from ligamentous samples 

obtained during an SIJ arthrodesis from six patients. They identified that the 

periarticular tissues of the SIJ contained mechanoreceptors, nerves and nerve fascicles 

but did not identify substance P or protein gene peptide 9.5 indicative of free 'C' 

fibre, unmyelinated pain nerve endings. The paciniform type mechanoreceptor that 

they identified responds to compression, thereby presenting the possibility of being 

stimulated when the LPSL is placed in tensile stress. Vilensky et al. (2002) felt that 

the presence of 'C' fibres was an equivocal finding due to methodological difficulties 

but reported their findings to be consistent with the results of Grob et al. (1995). 

Grob et al. (1995) had previously conducted an histological examination of two male 

and two female pelves and identified the presence of numerous thick myelinated, thin 
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myelinated and unmyelinated primary afferent nociceptors in the posterior sacroiliac 

ligaments. 

A further histological study of two patients undergoing SIJ atihrodesis and in two 

foetuses showed that the capsular tissue from the ventral SIJ contains unmyelinated 

and myelinated nerve fibres indicative of a pain generating capability (Fortin et al. 

1999). The presence of large diameter axons suggested the presence of 

mechanoreceptors in the periarticular tissue of the ventral SIJ. Sixteen week foetal 

material also showed the presence of unspecified neurofilaments in the ventral SIJ 

ligaments. 

Referred to previously, the study of Ikeda (1991) demonstrated the presence of a 

number of nerve fibres in the SIJ capsule and ligamentous structures ranging from 0.2 

f!m to 2.5 f!m and ending in five morphologically different terminals. Diameters in 

these ranges indicate the presence of 'A8' fibres (less than 3 f!m mechanoreceptors, 

nociceptors) and 'C' fibres (0.5 f!m - 1.5 f!m mechanoreceptors, nociceptors, 

sympathetic postganglionic fibres) (Prithvi 1996: 14). 

There is no anatomical or clinical research that unequivocally demonstrates that 

the LPSL is a pain generating structure and distinguishes it as a pain generating 

structure to SIJ pain, non-specific low back pain or peripartum pelvic pain. 

Nevertheless, a functional basis for LPSL pain has been proposed (Vleeming et al. 

1996) as well as a diagnostic approach (Vleeming et al. 2002). 

Finally, within the grouping of localisable and superficial pain that is potentially 

related to the LPSL, the transmission of tensile forces through the LPSL has been 

suggested as a cause of local pain by Vleeming et al. (1996). They suggest that 

sustained sacral counter-nutation may be a cause and have shown that related fascial, 

ligamentous and muscular structures have the capacity of transmitting tensile forces 

through the LPSL. For example, when loading the ipsilateral sacrotuberous ligament or 

loading the ipsilateral erectores spinae aponeurosis the tensile stress of the LPSL 

increases. Conversely, tension of the posterior layer of the thoracolumbar fascia 
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created by a craniolateral force exerted by the contraction of the latissimus dorsi 

muscles, reduces the tension in the LPSL. 

Earlier clinical studies have suggested a fascial relationship between the LPSL and 

other structures. It is reported that tension is exerted on the LPSL, either by 

contraction of the back muscles in forward flexion, or by stretching the 'hamstrings'. 

The gluteus maximus is noted to take its origin from the LPSL and so pull from this 

muscle may irritate the ligament (Steindler and Luck 1938). Steindler and Luck (1938) 

observe that patients with a positive Ober sign (Ober 1936), indicating a shortened or 

tight tensor fasciae latae, also show a tender point well localised to the region of the 

LPSL. Haldeman and Soto-Hall (1938) comment that in chronic sacroiliac strain, 

concomitant spasm of the back muscles with secondary postural abnormalities such 

as reduced lumbar lordosis creates a vicious cycle causing further sacroiliac strain. 

Contemporary researchers have made similar statements regarding the possible 

consequences of sustained 'counter-nutation' on the LPSL (Vleeming et al. (1996) 

leading to pain. Haldeman and Soto-Hall (1938) report that operations designed to 

overcome the shortening of the tensor fasciae latae muscle frequently also relieve 

sacroiliac symptoms and sciatica. 

PAIN RELATED TO MECHANICAL NERVE IRRITATION 

The third distinct area is one that is characterised by the pain resulting from direct 

mechanical involvement of the spinal nerve being irritated or compressed (O'Brien 

1984:245). For example, irritation of the first sacral nerve root may result in non

specific low back pain, buttock pain, posterior thigh, calf and heel pain (Dubuisson 

1999:857). This is arguably the pattern of pain that most resembles putative SIJ pain 

(Slipman et al. 2000). Stimulation of the second sacral nerve root produces pain in the 

buttock, groin, posterior thigh and genitalia and stimulation of the third sacral root 

produces pain in the peri-anal region, rectum and genitalia (Dubuisson 1999:856). It is 

postulated (Zadeh et al. 1989; Willard et al. 1998) that the intimate morphological 

relationship between the lateral branches of the sacral dorsal rami and the LPSL may 

lead to ischaemic compromise of the nerve through mechanical compression causing 

pain (Sunderland 1978:379). In this instance, disorders of sensation or panesthesia 
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would be expected to be localisable to the particular cutaneous distribution of the 

affected lateral branch. 

2.4 Summary 

The SIJ is classified both as a synovial and fibrous joint. Recent research suggests 

that it also possesses histological features that resemble a symphysis. The joint 

surfaces have a sinuous conformity and are morphologically variable from side to side 

in the same individual, as they are between individuals. Variation is wide. RSA shows 

that SIJ motion has very small and unpredictable values of rotation and translation 

and that there is a peripartum increase of SIJ motion. 

The LPSL is a relatively superficial ligamentous structure that it is purported, may 

be palpated externally. Pain in the same region has also been advocated as the basis of 

a clinical test for SIJ pain. A mechanical model describes the function of the LPSL as a 

ligament that inhibits sacral 'counter-nutation'. The LPSL is also a contributing 

ligamentous structure to the form and force closure model of SIJ stability. 

The LPSL has been described in the anatomical and clinical literature. Discrepancy 

appears to exist between descriptions of the LPSL and the surrounding structures or 

layers that may contribute to the LPSL. Clarification of the contributing layers to the 

LPSL is needed. This may also add to the understanding of the functional role of the 

LPSL beyond that of a 'counter-nutational' restraint. The LPSL is an innervated 

structure that possesses free pain nerve endings as well as proprioceptive 

transducers. It may therefore act as a pain generator in the sacroiliac region in non

specific low back pain and peripartum pelvic pain. A relationship between the PSP 

and the LPSL is suggested that may provide a basis for pain in the region. However, 

the morphological details of this relationship are unknown. 
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2.4.1 Thesis aims 

In light of this literature review, this qualitative investigation was undertaken to 

develop an enhanced morphological understanding ofthe LPSL and its relationship to 

surrounding neurological, ligamentous and articular structures. The null-hypothesis 

for this investigation is stated as follows. The morphological structures of the 

posterior sacroiliac region, in particular the LPSL and the posterior sacrococcygeal 

plexus, appear unrelated and do not provide a morphological basis for a patho

anatomic cause of localised sacroiliac joint pain. 

Three methods of investigation utilising human cadaveric material were used to 

explore the morphological relationships, namely anatomical macro-dissection, wax 

embedded tissue block histology and E12 sheet plastinated resin sections. It is hoped 

that this detailed morphological study will provide an improved understanding of the 

functional anatomy of the LPSL and the closely related posterior sacrococcygeal 

plexus. Knowledge of detailed morphology may help clinical considerations, 

particularly with respect to the diagnoses of sub-groups of non-specific low back 

pain: putative sacroiliac joint pain and posterior peripartum pelvic pain. 
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3 Cadaveric materials 

3.1 Preamble 

This investigation utilised cadaveric material in three ways: dissection, histology 

and examination of extant E 12 sheet plastination. Each cadaver was assigned an 

investigation serial number, 'SN', for simplicity of reference (Appendix A). Embalmed 

cadaveric material was utilised for the macro-dissection method and for the sectional 

histology method. Previously prepared, E12 sheet plastinated sections from two 

cadavers were used for additional morphological analysis. 

3.2 Available cadavers 

Cadaveric material used in this project was bequeathed under the Human Tissue 

Act of 1964 and provided by the Department of Anatomy and Structural Biology of 

the University of Otago for educational purposes. In total 22 cadavers, having a mean 

age of 76.6 (SD 10.2) years, were available. The cadaveric material comprised 10 

males, mean age of74.4 (SD 10.1) years, and 12 females, mean age of 78.5 (SD 10.4) 

years. Cadaveric data, such as the assigned serial number (SN), original departmental 

cadaver identity number (ID ), investigation use, gender, age and cause of death are 

tabulated in Appendix A. 

3.3 Embalming fluids and tissue fixation 

Cadavers used throughout this investigation were embalmed. Several different 

embalming fluids were used for this purpose and these are listed with the respective 
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cadavers in Appendix A. The composition of individual embalming mixtures is 

described in Appendix B. 

3.4 Cadaveric material: macro-dissection 

Sixteen cadavers, SN 1 - 6 inclusive and 11 - 20 inclusive, with a mean age of 77.0 

(SD 11.2) years, were available for macro-dissection study. This group of cadavers 

comprised seven males, mean age of75.5 (SD 12.3) years, and nine females, mean age 

of78.6 (SD 10.8) years. Ofthe theoretically possible 32 sides available for study, 22 

sides from, SN 1 - 6 inclusive and 11 - 20 inclusive were used for macro-dissection. 

Four sides from, SN 1, 3, 5 and 6 were used for histological examination and 

comprised two males aged 70 and 71 years and two females aged 64 and 79 years. 

Four sides, two right and two left from SN 2, 4, 13 and 18 respectively, were 

unavailable for dissection because of previous use. 

Ten cadavers, SN 11 - 20 inclusive, constituted the first group to be dissected. The 

group had a mean age of 78.3 (SD 12.9) years. It comprised four males, mean age of 

76.3 (SD 16.8) years, and six females, mean age of 79.7 (SD 11.3) years providing 

eight left pelves and eight right pelves. Dissections were performed according to the 

following stated dissection methodology and the observations recorded. 

The remaining six cadavers, SN 1 - 6 inclusive, constituted a group with a mean age 

of74.8 (SD 8.1) years. This group comprised three males with a mean age of 73 (SD 

4.4) years, and three females with a mean age of 76.7 (SD 11.7) years. The group 

provided six left pelves for macro-dissection and four right sacroiliac regions for 

sectional histology (Appendix A). 

3.5 Cadaveric material: histology 

Eight cadavers, SN 1, 3, 5, 6, 7, 8, 9 and 10, with a mean age of73.4 (SD 5.6) years 

provided cadaveric material for histological investigation. This group comprised five 

males with a mean age of 72.2 (SD 2.7) years and three females, with a mean age of 
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75.3 (SD 7.7) years. Four right and four left sacroiliac regions were acquired from this 

group. 

Three of the four right sacroiliac regions, SN 1, 3, and 5, comprised a sub-group 

with an overall mean age of 71.3 (SD 7.5) years. This sub-group comprised one male 

age 71 years and two females aged 64 years and 79 years. The sub-group provided 

LPSL 'soft' ligamentous tissue, which was only utilised for initial sectional histology. 

The remaining fourth right sacroiliac region, SN 6, male, aged 70 years together 

with a further four left sacroiliac regions, SN 7, 8, 9 and 10, made a group of five 

cadavers with a mean age of74.6 (SD 5.4) years that provided five tissue blocks, four 

left and one right, for sectional histology. The group comprised four males with a 

mean age of72.5 (SD 3) years, and one female aged 83 years. The female cadaver, SN 

8, provided a left sacroiliac region and the right sacroiliac region was provided by a 

male cadaver, SN 6. 

3.6 E12 epoxy-resin, sheet plastinated, cadaveric material 

Two female cadavers, SN 21 and 22, with ages of 65 and 86 years respectively, 

had been previously sectioned in the transverse and sagittal planes respectively. 

These E12 sheet plastinated transverse and sagittal sections are held by the Anatomy 

Museum of the Department of Anatomy and Structural Biology of the University of 

Otago and maintained for educational and research purposes. Each cadaver furnished a 

left and right side, providing four sides for study. 
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4 Macro-dissection study 

4.1 Macro-dissection methods 

Cadaveric dissections were undertaken in the Department of Anatomy and 

Structural Biology, University of Otago. The purpose of macro-dissection in this 

investigation was to provide an overview of the morphology of the LPSL with 

particular attention to any relationship with the PSP and surrounding anatomical 

structures. 

Each cadaveric pelvis was positioned prone on the dissecting table, the side of 

interest closest to the researcher. The bony landmarks of the lumbar spinous 

processes, the sacral median ridge and the posterior superior iliac spine (PSIS) were 

initially identified by palpation and marked with coloured pins. This was done to 

establish the relative positions of dissection landmarks, to place the cadaver midline 

and to define the overall dimensions of the area of interest. 

4.1.1 Exposing the long posterior sacroiliac ligament 

The dissection was commenced with a deep, mid line incision from the spinous 

process of L4, directed inferiorly along the mid line to the coccyx. A second incision 

was made through the skin and subcutaneous adipose layer directed at right angles to 

the initial midline incision, from the spinous process of the fourth lumbar vertebra to 

a para-sagittal line 2 em lateral to the ipsilateral PSIS. A third incision was made 

running inferior, from the lateral end of the second incision over the iliac crest and 

gluteus maximus (GMx). Here, it angled medial, to terminate approximately 6 em 

62 



lateral to the midline at the level of the sacrococcygeal joint. A final joining incision 

was made to the midline. 

The skin and subcutaneous adipose layers within the incisional region were 

bluntly dissected from the mid line laterally, exposing the underlying lumbosacral 

fascia, erectores spinae aponeurosis (ESA) and superficial lamina of gluteus maximus. 

From the mid line, the lumbosacral fascia and underlying sacral ESA were lifted by 

Spencer-Wells forceps and blunt dissected away from the underlying sacral 

multifidus. At the posterior superior iliac spine (PSIS) and third lateral sacral tubercle 

(ST) this reflecting technique was arrested by strong attachment of the ESA to the 

periosteum of the PSIS and ST. Further dissection was accomplished by careful, 

sharp dissection, stripping the ESA from its bony attachment by holding it under firm 

tension with Spencer Wells forceps. In contrast, within the span of distance between 

the PSIS and the ST overlying the LPSL, the ESA yielded easily to blunt dissection 

from the underlying superficial layer of the LPSL. 

The superficial lamina of GMx was bluntly separated from the underlying 

superficial layer of the LPSL. Subsequent removal of the superficial layer of GMx, 

together with the lumbosacral fascia and ESA, exposed the superficial aspect of the 

LPSL. The LPSL lay between the PSIS and the ST, with sacral multifidus located 

medially and the gluteal aponeurosis laterally. 

Under the Zeiss Operating Microscope, fascicles of sacral multifidus were bluntly 

separated and progressively removed from their site of sacral attachment. Small, 

sprung micro scissors (Castroviejo straight blade, AC770/00 stainless steel, L. R. 

instruments, Australia) were used for this task as they enabled both blunt dissection 

of the small fascicles as well as removal by sharp dissection, as required. 

4.1.2 Identifying the posterior sacrococcygeal plexus 

Particular attention is needed during dissection as it is difficult to identify the 

neurovascular bundles of the PSP that are vulnerable to inadvertent damage due to 

63 



their small dimensions (Bradley 1974; Ikeda 1991; Willard et al. 1998; Liguoro et al. 

1999). The initial identification of the 'fascial sheet' that lies over the posterior 

sacrum deep to multifidus, provided a key indication of the proximity of the PSP, 

interposing a posterior boundary deep to which the neurovascular bundles of the PSP 

may be located. Identification of this fascial layer was confirmed by pressing a blunt 

seeker against the 'fascial sheet'. The resultant 'cushion' reflex served to indicate the 

presence of an underlying adipose layer. 

The overlying 'fascial sheet' was progressively removed, revealing a layer of white 

adipose tissue within which the neurovascular bundles of the PSP were carefully 

identified and traced. Frequent lavage by recurrent syringing with phenoxyethanol mix 

(Appendix B) exposed the neurovascular bundle more clearly, minimising the use of 

dissection instruments likely to damage the delicate structures. The neurovascular 

bundles could therefore only be traced once the overlying fascial layer had been 

removed and the exposed area lavaged free of adipose tissue. 

The emergent neurovascular bundles containing the lateral branches of the dorsal 

sacral rami, together with their interconnecting branches were traced. This procedure 

commenced at the fourth dorsal sacral foramen and progressed to each successive 

dorsal sacral foramen as far as the first dorsal foramen. Particular attention was 

directed toward the relationship between the neurovascular bundles and the more 

laterally placed LPSL. Where the lateral branches were observed to penetrate the 

LPSL, the overlying layers comprising the LPSL were sharp dissected and then 

reflected superiorly or inferiorly, layer by layer, until the penetrating neurovascular 

bundles were exposed. 

4.1.3 Macro-dissection image capture 

The relationship between the LPSL and the lateral branches of the PSP was 

recorded by plain paper sketch in the case of the initial group of cadavers SN 11 - 20. 

A Zeiss Operating Microscope Universal S3B, Op-Mi 6, zoom x0.5 - 2.5, eyepiece 

x12.5 (Carl Zeiss GmB, Carl Zeiss Strasse, Oberkochen, Germany) was used when 

macro-dissecting the posterior sacral region and LPSL. Dissection images were 
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captured in digital format using a hand held or tripod mounted Nikon CoolPix E995, 

3.34 megapixel (Nikon Corporation, Japan). 

Some early dissection images were captured using a Pixera PVC 1 OOC digital 

camera, mounted on the camera port of the dissection microscope. The Pixera 

PVC 1 OOC digital camera was operated through software, Pixera Visual 

Communication Suite, Pixera Studio Version 1.2 (Pixera Corporation, 140 Knowles 

Drive, Los Gatos, CA 95939, USA) on a Power PC Apple Macintosh 7200175, 

516Mb, 64Mb RAM. However, the hand held or tripod mounted Nikon CoolPix 

digital camera maintained a larger visual field and possessed greater versatility to suit a 

range of lighting conditions and object distances. Use of the Pixera PVC 1 OOC was 

therefore discontinued in favour of the Nikon. However, images from both cameras 

are utilised in this study. 

4.2 Macro-dissection results 

4.2.1 Preamble 

Key elements of the dissection are shown in the following section that serve to 

highlight the morphology of the LPSL and the related, penetrating lateral branches of 

the dorsal sacral rami. The results of this aspect ofthe study are published (McGrath 

and Zhang 2005) (Appendix C). Dissection figures shown in this chapter were 

indicative of the findings from the series of cadavers (n = 22 sides) available for 

dissection. 

4.2.2 The long posterior sacroiliac ligament: layered morphology 

The superficial region of the LPSL was identified. The superficial lamina of GMx 

was observed to 'span' a slight concavity posterior to the SIJ between the PSIS and 

the third sacral transverse tubercle, located at a level between the third and fourth 

dorsal sacral foramina. The superficial fibres of GMx were blended with the posterior 

layer of the thoraco-lumbar fascia and ESA, medial to a slight para-median, 'ridge-like' 
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prominence visible between the PSIS and the third sacral transverse tubercle (Figure 

4.2.1). 

The superficial lamina of GMx that overlaid the inferior aspect of the LPSL was 

dissected (Figure 4.2.2). This required blunt dissection, suggesting a weaker 

attachment to the LPSL. However, strong attachment between GMx muscle fascicles 

and a raphe at the superficial layer of the medial LPSL was observed. Hence, sharp 

dissection was required to release the attachment of GMx. 

The posterior layer of the thoracolumbar fascia was dissected from the underlying 

ESA. It was observed to blend with the superficial layer of the LPSL but conformed 

to the attachment of the superficial lamina of GMx. The subsequent removal of the 

ESA and posterior layer of the thoracolumbar fascia by sharp dissection (Figure 

4.2.3) revealed the underlying fascicles of multifidus, orientated obliquely relative to 

the LPSL. These were later shown attached to the medial and deeper aspect of the 

LPSL. 
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FIGURE 4.2.1 

The superficial region overlying the long posterior sacroiliac ligament (LPSL) 

The superficial lamina of gluteus maximus (GMx) overlaid the LPSL between 
the posterior superior iliac spine (PSIS) and the third sacral transverse tubercle (ST). 
Medially, the erectores spinae aponeurosis was observed. The cross-hatched 
appearance of the posterior layer of the thoracolumbar fascia was just visible. Between 
the PSIS and the ST a para-median ridge was observed at the location of the LPSL 
(dotted white line). 
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FICJlJ]{Jj 4.2.2 

The superficial layer of the long posterior sacroiliac ligament (LPSL) 

The LPSL (black asterisk) was visible deep to the medial fibres of 
gluteus maximus (GMx), lying between the posterior superior iliac spine (PSIS) 
and third sacral transverse tubercle (ST). The erectores spinae aponeurosis (ESA) 
and the posterior layer of the thoracolumbar fascia were observed to blend 
with the medial fibres of GMx. Deep to GMx, the gluteal aponeurosis (GA) 
was visible, blending with the LPSL. 
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FIGURE 4.2.3 

Multifidus (M) and the superficial long posterior sacroiliac ligament (LPSL) 

The LPSL (black asterisk) was visible between the posterior 
superior iliac spine (PSIS) and the third sacral transverse tubercle (ST). 
The superficial lamina of gluteus maximus (GMx) was partially removed. 
The gluteal aponeurosis (GA) was visible. Fascicles of multifidus (M) 
were visible deep to the sharp dissected erectores spinae aponeurosis (ESA) 
and posterior layer of the thoracolumbar fascia. 
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The lateral boundary of the ESA and posterior layer of the thoracolumbar fascia 

was observed. This boundary partly overlaid the LPSL at its superior aspect, leaving 

the inferior third to half of the LPSL covered by the loosely attached fibres of the 

superficial lamina of GMx. 

Reflection of the superficial lamina of GMx, followed by blunt dissection of the 

underlying superficial layer of the LPSL, between its strong periosteal-ligamentous 

superior attachment at the PSIS and inferior attachment at the third sacral transverse 

tubercle, highlighted the contrasting weaker attachment between the superficial and 

deep layers of the LPSL (Figure 4.2.4). Continuity of the superficial LPSL between 

GMx, the ESA and posterior layer of the thoracolumbar fascia was observed. The 

underlying deep ligamentous layer was observed as continuous laterally with the 

gluteal aponeurosis. 

Strong and weak attachments of the superficial lamina of GMx fascicles to the 

LPSL were also observed (Figure 4.2.5). The GMx fascicles over the LPSL were 

observed to be very weakly attached and were easily separated from the superficial 

surface of the ligament. In Figure 4.2.6A and B, GMx fascicles were observed to blend 

with the posterior layer of the thoracolumbar fascia and the ESA, at a raphe-like 

medial extension of the LPSL. The raphe was also observed to provide an attachment 

to the posterior layer of the thoracolumbar fascia and ESA, a medial attachment for 

the superficial lamina of GMx and a ventral attachment for the fibres of multifidus. 

The ESA was not observed to attach to the posterior sacral surface between the PSIS 

and the third sacral transverse tubercle. 

Deep to multifidus, a fascial 'floor' was observed (Figure 4.2.7). This deep fascial 

layer appeared similar to the 'fascial lamina' described by Weisl (1954). The 

continuity of the this 'fascial sheet' over the posterior sacral foramina made it 

difficult to identify an individual dorsal sacral foramen (Liguoro et al. 1999). A 

transforaminal thickening of the 'fascial' layer was observed to lie posterior to the 

sacral foramina and was identified as a dissection landmark for the underlying 

posterior sacral foramina and lateral branches of the dorsal sacral rami. A small 
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fenestration of the deep fascial layer between oblique areas of fascial thickening 

posterior to the dorsal sacral foramina permitted the egress of the posteriorly directed 

medial branches ofthe dorsal sacral rami. 

Ligamentous layers were observed that have been described by Hakim and 

Lazzaro (1939) as a 'superficial ligament' and by Weisl (1954) and a 'fascial lamina'. 

These layers were usually identified at the second and third dorsal sacral foramen in 

the present study. They were rarely observed in relation to the first dorsal sacral 

foramen in this series of dissections. Each ligamentous layer enclosed a deeper layer 

of adipose and loose connective tissue, with adipose tissue forming the major 

component. Each layer was attached adjacent to the medial margin of the foramen and 

fanned out to attach broadly, in the case of the first dorsal sacral foramen, to the 

medial PSIS and in the case of the second and third dorsal sacral foramen, to either the 

third sacral transverse tubercle or the LPSL. At the fourth dorsal sacral foramen, it 

blended with the third sacral transverse tubercle or adjacent dense ligamentous tissue, 

creating a tunnel for the anastomotic branch from the third dorsal sacral rami. A 

fmiher tunnel continued inferiorly carrying an anastomotic branch towards the fifth 

sacral dorsal sacral rami and sacrococcygeal region. 

The fascial layer formed a fenestrated operculum over the dorsal sacral foramen, 

notably at the second and third foramina. At the fourth dorsal sacral foramen, the 

fenestration above the dorsal sacral foramina was observed to be absent. No emergent 

medial branch of the fourth dorsal sacral rami was seen. On the other hand, the first 

dorsal sacral foramen was considerably deeper. It was positioned well superior to the 

PSIS and did not appear to have a close morphological relationship to the LPSL. 

Adipose and loose connective tissue was observed to be extensive in this region and 

when present, the fascial band associated with the first dorsal sacral foramina was the 

broadest, attaching at the medial PSIS, and rarely at the LPSL. 

The ligamentous layers were observed to blend laterally with the LPSL in an 

apparently metameric way. The superior region of the deep fascial layer contributed 

to the deep aspect of the LPSL. The next layer, originating from the adjacent inferior 

foramen was observed to form the next adjacent superficial layer within the LPSL. 

71 



The gluteal aponeurosis was seen as a lateral continuity from the superficial layer of 

the LPSL. The superficial layer of the LPSL appeared analagous to an 'umbrella' like 

structure between its superior and inferior sites of attachment. Medial and lateral 

continuity over the deeper layers was observed. The medial fascial layers attached at 

the region adjacent to the medial sacral foramina and comprised the 'floor' of the 

sacral multifidus compartment. 

A fenestration in the deep fascial layer was consistently observed over the second 

and third dorsal sacral foramina (Figure 4.2.8), through which a medial branch ofthe 

dorsal sacral rami passed to innervate fascicles of multifidus.Tendinous attachments 

of the fascicles of multifidus were observed to attach to the ligamentous 'floor' deep 

to multifidus. The adipose tissue that was contained by the ligamentous band was 

visible through the fenestration. 

The ligamentous 'floor' of the deep lamina was sharp dissected away from its 

attachments at the deep aspect of the LPSL and from the posterior sacral surface 

lateral to the dorsal sacral foramina (Figure 4.2.9). This was done to expose the lateral 

branches related to the LPSL and to trace them toward the dorsal sacral foramina. 
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FIGURE 4.2.4 

Gluteus maximus (GMx), the erectores spinae aponeurosis 
and the long posterior sacroiliac ligament (LPSL) 

GMx was reflected medially to expose the gluteal aponeurosis (GA). 
The posterior superior iliac spine (PSIS) and third sacral transverse tubercle (ST) 
were identified as sites of strong ligamentous-periosteal attachment of the 
superficial layer of the LPSL. Blunt dissection by contrast, indicated a 
weak attachment between the superficial LPSL and the deeper layers of the 
LSPL (black arrowheads) . GMx fibres, the superficial LPSL, the 
erectores spinae aponeurosis (not seen) and posterior layer of the 
thoracolumbar fascia formed a continuous cleavage plane, superficial to 
the deeper layers of the LPSL. The ESA was not attached to the posterior sacrum 
between the PSIS and the third transverse sacral tubercle. 

73 



FIGURE 4.2 .5 

Gluteus maximus (GMx) attachment to the long posterior sacroiliac ligament (LPSL) 
(right hand side) 

Inferomedial reflection of the superficial lamina of GMx from a superior perspective, demonstrated 
a weak attachment of muscle fibres to the underlying superficial layer of the LPSL (black asterisk). 
Small blood vessels (V) were visible, emergent just lateral to the body of the LPSL, through the 
erectores spinae aponeurosis (ESA). The black arrowhead indicates the region of 
strong attachment of the GMx fibres. 
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FIGURE 4.2.6 

Medial aspect of the long posterior sacroiliac ligament (LPSL) 

A: superficial fibres of gluteus maximus (GMx) were reflected after sharp 
dissection from their attachment to a raphe (black asterisk) at the medial aspect 
of the LPSL. Fascicles of multifidus (M) were visible medially. 
B: the posterior layer of the thoracolumbar fascia and the erectores 
spinae aponeurosis (ESA) were held by Spencer-Wells forceps, reflected 
from underlying multifidus (M). The superficial lamina of GMx was strongly 
attached to the LPSL medially. More laterally over the LPSL, fibres of GMx 
were readily lifted from the surface of the LPSL by blunt dissection, 
shown with the inserted forceps . 
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FIGURE 4.2.7 

Ligamentous 'floor' deep to multifidus (M) 

Fascicles of multifidus (M) were removed to expose the shiny fascial 'floor' of 
the deep fascial layer that blended with the deep aspect of the LPSL. 
A neurovascular medial branch of the third dorsal sacral rami was indicated (S3). 
A plentiful distribution of adipose tissue was observed around the second dorsal foramen (S2). 
White arrow heads highlight the 'fan' shaped 'fascial lamina' or 'fasciculi' ofWeisl (1954), 
or the 'superfical' ligaments of Hakim and Lazarro (1939). The fascial 'fan' of S2 lay 
deep to the fascial fan of S3 and was separated from the posterior sacral surface 
by an intervening layer of adipose tissue. The posterior superior iliac spine (PSIS) and the 
third sacral transverse tubercle (ST) were identified. The LSPL was visible, blending laterally 
to the gluteal aponeurosis (GA). 
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FIGURE 4.2.8 

Fenestration of the ligamentous 'floor' 

The deep fascial lamina, deep to multifidus, was fenestrated (black arrowheads) 

over the second and third dorsal sacral foramina Adipose tissue was observed deep to the fascial 'floor' 

and this was partially visible where the fenestrated fascial region permitted the passage of the 

medial branch of the dorsal sacral rami (MB). The medial branch of the third dorsal sacral rami 

was identified, attached to a fascicle of sacral multifidus (M). Residual tendinous bands (T) 

of fascicles of multifidus remained. 
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FIGURE 4.2.9 

Exposure of the lateral branches (LB) of the dorsal sacral rami at the 
long posterior sacroiliac ligament (LPSL) 

The deep fascial lamina (black asterisk), reflected superiorly, was held in Spencer-Wells forceps 
and sharp dissected to expose the underlying lateral branches (LB). An adipose filled space cushioned the 
lateral branches of the dorsal sacral rami deep to this layer. Much of this was removed by lavage to expose 
the lateral branches, observed to pass infero-laterally from the dorsal sacral foramina, to penetrate the 
long posterior sacroiliac ligament (LPSL). The posterior superior iliac spine (PSIS) and third sacral 
transverse tubercle (ST) were identified, between which the deep aspect of the long posterior 
sacroiliac ligament was observed. 
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4.2.3 The lateral branches of the dorsal sacral rami and the LPSL. 

A close relationship was observed between the lateral neurovascular branches of 

the dorsal sacral rami and the LPSL. The lateral branches were observed to penetrate 

the LPSL within a layer of adipose and loose connective tissue. The relationship 

between the lateral branches of the dorsal sacral rami and the LPSL is highlighted 

(Table 1 ). Dissection of the LPSL and exposure of the penetrating neurovascular 

bundles within the LPSL (Figure 4.2.1 0), showed the neurovascular branches to be 

enclosed by loose connective and adipose tissue and to further divide into smaller 

branches with interconnection between the larger trunks. The branches were observed 

to penetrate and disappear within the anterior deep interosseous ligamentous 

structure of the posterior SIJ. 

Table 1. The relationship between the lateral neurovascular branches of the 
dorsal sacral rami and the LPSL (n = 22 sides) 

Sacral foramina 
LPSL number ofsides: n (%) 

Penetration 
Sl* S2 S3 S4 

Deep level 1 (4) 21 (96) 22 (100) 3 (14) 

Superficial level 0 0 0 10 ( 45) 

Not seen 21 (96) 1 (4) 0 9 (41) 

* denotes the most closely related foramen to a lateral branch of the dorsal sacral ram1 

Dissection of the superficial and underlying LPSL ligamentous layers frequently 

exposed a deeper circumscribed adipose 'cushion' deep to, or within the deepest 

layers of LPSL, that was penetrated by the lateral branches of the dorsal sacral rami, 

(Figure 4.2.11A and B). As the overlying 'pre-stressed' ligamentous layers were 

dissected, the constrained contents of loose connective tissue and adipose tissue 

expanded, creating the appearance of a 'cushion'. 'Pre-tensioning' was evident in the 

LPSL as the sectioned ends of the ligament retracted from each other after they were 
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dissected. Alternatively, the LPSL was composed of discrete ligamentous layers, each 

layer associated with a penetrating lateral branch. In this variation, considerably less 

adipose and loose connective tissue were seen (Figure 4.2.12). A fine layer of loose 

connective and adipose tissue occurred between ligamentous layers bearing lateral 

branches, enabling them to be blunt dissected with comparative ease. 

The neurovascular lateral branch most closely related to the first dorsal sacral rami 

was not observed to penetrate or cross the LPSL except in one case in this macro

dissection series (n = 22 sides). In this single case, it penetrated the LPSL through a 

deep part of the ligament. The neurovascular lateral branches most closely related to 

the second dorsal sacral rami consistently penetrated the LPSL between the deep 

ligamentous layers in all but one case. All lateral branches closely related to the third 

dorsal sacral rami also penetrated the LPSL at a deep level. The neurovascular lateral 

branch closely related to the fourth dorsal sacral foramina was the most variable in its 

relationship with the LPSL. In 3/22 (14%) cases, it penetrated the LPSL at a deep 

level and in 10/22 ( 45%) cases at a superficial ligamentous level. In 9/22 ( 41%) cases, 

neurovascular lateral branches closely related to the fourth dorsal sacral rami passed 

inferiorly around the third lateral sacral tubercle, away from the LPSL. 
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FIGURE 4.2.10 

Lateral branches of the dorsal sacral rami deep to the 
long posterior sacroiliac ligament (LPSL) 

The LSPL was reflected superiorly and pinned over the posterior superior iliac spine (PSIS). The 
inferior region of attachment at the third sacral transverse tubercle was marked (ST). 
All adipose and loose connective tissue were removed from the deep LPSL and 
posterior sacral region to reveal the posterior sacrococcygeal plexus and the penetrating 
lateral branches. Contribution to these branches was evident from the second (2), third (3), 
and fourth (4) dorsal sacral rami. The vascular components of the neurovascular bundles 
were dissected to leave the nerves. 
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FIGURE 4.2.11 

The deep ligamentous 'fat pad' 

A : superficial layers of the long posterior sacroiliac ligament (LPSL) were 
dissected to expose a region of adipose and loose connective tissue (Ad) deep to the 
LPSL. The lateral branches (LB) of the dorsal sacral rami were observed to penetrate 
the'fat pad' . The lateral branches were contained within neurovascular bundles. The 
gluteal aponeurosis (GA) was identified. 
B: a particularly small sub-LPSL 'fat pad' and neurovascular lateral branches 
(black arrowheads). Here, the LPSL was reflected and pinned. The deep layer was pinned 
at the posterior superior iliac spine (PSIS), the superficial layer at the third sacral 
transverse tubercle (ST). 
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FIGURE 4.2.12 

Penetration by layer at the long posterior sacroiliac ligament (LPSL) 

Spencer-Wells forceps clasped the superior aspect of the LPSL, lifting the ligamentous layers to 

demonstrate the metameric way in which the lateral branches of the dorsal sacral rami penetrate the 

LPSL. The lateral branches were dissected from the neurovascular bundle and followed to the LPSL. Branches 

originating from a more superior dorsal sacral rami penetrated deeper through the LSPL 

than succeeding inferior branches (black arrowheads). Branches were numbered (2, 2/3, 3, 4) to 

indicate the dorsal sacral rami of their apparent origin. Adipose tissue and loose connective tissue 

were cleaned away for morphological clarity of the individual layers comprising the deep LSPL. 
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4.2.4 The PSP and the LPSL 

The neurovascular branches of the dorsal sacral rami were observed to emerge from 

their respective dorsal sacral foramina and frequently formed an interconnecting 

arcade with the dorsal rami of adjacent sacral segments. These arcades were observed 

to give off further lateral branches that penetrated the LPSL and a high degree of 

morphological variation was observed. However, the inferior aspect of the PSIS was 

noted to be consistently at the level of the second sacral foramen. The second and 

third dorsal sacral rami gave rise to respective lateral branches that passed lateral and 

inferior to the PSIS, penetrating the LPSL. At the fourth dorsal sacral foramen, a 

lateral branch was observed either to penetrate the LPSL directly from the rami or to 

pass inferior to the lateral sacral tubercle, as an anastomotic branch towards the fifth 

dorsal sacral rami. An inferior-superficial 'rule' was established. As previously 

described, the more inferior the lateral branch, the more superficially it was observed 

to penetrate the LPSL. 

An example of complex variation observed between the lateral branches and the 

LPSL is highlighted in Figure 4.2.13A. Here, the first dorsal sacral rami contributed 

substantially to the lateral branches penetrating the LPSL. A lateral branch of the first 

dorsal sacral rami entered a tunnel superior to the PSIS and passed obliquely to 

emerge lateral to the SIJ. This branch was not seen in relation to the LPSL, rather it 

passed deeper through a tunnel in the interosseous region of the SIJ (Figure 4.2.13B). 
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A 

_, B 

FIGURE 4.2.13 

Lateral branches of the dorsal sacral rami and the long posterior 
sacroiliac ligament: a close relationship 

A: the dorsal sacral foramina were numbered. These larger than expected lateral branches 
(black arrowheads) were observed crossing the SIJ region at deep (D), intermediate (I) and 
superficial (S) depths. A lateral branch from the first dorsal sacral foramina was observed to pass 
through a deep tunnel superior to the posterior superior iliac spine (PSIS) and emerge laterally 
and inferior to the PSIS. Subsequent lateral branches passed more superficially. 
The third sacral transverse tubercle is marked (ST). 
B: the LPSL was reflected (green pin), exposing the anastomosed lateral branches from the 
first and second dorsal sacral foramina. A black arrowhead (T) marked the tunnel-bound, 
LPSL-bound, more superficial lateral branches, (I), (S) respectively. A large lateral branch 
coursed under the deep layer of the LPSL. It emerged and ran parallel with the more 
inferior lateral branch. 
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4.2.6 Summary of dissection results 

The LPSL showed layered morphology of longitudinally orientated ligamentous 

fibres between two sites of bony attachment, the inferior PSIS and the third lateral 

sacral tubercle. Adipose and loose connective tissues were observed in close 

association with the LPSL. The LPSL was penetrated by lateral branches ofthe dorsal 

sacral rami. The lateral branches closely related to the second and third dorsal sacral 

rami were observed to penetrate the LPSL surrounded by adipose and loose 

connective tissue most frequently. The lateral branch associated with the first dorsal 

sacral rami rarely penetrated the LPSL. In contrast, the lateral branch associated with 

the fourth dorsal sacral rami penetrated the LPSL in approximately half the cases 

seen. 

The lateral branches of the dorsal sacral rami are part of the PSP, a highly variable 

structure. Whilst they may be numbered for descriptive convenience, a lateral branch 

penetrating the LPSL may contain nerve fibres that originate from the adjacent dorsal 

sacral rami. 

The LPSL was observed to blend medially with a thin fascial layer of dense 

fibrous connective tissue originating from the posterior sacral surface at the medial 

aspect of the ipsilateral second and third dorsal sacral for~mina. Deep to this thin 

layer of dense fibrous tissue, a layer of adipose and loose connective tissue was 

observed within which lateral and anastomotic branches of the dorsal sacral rami were 

identified. 

The superficial layer of the LPSL provided attachment for the superficial fibres of 

GMx. Medially and superficially, the LPSL blended with the ESA. Deep to the ESA, 

fibres of multifidus attached to the medial aspect of the LPSL and laterally, the LPSL 

blended with the gluteal aponeurosis. The ESA was identified to consistently blend 

with the periosteum of the PSIS and third transverse sacral tubercle. Between these 

sites of attachment, the ESA was blended to the superficial layer of the LPSL and was 

not attached to the underlying posterior sacral surface. 
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4.3 Discussion of macro-dissection results 

4.3.1 Preamble 

Whilst discrete morphological descriptions of the LPSL and the PSP exist in the 

literature, there are few descriptions of a morphological relationship between them. 

The macro-dissection aspect of this investigation was a first step in describing a 

relationship between the LPSL and the PSP. It showed that the LPSL has layered 

morphology and there appears to be a relationship between the layering, the deep 

fascial layer and the lateral branches of the PSP. 

The terminology used between different anatomical studies often differs, which 

may make their accurate interpretation more difficult. For example, the lateral 

branches of the dorsal sacral rami are referred to as 'dorsal rami' and the intervening 

layer of adipose and loose connective tissue, seen in the present study, is described as 

'soft tissue' (Grab et al. 1995). Others refer to the lateral branches of the dorsal sacral 

rami as the 'posterior primary sacral rami' (Weisl 1954b). Willard et al. (1998) refer 

to 'a bed of interosseous ligaments' deep to multifidus, terminology that is 

interpreted to correspond to the deep fascial layer referred to in the present study, or 

the 'deep lamina' referred to by Weisl (1954). Willard et al. (1998) refer to the LPSL 

as the 'long posterior interosseous ligament' using this terminology interchangeably 

with the LPSL. Furthermore, differences between the objectives of earlier anatomical 

studies and the present study may account for differences between the anatomical 

descriptions. For example, study aims have been to determine anterior and posterior 

innervation of the SIJ (Grab et al. 1995) to describe the ligaments of the SIJ in up

dated nomenclature with reference to function (Weisl 1954b) or to describe the 

function of the LPSL with implications concerning low back pain (Vleeming et al. 

1996). Consequently, observations regarding an immediate relationship between the 

LPSL and the PSP may only be commented upon indirectly. An exception to this is 

the published conference proceedings of Willard et al. (1998), referred to in the 

forthcoming discussion. 
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4.3.2 The layered morphology of the LPSL 

In describing the superior and inferior attachments of the LPSL between the PSIS 

and the posterior region of the third transverse sacral tubercle, the results of the 

present dissection study are in agreement with anatomical descriptions of the LPSL 

(Weisl 1954b; Hollinshead 1982; Williams et al. 1995; Vleeming et al. 1996; Willard 

et al. 1998). However, the present study showed that the LPSL possessed a layered 

morphology of dense fibrous connective tissue with an intricate relationship to the 

PSP. 

Between dense fibrous connective tissue layers of the LPSL, a loose connective 

and adipose tissue layer was seen through which the lateral branches of the dorsal 

sacral rami were observed to pass. Originating medial to the adjacent dorsal sacral 

foramina and extending laterally, a fascial layer was observed to blend with the deep 

layers of the LPSL. Lateral and anastomotic branches of the dorsal sacral rami, were 

observed to course within a region of loose connective and adipose tissue deep to this 

layer of fascia. Lateral branches penetrated the LPSL in a segmental way such that 

lateral branches originating from a superior sacral level crossed the LPSL more deeply 

than an adjacent inferior branch. Lateral branches identified to originate at the level of 

the second and third dorsal sacral foramina had the closest relationship with the 

LPSL. 

The second dorsal sacral foramina are at a level that conesponds to the level of 

PSIS (Hasan et al.1996). Thus, the body of the LPSL lies inferior to the second dorsal 

sacral foramina. However, Yin et al. (2003) state that the location of the dorsal sacral 

foramina con-elates poorly with identifiable bony landmarks under fluoroscopy, 

particularly at the first sacral foramen. 

Previously, layered morphology has been a term applied more widely to 

descriptions of the ligamentous morphology in the posterior sacral region. For 

example, it has been stated that the posterior SIJ ligaments are divided into two 

layers, the interosseous ligament layer and the dorsal sacroiliac ligaments, (Romanes 
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1981 :243). Others have described the intervening layer of the 'dorsal rami, blood 

vessels and loose connective tissue' to be present between the underlying short 

posterior sacroiliac ligament (SPSL) and the LPSL (Weisl 1954b). This description 

distinguishes three separate layers: the LPSL, the interposing layer of the second 

dorsal rami, blood vessels and loose connective tissue, and the SPSL. However, 

neither description appears to distinguish ligamentous layering as an intrinsic and key 

morphological feature ofthe LPSL. 

The present dissection study was unable to show a clear morphological distinction 

between the LPSL and the underlying SPSL, a distinction made previously by Weisl 

(1954). Instead, the observed layer of loose connective tissue, dorsal rami and vessels 

described by Weisl (1954) to be interposed between these two ligaments appeared to 

be an intrinsic, though deeper part of the LPSL. The ligamentous layers of the SPSL 

deep to the loose connective tissue layer appeared of similar orientation and 

appearance to the superficial ligamentous layers of the LPSL and shared similar bony 

attachment points. This suggests a possibility that a larger, more homogeneous LPSL, 

with layered morphology that includes the loose connective tissue layer and 

underlying ligamentous layers, may be an alternative description of the complex 

morphology of the region. Moreover, the layered ligamentous morphology observed 

in the present study appears more complex than the single loose connective tissue 

layer observed by Weisl (1954) as lateral branches arising at different levels 

penetrated the LPSL through different layers. 

Willard et al. (1998) describe 'tunnels' of differing depths within the LPSL 

through which lateral branches of the dorsal sacral rami were observed to course. 

Whilst the present study did not identify 'tunnels' within the LPSL, this difference 

may be merely due to semantics as it was in agreement with a key feature of the 

description, namely the depth of lateral branch penetration within the LPSL. Willard 

et al. (1998) also describe this in a generally segmental way, with the lateral branches 

of the first three dorsal sacral rami observed to penetrate the LPSL in an ascending 

order of depth. There is concordance between these studies regarding the segmental 

arrangement of the lateral branches through the LPSL. Such concordance does not 

relate to the specific lateral branches per se, rather to their overall arrangement. 
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In contrast to Willard et al. (1998), the present study made no observation of the 

LPSL being 'crossed-over' as opposed to being 'penetrated-by' any of the lateral 

branches of the dorsal sacral rami. Differences in methodology between the studies 

may explain this observation, as Willard et al. ( 1998) removed the ESA to expose the 

underlying LPSL. The present study, consistent with others (Vleeming et al. 1996), 

suggests instead that the ESA contributes importantly to the medial and superficial 

part of the LPSL. Consequently, the removal of the ESA is tantamount to the removal 

of a superficial part of the LPSL. If this is the case, then the observation made by 

Willard et al. ( 1998) of a lateral branch passing over the exposed LPSL may instead be 

an observation of a nerve that actually passes within the LPSL, deep to the 

ligamentous layer formed by the medial contribution of the ESA that was 

subsequently exposed by its removal. 

4.3.3 Layering and adjacent structures 

The ESA is described to arise from an elongated U-shaped area within the spinous 

and transverse tubercles from the first to the third sacral vertebrae on the dorsal 

surface of the sacrum (Williams et al. 1995:529) and to overlie multifidus, whose 

collective sacral fascicles occupy the enclosed area (Williams et al. 1995:529). The 

results of the present study do not show this to be the case but are in general 

agreement with another previous description (Bogduk 1980). The ESA was identified 

to consistently blend with the periosteum of the PSIS and third lateral sacral tubercle. 

Between these prominences, it formed the superficial layer of the LPSL, thereby 

leaving a deeper region between the posterior sacral surface and the ESA. This region 

was occupied by the deeper layered morphology of the LPSL and adipose and loose 

connective tissue. 

The findings of the present dissection study suggest that the underlying 'space' 

created by the ESA not attaching to the posterior sacral surface permits the egress of 

the adjacent lateral branches of the dorsal sacral rami from the posterior sacral region 

to the gluteal region. This 'space' accommodates the deeper ligamentous or fascial 

layers of the LPSL, particularly those that attach adjacent to the medial foramina of 

the second and third dorsal sacral foramina. A metameric arrangement of ligamentous 
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fascial layers and penetrating lateral branches was observed. In this arrangement the 

more inferior the position of the foramina the more superficial the associated 

ligmentous layer or lateral branch within the LPSL. 

The concept of layered morphology is one that extends beyond the LPSL. 

Surrounding structures are stated to contribute to the morphology of the LPSL (Weisl 

1954b; Vleeming et al. 1996). Weisl (1954) reported that the LPSL is made up of a 

coalescence of layers, these being the posterior lamina of the lumbar fascia and the 

contributing deep layer of the 'fascial lamina'. Vleeming et al. (1996) state that the 

medial aspect of the LPSL is connected to the deep lamina of the posterior layer of 

the thoracolumbar fascia, to the ESA and to multifidus, as well as to the deep fascia of 

GMx superficially. Yet, Willard et a l. (1998) state that they removed the 

thoracolumbar fascia and the ESA to expose the underlying LPSL. Whilst these 

studies agree on the location of the LPSL, variation exists in the description of the 

morphological contributions made by surrounding structures to the LPSL, together 

with where the antero-posterior boundaries of the LPSL may lie. 

The present dissection study found agreement with aspects of both these studies. 

Similar to Weisl (1954), the present study has observed a contribution to the deeper 

structure of the LPSL by the deep fascial layer. Similar to Vleeming et al. (1996), a 

contribution was seen by the ESA as well as the attachment of the GMx and 

multifidus to the LPSL. The contribution of the thoracolumbar fascia to the LPSL 

however, was not determined in the dissection phase of the present study. 

Nevertheless, the present study was able to show the antero-posterior boundaries of 

the LPSL, and to thereby expand the functional implications ofthe ligament. 

The concept of layered morphology was further highlighted in the present study 

by the identification of a layer of loose connective and adipose tissue within which 

the lateral branches of the dorsal sacral rami were seen as neurovascular bundles. 

Weisl (1954) describes this layer to be composed of the 'posterior primary sacral 

rami, vessels and loose connective tissue'. Morphologically, it appears that the layer, 

described in both studies, is a point of similarity between them. However, where 

Weisl (1954) describes the posterior primary sacral rami and vessels, the present 
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study describes lateral branches ofthe posterior primary sacral rami as neurovascular 

bundles. Moreover, in the present study, morphological continuity of this layer was 

seen between the LPSL and the second and third dorsal sacral foramina. This may be 

due to a methodological difference between the two studies. 

Descriptions of thin fasciculi that comprise the deep fascial layer are given by 

Weisl ( 1954b) and by Hakim and Lazzaro ( 193 7). Both descriptions share similarities 

with the findings of the present study, describing the fasciculi as blending with the 

medial LPSL and contributing to its structure. Furthermore, Hakim and Lazzaro 

( 193 7) state that the second and third fasciculi are reliably present whereas the first 

and fourth are variable. A similar observation is made in the present study. The chief 

difference is that Hakim and Lazzaro ( 193 7) do not comment on the presence of the 

deeper layer of loose connective tissue, blood vessels or the presence of the lateral 

branches of the dorsal sacral rami although they do describe a close relationship 

between the third dorsal sacral foramen and the fasciculi. 

Willard et al. (1998) describes a 'bed of interosseous ligaments' to lie deep to 

fascicles of multifidus muscle that were removed in order to follow the course of the 

branches of the dorsal sacral rami. This morphological description, whilst more 

difficult to reconcile, appears consistent with the findings of the present study. The 

difference is that Willard et al. (1998) do not appear to describe the presence of a 

layer of loose connective and adipose tissue smTounding the lateral branches observed 

in the present study and by Weisl (1954b). They do however state that the lateral 

branches are accompanied by their own minute vascular system consistent with the 

observation of neurovascular branches in the present study. 

In summary, the present study has identified a complex layered morphology of 

the LPSL between the superior PSIS and the inferior third sacral transverse tubercle. 

The superficial layer of the LPSL blends with the ESA medially and continues 

laterally deep to GMx. Fibres of GMx attach to the medial aspect of the LPSL. 

Where they cross the LPSL, their attachment to the ligament is weak. Deep to the 

superficial layer of the LPSL, segmentally arranged ligamentous layers arise from the 

medial aspect of the sacrum adjacent to the dorsal sacral foramina, intermediate sacral 
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tubercles and intervening posterior sacral surface coalesce at the LPSL. Lateral 

branches of the related dorsal sacral rami pass between the fascial layers surrounded 

by adipose and loose connective tissue. The lateral branches may penetrate the LPSL 

directly to the gluteal region or they may pass obliquely or inferiorly within the LPSL 

before passing into the gluteal region. The variation is wide. 

4.3.4 The long posterior sacroiliac ligament and the posterior 

sacrococcygeal plexus 

In keeping with the findings of the present study, two earlier morphological 

descriptions were observed to share common elements regarding the relationship 

between the PSP and the LPSL. Discussed previously, Willard et al. (1998) described 

the LPSL to be penetrated by neurovascular lateral branches of the PSP through 

'tunnels' at various levels in the LPSL. This arrangement is indicative of a possible 

metameric relationship, which is consistent with the findings of the present study. 

Grob (1995) describes the dorsal sacral rami to lie in soft tissue 'supported' by the 

LPSL and that the 'rami course in a lateral direction under the superficial and deep 

layers of the LPSL'. Both these descriptions suggest not only layered morphology for 

the LPSL but that a relationship exists between these ligamentous layers and the 

dorsal rami. 

Consistent with the finding of the present study Liguoro et a l. ( 1999) also 

identified the presence of a fibrous membrane close to each dorsal sacral foramen 

beneath which the branches of the dorsal sacral nerves were identified. However, in 

addition to this observation, the present study identified a fenestration in the deep 

fascial layer posterior to the second and third dorsal sacral foramina that does not 

appear to have been previously identified. It appears that this opening permits the 

egress of medial branches of the dorsal sacral rami. An earlier study (Zadeh et al. 

1989) highlighted the presence of abundant adipose tissue that is in keeping with the 

observations of the present study. During the present macro-dissection study, 

recurrent phenoxytol lavage of a region deep to the fascial layer was undertaken in 

order to 'wash' the adipose tissue away. This left a fine supporting network of 

presumptive loose connective tissue. 
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4.3.5 Clinical consideration of morphological findings 

It has been hypothesized that the LPSL has the potential to be a confounding 

morphological structure in peripartum pelvic pain, requiring peripheral anaesthetic 

blockade prior to diagnostic SIJ blockade (Vleeming et al. 2002). Moreover, in 

putative SIJ palpation (Willard et al. 1998; Kappler 2003) or the undertaking of a 

range ofSIJ clinical joint testing procedures (Laslett et al. 2005; Berthelot et al. 2006) 

LPSL generated pain may not be differentiated from SIJ pain or other sources of non

specific low back pain. The morphological findings of this study lend considerably 

more weight to the hypothesis that the LPSL is a pain generator. 

It was observed in the present study that the lateral branches of the dorsal sacral 

rami lie deep within the LPSL for a considerable portion of its length. Consequently, 

it is a reasonable supposition that the enclosed nerve may be prone to mechanical 

insult, becoming locally ischaemic as Willard et al. (1998) suggest, resulting in pain 

generation. Furthermore, a change in local mechanical conditions like the state of 

'counter-nutation' suggested by Vleeming et al. ( 1996) leading to sustained LPSL 

tensile stress may irritate the nerves within the LPSL. This condition may be even 

more critical when considered in the light of peripheral oedema in pregnancy leading 

to an increase of fluid within the adipose and loose connective tissue layers that 

surround the penetrating lateral branches. Insulting mechanical pressures to the nerve 

may be more easily achieved under such circumstances. 

Morphologically, the LPSL lies in a relatively superficial position and is therefore 

at potential risk of injury by direct trauma from a fall or blow onto the region. Trauma 

to the LPSL and enclosed lateral branches, together with the compression states 

previously outlined may be another explanation for clinically elusive SIJ pain. 

This morphological study may contribute to the clinical identification of a new 

pain generator in non-specific low back pain. The LPSL is a morphologically 

superficial structure that may be readily palpable (Vleeming et al. 1996) and it also 

appears accessible to imaging (Duncan 2006). Therefore, accurate peripheral blockade 
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of the LPSL suggested by Vleeming et al. (2002) may not only be a useful, minimally 

invasive, differential diagnostic procedure but the basis of a simple treatment 

intervention. As SIJ pain is said to account for between 20% - 30% of non-specific 

low back pain (Schwarzer et al. 1995; Bogduk 2004) the rapid and accurate diagnostic 

differentiation of the LPSL as a pain generator may prove to have the potential to be a 

very useful, low cost clinical asset. 

The morphological basis for a patho-anatomical aetiology at the LPSL is 

conceptualised in previously identified entrapment neuropathy of the medial superior 

cluneal nerve (Berthelot et al. 1996; Lu et al. 1998). Superior cluneal nerve 

entrapment neuropathy has been described to occur between a voluminous dorsal 

ramus in a fibro-osseous tunnel entrapped between the rim of the superior iliac crest 

and the thoracolumbar fascia. (Berthelot et al. 1996) The hypothesis that the LPSL 

may be a potential site of entrapment neuropathy (Willard et al. 1998), is 

strengthened by the morphological findings of the present study. Cluneal nerve 

entrapment has been described as a cause of low back pain and has been treated 

surgically with good result (Maign and Doursounian 1997), or it has been treated 

effectively with local anaesthetic and corticosteroid injection (Aly et al. 2002). 

Radiofrequency neurotomy of the dorsal sacral plexus has been described by Yin et al. 

2003. Whilst an entrapment condition has not yet been formally identified within the 

LPSL, the morphological observations in this study suggest that there is a basis for 

such a pathoanatomic mechanism. 

4.3.6 Limitations 

The use of elderly cadaveric material may bias the interpretation of the 

morphology that was observed. This could limit the consideration of findings either in 

a broader clinical context or amongst a different age group. It is unknown whether the 

full range of morphological variation has been observed. Like the SIJ itself, some key 

morphological features appear common to the whole population but the detailed 

morphology is known to be widely variable, not only between individuals but 

betweenjoints in the same individual. 
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The dissection of the region together with the identification of the dorsal sacral 

rami and lateral branches was technically very demanding. Great care was taken to 

identify the thin, ribbon-like neurovascular bundles of the lateral branches of the 

dorsal sacral rami. Despite substantial effort in this regard, a potential for error is 

inherent to the dissection process. 

Initially, dissections were undertaken on 10 cadavers providing 18 sides for study. 

This initial group of cadavers had been previously dissected for educational purposes 

and a limited timeframe existed prior to their disposal that imposed time constraints 

on the dissection time available. In addition, cadaveric material was sometimes stored 

in a supine position prior to undertaking the dissection. This led to a marked 

compression of the posterior soft tissues over the lumbosacral region in such a way 

that the region was flattened, conforming to the surface upon which it was stored. 

These factors added to the technical difficulty of the dissection. 

4.3.7 Implications 

The LPSL has been shown to have a layered morphology that is related to passage 

ofthe lateral branches ofthe dorsal sacral rami. These nerves pass from the posterior 

sacral region, through the layered morphology of the LPSL, lateral to the sacroiliac 

joint into the gluteal region deep to GMx. The lateral branches may be subject to a 

range of influences, for example local compressive, neuropraxic or traumatic influences 

either in the posterior sacral region or within the LPSL. Such influences could embrace 

a range of events from local trauma to the peripheral oedema of pregnancy. The 

neurovascular bundles of the lateral branches are thin and delicate structures and small 

local mechanical changes may initiate ischaemic change in the nerves leading to pain. 

The passage of the lateral branches of the dorsal sacral rami from an axial region of 

the spine into the pelvis requires 'safe-passage' through a region of tensile forces in 

the ESA multifidus and the LPSL. The loose connective and adipose layer, together 

with the deep fascial layer may have the mechanical purpose of isolating the lateral 

branches from the surrounding tensile loads and motion inherent in the region. 

Furthermore, attachment of GMx, the ESA and multifidus to the LPSL may safeguard 
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the patency of the ligamentous layers by 'bracing' the LPSL under tensile loading. 

This appears feasible as the LPSL attaches to the PSIS and the third lateral sacral 

tubercle, ensuring on the one hand a bridge-like function with respect to the lateral 

branches of the sacral dorsal rami and on the other, the effective transmission of 

tensile loads to the PSIS and sacrum. Such forces are also consistent with the 

proposed counter-nutating function (Vleeming et al. 1996) of the LPSL. 

Further clinical studies that differentiate the LPSL as a pain generator from other 

potential pain sources in the lumbosacral region, in particular putative SIJ pain, may 

also help to clarify the inherent confounding associated with putative clinical tests 

that singly or collectively allege a diagnosis of SIJ pain. 
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5 Histological study of the 

posterior sacroiliac ligament 

5.1 Histological methods 

5.1.1 Preamble 

long 

An initial histological study was undertaken from three cadavers (SN 1, 3 and 5). 

The aim was to determine the general microscopic organisation of the ligament and to 

further confirm earlier morphological observations made at macro-dissection. 

Particular attention was given to the layered arrangement of the LPSL and penetrating 

lateral branches ofthe dorsal sacral rami. 

5.1.2 Harvesting the LPSL (SN 1, 3, and 5) 

The LPSL was identified following macro-dissection. The overlying skin and 

subcutaneous tissue together with the overlying and adjacent superficial lamina of 

GMx that covered and attached to the LPSL were removed. The superior and inferior 

boundaries of the LPSL were marked by coloured pins. A circumscribed region of 

periosteum encompassing the LPSL, the PSIS and inferiorly the third sacral transverse 

tubercle, was cut through, down to the underlying cancellous bone. A sharp bone 

chisel was then used to lift the periosteum off the underlying bone, stripping it from 

within the circumscribed region. When completed, the entire overlying LPSL in situ 

was lifted away (Figure 5 .1.1 ). The LPSL was then submitted for histological 

processing. Folding and orientation of the LPSL to fit within the size constraints of 

wax block is shown (Figure 5 .1.2). 
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FIGURE 5.1.1 

Removal of the long posterior sacroiliac ligament 

The underlying periosteum (P) was stripped from a region encompassing the posterior 
superior iliac spine (PSIS), the interosseous sacroiliac joint (SIJ), the adjacent sacral bone (S) 
and the third sacral transverse tubercle (ST). The underlying iliac bone (B) was 
identified. 
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FIGURE 5.1.2 

Bisected long posterior sacroiliac ligament (LPSL) orientation in the wax block 

The LPSL was bisected and the superior half folded back over the inferior 
half. The cutting face of the wax block (shaded) presentedtwo halves of the 
mid LSPL, either side of the line of bisection. The opposite (closest) end of the 
wax block presented the superior end of the LPSL (top) and the inferior end 
(bottom). In effect, sectioning of the LPSL proceeded simultaneously from the 
mid LSPL toward either end. 
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5.1.3 Processing 

Tissue processing of the three specimens ofLPSL tissue taken from the right sides 

ofthree cadavers (SN 1, 3 and 5) followed the protocol stated in Appendix D. Before 

being processed, each LPSL was bisected across its length and folded, so that the 

superior half lay over the inferior half, the two cut ends from either side of the 

bisection, being adjacent to each other. Later this aspect formed the cutting face of the 

wax embedded tissue block (Figure 5 .1.2). This was done in order to accommodate the 

entire LPSL and limit the size of the resultant tissue block. The LPSL was then placed 

in 1 0% neutral, phosphate buffered formalin overnight at room temperature for 

secondary fixation prior to processing. 

Processing took place in an automated Shandon Hypercenter XP. V4.00, 2001 

(Appendix D). During processing, each of the LPSL samples was dehydrated through 

a descending ethanol series, cleared in three changes of xylene followed by wax 

embedding in Paraplast original™ (less than 1% polyisobutlylene, greater than 99% 

paraffin, McCormick Scientific, St Louis, USA) under low pressure at 60°C. 

5.1.4 Sectioning, SN 1 

A Jung RM 2025 (Leica, Nussloch, Germany) microtome with disposable 

stainless steel blades (Microtome S35) was used for 2 mm stepped, serial sectioning 

of the wax embedded LPSL tissue block. Transverse sections of 5~-tm were taken of 

the right side LPSL at each 2mm step. Sections were floated in a 30% ethanol bath to 

assist flattening, before being transfened to a warm water bath ( 40°C - 45°C), to 

permit spreading prior to being mounted. Slides were dried over a hot plate (60°C) for 

half an hour before being incubated overnight in a 37°C oven. All sections were 

mounted on glass slides (75 mm x 25 mm, Sail Brand, China) supplied by the 

Histology Service Unit, Department of Pathology, University of Otago. Prior to 

staining, individual slides were placed in an incubating oven at 60°C for half an hour to 
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soften and remove excess embedding wax. The slide and section was then de-waxed in 

three changes of xylene for one minute. 

For SN 1 the following general method was applied. The block cutting face was 

designated as level '0' with 5~-tm sections (n = 8) cut from each 2mm step to the sixth. 

Here, the tissue block was re-embedded (Appendix E) because of section compromise 

due to prior damage of the LPSL, possibly during collection or processing. Further 

sections (n = 8) were cut at level '7 a'. The tissue block was re-embedded for a second 

time because it was found that the tissue defect persisted. Further serial sections (n = 

8) were then taken at level '7 b', which were found to be satisfactory. Thereafter, at 2 

mm steps, sections (n = 8) were cut at each level '8', '9', '1 0' and '11 '. 

STAINING 

Three staining methods were trialed for their ability to demonstrate the 

morphology of the LPSL. Harris haematoxylin and alcoholic eosin method (H&E) 

(Appendix F) that differentiates nuclei as blue/black, cytoplasm as varying shades of 

pink, muscle fibres as deep pink/red and fibrin as deep pink (Wilson and Gamble 

2002: 130). The Verhoeff method for elastic fibres with van Gieson trichrome as a 

counterstain (VVG) (Appendix G). Here, the Verhoeff solution (V) differentiates 

elastic tissues as black and van Gieson (VG) counter stain, differentiates nuclei as 

black/blue, collagen as red and cytoplasm as yellow (Wilson and Gamble 2002: 155). 

The van Gieson trichrome (VG) method (Appendix H), was also used as a single 

stain, staining nuclei blue/black, collagen red and cytoplasm yellow (Wilson and 

Gamble 2002:152). 

5.1.5 Staining, SN 1 

A total of (n = 96) sections were cut from the tissue block (SN 1). Eight sections 

from each 2 mm step were cut and two were stained, one with H&E, and one with 

VVG. The remaining unstained sections were stored. 
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5.1.6 Processing, sectioning and staining, SN 3 

The LPSL tissue block from SN 3, underwent secondary fixation, processing and 

embedding following the same protocol undertaken for SN 1. Four sections of 7 11m 

were cut at five levels, 0.5 em, 1 em, 1.5 em, 2.0 em and 2.5 em. A total of (n = 20) 

sections were cut from the block, floated, mounted, dried and incubated as before in 

SN 1. Following de-waxing as before in SN 1 one section was stained with H&E and 

one with VVG respectively at each level and the remaining sections stored. 

5.1.7. Processing, sectioning, staining, SN 5 

The LPSL tissue block from SN 5, underwent secondary fixation, processing and 

embedding following the same protocol undertaken for SN 1. Four sections of 7 11m 

were cut at three levels, 0.5 em, 1.5 em and 2.5 em into the block. A total of (n = 12) 

sections were cut from the block and prepared for staining in the same manner as 

before (SN 1 and 3). Two sections were stained with H&E and VG respectively at 

each level, the remaining sections stored. 

5.1.8 Cover-slipping and mounting medium, SN 1, 3, 5 

Following staining, all sections were dehydrated through an ascending series of 

ethanol and cleared in xylene before being cover slipped (50 mm x 22 mm, Menzel 

Glaser, Germany) using a synthetic mounting medium, polystyrene-based resin (di

butyl phthalate) containing xylene, known as 'DPX', (Kiernan JA, 1999):53, and 

dried in an incubating oven at 3 7°C for 24 hours. 

5.1.9 Image capture 

Digital images of the sections were captured using an Olympus AX70 'Provis' 

microscope and digital images captured using a Spot RT digital camera with software 

version 4.0.9 on an OSX platform. The range of magnification utilised was xl.25 - x4 

Images obtained from all of these digital sources were processed using Adobe 

Photoshop CS (Version 8) on an OSX platform (Apple Macintosh). 
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5.2 Results 

5.2.1 Preamble 

Three ligaments from SN 1, 3 and 5 provided tissue for this initial, small-block 

histological study ofthe LPSL. As previously stated, SN 1 and 3 were bisected across 

the long axis of the ligament. The superior half of the LPSL was folded over the 

inferior half, placing the posterior (superficial) surfaces of each half of the ligament in 

apposition (Figure 5 .1.2). Slides were marked with a medio-lateral orientated 1 mm 

scale bar. The LPSL of SN 5 did not require bisection before processing and 

embedding, being smaller than SN 1 and 3. 

The first sections from SN 1 and 3 were cut from the mid LPSL. With subsequent 

section levels, the top half of the section containing the superior portion of the LPSL 

became increasingly cephalad. Conversely, the lower half of the section containing the 

inferior portion of the LPSL became more caudal. The last section had the superior 

end of the ligament overlying the inferior end. In the smaller ligament of SN 5, no 

initial bisection was required to fit the LPSL onto the slide and the sections were 

taken from the superior, middle and inferior aspects of the ligament. 

Artifact was observed in the histology images due to the differential shrinkage 

during the processing of dense fibrous connective tissue and loose connective and 

adipose tissue in the tissue block. Consequently, artifact space was often observed 

between the adipose and loose connective tissue layers, and the layers of dense 

fibrous connective tissue, as well as between the perineurium of nerve fascicles and 

the surrounding epineurium. 

5.2.2 Layered morphology 

Layered morphology was a consistent finding in histological sections taken from 

SN 1, 3 and 5. Three microscope images of SN 1 at the mid LPSL show transverse 
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sections of the LPSL (Figure 5.2.1A, B and C). Layers of dense fibrous connective 

tissue were separated by layers of loose connective and adipose tissue within which 

lateral branches of the dorsal sacral rami were observed. Layers of dense fibrous 

connective tissue were observed, orientated transversely and longitudinally. The latter 

appeared in close proximity with lateral branches of the dorsal sacral rami and a layer 

of loose connective and adipose tissue. In the superior and middle regions of the 

LPSL, layers of dense fibrous connective tissue interposed with layers of loose 

connective and adipose tissue were well visualised. Inferiorly, the layers of dense 

fibrous connective tissue were observed to be increasingly compact in appearance, 

having a more densely laminated appearance. Figure 5.2.1A is a collage of microscope 

images that show the superior and inferior halves of the LPSL either side of the mid 

LPSL. The posterior surfaces of the LPSL were adjacent to each other in the middle of 

the image. A small vein was identified adjacent to the lateral branch in the lower half. 

Thin longitudinal layers of dense fibrous connective tissue were observed in close 

relation to the lateral branches and loose connective and adipose layers. 

Figure 5 .2.1 B and C show an enlarged image of the lateral branches observed in 

(Figure 5.2.1A). Figure 5.2.1B shows four nerves, three of which were observed 

transversely and one obliquely. Dense fibrous connective tissue was observed in 

transverse orientation as well as in longitudinal orientation. The latter appeared to 

accompany the nerves observed in a loose connective and adipose layer. 

Figure 5.2.1 C shows one lateral branch and epineurium m oblique section 

accompanied by the terminating layer of longitudinally orientated dense fibrous 

connective tissue. Adipose tissue was seen immediately adjacent to the oblique nerve 

section. 

The superior aspect of the LPSL, SN 1 is shown in Figure 5.2.2A and B. In this 

example, the superior superficial layer of the LPSL appeared laminated, composed of 

transverse and longitudinally orientated fibres of dense fibrous connective tissue. The 

superficial layer appeared approximately 0.5 mm thick. Attached to the posterior 

aspect were fibres of GMx. Deep to the superficial layer, a layer of loose connective 

and adipose tissue was seen in which lateral branches of the dorsal sacral rami were 
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identified. These branches frequently appeared to course through the LPSL in pairs. 

Layered ligament morphology was also seen. The lower right side of Figure 5.2.2A 

showed some section damage and artifact space. Posteriorly in Figure 5.2.2A, the 

fibres of GMx were seen obliquely attaching to the posterior layer of dense fibrous 

connective tissue of the LPSL. Transverse and longitudinal fibres of dense fibrous 

connective tissue were seen. Nerve structures were identified within a single 

continuous layer of adipose and loose connective tissue within the LPSL. The more 

medially placed nerve lay more oblique to the section and may be a part of the same 

lateral branch. Laterally, an additional smaller branch was observed constituting a pair 

of lateral branches. 

Figure 5.2.2B shows three pairs of nerves (N) seen in cross-section within the 

loose connective and adipose tissue layer of the superior aspect of the LPSL. The 

most lateral pair was seen in cross-section, passing through the plane of the section 

and was considered a single pair of lateral branches. The middle and most medial pairs 

were orientated more obliquely to the plane of the section and had the appearance of 

being the same pair of lateral branches coursing in and out of the plane of the section. 

Adjacent sections did not permit confirmation of this observation. 
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FIGURE 5.2.1 

The lateral branches within the long postetior sacroiliac ligament (LSPL) 

A: mid LPSL with enlarged views (B and C) of the lateral branches of the 
dorsal sacral rami (N). TF: transverse fibres; Ad: adipose and loose connective tissue; 
GMx; gluteus maximus; V: vein; E: epineurium. 
In A, black asterisk highlights terminating transverse layer of dense fibrous connective tissue. 
Sections were stained with Harris haematoxylin and alcoholic eosin. 
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FIGURE 5.2.2 

Lateral branch pairs within the long posterior sacroiliac ligament (LPSL) 

N: lateral branch of the dorsal sacral rami; TF: transverse fibres; Ad: adipose and loose connective tissue; 
GMx: gluteus maximus. Sections were stained with Harris haematoxylin and alcoholic eosin. 
Artifact space is present in both figures. Debris is seen in B. 
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The medial aspect of the LPSL was observed to be the region of the ligament 

where layered morphology begins. Figure 5.2.3 shows a collage of images of the deep 

supero-medial aspect of SN 3. A superficial and posterior region was observed to 

provide attachment to the fascicles of multifidus and thin layers of longitudinal, dense 

fibrous connective tissue. Deep to this region, a layer of loose connective and adipose 

tissue was observed within which a lateral branch was seen to course from the medial 

aspect, deep to multifidus to penetrate the LPSL. This nerve may be a pair or may be 

a single branch coursing in and out of the plane of the section. The layer of loose 

connective and adipose tissue only partially divided the LPSL at this level into two 

layers of dense fibrous connective tissue. Dense fibrous connective tissue fibre 

orientation throughout the LPSL appeared transverse. A complex vascular feature was 

observed adjacent to the lateral branch, deep to multifidus, within the loose 

connective and adipose tissue layer. This feature contained both thin walled venous 

structures and thicker walled arterial structures. 

The characteristic of layered morphology was observed to differ between the 

superior (proximal) and inferior (distal) ends of the LPSL. Comparison of each end 

was made in Figure 5.2.4A and B respectively, in the case of SN 5. This case was a 

particularly small example ofthe LPSL. Both sections shown in Figure 5.2.4A and B 

were stained with van Gieson, in that the ligamentous dense fibrous connective 

tissues were stained red. Black stained nuclei were seen in association with blood 

vessels and the nerve fibres of the lateral branch of the dorsal sacral rami but these are 

not resolved clearly in the figures here. The collagen of the epineurium was stained red 

and was observed surrounding the lateral branch of the dorsal sacral rami. 

In Figure 5 .2.4A, the proximal LPSL showed distinct layered morphology. 

Transverse layers of dense fibrous connective tissue were again interposed by layers 

of adipose and loose connective tissue. In this example, the layers were 

interconnected and a blood vessel was observed to pass within the region of 

interconnection. Within one layer of adipose and loose connective tissue, a lateral 

branch of the dorsal sacral rami was observed. The layers of dense fibrous connective 
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tissue appeared thicker than previous examples of similar morphology m other 

ligaments. 

At the distal region ofthe LPSL seen in Figure 5.2.4B, characteristic dense fibrous 

connective tissue of a ligament was observed. Layered morphology was replaced by 

an overall laminated appearance of fibres of dense fibrous connective tissue. Within 

this matrix, small 'islands' of adipose and loose connective tissue were identified. 

These had the appearance of residual layers that were initially observed in the 

proximal LPSL seen in Figure 5.2.4A. 
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FIGURE 5.2.3 

Medial penetration of the long posterior sacroiliac ligament 
by a lateral branch of the dorsal sacral rami 

N: lateral branch of the dorsal sacral rami; TF: transverse fibres; 
Ad: adipose and loose connective tissue; M: multifidus; V: complex vascular feature. 
Section was stained with Harris haematoxylin and alcoholic eosin. 
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FIGURE 5.2.4 

The superior and inferior long posterior sacroiliac ligament (LPSL) 

The superior LPSL (A) and the inferior LPSL (B). N: lateral branch of the dorsal sacral rami; 
black arrows: transverse layers; Ad : adipose and loose connective tissue; 
V: vein; black asterisks: interconnecting regions; a: artery. Sections were stained with 
van Gieson trichrome. 
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5.2.3 The LPSL and gluteus maximus insertion 

The relationship of the fibres of GMx with the superficial LPSL is shown in 

Figure 5.2.5A and B. These two sections show different types of attachment between 

GMx and the superficial LPSL. In Figure 5.2.5A, GMx was observed to attach 

directly with the superficial layer of the LPSL. Alternatively, in Figure 5.2.5B, it was 

observed to blend with an interposing layer of loose connective and adipose tissue, 

between the superficial layer of the LPSL and the fibres of GMx. 

In both images, nucleated muscle fibres of GMx were observed in the top half of 

the image, obliquely inclined to the superficial surface of the LPSL. The underlying 

layer of the LPSL was composed of dense fibrous connective tissue in a mixture of 

transverse and longitudinal orientation. Nuclei were observed scattered through the 

dense fibrous connective tissue. Artifact space was observed within the LPSL. This 

was the result of separation between individual fibre planes and bundles, possibly 

associated with shrinkage during block processing. 
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FIGURE 5.2.5 

Direct and indirect attachment of gluteus maximus (GMx) fibres to the superficial 
layer of the long posterior sacroiliac ligament (LPSL) 

(A) ML: direct myoligamentous attachment directly to the superficial layer of the LPSL. 
(B) Ad: indirect attachment at the adipose and loose connective tissue layer. 
Sections were stained with Harris haematoxylin and eosin 
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5.2.4 Summary of small block histology results 

The LPSL was consistently shown to be a layered ligamentous structure 

composed of two or more dense fibrous connective tissue layers, interposed with an 

adipose and loose connective tissue layer. The fibres of the dense fibrous connective 

tissue layers formed the main body of the LPSL and were orientated transverse to the 

plane of the section. Thinner longitudinal layers of dense fibrous connective tissue 

were identified in close proximity to the adipose and loose connective tissue layer and 

often adjacent to the lateral branches. These longitudinal layers were observed to 

terminate freely within the body of the LPSL. 

Lateral branches of the dorsal sacral rami were observed within adipose and loose 

connective tissue layers. The lateral branches were identified in the superior and mid 

levels of the LPSL. They were often identified in pairs within the LPSL and were seen 

to pass obliquely or transversely to the plane of the section. 

More inferiorly at the distal LPSL, the layered morphology within the LPSL 

appeared to blend, becoming less distinct. Here the LPSL appeared a more 

homogeneous structure of dense fibrous connective tissue without the defined feature 

of the adipose and loose connective tissue layer observed in the mid LPSL. 

Muscle fibres of GMx were observed to either attach directly through a myo

ligamentous connection to the superficial layer of the LPSL or were instead, indirectly 

connected to the LPSL by an intervening layer of adipose and loose connective tissue. 
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6 Protocol large block study 

6.1 Methods 

6.1.1 Preamble 

The previous histology was conducted solely on the soft tissues of the LPSL, in 

order to provide initial information regarding the morphology of the ligament. The 

purpose of sectioning a large tissue block was to provide further information regarding 

the relationship of adjacent structures to the LPSL. The aim was to encompass the 

entire region of interest in the posterior sacral region around the LPSL. 

The initial large tissue block taken from SN 6 was designated the protocol block. 

This was done to establish a protocol that would facilitate processing, embedding, 

sectioning and staining of sections composed of different tissues, including substantial 

amounts of bone from the posterior sacroiliac region. Many technical challenges were 

encountered that are highlighted in the text. 

6.1.2 Radiographic confirmation and harvesting (SN 6) 

The PSIS and ST were initially identified in SN 6 by palpation of the skin 

overlying an entire cadaveric pelvis and sacrum. A small lead ball was taped to the 

PSIS and ST of the right posterior sacroiliac region. A plain film, antero-posterior 

radiograph, was taken to confirm placement of the lead balls. After the initial film was 

taken, the mobile x-ray discharge unit failed. This did not permit further confirmation 

of the accurate localisation of the region of study. 
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A mobile x-ray discharge unit (Philips® Practix 30, single stationary tungsten

copper anode, 1.5mm nominal focal spot, milliampere (rnA) range 15mA - SOmA, 

exposure time range 0.01 seconds to 5 seconds, kilovolt (kV) range 40kV- 105kV in 

2kV steps with high voltage generation by converter technology) was used. The 

mobile x-ray unit is licensed for scientific research within the Department of 

Anatomy and Structural Biology of the University of Otago under the Radiation 

protection Act 1965. The mobile x-ray unit was operated by Lynda Duncan, the 

departmental license holder and registered medical radiation technician. 

The radiographs were processed within the Radiology department of Dunedin 

Public Hospital using a Kodak® 5000 RA Automatic processor with Kodak® RA 

chemicals. Kodak® Xomat 18x24 cassettes installed with Kodak® Lanex Fine 

intensifying screens. The cassettes were loaded with Kodak® Min R (single 

emulsion) 18x24 film. A Kodak® M35 x-omat automatic processor with Kodak® RP 

x-omat developer and replenisher, and Kodak® RP x-omat LO fixer and replenisher. 

An aluminium radiography wedge filter was used. A standard fluorescent radiography 

light box was used to illuminate the radiographs. Following radiographic confirmation, 

the tissue block was then harvested. 

6.1.3 Decalcification 

Each large tissue block in this investigation (SN 6 - 10) contained substantial 

amounts of bone that required decalcification before wax embedding and sectioning. 

To obtain satisfactory wax sections calcium must be removed from the organic 

collagen matrix, calcified cartilage and surrounding tissue (Callis 2002:274). The 

principle mineral component of calcified tissues in vertebrates is calcium 

hydroxyapatite (Ca10(P04) 6(0H)2) (Kiernan 1999:36). The removal of calcium may 

be accomplished by exposure ofthe bone to an acid medium such as 10% formic acid 

or to a chelating agent, 7.5% ethylene-diamine-tetra acetic acid (EDTA), buffered with 

5% sodium hydroxide to pH 7.0 -7.1. The resultant decalcification of bone permitted 

microtome sectioning to take place although, even after decalcification, the dense 

collagen ofbone may be tough and become hard after paraffin embedding (Page et al., 

1990:314). 
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The selection of a decalcifying agent is based upon a range of factors such as time 

requirements, degree of mineralization, scope of the subsequent investigation and the 

staining techniques required (Page et a l. 1990:314). The time required for 

decalcification of bone is also dependent upon the minimum diffusing distance of the 

specimen and the compactness or density of the bone (Kiviranta et al. 1980). 

EDT A has been shown to produce the slowest rate of decalcification, exhibiting a 

well defined 'front' of decalcification without re-precipitation when compared with 

other decalcifying agents such as formic acid (Clark 1954; Kiernan 1999:37). 

Conversely, it is established that un-buffered formic acid produces rapid diffuse 

decalcification with secondary precipitation of calcium salts that are quickly re

dissolved (Eggeti and Germain 1979). However, acid decalcification may hydrolyse 

tissue (Eggert and Germain 1979; Kiviranta et al. 1980) so that nucleic materials may 

not be stained readily with haematoxylin and conversely, eosin may stain strongly, 

lacking differentiation (Page et al. 1990:314). 

The large tissue blocks of this investigation contained cancellous bone 

(McLauchlan and Gardner 2002) of the sacrum from the median sacral crest to the 

sacroiliac joint and a smaller part of iliac bone adjacent to the sacroiliac joint. Several 

other component 'soft' tissues are contained within the large tissue block such as 

muscle, ligament, fascia, blood vessels, small nerves and cartilage. 

To minimise the duration of the decalcification process 10% formic acid (Damar 

Industries, Rotorua, New Zealand) was selected as the decalcification medium for the 

initial tissue block (SN 6) (Clark 1954; Kiviranta et al. 1980). The decalcification 

protocol is detailed in Appendix I. 

The chemical basis for this process is as follows: calcium hydroxyapatite, though 

relatively insoluble, dissolves slightly in water to produce its constituent ions, 

Ca10(P04) 6 ::;::::::::: 1 0Ca2+ + 6P04
3

- + 20R. The removal of calcium, phosphate or 

hydroxide ions in the presence of 10% formic acid displaces the chemical equilibrium 
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to the right, ensuring the maintenance of the decalcification process by the continued 

dissociation of calcium ions from hydroxyapatite (Kiernan 1999:36). 

The protocol tissue block underwent decalcification with twelve changes of 10% 

formic acid over three weeks together with five, two hour periods of microwaving 

(Electron Microscopy Services Laboratory Microwave, EMS 820) to 50°C at 70% 

power (Appendix I). Deleterious heating effects of the tissue block were not 

immediately apparent after decalcification in 1 0% formic acid with microwaving. 

Changes of decalcification fluid, in cases of bone only, are recommended to be two 

to three times in twenty-four hours for 10% formic acid (Kiernan 1999:37). In this 

instance, because the large tissue block contained a number of other 'soft' tissues, 

changes were reduced to three changes per week in order to minimise the possibility 

of acid damage to soft-tissues of the block. The tissue block was radiographically 

assessed on four occasions before the decalcification end-point was attained after 

three weeks (Appendix J). 

Decalcification was monitored by serial radiographic assessment as detailed in 

Appendix J, using a Philips (Auckland, NZ) Optimus 50, Fixed Unit at Dunedin 

Public Hospital Radiology Department under the auspices of Lynda Duncan, 

Registered Medical Radiation Technologist. X-ray generation was via converter 

technology, mAs range 0.5 mAs - 650mAs in 25% adjustable steps, focal spot 

0.6mm. Kodak® Xomat 24x30cm radiographic cassettes installed with Kodak® Lanex 

Fine intensifying screen and loaded with Kodak® T mat G 24x30cm radiographic 

film. Radiographic film was developed in a Kodak® 5000RA automatic processor 

with Kodak® Xomat RA30 developer and replenisher, and Kodak® Xomat RA30 

fixer and replenisher. 

Radiographic control for the determination of the decalcification end-point of the 

each tissue block was made from a radiographic comparison of film lucency between 

osseous and non-osseous containing regions in the same tissue block. This was done 

to assess the degree of radio-opacity in osseous tissue and therefore degree of 

decalcification (Kiernan 1999:39). Each large tissue block possessed a region infero-
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lateral to the sacrum that included gluteal muscle tissue. This region being x-ray 

lucent, was used as the radiographic control of decalcification in each tissue block. 

RATE OF DECALCIFICATION 

As previously stated ( 6.1) the time required for decalcification of bone is 

dependent upon the 'minimum diffusing distance' of the specimen and the 

compactness or density of the bone (Kiviranta et al. 1980). However, prolonged 

exposure to acid decalcification is reported to cause digestion of cells, distortion of 

free collagen fibres and poor histological detail due to impaired affinity of histological 

stain for tissue structures (Nilsson et al. 1991 ). 

Judgment of the length of time required for the completion of the decalcification 

process and therefore the amount of 10% formic acid required, was not possible 

because the tissue block was large (156.0 cm3 ± 0.4 cm3
) and contained bone together 

with soft tissue. Comparative measurements have previously been made of 

decalcification rates with different decalcifying medium. Such studies typically utilise 

thin and small (300 ).!ill and 2 mm thick) standardised slices of bone (Kiviranta et al. 

1980), or small (0.6 gm) sample weights of bone (Eggert and Germain 1979), or teeth 

(Clark 1954). Such investigations were not carried out on large tissue blocks 

containing a variety of 'soft' connective tissues, such as those seen in this 

investigation. 

The use of agitation is a further effective way to ensure interchange between 

unsaturated and saturated decalcifying fluid, thereby increasing the rate of 

decalcification (Culling et al. 1985 :54). Decalcification of the protocol tissue block (SN 

6) was carried out on an agitating table (Orbital Shaker SS70, Chiltern Scientific, UK), 

adjusted to 45 - 50 oscillations per minute. The agitating table was operated 

continuously for nine hours per day until decalcification was completed. 
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MICROWAVING RISKS AND BENEFITS 

Microwaving of an immersed tissue block to 55°C accelerates the decalcification 

process by up to tenfold (Kok and Boon 1992). Whilst heat accelerates the rate of 

penetration and exchange of processing fluids (Culling et al. 1985 :54), this acceleration 

is only partially related to an increase of temperature. Micro-waving relies on the 

principle of using microwave energy to speed up the process of diffusion of liquids in 

and out of tissue (Slap 2002:416). However, increasing the temperature may also 

increase the deleterious effects of acid on the other component tissues. For example, 

at 60°C bone may become macerated as soon as it is decalcified (Page et al. 1990:317), 

or the heat may cause tissues to harden, become more brittle and to shrink (Culling et 

al. 1985:54). 

Microwaving of the tissue block in 10% formic acid and accelerating the 

decalcification rate was regarded as necessary due to time constraints but it was 

cautiously undertaken for the reasons previously outlined. Caution was observed 

because of the large size of the tissue block and the number of different component 

tissues, together with the possibility for uneven heating within the block. 

6.1.4 Large tissue protocol block processing 

This initial processing methodology was based on the technical advice of Mr. 

Kenneth Turner, Senior Teaching Fellow, Histology Service Unit, Department of 

Pathology, University of Otago. The aim of tissue block processing is to embed the 

tissue in a solid medium, firm enough to support the tissue as well as to provide 

sufficient rigidity. This enables thin sections to be cut whilst remaining soft enough 

not to damage the knife or the tissue during sectioning (Anderson and Bancroft, 

2002:86). 

Successful tissue block processing necessitates satisfactory results from four 

essential processing phases namely, dehydration, clearing, impregnating and 

embedding (Anderson and Bancroft 2002:86). In the case oflarge tissue blocks of this 

type, the processing schedule was prolonged accordingly (Culling et al. 1985:53). The 

121 



methodology for processing five large tissue blocks of this type containing different 

tissues does not appear to have been previously reported. It is of necessity 

evolutionary, requiring progressive adjustment to obtain the best result and one that is 

based on the processing and sectioning experiences of the preceding blocks. 

The processing of large paraffin wax embedded tissue blocks comprising several 

different component tissues is uncommon (Bowen and Cassidy 1981; Giles and 

Taylor 1983; Puhakka et al. 2004 ). Large tissue blocks with substantial amounts of 

decalcified bone may be embedded in celloidin or low viscosity nitrocellulose (L VN) 

(Callis 2002:281). The use ofLVN as the sole embedding agent has been shown to be 

an effective medium for large vertebral specimens containing bone and soft tissues 

(Giles and Taylor 1983). However, the use of L VN presents significant obstacles of 

cost, chemical toxicity, volatility and explosiveness. In addition, the L VN embedding 

process for a tissue block of the size used in this investigation requires several more 

weeks in addition to the time taken for decalcification. 

The large tissue block processing of SN 6 is detailed in Appendix K. Key elements 

of this processing schedule are outlined in the following sections. 

6.1.5 Dehydration 

Following decalcification, the tissue block underwent dehydration in 70%, 95% 

and absolute ethyl alcohol before being taken to iso-propyl alcohol for clearing. 

6.1.6 Clearing 

Iso-propyl alcohol was used as the clearing (intermediary) agent. The use of a 

clearing agent is necessary when the dehydrating agent, ethyl alcohol, is not miscible 

with the impregnating medium, beesoplast wax (Gordon and Bradbury 1990:47). The 

term 'clearing' specifically refers to the appearance of the tissue after it has been 

treated by the clearing agent, the appearance becoming translucent because the protein 

in the tissue has a similar refractive index as the clearing agent (Gordon and Bradbury 

1990:47). 
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Xylene, is a frequently used clearing agent but is not advocated for tissue blocks 

having a thickness greater than 5 mm (Anderson and Bancroft 2002:88). Therefore, 

iso-propyl alcohol was used as the clearing agent. It possesses two distinct 

advantages when compared with xylene. First, having a lower boiling point (82°C) 

than xylene (144°C), this ensures its rapid removal from the tissue block during the 

subsequent wax embedding phase, particularly when conducted in a low pressure 

environment (Gordon and Bradbury 1990:4 7). Second, it is less likely to cause the 

tissue hardening or distortion that occurs with prolonged immersion in xylene 

(Gordon and Bradbury 1990:47). 

The clearing process was repeated three times (Appendix K) and was accelerated 

by microwaving (70°C on 70% power for 40 minutes) to promote the tissue 

perfusion rate of iso-propyl alcohol, a relatively large molecule known to have poor 

tissue penetration (Slap 2002:416). 

6.1.7 Wax impregnation 

The initial tissue block underwent wax impregnation following the stated schedule 

(Appendix K) in beesoplast, a blend of paraffin wax and beeswax. 'Beesoplast' 

(Paraplast original™ combined with bees wax, supplied from a local (NZ) apiary, in 

the proportion of 10 gm bees wax per 100 gm final wax solution) is formulated and 

used routinely when more elasticity is considered a desirable physical quality of the 

embedded tissue wax block. Beesoplast is made by the Histology Service Unit of the 

Department of Pathology, University of Otago. 

WAX IMPREGNATION UNDER LOW PRESSURE 

The primary reason for using low pressure to assist the infiltration of molten wax 

is that it reduces the time required for wax impregnation (Culling et al. 1985:54) and 

therefore reduces the time that the tissue is exposed to deleterious heating (Gordon 

1990:52). Three beesoplast changes were undertaken in a low pressure wax 

embedding bath (Astell Scientific, Kent, UK). Low pressure was maintained with an 
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evacuation pump (Thomas Industries, Louisville, Kentucky 40207, USA, supplied 

by Dynavac NZ Ltd) of -70 kPa to -75 kPa (26.3 kPa to 31.3 kPa absolute; standard 

atmospheric pressure: 101.3 kP A), and measured by a pressure gauge on a relative 

scale, indicating '0 kPa' at atmospheric pressure. 

In addition to accelerating the wax impregnation process, air trapped within the 

tissue block is removed, as is residual dehydrating or clearing agent in the low 

pressure environment (Culling et al. 1985 :54). Tissues that require vacuum 

impregnation include muscle and decalcified bone (Gordon 1990:52, 53) which form 

significant components of the tissue blocks used in this investigation. 

The low-pressure environment for wax impregnation was developed slowly over a 

five to fifteen minutes period in order to minimise possible damage to the tissue 

caused by overly rapid expansion of air pockets within the tissue block. Air within 

the tissue block escapes as visible bubbles. The streams of bubbles emanating from 

the immersed block were visually monitored. The rate of gaseous escape was 

regulated by the manual adjustment of a valve leading to the vacuum pump. The 

tissue block was passed through three beesoplast changes under low pressure for 

three, four and 16 hours overnight. 

6.1.8 Embedding and mounting 

Pure beesoplast was used and poured into a sized mould, created by the 

positioning of brass Leuckhart 'L' pieces on a flat metal plate. The mould was filled 

with molten beesoplast wax (57°C - 60°C), sufficient to accommodate and cover the 

tissue block. The tissue block was placed, sectioning face down, into the wax filled 

mould. Further molten wax was poured into the mould to entirely cover the block. 

The molten wax was cooled as quickly as possible after pouring, to reduce wax 

crystal size (Gordon 1990:51 ). This was achieved by initially draping ice-cold, water 

soaked tissues over the tissue block and around the brass Leuckhart 'L' pieces 

forming the mould. After twenty minutes, a solid wax skin of sufficient strength was 

formed that enabled the wax block, enclosed by the brass mould and underlying metal 

plate to be lifted en masse and completely immersed in an ice-water bath. After one 
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hour of immersion, the metal base plate and brass pieces were gently removed from 

the wax block. 

The block remained in ice-water for a fmiher five hours before being removed and 

trimmed to fit the base sledge microtome mounting plate. A small amount of wax was 

melted and run onto the surface of the mounting plate and the mounting surface of the 

wax block was heated and softened with a metal spatula. The wax block was then 

positioned firmly onto the microtome base plate. The sides of the wax block were 

further shaped with a hot spatula, reducing the residual wax margin around the 

embedded tissue block to 3 mm- 5 mm. 

6.1.9 Base sledge microtome 

A base sledge microtome, (Leitz, Wetzlar, Germany) (Culling et al. 1985:89) was 

used for cutting stepped, serial sections from the tissue block (Figure 6.1.1A and B). 

The size of this microtome permitted the sectioning of large wax embedded tissue 

blocks. A 240 mm wedge, profile 'C' fixed horizontal knife was used. The knife was 

polished and sharpened as required, using a Shandon Autosharp 5 automated 

sharpening machine (distributed by Medica Pacifica Ltd. Auckland) with diamond 

paste (ProSciTech, Kirwan, Queensland, Australia) of 1 11m for polishing, 31-lm and 6 

11m for sharpening. 

MICROTOME KNIFE CLEARANCE AND KNIFE SLOPE ANGLES 

The clearance angle of the knife (Figure 6.1.1B) was maintained at 4° - 6°, ensuring 

adequate clearance of the blade from the cutting face of the block on the return stroke 

(Gordon and Bradbury 1990:62). The angle of slope (angle made between the long 

axis of the knife and the direction of movement of the tissue block) of the knife was 

reduced to 70° improving the ease and controllability of section cutting (Figure 

6.1.1A). The angle of slope ofthe knife could be reduced by making two adjustments. 

First, adjusting the knife supports in relation to each other; second, by rotating the 

microtome stage. Caution was required when adjusting the blade slope angle because 

reducing it has the effect of reducing the cutting angle (the angle between the upper 
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and lower surfaces of the knife blade facet). This results in a 'shearing' cut, increasing 

both the area and time that the blade is in contact with the cutting face of the block 

(Gordon and Bradbury 1990:63). 

PREVENTION OF SECTION CURLING 

Tight section curling readily occurred as the sections were cut from the block 

leading to section loss. A reason for this was that the section thickness may have been 

too great for the wax in use (Gordon and Bradbury 1990:79). Other possible reasons 

include blade bluntness or an overly small blade rake angle, the angle formed between 

the top surface of the knife blade facet and the vertical (Gordon and Bradbury 

1990:79). One recommended solution for this problem is to reduce the knife slope 

angle, thereby reducing the cutting angle (Gordon and Bradbury 1990:79). In this 

instance, these adjustments did not help so another solution was sought. 

THE ANTI-CURLING BAR 

A method was devised whereby a rigid strip of cardboard (12 mm x 100 mm) was 

adhered to the top ofthe microtome blade by a small ball ofBlue-tac™ placed at each 

end (Figure 6.1.2A). The leading edge of the cardboard preceded the cutting edge of 

the blade by approximately 3.5 mm and was positioned 0.5 mm above the plane of 

the section. As sectioning took place, the leading edge of the cut section lifted above 

the blade and began to tightly coil, backwards (Figure 6.1.2B). This process was 

an·ested by capture of the leading edge of the section and its subsequent channeling 

over the top of blade under the cardboard strip. 

SECTION THICKNESS 

The large block size made the cutting of sections less than 30 !Jill technically very 

difficult. This was because of the presence of small amounts of movement both of the 

large wax block and of the mechanical mounting stage possibly due to pawl wear. All 

lever moments were large because of the size of the block. This tended to amplify 
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extraneous movement and vibration in the mounting, the block and of the microtome 

blade. 

In addition, small impregnation defects such as air pockets or small inclusions of 

non-decalcified bone in the block easily compromised the production of thin, large 

sections. Consequently, some ability in the wax medium and the tissue ofthe block to 

absorb small movement without irretrievable damage of the section was desirable. 

Cutting thicker sections ( 45 11m - 60 11m) provided a 'buffer' to small movements 

permitting small variations in section thickness without loss of the section. 

Furthermore, as the primary aim was the acquisition of tissue sections capable of 

demonstrating morphology, sectional thickness was a slightly less critical factor in the 

interest of section capture. 
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A 

B 

FIGURE 6.1.1 

Base sledge microtome and giant wax block 

A: the clearance angle (CA) between the sectioning blade and the block is shown. 
Brass extensions (X) raised the sectioning blade, accommodating 
the vertical dimension of the block. 
B: base sledge microtome and giant block. The slope angle (SA) between 
the sectioning blade and the giant block was the angle subtended between the 
cutting edge of the blade and the line of travel of the block. The section 
'anti-curling' bar (L) was fixed to the top surface of the sectioning blade. 
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FIGURE 6.1.2 

Section cutting, 'roll-up' and fragmentation 

A: large wax sections were cut from the giant wax block and were 'captured' by the anti-curling 
bar that was fixed to the top and slightly in front of the knife. This simple device prevented 
section 'roll-up' seen in B. Section 'roll-up' seen in B led to section loss. 
C: section fragmentation was seen, particularly of the demineralised bone in the section. 
Fragmentation to this degree also resulted in section loss. 
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SECTIONING SPEED 

Sectioning speed is required to be at an appropriate speed for the particular tissue 

and embedding medium (Gordon and Bradbury 1990:77; Culling et al. 1985:93). As 

there were a number of component tissues within the large tissue block the 

determination of a suitable sectioning speed was based on experience. Furthermore, as 

the tissue in the block was 'soft' and the wax embedding medium slightly soft by 

preference, distortion of sections occurred easily. It was therefore found that slow 

sectioning speeds were desirable. This also reduced the pressure at the point of 

contact between the blade and the block, lessening subsequent compression and 

distortion of the section as well as the lever moment applied to the entire wax block 

and stage. 

6.1.10 Glass slide treatment 

ACID WASHING 

Prior to mounting sections cut on slides, twenty 10 em x 5 em glass slides 

(Histology Service Unit, Department of Pathology, University of Otago) were acid 

washed (Appendix L). As the sections contained large regions of decalcified bone that 

do not adhere well to glass slides, the purpose of acid washing was to ensure the glass 

slide was free of grease or impediment that would compromise adhesion of large (7 em 

x 5 em) sections. 

ALBUMINISA TION 

It was observed that in spite of acid washing, section to glass slide adhesion was 

weak and sections were easily lost from the slide during staining. Consequently, clean 

glass slides were albuminised (Appendix L). Coating the glass slide with a thin layer 

of albumen before mounting the section is an established technique for increasing 

section adhesion to the glass slide (Culling et al. 1985:98). Albumen acts as an 

adhesive and is also lightly stained by most dyes (Kiernan 1999:50). 
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SILANISA TION 

Large section to glass slide adhesion was observed to be poor in spite of the 

albuminisation of glass slides. Poor adhesion was explained by a combination of 

factors namely, the large section size, large quantity of decalcified collaginous matrix, 

multiple tissues in the section and section thickness. In order to assist the adhesion 

between the section and the glass slide, each slide was individually coated in 3-amino

propyl-triethoxy-silane (APES) (Sigma-Aldrich Incorporated, St. Louis, Missouri, 

USA) (Appendix M). APES coating enhances tissue section adhesion more 

effectively than albumen and is reported to be the best section adhesive available 

(Anderson and Bancroft 2002:96). Adhesion is enhanced by chemically changing the 

surface of the glass slide so that it bears abundant ionizing amino groups that provide 

a positively charged glass surface. This improves tissue section adhesion as cadaveric 

specimens possess a preponderance of negatively charged carboxyl (CO/-) groups 

and sulphate ester (RCOOSO/-) groups (Kiernan 1999:51) derived from 

proteoglycan and lipid molecules for example. 

6.1.11 Sectioning 

Sagittal sections were cut from the protocol large tissue block. As sections were 

cut, the method was continually adapted in an endeavour to consistently produce 

whole sections that readily adhered to slides and would withstand the staining 

process. Section thickness was increased to help decrease section fragmentation. It 

became necessary to re-embed the protocol tissue block because of filling defects 

within the block. In tum, this also led to modification of the processing schedule. 

Details ofthe sectioning are described in Appendix N. 

RE-EMBEDDING 

In instances where the tissue block contained pockets of incomplete wax 

penetration leading to significant section damage, the block was re-embedded in fresh 

beesoplast under negative pressure (Appendix E). 
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CELLOIDINISATION 

Whilst the cutting surface ofthe block was improved by re-embedding, a large area 

of decalcified collagen matrix within the block continued to cause section friability. To 

address this problem the cutting surface ofthe tissue block was celloidinised by being 

painted with 1% low viscosity nitrocellulose (L VN) in 50:50 ethyl alcohol/ethyl ether 

solution. This was allowed to dry for one minute prior to the section being cut 

(Culling et al. 1985 :96). In addition, the processing protocol for future blocks was 

modified by extending the wax impregnation period under negative pressure. 

The routine celloidinisation of sections has been employed in the past to prevent 

glycogen loss (Totty 2002: 172). It has also been utilised to inhibit section 

fragmentation (Culling et al. 1985 :96). In this investigation, the coating of the wax 

block cutting face with 1% L VN provided a surface layer that conferred additional 

structural cohesion on the otherwise friable section. This layer was dissolved away 

when the section passed through the descending series of ethyl alcohol baths 

(absolute ethyl alcohol, 95% ethyl alcohol, 70% ethyl alcohol) before being taken to 

water. Thereafter, the wax block face was routinely coated with 1% L VN prior to 

each section being cut. Health and Safety considerations apply for the use of 1% 

L VN. It is volatile, toxic, highly inflammable and potentially explosive. It is required 

that the application of this solution be performed under well-ventilated conditions or 

under a fume hood. 

6.1.12 Section mounting 

Sections were lifted from the knife and floated on 30% ethanol to assist flattening. 

Sections were then transferred to a thermostatically regulated warm bath ( 40°C -

45°C) to permit section spreading. Floating sections were then 'captured' on the 

APES coated glass slide. The mounted section was placed over a 60°C hot plate 

(Hearson Laboratory Equipment, Charles Hearson and Company Limited, London, 

UK) for one hour to dry. Mounted sections were then transferred to an incubating 

oven (Hearson Laboratory Equipment, Charles Hearson and Company Limited, 

London), thermostatically controlled to 37°C for storage until staining. 
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6.1.13 De-waxing large sections 

Prior to staining, the large mounted sections were placed in a 60°C, incubating 

oven (Astell Scientific Ltd., Sidcup, Kent, UK) for up to two hours in order to 

remove superfluous wax. This was an important step as the large sections held 

substantial quantities of beesoplast wax. 

The partially de-waxed sections were then taken through three xylene baths (three 

to five minutes each) for complete de-waxing, prior to being taken to water through a 

descending series of ethyl alcohol/water baths (1 00%, 95%, 70%). As each large slide 

was individually handled throughout this investigation, both the mounting method and 

de-waxing methods were varied slightly to take into account variations in the section. 

Sections from different levels in the tissue block contained different proportions of 

decalcified bone and soft tissues as well as different amounts of beesoplast. 

Mounted sections were stained following the modified H&E protocol detailed in 

Appendix F. Harris's haematoxylin (Harris 1900) is an alum haematoxylin that yields 

a clear, dark nuclear stain that is generally used regressively (Wilson and Gamble 

2002: 127). Eosin Y, may be used as a counter-stain to Harris haematoxylin and may, 

with proper differentiation, enable distinction to be made between the cytoplasm of 

different types of cells, and between different types of connective tissue fibres and 

matrices, by staining them different shades of red and pink (Wilson and Gamble 

2002: 130). This two-stain combination is the most widely known and used staining 

method, possessing both an ease of use and the ability to demonstrate the 

microscopic morphology of different tissues (Wilson and Gamble 2002:127, 130; 

Kiernan 1999:1 03). For these reasons it was selected for use in this investigation. 

The regressive use of a staining method describes a method whereby a tissue is 

deliberately over-stained before being differentiated (de-stained) until the desired 

endpoint is reached (Millikin 2005). Widespread cytoplasmic staining is 'toned

down' by differentiation in ethyl alcohol whilst leaving the nuclear staining intact. 

Excessive acid/alcohol differentiation ofhaematoxylin will also reduce nuclear staining. 
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'Bluing', in ammoniated water, converts the red colour of haematein into a dark, 

blue/black stain. The darkly stained nuclei are contrasted against the pink cytoplasmic 

hues of the eosin counterstain. It is said that, "the end-points of both haematoxylin 

and eosin staining involve colour density and contrast, neither of which is measurable 

by the clock. The human eye, however, is very good at both measurements," (Millikin 

2005). 

Tissue sections containing decalcified tissue have a tendency to detach from the 

glass slide (Gordon 1990:74). This phenomenon was observed for the large sections 

of this investigation. Consequently, a staining method that required prolonged 

exposure to solution was considered less desirable for large sections cut from the wax 

embedded tissue blocks ofthis investigation. 

Whilst the use of a one step trichrome method (van Gieson) was initially trialed in 

the earlier and smaller LPSL sections (SN 1, 3 and 5). It is not a technique that is 

considered applicable to the larger and thicker sections although it was tried for one 

section together with a Verhoeff iron haematoxylin stain (Figure 6.2.1A). The van 

Gieson method requires that sections are between 3 )liD - 8 )lm thick (Llewellyn 2005), 

although others say 15 )liD is the upper limit of section thickness (Kiernan 1999:151 ). 

Furthermore, a one step trichrome method such as the van Gieson method is highly 

technique dependent and may only be satisfactory providing it is standardised 

(Llewellyn 2005). The level of 'standardisation' required was impractical owing to the 

significant variables in tissue fixation and tissue processing. 

MODIFICATION OF THE H&E METHOD 

Substantial modifications were made to the standard H&E staining protocol 

(Appendix F). These are shown in the modified protocol (Appendix F). Modification 

to the initial staining protocol was necessary because of the larger size and thickness 

of the tissue sections together with their prolonged exposure to 10% formic acid when 

decalcifying. For example, a regressive technique employed in the standard Harris 

haematoxylin method may typically range between 5 - 15 minutes, though it is often 

longer when conducted on tissue that has been decalcified (Wilson and Gamble 
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2002: 128). For sections cut from the protocol block, a very short period of 10 - 30 

seconds exposure to Harris haematoxylin was found sufficient for regressional 

staining. Furthermore, the cell nuclei were found difficult to stain with Harris 

haematoxylin without marked over staining of muscle tissue in the section. The 

regressional staining end-point was microscopically checked to assess cell nuclei 

staining. 

6.1.14 Application of mounting media and cover slip 

Following staining, the large slides were dehydrated through an ascending series of 

ethyl alcohol and water (70%, 95%, 1 00%) and cleared in xylene before being cover 

slipped (70 mm x 50 mm, Menzel Glaser, Germany, supplied by Milton Adams Ltd. 

Auckland) with 'DPX'. Once cover slipped the slide was placed in an incubating oven 

at 37°C. Complete drying took six to eight weeks in the oven. 

6.2 Protocol block results 

6.2.1 Preamble 

The accomplishment of the protocol block was that it addressed a range of 

technical problems associated with identification, processing, sectioning and staining 

in large histology blocks containing multiple tissues. Furthermore, this was the only 

tissue block used to provide para-sagittal sections. 

Because of experience with the protocol block, it was decided that the remaining 

giant blocks would be sectioned transversely as each transverse section provided more 

information regarding morphological relations across the entire region of study rather 

than a single sagittal plane section through it. Furthermore, large sections like these are 

difficult to produce and there is a high loss rate. It was therefore considered efficient 

practice to gather the maximum amount of morphological information from one 

section. 
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Following the preliminary radiological localisation of the cadaveric site of the 

protocol tissue block, the tissue block was removed without further radiological 

confirmation. After demineralization, processing, wax impregnation and embedding, 

sections from the protocol block were cut from the region between the medial aspect 

of the second dorsal sacral foramen and the adjacent PSIS. Successive para-sagittal 

sections through this region included the PSIS and the adjacent posterior region of the 

SIJ. Sections captured the supero-medial attachment region of the LPSL. This region 

was reached as sectioning of the tissue block was completed. 

6.2.2 Deep fascial lamina 

A para-sagittal section through the second dorsal sacral foramen showed emergent 

vascular and neurological structures (Figure 6.2.1). This figure was composed from a 

collage of microscope images. The section was trial stained with Verhoeff 

haematoxylin and van Gieson for elastic tissue. Typically, collagen is stained red, 

cytoplasm and muscle stained brown/yellow, red blood cells stained yellow, elastic 

fibres and nuclei stained blue/black. Whilst this stain showed morphology well, the 

staining colours were less reliable. Its use was discontinued for this reason and 

because the section thickness and solution immersion times that made it difficult to 

retain the section on the slide. Fascicles of multifidus were observed to stain a 

greenish hue. A layer of loose connective and adipose tissue was observed 

surrounding the structures within the foramen and extending superiorly and inferiorly 

deep to multifidus. A space posterior to the foramen was observed between the 

fascicles of multifidus through which the adipose and loose connective tissue extended 

posteriorly. 

A layer of dense fibrous connective tissue was observed overlying the emergent 

neurovascular structures and separating fascicles of sacral multifidus from the 

underlying layer of loose connective and adipose tissue. Within this layer, the lateral 

branch of the second sacral dorsal ramus was identified. A small artery was observed 

to egress from the second dorsal sacral foramen and to be closely associated with the 

lateral branch of the dorsal sacral ramus. Together these were observed to form a 

neurovascular bundle. 
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Artifact space was observed in this section within the loose connective and 

adipose layer between the vascular structure and the nerve. The deep adipose and 

loose connective tissue layer were observed to extend posteriorly and to contain a 

vem. 

The deep fascial lamina was traced laterally in para-sagittal sections from the 

second dorsal sacral foramen toward the ESA. The lateral branch, composed of two 

nerves, was observed deep to a layer of dense fibrous connective tissue. It was 

surrounded by adipose and loose connective tissue and small vascular structures 

shown in Figure 6.2.2A and B. Figure 6.2.2A shows the attachment of the erectores 

spinae aponeurosis (ESA) to the inferior aspect of the posterior superior iliac spine of 

the ilium. A tunnel that contained the lateral branch of the second dorsal sacral ramus 

was formed by the short posterior sacroiliac ligament (SPSL), immediately posterior 

to the sacroiliac joint (SIJ) and the dense fibrous connective tissue of the deep lamina. 

A further loose connective and adipose layer was observed between the posterior 

aspect of the tunnel and the deep surface of the ESA. Figure 6.2.2B is an enlargement 

of the posterior sacroiliac region and shows the two nerves within a single lateral 

branch. The uniformly dense fibrous connective tissue of the SPSL was also observed 

in contrast to the layered morphology of the LPSL. 
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FIGURE 6.2.1 

Neurovascular structures at the second dorsal sacral foramen 

Verhoeff van Gieson stained para-sagittal section; elastic fibers are stained blue-black to black 
with red collagen and a yellow background. Ad: adipose and loose connective 
tissue; N: lateral branch of the second dorsal ramus; M: multifidus fascicles; a: arteriole; 
S: sacrum. Black arrows highlight the deep fascial layer (fasciculi). 
Black asterisk highlights a small vein passing posteriorly from the foramina! region 
between the fascicles of multifidus. This was the fenestrated region of the deep fascial lamina layer 
seen during dissection through which the medial branch of the dorsal sacral ramus was 
observed to pass. 
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FIGURE 6.2.2 

Deep fascial layer (DFL) of the second dorsal sacral foramen 

The para-sagittal section was stained with Harris haematoxylin and alcoholic eosin. 
A: the erectores spinae aponeurosis (ESA) was observed to blend to the ilium (I). 
The sagittal section was medial to the long posterior sacroiliac ligament and the ESA was 
observed as a separate structure from the deep fascial layer (DFL). The DFL crossed the short 
posterior sacroiliac ligament (SPSL) between the ilium (I) and the sacrum (S). 
Adipose and loose connective tissue (Ad) were seen surrounding the lateral branch of the 
second dorsal sacral ramus (N) as well as deep to the ESA. Staining artifact is present in A. 
This defect was casued by residual wax. 
B: an enlarged view of the lateral branch deep to the DFL. Vascular structures (V) were 
seen in close proximity to the lateral branch. The uniform matrix of dense fibrous connective 
tissue of the SPSL was observed in contrast to the layered appearance of the DFL. 
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6.2.3 The supero-medial LPSL 

The supero-medial aspect of the LPSL was observed in para-sagittal section, just 

captured within the dimensions ofthe protocol block (Figure 6.2.3). The deep fascial 

layers of dense fibrous connective tissue were observed to begin blending with the 

anterior deep region of the ESA, just inferior to its insertional region on the ilium. The 

lateral branch of the second dorsal sacral ramus was observed in close proximity to 

the dense fibrous connective tissue of the deep fascial layer. Considerable artifact 

space was observed in the section that exaggerated the loose connective and adipose 

layers observed close to the SIJ and deep to the ESA and separated the short 

posterior sacroiliac ligament (SPSL) previously identified in Figure 6.2.2A and B. The 

deep fascial layer appeared as two layers, possibly also due to artifact space. 
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A 

FIGURE 6.2.3 

Para-sagittal section of the lateral branch of the second dorsal sacral 
ramus 

A: Harris haematoxylin and alcoholic eosin stained sagittal section, lateral 
to the section shown in Figure 6.2.1. Here the superior aspect of the dense fascial layer 
highlighted by the black asterisk was observed to blend with the ESA. The lateral branch 
of the second dorsal sacral ramus was observed (inset) posterior to the sacroiliac joint (SIJ). 
Adipose and loose connective tissue (Ad) were observed in relation to the lateral branch. 
B: inset indicated in A, an enlarged view of the lateral branch of the second dorsal sacral ramus, 
seen obliquely. Here the lateral branch was observed to course inferolaterally. 
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6.2.4 Summary of protocol block results 

A dense fibrous connective tissue layer was observed to enclose a deeper loose 

connective tissue and adipose layer over the dorsal sacral foramen. Within this layer, 

neurovascular structures were identified. The loose connective and adipose tissue 

space was observed to continue posteriorly between the fascicles of multifidus and to 

form a continuous medium between the dorsal sacral foramen and fascicles of 

multifidus. 

The dense fibrous connective tissue layer of the deep lamina continued laterally 

from the second dorsal sacral foramen as did the layer of loose connective and adipose 

tissue where it was observed to begin to blend with the ESA. A lateral branch of the 

dorsal sacral ramus was observed to accompany the thin lamina layer and was seen in 

close association with this layer and the ESA. 

Some corroboration of earlier dissection observations was possible. A fascial layer 

deep to the fascicles of multifidus that enclosed adipose and loose connective tissue 

were confirmed histologically. The lateral branch was seen within this layer. In 

addition, the medial aspect of the superior LPSL was observed. Here the deep fascial 

layer was just seen beginning to blend with the anterior surface of the ESA and LPSL 

itself was not evident. 

Demineralisation of the protocol block was undertaken with 10% formic acid. No 

clear evidence was seen in this instance that damage had occun·ed to the tissues of the 

block. 
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7 Giant tissue block study 

7.1 Methods 

7.1.1 Preamble 

The tissue blocks of SN 7, 8, 9 and 10 had an approximate mean volume of 5 51.7 

cm3
, ± 84.8 cm3

• and were approximately three and a half times the size of the first 

large tissue block (SN 6). Tissue blocks of these dimensions have been referred to as 

'giant blocks' (Kok and Boon 1995). Their dimensions are detailed in Appendix 0. 

For this reason it was anticipated that prolonged exposure to 10% formic acid 

decalcifying medium would be required. However, as previously described, it is 

recognized that acid decalcification may have damaging effects both upon the tissue 

(Eggert and Germain 1979; Callis GM, 2002:274) and subsequent staining. 

Furthermore, the effects of extensive microwave heating upon the soft tissues within 

the giant tissue blocks and the evenness of such heating was unknown. For these 

reasons, ethylene-diamine-tetra acetic acid (EDTA) was selected as the decalcifying 

agent and microwaving was not used during the decalcification process. 

The protocol developed for the large block provided valuable insight into the 

technical difficulties oflarge wax block histology. It enabled a protocol to be outlined 

for the processing, embedding and staining of a substantial wax embedded tissue block 

containing different types of connective tissues and it identified many of the 

difficulties. The following method was undertaken on four giant wax embedded tissue 

blocks (SN 7, 8, 9, and 1 0). The aim was to acquire detailed morphological infonnation 
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by histological examination of the LPSL and its relationship to the PSP and 

surrounding structures. 

7.1.2 Radiographic confirmation and harvesting 

From experience gained with the protocol tissue block (SN 6) it was highly 

probable that subsequent tissue blocks (SN 7, 8, 9 and 1 0) included the LPSL. These 

tissue blocks were harvested from departmentally assigned and pre-prepared 

hemipelves. Anatomical levels in the hemipelves, having previously undergone median 

sagittal sectioning, were readily visible. The visual identification of the lumbosacral 

intervertebral disc and the coccyx enabled identification of the supero-inferior 

boundaries of the block. The superior aspect of the PSIS together with the visible 

anatomy of the median sagittal section enabled identification of the medio-lateral 

boundaries of the block. The lateral boundary was measured along a supero-inferior 

line 2 em lateral to the PSIS. The skin and the ventral sacral bone defined the antero

posterior boundaries to be identified. 

The anterior frontal plane lay approximately 5.5 em± 0.2 em from the posterior 

frontal plane, passing through the bone of the ilium and sacral promontory. This 

region enclosed by the anterior and posterior frontal planes, defined the antero

posterior thickness of the tissue block. Radiographic analysis provided radiographic 

confirmation of these tissue block boundaries and anatomical localisation of the LPSL. 

Tissue blocks were radiographed with a centimeter scale made of lead shot in situ. 

The tissue block boundaries were measured with a stainless steel ruler (The Ruler 

Company, Bristol, UK) using centimeter scale graduated in millimeters from the 

radiographs. 

7.1.3 Decalcification with ethylene-diamine-tetra acetic acid 

EDTA 7.5% in the form of its di-sodium salt (Ajax Finechem, Mount Wellington, 

Auckland), buffered to pH 7. 0 - 7.1 with 5% sodium hydroxide was used as the 

decalcifying medium. EDTA differs fundamentally from an acid as it a chelating agent. 
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A chelating agent is an organic compound or ion that is able to combine with a metal 

ion to form a compound known as a metal chelate (Kiernan 1999:37). During 

decalcification, free calcium ions in solution are removed by chelation and the 

dissolution of calcium from hydroxyapatite continues until decalcification is 

complete. Unlike acid decalcification, no hydrogen ions are involved. As the 

dissociation of calcium ions from hydroxyapatite occurs at a slow rate, decalcification 

in this manner is consequently a slow process, relying on the action of EDT A upon 

the outer layer of hydroxyapatite, where ionized calcium is progressively depleted, 

being reformed from within (Page et al. 1990:317). In contrast to prolonged immersion 

in 10% formic acid, decalcification by EDT A is a process that is said to have little or 

no deleterious effect on other tissues (Page et al. 1990:317). 

THE VOLUME OF EDTA 

The volume ratio of EDT A to tissue is recommended to be 20:1 (Page et al. 

1990:317; Kiernan 1999:37). Changes of decalcification fluid are recommended to be 

every three to five days for EDTA (Kiernan 1999:37). A visual estimate of the 

amount ofbone contained within the giant tissue blocks was made of 15%- 20% by 

volume. All giant tissue blocks were therefore placed in 2 litre plastic containers of 

EDTA solution and agitated for nine hours per day. The solution was changed every 

five days. 

RATE OF DECALCIFICATION IN EDTA 

The radiographic end-point for decalcification was determined in the same way as 

the protocol block. The tissue blocks were radiographically assessed each month until 

the decalcification end-point was attained (Appendix J). 

The tissue block SN 8 (female, age 83 years) took three months to reach the 

radiographically assessed, decalcification end-point. This was the shortest period for 

decalcification in EDTA compared with the other blocks (SN 7, 9, and 10). Tissue 

block (SN 7) (male, age 74 years) required decalcification for nine months before 

attaining the decalcification end-point. Tissue blocks (SN 9 and 1 0) (males, age 70 
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years and 76 years respectively) required 11 months each to attain the decalcification 

end-point. 

7.1.4 Tissue firmness 

During the lengthy decalcification process it was observed that having been 

immersed in EDTA for three months, the tissue blocks varied considerably in their 

tissue 'firmness'. It was thought that this may have been associated with variation in 

the initial cadaver tissue fixation (Appendix A). 

To address 'tissue loosening' all tissue blocks were post-fixed in 10% neutral 

buffered formalin. This was done for two days in order to re-establish methyl (CH2) 

cross linking between proteins and stiffen the block structure. It is reported that 

'loosening' of the tissue with prolonged exposure to an aqueous medium gives the 

tissue block a 'waterlogged' and 'gelatinous' texture (Hopwood 1990:22; Turner 

2005). 

7.1.5 Tissue block bisection 

As the bone mineral density of each block declined with progressive 

decalcification, it was possible to transversely bisect each tissue block (Appendix J). 

A 220 rnrn steel microtome blade was used to cut through the tissue block at a level 

slightly superior to the level of the third dorsal sacral foramen. This halved the 

supero-inferior dimension to an estimated 8 ern± 0.05 ern for SN 7, 6crn ± 0.05 ern for 

SN 8, 7 ern± 0.05 ern for SN 9 and 5.5 ern± 0.05 ern for SN 10. This was done 

because the size of the blocks exceeded the dimensions available under the sectioning 

knife of the base sledge microtome. The level of tissue block bisection was confirmed 

by measurement made from the initial radiographs of each tissue block. 

Despite the bisections, the dimensions of the new blocks (a and b) remained of 

sufficient size that the microtome blade attachment points required modification to 

accommodate the passage of a block under the blade. This modification was carried 

146 



out by the Electromechanical Technology Workshop of the University of Otago and 

enabled accommodation of blocks up to 8 em high on the mounting plate of the base 

sledge microtome. 

7.1.6 Tissue block processing 

Tissue blocks, a and b from SN 8 followed the same processing protocol as the 

first large tissue block (SN 6) detailed in Appendix K. Thereafter, tissue blocks a and 

b from S N 7, 9 and 10 underwent processing detailed in Appendix P. The 

modifications to the processing protocol are summarised as follows. 

DEHYDRATION AND CLEARING 

Following decalcification in EDTA, the tissue blocks a and b from SN 8 followed 

the same dehydration protocol as the first large tissue block (SN 6) by undergoing 

dehydration in 70% and 95% absolute ethyl alcohol. This aspect of the protocol was 

later modified because during subsequent sectioning it was observed that the 

decalcified collaginous matrix within the blocks had become overly hardened. 

Consequently, subsequent blocks from SN 7, 9 and 10 passed through only one 

change of absolute ethyl alcohol for four hours with microwaving to 64°C for 20 

minutes (Appendix P), greater use being made of iso-propyl alcohol to accomplish 

dehydration without excessive tissue hardening. As exposure of the tissue blocks to 

dehydrating ethyl alcohol was reduced to lessen tissue hardening and dehydration, 

iso-propyl alcohol was used instead, as both the dehydrating agent and the clearing 

(intermediary) agent. 

After tissue processing, some differential shrinkage of the tissues in the block was 

anticipated. Tissues with a greater water and fat content were anticipated to exhibit 

greater differential shrinkage than demineralised bone. Pre- and post- block processing 

photos were taken to illustrate and to assess overall block shrinkage (Figure 7 .1.1A 

and B). 
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FIGURE 7.1.1 

Giant wax block shrinkage 

A: post-demineralisation, pre-processing giant tissue block SN 10 
B: post-processing in SN 10. Some differential shrinkage was evident 
between muscle, fascial tissue and adipose tissue compared with bone. 
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WAX IMPREGNATION 

Tissue blocks (SN 8) a and b followed the same impregnation method as SN 6 

(Appendix K). Re-embedding due to incomplete wax impregnation and air pockets at 

various places within the tissue blocks was undertaken (Appendix E) as required. In 

order to minimise the requirement for re-embedding of the tissue blocks, the initial 

impregnation method was modified by the addition an additional fourth change of 

beesoplast, conducted overnight under negative pressure. This method was used for 

blocks from SN 7, 9 and 10 (Appendix P). 

7.1.7 Sectioning and staining 

The techniques used during the sectioning and staining of the protocol tissue block 

(SN 6) formed the basis for sectioning and staining of the subsequent large blocks (a 

and b) of SN 7, 8, 9 and 10. The order of sectioning was determined by the conclusion 

of decalcification. 

SILANISA TION 

For sections cut from the blocks (SN 7, 8, 9 and 10) all available (700) glass slides 

(1 0 em x 5 em) were individually acetone washed and silanised prior to being used 

(Appendix M). 

SECTIONING TISSUE BLOCKS (a and b) FROM SN 7, 8, 9 and 10. 

Sequential sections were cut between 40 11m - 60 11m thickness, mounting every 

fourth or fifth section, as cutting success permitted. The balance of sections was 

stored. Cutting thinner sections ( 40 11m to 30 11m) as the condition of the wax 

embedded tissue block permitted was a further aim as thinner sections were likely to 

have better glass slide adherence, were prone to less differential shrinkage and would 

stain more predictably in comparison to thicker sections (60 11m). However, thinner 

149 



sections were not always achievable. The cut face of the block was celloidinised (1% 

L VN, 50:50 ethyl alcohol, ethyl ether) before each section was cut. 

WAX BLOCK BRACING 

It was realized that small, uncontrolled movements occurred between the blade and 

the wax block resulting in the cutting of alternate thick and thin sections. Described 

causes of alternating thick and thin sections include the excessive softness of the wax 

embedding medium for the tissue or conditions, block or knife looseness, insufficient 

clearance angle of the knife and a faulty microtome (Gordon and Bradbury 1990:79). 

Each of these variables was examined and excluded or modified where possible. The 

blade clearance angle was increased to 8°, as judged by wedge template insertion 

between the block cutting surface and the blade. It was concluded that the cause lay 

with wax 'softness' together with block vibration during and a small amount of 

aggregate movement through the worn pawls of the microtome mechanism. 

In order to stabilize the block an adjustable buttress was conceived and designed 

(Figure 7 .1.2). This was manufactured by Electromechanical Technology Workshop, 

University of Otago. The adjustable buttress was positioned between the edge of the 

mounting plate and the front of the fixed handle of the microtome. It thereby 

conferred rigidity on the mount and limited any extraneous movement. Periodic re

adjustment of this buttress was required to compensate for progressive elevation of 

the mounting stage. 
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FIGURE 7.1.2 

Adjustable buttressing bar 

An adjustable brass buttressing bar with a swivel head was manufactured and used to 
minimise small movements of the giant wax block during sectioning. 
The bar was mounted between the fixed handle of the microtome and 
an angled piece of wood screwed into the side of the giant wax block. 
A piece of double sided adhesive tape was used to secure each end 
of the buttress. 
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MODIFICATION TO CELLOIDINISATION 

The problem of section fragmentation during and after cutting was identified early 

on when sectioning the initial block (SN 6) in this investigation (Figure 6.1.2C). The 

methodology was altered to include the application of a block cutting-face 'hardener', 

1% L VN in equal parts ethyl alcohol/ethyl ether, applied to the cutting-face with a 

small paint-brush before individual sections were cut. It was found necessary in later 

blocks (SN8, 9 and 1 0) to use a more robust surface-hardening layer (2% L VN in equal 

parts ethyl alcohol/ethyl ether) because of the longer processing in isopropyl alcohol 

resulting in a slightly softer wax embedded tissue block. 

7.1.8 Staining method, SN 7, 8, 9 and 10 

Significant modification was made to the standard H&E staining protocol 

(Appendix F), because of the increased size and thickness of the tissue sections. 

7.1.9 Application of mounting media and cover slip 

Following staining, the slides were dehydrated through an ascending series of ethyl 

alcohol and water (70%, 95%, 1 00%) and cleared in xylene before being cover slipped 

(90 mm x 50 mm, Menzel Glaser, Germany, supplied by Milton Adams Ltd. 

Auckland). Synthetic mounting medium, 'DPX' was used as before, with 

approximately 10 - 12 cm3 of DPX applied to the upper surface. Because of this 

large DPX volume and extensive slide area, air bubble trapping between the slide and 

the cover slip presented a problem that was overcome by laying DPX in three 

separate parallel lines along the length of the cover slip. Once cover slipped, the slide 

was placed in an incubating oven for six weeks at 37°C although care was required for 

two months when handling the slides, as the large volume ofDPX used dries slowly. 

152 



7.1.10 Image capture equipment and software 

Images were captured with a Canon EOS 350D Digital 1GB (Canon Inc. Japan) 

with an eight-megapixel Compact Flash Ultima card and Canon Macro Lens EF 

1 OOmm 1 :2.8. The camera was mounted to vertical track attached to a wall (Kaiser, 

Germany). A plain film radiographic fluorescent light box was positioned below the 

camera. The large histology slides were individually mounted on the light box and an 

image captured. It was possible to capture images with tenfold magnification at 365 

dots per inch resolution. To assess the utility of digital scanning, one macro-image 

was captured from a slide using an Epson Perfection 3170 Photo digital scanner, 

version 2.65E. The image was scanned at 1200dpi. Selected slides were also viewed 

using an Olympus microscope AX70 'Provis' and digital images captured using a 

Spot RT digital camera with software version 4.0.9 on an OSX platform. All digital 

images obtained were processed using Adobe Photoshop CS (Version 8) on an OSX 

platform (Apple Macintosh). 

Section images, particularly under higher magnification (xi 0 or greater), did not 

appear sharply focused. The microscope stage was not designed to accommodate 

large glass slides of 50 mm x 100 mm. This made it difficult to position them so that 

they lay exactly parallel with the focal plane of the lens or within the correct working 

distance of the lens. In addition, the relatively thick sections of 35 ~-tm to 60~-tm, 

together with the thick glass slide and cover-slip of between 1 mm to 2 mm, made it 

difficult to clearly image the region of interest. 

7.2 Results 

7.2.1 Preamble 

Large histology slides that were cut from the giant tissue blocks provided 

morphological information of the wider anatomical context of the LPSL together with 

its relationship to the lateral branches of the posterior sacrococcygeal plexus. 
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Digital capture of the macro-images and micro-images from the large slides was 

described earlier in the methods. The chief advantage of the macro digital medium was 

that it had the ability to capture a large visual field. This meant that the sections could 

be viewed in their entirety without recourse to a collage of smaller images. However, 

their subsequent magnification was limited by resolution and by the fluorescent 

colour cast effects from the fluorescent lights in the radiological light box. 

Nevertheless, this proved an effective way of providing a large, low magnification 

view of a wide region of morphology. Optical microscope images provided, on the 

other hand, an improved resolution at greater magnification but had the relative 

disadvantage of a limited field of view in a large section. 

Based upon the following results the LPSL was considered as three 

morphologically distinct parts. The proximal, the mid and the distal LPSL. The 

proximal part was defined as the superior region of its ligamentous attachment to the 

PSIS. The mid region lay between the site of superior and inferior attachments to the 

PSIS and the third sacral transverse tubercle. This region also extended over a 

segmental distance that included the second and third dorsal sacral foramina. The 

distal region lay at the third sacral transverse tubercle and encompassed the inferior 

attachment of the LPSL. 

By way of general introduction (Figure 7 .2.1) shows morphological variation 

between the four different cadaver specimens cut from a similar level, proximal to the 

second dorsal sacral foramina. Morphological variation was seen in the size of the 

posterior ilium and the horizontal width of the adjacent posterior sacral surface. 

Despite the variable osseous morphology between the blocks, some common 

morphological features were observed. All specimens showed a small region 

containing adipose and loose connective tissue immediately posterior to the SIJ. This 

region was closely related to the posterior SIJ and was observed to be continuous 

either medially (SN 8, 9 and 1 0) or laterally (SN 7 and 9) or medially and laterally in 

SN 9. A fmiher common morphological feature was the confluence of three dense 

fibrous tissue layers at the LPSL observed in SN 9 and SN 10. Section damage in SN 7 
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and SN 8 precluded reliable observation ofthis feature, although some layers remained 

visible. 
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FIGURE 7.2.1 

Cadaveric morphological variation 

One section, proximal to the second dorsal sacral foramina from each cadaver. 
LPSL: long posterior sacroiliac ligament; GMx: gluteus maximus; S: sacrum; 1: ilium; SC: 
spinal canal; IVC: intervertebral canal; M: multifidus; SIJ: sacroiliac joint. 
Sections were stained with Harris haematoxylin and alcoholic eosin. 
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7.2.2 Thoracolumbar fascia and the LPSL 

The contribution made by the posterior layer of the thoracolumbar fascia to the 

superficial layer of the LPSL was investigated. Earlier histological results in this study 

indicated that GMx muscle fibres attached, either directly to the superficial layer of 

the LPSL or attached to an interposing layer of adipose and loose connective tissue. 

Figure 7.2.2 and 7.2.3 show H&E stained sections from SN 10 and S N 9, 

respectively. The ESA and the LPSL were compared. A region medial to the furthest 

medial attachment of GMx to the ESA, and a region lateral to this, that was deep to 

GMx fibres either at the ESA shown in Figure 7 .2.2 or at the LPSL shown in Figure 

7.2.3. 

Figure 7.2.2A also shows the attachment of the medial fibres of GMx to the ESA. 

Here it was observed that the posterior layer of the thoracolumbar fascia did not 

extend laterally beyond the insertion of GMx. Where GMx was viewed to overlie the 

LPSL, the posterior layer of the thoracolumbar fascia was not observed to contribute 

to the superficial layer of the LPSL. 

Figure 7.2.2B shows the bilaminar layer of the thoracolumbar fascia. The posterior 

layer overlay the dense fibrous connective tissue of the ESA and appeared bilaminar. 

Sparsely distributed nuclei characteristically speckle the dense fibrous connective 

tissue of the ESA and the thoracolumbar fascia. 

Figure 7 .2.2C shows, by contrast, the more densely nucleated muscle fibres of 

GMx overlying dense fibrous connective tissue of the ESA corresponding to the 

region between the black arrows in Figure 7.2.2A. The bilaminar layer of the 

thoracolumbar fascia was observed and the ESA was seen as the sole contributor to 

the superficial layer of the LPSL. 

Similar observations were made in the sections from SN 9. Here the bilaminar 

posterior layer of the thoracolumbar fascia was observed medial to the attachment of 
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GMx shown in Figure 7.2.3A. GMx fibres were observed to attach directly to the 

ESA or attach to the LPSL by myotendinous structures that extended from the ESA 

(Figure 7.2.3C). 

Medial to the insertion of GMx, the bilaminar posterior layer of the thoracolumbar 

fascia was observed to accompany the ESA and lay immediately posterior to the 

ESA. Lateral to the furthest medial insertion of the fibres of GMx, but still lateral to 

the LPSL, the posterior layer of the thoracolumbar fascia was absent. At the LPSL, a 

layer of loose connective and adipose tissue was observed to lie between the dense 

fibrous connective tissue of the superficial layer of the LPSL and the overlying 

parallel muscle fibres of GMx. 
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FIGURE 7.2.2 
The thoracolumbar fascia (TLF) and erectores spinae aponeurosis (ESA), 

SNlO 

A: posterior layer of the TLF (white asterisks) was observed to blend with the medial 
insertion of gluteus maximus (GMx) at the ESA. Loose connective and adipose tissue (LC) 
was seen superficially and fascicles of multifidus (M), deeply. Black arrows highlight the 
more lateral ESA where the TLF was absent. 
B: medial to the insertion of GMx the TLF (black arrows) was present. 
C: lateral to the insertion of GMx (black arrows, A) the TLF was absent. 
Sections were stained with Harris haematoxylin and alcoholic eosin. 
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FIGURE 7.2.3 

The thoracolumbar fascia (TLF) and the long posterior sacroiliac ligament (LPSL), 
SN9 

A: medial to the insertion of gluteus maximus (GMx), the bilaminar layer of the TLF 
(black arrows) overlie the erectores spinae aponeurosis (ESA). 
B: lateral to the insertion of GMx, muscle fibres were observed to attach directly 
to the ESA (black arrowheads). 
C: at the LPSL, GMx fibres attach to myotendinous structures (MT). Adipose and loose connective 
tissue were seen between muscle fibres. A more densely stained region (V) indicates a 
small blood vessel. Sections were stained with Harris haematoxylin and alcoholic eosin. 
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7.2.3 The proximal LPSL 

Slightly superior to the inferior margin of the PSIS, the ESA together with the 

posterior layer of the thoracolumbar fascia, was observed to attach directly to the 

medial posterior ilium. The LPSL was absent. Figure 7.2.4 shows three sequential 

sections at the segmental level of the first dorsal sacral foramen. Adipose tissue and 

small vascular structures were viewed interposed between dense fibrous connective 

tissue layers in the posterior SIJ region. 

Posterior to the SIJ and the first dorsal sacral foramen shown in Figure 7.2.4A, a 

layer of dense fibrous connective tissue was observed between the medial margin of 

the foramen and the adjacent medial ilium (black arrows). This enclosed the posterior 

sacroiliac joint space and dorsal sacral foramen so that a continuous layer of adipose 

tissue between the joint and the foramen was observed. A structure that showed 

dense, stained nuclei was seen within the first dorsal sacral foramen and may be a 

nerve or foramina! blood vessel. The nuclei are not resolved in this figure (Figure 

7.2.4B). 

Figure 7.2.4C showed layers of dense fibrous connective tissue converging toward 

the posterior PSIS. The GA was just visible at the lateral aspect, the deep fascial 

layer (DFL) and ESA are labeled and were observed to converge from the medial 

aspect. 

Figure 7.2.5A and Bare an enlargement of the emergent branches of the first dorsal 

sacral ramus in which a distinct nerve structure was observed surrounded by adipose 

tissue and dense fibrous connective tissue emerging from the first dorsal sacral 

foramina. 
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FIGURE 7.2.4 

The first dorsal sacral foramen (DSF) and the sacroiliac joint (SIJ) 

Sequential inferior sections show the relationship between the DSF and the SIJ . 
A: a layer of dense fibrous connective tissue (black arrows) enclosed the region (black asterisk) 
posteriorly. A branch of the first dorsal sacral ramus was just visible (N). 
B: at the inferior margin of the DSF the dense fibrous tissue layer was observed to blend with the 
posterior ligamentous region of the SIJ (black asterisk). The nerve seen in (A) was visible (N). 
C: the proximal long posterior sacroiliac ligament (LPSL) was visible. Black arrows highlight 
contributing fascial layers of the erectores spinae aponeurosis (ESA) and deep fascial layer (DFL). 
Small black arrowhead indicates the gluteal aponeurosis, just visible. Gluteus maximus (GMx), 
multifidus (M), posterior superior iliac spine (PSIS), intervertebral canal (IVC) sacrum (S) 
and ilium (I) were identified. Sections were stained with Harris haematoxylin and alcoholic eosin. 
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The first dorsal sacral ramus and branch (N) 

A: the first dorsal sacral ramus and branch were seen in the dorsal sacral foramen (DSF). 
Dense staining of nerve fibres was seen. The nerve was surrounded by adipose and loose 
connective tissue (Ad). Dense fibrous tissue layers of the deep fascial layer 
(DFL) and adjacent posterior sacroiliac ligaments (F) were seen. Vein: (V) . 
B: stained nerve fibres of a lateral or medial branch of the first dorsal sacral ramus were 
observed surrounded by adipose and loose connective tissue (Ad). Sections were stained with 
Harris haematoxylin and alcoholic eosin. 
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The proximal LPSL was observed as a body of dense fibrous connective tissue on 

the medial posterior aspect of the PSIS (Figure 7.2.6A). Medially, the ESA was 

observed to blend with the LPSL and a clear distinction between these two structures 

was difficult to delineate. A small antero-medial extension of the body of the LPSL, 

following the contour of the ilium, was observed. Fascicles of multifidus were 

observed to attach to this extension. Deep to the antero-medial aspect of the LPSL a 

region of adipose and loose connective tissue were observed. Laterally, the dense 

fibrous connective tissue body of the LPSL was merged with the dense fibrous 

connective tissue periosteal layer of the posterior ilium. 

Features of layered morphology (Figure 7 .2.6B) were also observed at the 

proximal LSL. A thin layer of adipose and loose connective tissue interposed between 

the posterior ilium and the deep fascia of the LPSL was seen to extend laterally over 

the posterior ilium. Vascular structures were observed within the layer of adipose and 

loose connective tissue. 

Two layers, the postero-medial ESA and the antero-medial deep fascial layer were 

observed to meet at the LPSL. Here the medial aspect of the main body of the LPSL 

was now visible. A fascicle of multifidus was observed to attach medially to the deep 

fascial layer (Figure 7.2.7). 

Small nerves and blood vessels were frequently observed between the dense 

fibrous connective tissue layers of the posterior sacroiliac region in all cases. An 

example of a neurovascular structure from SN 9 is shown in Figure 7.2.8A and B. A 

longitudinal section of a small peripheral nerve and vein were observed at the proximal 

LPSL. Adipose tissue surrounded the vein and interposed between it and a peripheral 

nerve. 'Wavy' lines having the characteristic 'snake-fence' appearance of a peripheral 

nerve were likely to be due to shrinkage of the surrounding tissues during histological 

processing. Neurovascular structures were a frequent observation within adipose and 

loose connective tissue between the dense fibrous connective tissue of the LPSL. 
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FIGURE 7.2.6 

The proximal long posterior sacroiliac ligament (LPSL) 

A: the proximal LPSL was observed at its point of origin. Here the body of the LPSL 
blended medially with the erectores spinae aponeurosis (ESA). A slight antero-medial 
extension of the LPSL was separated from the posterior ilium (I) by a thin layer of 
adipose and loose connective tissue (black arrows). Fascicles of multifidus (M) were 
observed to attach to this region of the LPSL (black asterisk). 
B: slightly inferior to (A), the layered morphology of the proximal LPSL was seen 
(black arrows) with a thin adipose and loose connective tissue layer (Ad) interposed 
between layers of dense fibrous connective tissue. The lateral border of the LPSL 
is highlighted (white anowhead). Vein: (V). Periosteum (P) was observed on the posterior ilium 
deep to the LPSL. Sections were stained with Harris haematoxylin and alcoholic eosin. 
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FIGURE 7.2.7 

Layered morphology at the proximal long posterior sacroiliac ligament (LPSL) 

Layers of dense fibrous connective tissue over the ilium (I) characterise the morphology 
of the LPSL. Adipose and loose connective tissue (black asterisks) invest regions between 
the layers of dense fibrous connective tissue. An attaching fascicle of multifidus (M) 
was identified. The deep fascial layer (DFL) from the sacral region blended with the 
body of the LPSL. A small artery was identified (A) and smaller vascular structures 
were seen elsewhere (V).The erectores spinae aponeurosis (ESA) was identified medially. 
White artifact space was seen in the section, particularly between layers of dense 
fibrous tissue. The section was stained with Harris haematoxylin and alcoholic eosin. 
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FIGURE 7.2.8 

Widespread innervation of the long posterior sacroiliac ligament (LPSL) 

A: longitudinal section through a small peripheral nerve (N), (black arrowheads) within 
the proximal LPSL. 'Snake-fence' appearance of the nerve fibres was characteristic of shrinkage 
of the surrounding tissue during histological processing and sectioning. A thin walled 
vein (V) ran adjacent to the nerve and contained stained erythrocytes. A thin layer of 
adipose (Ad) tissue lay between the nerve and the venule. 
B: high magnification showed small nerves (N), adipocytes (Ad) and a small vessel with a 
lumen (L). Layers of dense fibrous connective tissue were observed (F). Sections were stained 
with Harris haematoxylin and alcoholic eosin. 

167 



7.2.4 The mid LPSL 

At the second sacral segmental level, a confluence of three layers of dense fibrous 

was observed at the LPSL (Figure 7.2.9A). One deep layer passed from the medial 

margin of the second dorsal sacral foramen, deep to multifidus and superficial to the 

posterior sacroiliac joint to reach the medial aspect of the LPSL. At the LPSL, it was 

observed to pass deep to the body of the LPSL, and remain separated from it by a 

thin interposing layer of adipose and loose connective tissue (Figure 7.2.9B). Slightly 

lateral to the main body of the LPSL, the deep fascial layer was observed to fold 

anteriorly as a thin isthmus of dense fibrous connective tissue and blend to the ilium 

at a thickened periosteal region of dense fibrous connective tissue also viewed in 

Figure 7 .2.1 0. A region of adipose and loose connective tissue were viewed to lie 

between the LPSL and the underlying posterior ilium. This region was continuous 

between the second dorsal sacral foramen and the ilium lateral to the LPSL. Within 

this layer of adipose and loose connective tissue, vascular structures (V) were seen. 

The more superficial ESA passed laterally from the medial aspect of the posterior 

sacral tubercle to the medial and superficial aspect of the LPSL. It enclosed the 

collective mass of fascicles of sacral multifidus. The ESA was observed to blend with 

the superficial aspect of the LPSL and with the medial fibres of GMx. 

A third and intermediate layer, the gluteal aponeurosis, was observed to pass over 

the lateral aspect of the posterior ilium, where it blended with the lateral and 

superficial part of the body of the LPSL. This layer of dense fibrous connective tissue 

was seen to provide attachment for fibres of GMx and enclosed a region of adipose 

and loose connective tissue that separated it from the postero-lateral ilium. The region 

of adipose and loose connective tissue extended deep to the gluteal aponeurosis until 

it reached the thin fascial 'isthmus' fold of dense fibrous connective tissue that 

marked the boundary of the deep fascial layer from the second dorsal sacral foramen, 

deep to the LPSL. 
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FICJ~ 7.2.9 

The long posterior sacroiliac ligament (LPSL) at a confluence of layers 

A: slightly inferior to the segmental level of the second dorsal sacral foramen (DSF) the LPSL 
was identified at a confluence of layers, the deep fascial layer (DFL), black arrows, 
the erectores spinae aponeurosis (ESA) and the gluteal aponeurosis (white an-ow). The sacrum 
(S), multifidus (M) and the ilium (I) were identified. A vascular structure was seen (V). Black 
asterisk indicates a fascial 'isthmus'. Shrinkage of fascial and muscle tissue was observed. 
B: inset area in (A). White anows highlight the DFL. A thin layer of adipose and loose connective tissue 
were seen between the DFL and LPSL. Underlying adipose and loose connective tissue were seen (Ad). 
White asterisk highlights the folded fascial 'isthmus'. Gluteus maximus fibres: (GMx). 
Sections were stained with Harris haematoxylin and alcoholic eosin. 
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FIGURE 7 .2.1 0 

Fascial boundary fold or 'isthmus' closing the deep fascial layer (DFL) 

At the centre of the section, a thin vertical fold of dense fibrous connective tissue was observed 
at the end of the deep fascial layer (DFL). The 'isthmus' connected the DFL with the dense fibrous 
connective tissue of the periosteum (P) of the ilium. The DFL lay deep to the superficial layer 
of the long posterior sacroiliac ligament (LPSL). Gluteus maximus fibres (GMx) were seen 
superficially. A small vein (V) was identifed surrounded by a region of adipose 
and loose connective tissue (Ad). The section was stained with Harris haematoxylin and 
alcoholic eosin. 
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The sub-ligamentous region of adipose and loose connective tissue was a 

consistent morphological feature of the mid LPSL (Figure 7.2.11A and B), a capacious 

region observed in both SN 9 and SN 10 respectively. In addition, lateral branches of 

the dorsal sacral rami were observed within this space (Figure 7.2.11B). The ESA was 

identified in both cadavers and was observed to blend with the superficial and medial 

aspect of the LPSL. Some artifact space was visible in both sections. 

A further consistent morphological feature between cadavers of the mid LPSL 

region was the continuity of an adipose and loose connective tissue region between 

the central spinal canal and the gluteal aponeurosis, laterally (Figure 7.2.12A). 

Adipose and loose connective tissue surrounded the cauda equina and the spinal nerve 

and extended laterally from the intervertebral canal at the level of the third sacral 

vertebra to the third dorsal sacral foramina. Thereafter, the region continued 

posteriorly and laterally beneath the deep fascial layer to the posterior SIJ and the 

LPSL. Beyond the LPSL, it persisted deep to the gluteal aponeurosis. 

Figure 7 .2.12B shows an enlarged image of the deep fascial layer. A small 

fenestration was observed in close proximity and posterior to the third dorsal sacral 

foramen. A large vein was observed to penetrate through this small space in the fascial 

layer. 
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FIGURE 7.2.11 

The sub-ligamentous adipose and loose connective tissue space 

A: in the region ofthe mid long posterior sacroiliac ligament (LPSL), an adipose 
and loose connective tissue space (Ad) was observed deep to the LPSL. Vascular 
structures were seen in this region (V). The erectores spinae aponeurosis: (ESA), 
gluteal aponeurosis: (GA) and deep fascial layer: (DFL), multifidus: (M), 
gluteus maximus: (GMx), the sacroiliac joint: (SIJ), sacrum: (S) and 
ilium: (I) are shown. 
B: adipose and loose connective tissue were observed deep to the LPSL. 
Vascular and lateral branches of the dorsal sacral rami (N) were observed 
in this region. The DFL, ESA and M were identified. The periosteum (P) of the 
ilium is shown. Sections were stained with Harris haematoxylin and alcoholic 
eosin. 
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FIGURE 7.2.12 

Continuity of the adipose and loose connective tissue region 

i 

A: at the mid LPSL region, extensive continuity of an adipose and loose connective tissue region (Ad) 
were observed between medially, the central spinal canal in which the cauda equina (CQ) 
and spinal nerve (SN) were identified and laterally, the gluteal aponurosis (GA). The third 
dorsal sacral foramen (DSF), intervertebral canal (IVC), sacral lamina (SL), sacrum (S), 
sacroiliac joint (SIJ), ilium (1), erectores spinae aponeurosis (ESA), long posterior 
sacroiliac ligament (LPSL), multifidus (M) and gluteus maximus (GMx) were identified. 
B: inset area in A, the black arrows highlight the deep fascial layer, continuous from 
the medial aspect of the dorsal sacral foramen to the LPSL. A fenestrated region in this layer between 
the black asterisks was penetrated by a large venule. Adipose and loose connective tissue 
was seen surrounding this vessel. The section was stained with Harris haematoxylin 
and alcoholic eosin. 
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The recurrent branch from the third dorsal sacral ramus was observed to emerge 

from the third dorsal sacral foramen in cadaver SN 9 and pass infero-laterally beneath 

a deep fascial layer (Figure 7.2.13A). The fenestration ofthe fascial layer immediately 

posterior to the dorsal sacral foramina was seen and a region of dense fibrous 

connective tissue morphologically consistent with a small ligament was observed in 

continuity with the deep layer. A vein was observed to accompany the obliquely 

passing lateral branch. Both were surrounded by adipose and loose connective tissue 

and passed laterally, deep to the fascial layer (Figure 7.2.13B). A vein was viewed in 

close proximity to the fenestration surrounded by fascicles of multifidus. An adipose 

and loose connective tissue region was seen extending from the dorsal sacral foramina 

posteriorly between the fascicles of multifidus. 
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FIGURE 7.2.13 

Emergent lateral branch from the third dorsal sacral rami 

A: lateral branch (N) from the third dorsal sacral ramus was observed emerging over the 
medial margin of the third dorsal sacral foramen (DSF). Adipose and loose connective 
tissue (Ad) were observed throughout the region. The nerve was accompanied by a 
vein (V). Black arrowheads indicate the margins of fenestration of the deep fascial 
layer superificial to the foramen. A vein was observed surrounded by adipose and 
loose connective tissue, between the fascicles of multifidus (M). A black asterisk highlights 
a region of dense fibrous connective tissue was continuous with the deep fascial layer. 
The sacrum: (S). 
B: lateral and inferior to A, the lateral branch from the third dorsal sacral ramus (N) 
passed deep to a layer of dense fibrous connective tissue (black arrowheads). A vein (V) was 
observed adjacent to the lateral branch. Sacrum: (S), multifidus: (M) and adipose and loose 
connective tissue: (Ad). The sections were stained with Harris haematoxylin and 
alcoholic eosin. 
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7.2.5 The distal LPSL 

The body of the LPSL was blended medially and laterally around the third sacral 

transverse tubercle. Regions of dense fibrous connective tissue of the LPSL were 

observed either side of the third sacral transverse tubercle. The layered morphology of 

dense fibrous connective tissue, and adipose and loose connective tissue observed in 

the mid and proximal LPSL was again seen but medial and lateral to the tubercle. The 

confluence of three fascial layers was absent as was the sub-ligamentous region of 

adipose and loose connective tissue deep to the LPSL and the ESA blended with the 

posterior aspect of the tubercle. 

Lateral to the tubercle (Figure 7.2.14A) the layers of dense fibrous connective 

tissue were interposed by regions of adipose and loose connective tissue. Two nerves 

were observed within the lateral branch. An artery and vein accompanied the lateral 

branch between layers of dense fibrous connective tissue. Fibres of GMx were 

observed with large vascular structures, surrounded by adipose and loose connective 

tissue. Medially, (Figure 7.2.14B) the layers of dense fibrous connective tissue also 

showed layered morphology. Vascular structures were observed over the posterior 

sacrum together with the lateral branch of the third dorsal sacral ramus, which was 

seen in a more superficial position. Adipose and loose connective tissue were present 

although less voluminous. The deep fascial layer previously seen in the proximal and 

mid LPSL was absent. 

Figure 7 .2.15A and B further highlight the distal region of the inferior attachment 

of the LPSL. Remnants of the layered, dense fibrous connective tissue structure 

persisted both medially and laterally. Adipose and loose connective tissue were also 

seen with remnants of the deep fascial layer. 
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FIGURE 7.2.14 

The distal long posterior sacroiliac ligament (LPSL) 

A: the postero-lateral aspect of the third sacral (S) transverse tubercle. Adipose and 
loose connective tissue (Ad) were widespread between the lateral LPSL and the fibres 
of gluteus maximus (GMx). The posterior aspect of the sacroiliac joint (SIJ) was just 
visible. An artery (a) and vein (V) were seen as was a lateral branch of the dorsal 
sacral rami (N). Arrowheads indicate residual layering carried laterally beyond the LPSL. 
B: the postero-medial aspect of the third sacral transverse tubercle. The dense fibrous 
connective tisue layers of the LPSL were seen. The erectores spinae aponeurosis (ESA), 
and multifidus (M) were identified. The sections were stained with Harris haematoxylin 
and alcoholic eosin. 
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FIGURE 7.2.15 

The inferior aspect of the third sacral transverse tubercle 

A: an image of the inferior part of the third sacral (S) transverse tubercle (ST). Medial to 
this, the dense fibrous tissue of the distal long posterior sacroiliac ligament (LSPL) was seen. 
Laterally, layers of dense fibrous tissue extended from the tubercle. The erectores spinae 
aponeurosis (ESA) was seen superficial to the fascicles of multifidus (M) and the gluteus 
maximus was identified (GMx). The black asterisk highlights the dense fibrous connective 
tissue of the inferior portion of the short posterior sacroiliac ligament. 
B: inset indicated in A, a recurrent branch of the third dorsal sacral ramus (N) was observed deep to 
the deep fascial layer (black arrowheads). A region of dense fibrous tissue (F) was 
observed superficial to the adipose and loose connective tissue layer (Ad) in which a large 
venule was also seen. Fascicles of multifidus (M) were seen superficially. The sections were stained 
with Harris haematoxylin and alcoholic eosin. 
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7.2.6 Contrasting ligamentous morphology: the SPSL and LPSL 

The SPSL, immediately posterior to the SIJ was observed to be a short, thick and 

nearly completely homogeneous band of dense fibrous connective tissue consistent 

with the morphology of a strong ligament (Figure 7.2.16A and B). By contrast, the 

LPSL was a longer, considerably more heterogeneous layered structure at the 

confluence of three layers of dense fibrous connective tissue, enclosing an extensive 

region of adipose and loose connective tissue, within which the lateral branches of the 

sacrococcygeal plexus were seen. 
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FIGURE 7.2.16 

Short posterior sacroiliac ligament 

A: the short posterior sacroiliac ligament (SPSL) was observed adjacent to the 
posterior sacroiliac joint (SIJ). Adipose and loose connective tissue (Ad) were seen 
between the SIJ and the SPSL. Synovial tissue (Snv) was identified adjacent to the 
SIJ margins. Large venules were seen (V). The gluteal aponeurosis (GA), fibres of 
gluteus maximus (GMx), the sacrum (S) and the ilium (I) were identified. 
B: higher magnification image of the SPSL. The dense fibrous connective tissue 
of this ligament was observed as a uniform and homogeneous matrix. 
The sections were stained with Harris haematoxylin and alcoholic eosin. 
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7.2.7 Summary of results 

Superficially, the posterior layer of the thoracolumbar fascia was not observed to 

contribute to the LPSL where the LPSL lay deep to the superficial fibres of GMx. 

The posterior layer of the thoracolumbar fascia was observed instead, to blend with 

the medial muscle fibres of GMx. 

A variable relationship between the muscle fibres of GMx and the superficial layer 

of the LPSL was observed. Muscle fibres were observed lying in an almost parallel 

plane to the LPSL and attaching to myotendinous regions. Alternatively, muscle 

fibres were observed attaching directly to the superficial layer of the LPSL. 

In the four cadavers studied, the LPSL was described to have three 

morphologically distinct regions, the proximal, the mid and the distal LPSL. The 

proximal LPSL was the region of attachment to the PSIS. In this region, the LPSL was 

observed as a dense fibrous connective tissue expansion of the ESA at its site of 

attachment to the ilium. Layered morphology was present at the antero-medial aspect 

ofthe LPSL. 

The mid LPSL between the second sacral and third sacral segmental levels was a 

morphologically distinct region with a relationship to the lateral branches of the dorsal 

sacral rami. Here the dense fibrous connective tissue body of the LPSL was no longer 

attached to the osseous ilium or sacrum. The LPSL was separated from the underlying 

sacroiliac region by an extensive region of adipose and loose connective tissue in 

which the lateral branches of the dorsal sacral rami were seen. This region was 

continuous medially with the dorsal sacral foramen and laterally, deep to the gluteal 

aponeurosis. Moreover, the LPSL was observed as a region of dense fibrous 

connective tissue at the confluence of three diverse layers of dense fibrous connective 

tissue, a deep fascial layer from the posterior sacral surface, the ESA superficially and 

the gluteal aponeurosis laterally. A fenestration ofthe deep fascial layer was observed 

over the second and third dorsal sacral foramina, permitting the passage of the medial 

branch of the dorsal sacral ramus. 
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The distal LPSL was observed to blend with the third sacral transverse tubercle 

inferior to the third dorsal sacral foramen. It blended to the posterior sacral surface 

where layered, dense fibrous connective tissue was evident both medially and laterally 

to the tubercle. Nerve branches were observed adjacent to the distal LPSL but no 

specific relationship appeared to exist between the PSP and the LPSL at this inferior 

site of attachment. 

Layering of dense fibrous connective tissue with adipose and loose connective 

tissue were observed to be a defining morphological feature of the LPSL. This key 

morphological feature was in contrast with the SPSL and highlighted a functional 

distinction between the two structures. 
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7.3 Discussion of histology results 

7.3.1 Key considerations 

The overall objective of this project was to investigate the relationship between 

the LPSL and the PSP. Findings from three histological methods, the ligamentous 

LPSL (chapter four), the protocol large block histology (chapter five) and the giant 

block histology (chapter six) are discussed together. These were used to provide 

detailed morphological information of the LPSL as well as information regarding the 

wider morphological relations of the LPSL with the PSP. 

Immunohistochemistry has previously been used to examine the SIJ and ligaments 

specifically for neural structures, which have been shown to be ubiquitous through 

the region (Nakagawa 1966; Ikeda 1991; Grob et al. 1995; Fortin et al. 1999b; 

Vilensky et al. 2002), or to investigate SIJ cartilage (Bowen and Cassidy 1981; 

Paquin et al. 1983; Kampen and Till mann 1998). Histological study of small regions 

of the SIJ has also been correlated with MR imaging (Puhakka et al. 2004). Le Blanche 

et al. (1996) examined SIJ sectional macro-morphology in the coronal plane and 

compared this with magnetic resonance imaging, conceding that topographic anatomy 

in the SIJ region is difficult because of the 'dense fibrous blocks' adherent to the 

periosteum and capsule. Whilst these studies provide valuable information, without a 

morphological overview a broader functional interpretation may not be possible. 

The sectional histology of the present study, and in particular the novel use of 

large and giant wax embedded tissue blocks attempted to provide a wide 

morphological overview that offered the possibility of a renewed functional 

interpretation. The chief advantage of this methodology is that it made possible a 

detailed three-dimensional view, overcoming some ofthe inherent difficulty associated 

with topographic anatomy of the region. Consequently, further functional 

interpretation ofthe role ofthe LPSL became feasible. 
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To date, a mechanical role for the LPSL is often couched in the classical 

description of SIJ motion of 'nutation' and 'counter-nutation' (Gairdner and Barlow. 

1851; Duncan 1854). However, 'gold standard' RSA studies have shown that SIJ 

motion is very small (Sturesson et a!. 1989; Sturesson et al. 2000a) and that this 

motion is unpredictable, with 'nutation' and 'counter-nutation' equally likely when 

accompanying spinal or hip movements (Egund et al. 1978; Jacob and Kissling 1995; 

Sturesson et al. 2000a). 

In the present study, the gluteal aponeurosis was observed to extend and coalesce 

with the mid LPSL. GMx fibres were observed to insert largely perpendicular into the 

more postero-lateral gluteal aponeurosis. However, GMx fibres overlying the LPSL 

were seen to have a more tenuous relationship to the LPSL. Two types of GMx 

muscle fibre attachment to the superficial LPSL were seen, suggesting a possibility of 

differing tensile strength between these attachments. Furthermore, the alignment of 

GMx fibres to the superficial LPSL was also observed in a mainly parallel plane to 

the superficial dense fibrous connective tissue layer of the LPSL. Consequently, this 

may be an indication that tensile forces between the GMx and LPSL are not great. 

However, a stronger region of attachment of GMx fibres was observed medial to the 

LPSL, where GMx fibres blended with the posterior layer of the thoracolumbar 

fascia. 

A recent biomechanical model of SIJ function suggests that the joint relies on form 

and force closure for stability (Snijders et al. 1993a, 1993b) and that muscle forces, 

particularly of the ESA and gluteus maximus assist joint closure. As discussed, the 

histological findings of the present study suggest that GMx fibres may not provide a 

significant contribution to force closure. In addition to the considerations of 

attachment, the mid LPSL was shown separated from the underlying SIJ by a sub

ligamentous region of adipose and loose connective tissue. Located posterior to the 

SIJ, the LPSL is better positioned to transmit the component of tensile force arising in 

the ESA, posterior to and across the SIJ to the gluteal aponeurosis. Morphological 

continuity between these structures was shown histologically. Another more recent 

study also suggests that GMx contributes to force closure of the SIJ (van Wingerden 

et al. 2004). However, in this study, subjects lay prone and the SIJ was free from the 
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more substantial component of form closure. Whilst muscle forces from GMx were 

associated with form closure, this was in the non-loaded joint. In a weight-bearing 

stable configuration associated with form closure, the action of GMx would be 

dwarfed by the magnitude of compressive loading at the SIJ (Snijders et al. 1993a). It 

appears more plausible in the light of the present findings that GMx would assist the 

maintenance of a sub-ligamentous space deep to the LPSL and provide an antagonistic 

component to the ESA at the LPSL, and through the gluteal aponeurosis to the ESA. 

Force transmission between the ESA and the LPSL of this nature has been shown 

previously (Vleeming et a l. 1996). However, the laterally contiguous gluteal 

aponeurosis was also observed in the present study to be separated from the postero

lateral ilium in the region of the mid LPSL by a layer of adipose and loose connective 

tissue. The implication therefore, is that the LPSL cannot be a critical ligamentous 

structure in force closure at the SIJ, a suggestion supported by the observation of 

Wang and Dumas (1998) who, in severing the posterior sacroiliac ligaments, excluding 

the interosseous SIJ ligaments, only resulted in an average increase of 10% in SIJ 

motion. 

The histology findings suggest that the LPSL is morphologically suited to playing 

a key-supporting role to a continuum of fascial structures from the ESA medially to 

the gluteal aponeurosis laterally. It may be considered analogous to the ridgeline of a 

tent strung between the poles of the PSIS and the third sacral transverse tubercle. 

Deep to this, the dorsal sacral rami, together with the medial and lateral branches are 

mechanically insulated from tensile stress or mechanical strain typical of the 

substantial force transmitting structures of the region (Nachemson 1976; White and 

Panjabi 1990; Takahashi et al. 2006). 

Tensile stress in the attaching structures of the ESA and the gluteal aponeurosis 

can be large and would serve to maintain stiffness in the LPSL. GMx fibres, observed 

here to have a direct attachment to the gluteal aponeurosis laterally, and an indirect 

attachment medially at the LPSL and thoracolumbar fascia, possibly assisting the 

maintenance of tensile stress in the gluteal aponeurosis, and ensuring the maintenance 

of 'ridgeline' stiffness at the LPSL. Tensile stress induced in the deep fascial layer 
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from the attachment of the long tendons of the fascicles of multifidus could also assist 

in the maintenance of a 'low loaded' underlying adipose and loose connective tissue 

region as muscle forces from multifidus would tend to distract the deep fascial layer 

from the posterior sacral surface. 

A proposed 'low-loading' adipose and loose connective tissue region deep to the 

deep fascial layer, the LPSL and the gluteal aponeurosis may serve to functionally 

isolate and protect the enclosed lateral branches of the dorsal sacral rami between the 

posterior sacral foramina to the gluteal region. 

Ligamentous reaction forces appear unlikely to be substantial in the deep fascial 

layer because this is consistently observed as a notably thin layer of dense fibrous 

connective tissue, in marked contrast to the thicker, more robust appearance of the 

ESA. The medial branches of the dorsal sacral rami were seen in the dissection and 

histological studies to penetrate the deep fascial layer by way of a fenestration 

posterior to the second and third dorsal sacral foramen. This morphological 

relationship could feasibly be compromised if large tensile forces were transmitted 

through the deep fascial layer leading to a possible entrapment neuropathy of the 

penetrating medial branch. Other studies have described a 'fibrous membrane' that 

closed the dorsal sacral foramina (Liguoro et al. 1999) but omitted to say whether 

they were able to identify a similar perforation for the medial branch of the dorsal 

sacral rami. Horwitz (1939) however, identified medial branches of the dorsal sacral 

rami stating that they 'pierced' the ligamentous structures of the posterior sacral 

surface. 

Nevertheless, despite the potential protection afforded by the enclosing layer of 

adipose and loose connective tissue, the lateral branches of the dorsal sacral rami may 

remain vulnerable as they course within both the posterior sacral region and the LPSL. 

A potential vulnerability is proposed not only because of the superficial location over 

the bone of the posterior sacroiliac region but also because of their proximity to, and 

confinement within, load transmitting structures. 
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The LPSL itself has been implicated as a potential pain generator in peripartum 

low back pain and in non-specific low back pain (Vleeming et al. 1996; Willard et a!. 

1998; Vleeming et a!. 2002). The findings of the present study add further 

morphological and functional support, not only to this implication but also identify a 

further morphological basis for pain in the region from a potential entrapment 

neuropathy of the penetrating medial and lateral branches of the dorsal sacral rami. 

7.3.2 Regional and functional differentiation of the LPSL 

Histological findings of the LPSL in the present study enabled a regional 

morphological differentiation of the ligament into the proximal, middle and distal 

LPSL. A functional and regional differentiation of the LPSL does not appear to have 

been previously made. 

The LPSL has two sites of attachment, the proximal and distal LPSL where dense 

fibrous connective tissue was the predominant histological feature. However, in both 

these regions thin interposed layers of adipose and loose connective tissue were seen. 

This morphology was in contrast to the SPSL, which was shown to have the short, 

thick and uniform, dense fibrous connective structure expected of a strong ligament 

providing reaction to large forces. This served as an early indication that the 

functional role of the LPSL may not be primarily suited to providing reaction to sacral 

counter-nutation previously suggested by Vleeming eta!. (1996) and Vleeming eta!. 

(2002). 

The present histology study also demonstrated the attachment of the ESA to the 

medial aspect of the LPSL together with the deep fascial layer from the posterior 

sacral surface. This is morphologically different to the traditional description that 

shows the attachment of the ESA (Figure 2.1.1) as a 'U' shape over the posterior 

sacral surface, the open end of the 'U' orientated superiorly (Williams et a!. 

1995:529). Based on the results of this study, the blue line signifying the attachment 

of the ESA to the posterior sacral surface is absent between the PSIS and the third 

sacral transverse tubercle, corresponding to the location of the LPSL. 
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At the proximal LPSL, no relationship was observed between the LPSL and the 

lateral branches of the dorsal sacral rami. The present study also found that the LPSL 

arose initially at the ESA, at its site of attachment at the medial PSIS. Weisl (1954), 

on the other hand, stated that the LPSL is a coalescence of fascial layers, the 

lumbosacral fascia and the deep lamina. However, the present findings regarding the 

proximal LPSL are in agreement with Vleeming et al. (1996) who described the 

attachment of the LPSL to the ESA as well as to underlying multifidus. 

The distal LPSL lateral to the third sacral transverse tubercle was shown to have a 

close relationship to the emergent lateral branches of the dorsal sacral rami passing 

between dense layers of fibrous connective tissue infero-laterally toward the 

sacrococcygeal region. This histological observation corroborated an earlier 

observation made at dissection, where a lateral branch was seen to pass infero

laterally deep to the LPSL (Figure 4.2.13B). A clinical implication of this 

morphological arrangement has been previously described by Willard et al. (1998) 

who suggests that the delicate neurovascular bundles of the lateral branches may be 

mechanically pressured within the LPSL to the point of ischaemic challenge and so 

become pain generators. 

Medial to the third sacral transverse tubercle on the posterior surface of the 

sacrum the sacral attachment of distal LPSL was observed. Here, small 'islands' of 

adipose and loose connective tissue persisted between the layered dense fibrous 

connective tissue but the substantial underlying layer of adipose and loose connective 

tissue were absent. A recurrent branch of the third dorsal sacral rami was observed 

passing infero-laterally over the posterior sacral surface. However, the overlying deep 

fascial layer, whilst present and enclosing the recurrent neurovascular branch no 

longer had continuity with more medial structures. 

At the mid LPSL, a confluence of three dense fibrous connective tissue layers, the 

ESA, the GA and the deep fascial layer was identified. As discussed earlier, this 

fascial and ligamentous arrangement permitted a region of adipose and loose 

connective tissue to extend between the dorsal sacral foramina to the gluteal 

aponeurosis laterally. Within this region and deep to the central body of the LPSL, 
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the lateral branches of the dorsal sacral rami were seen. Whilst others have described a 

relationship between the LPSL and the lateral branches of the dorsal sacral rami 

(Zadeh et al. 1989; Grob et al. 1995; Willard et al. 1998; Yin et al. 2003) a broader 

functional interpretation of this relationship has hitherto been absent. The deep 

fascial layer described in the present study appeared similar to the fascial structure 

described by Hakim and Lazaro (1937) as 'fasciculi' or later by Weisl (1954) as 'weak 

fasciculi'. Both anatomical studies, respectively, attributed a mechanical function to 

these structures in terms of their possible importance in bi-pedalism or as a limiting 

structure for sacral movement. 

Others have also identified the sub-ligamentous adipose and loose connective 

tissue region posterior to the SIJ. The dorsal ligamentous portion of the SIJ was 

described by Puhakka et al. (2004) as 'always rich in fatty tissue containing arteries 

and veins'. Weisl (1954) also referred to a layer ofvessels and loose connective tissue 

deep to a 'deep fascial layer' at the LPSL and Liguoro et al. (1999) described 

'abundant' adipose tissue on dissection of the third and fourth dorsal sacral foramina. 

However, unlike the present study, these studies did not indicate the broad extent of 

the adipose and loose connective tissue. This may be because the morphology of the 

related neurological, fascial and ligamentous structures were not viewed 

simultaneously in the way that the method of the present study allows. 

Finally, Vleeming eta!. (1996) reported that the sacrotuberous ligament reaction to 

nutation of the sacrum also imposed tensile stress in the LPSL and proposed that this 

may prevent 'excessive slackening' of the LPSL. This suggestion is consistent with 

the functional proposition of this study. Were the LPSL to 'slacken' it would no 

longer possess sufficient stiffness to maintain the functional integrity required of 

'isolator', thereby compromising the underlying adipose and loose connective tissue 

layer and exposing the enclosed lateral branches to a greater risk of irritation. 

Consequently, the lateral branches remain safely 'isolated' by the LPSL in both states 

of sacral 'nutation' and 'counter-nutation'. 
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7.3.3 The thoracolumbar fascia 

The present study highlighted the layered morphology of the LPSL. It identified 

the bilaminar posterior layer of the thoracolumbar fascia in the sacral region at the 

proximal and mid LPSL. In contradistinction to the anatomical studies by Weisl 

(1954) and Vleeming et al. (1996), the present study showed that the posterior layer 

of the thoracolumbar fascia was not a contiguous part of the LPSL. Previous 

dissection studies of the thoracolumbar fascia in the sacral region are scarce and 

findings have varied. No previous histological investigation of the relationship 

between the thoracolumbar fascia and the LPSL appears to have been undertaken. 

Bogduk (1984) undertook a dissection study of the thoracolumbar fascia and 

described the bilaminar posterior layer at the sacral level to 'fuse with the underlying 

erectores spinae aponeurosis and to be covered in part by the origin of GMx'. In a 

later study, Vleeming et al. (1995) stated that the superficial lamina of the bilamina 

posterior layer was continuous with the fascia of GMx 'at sacral levels', also 

reporting that the deep and superficial lamina fibres were 'fused' with the superficial 

lamina and connected to the LPSL. In a later study, they found the deep lamina was 

connected to the LPSL and the ESA at its medial aspect (Vleeming et al., 1996). The 

present histological study suggested that bilamina layer of the thoracolumbar fascia 

blended with GMx, where it was observed to overlie the LPSL. 

7 .3.4 Deep fascial layer 

Histological observation of the deep fascial layer and its relationship to the LPSL 

and surrounding posterior sacral region is not apparent in the literature. However, the 

posterior SIJ ligaments were considered by Weisl (1954) not to exhibit a 'metameric' 

morphology. In contrast, the results from the three aspects of this investigation 

indicated that a segmental morphological arrangement of the deep fascial layer 

appeared likely. Deep fascial layers observed at the LPSL adopt a progressively 

superficial position in the layered structure of the LPSL as their segmental level of 

origin became inferior. Hence, lateral branches derived from superior dorsal sacral rami 
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passed anterior (deeper) within the LPSL than the lateral branches deriving from 

inferior dorsal sacral rami. 

Within the LPSL, the deep fascial layer was observed to form a 'closed 

compartment' by the observation of a folding 'isthmus' of dense fibrous connective 

tissue. This was also observed in the transverse E12 sheet plastinated sections. This 

observation of dense connective tissue morphology appears to be the result of the 

sectioning plane to a broad fascial 'sleeve', associated with each dorsal sacral foramen. 

Broad fascial 'sleeves', enclosing a region of adipose and loose connective tissue blend 

at the LPSL forming a large adipose and loose connective tissue region. The 'isthmus' 

seen in the sections was evidence of the margin of a fascial sleeve. 

7.3.5 Summary 

Histological results show a close morphological relationship between the LPSL 

and the lateral branches of the dorsal sacral rami. Consequently, a direct functional 

relationship is suggested. The LPSL was observed posterior to the SIJ, central to a 

confluence of three layers of dense fibrous connective tissue. Deep to the LPSL, the 

GA and the deep fascial layer, a continuous region of adipose and loose connective 

tissue extends from the dorsal sacral foramina to the gluteal aponeurosis. This region 

surrounds the lateral branches of the dorsal sacral rami. 

The histological and morphological observations of this investigation do not 

support the null hypothesis of this investigation (section 2.4.1 ). The findings instead, 

demonstrate a relationship between the LPSL and the posterior sacrococcygeal plexus 

that may provide a patho-anatomical basis for localised pain in the region. It is 

proposed that the LPSL may function as the key-part of a dynamic, musculo

ligamentous mechanism. It is postulated that this mechanism may function to isolate 

the underlying lateral branches of the dorsal sacral rami from substantial tensile forces 

in the region. It is proposed that this may occur through the transmission of tensile 

stress through the LPSL from surrounding muscles and sites of attachment, which 

also have the useful effect of stiffening the ligament. 

191 



7.3.6 Limitations 

Cadavers used in the present study were embalmed. Cadavers assigned to this 

investigation were not fixed specifically for the purposes of the present histological 

study. Whilst the embalming mix was known in all cadavers, precise identification of 

all the variables surrounding fixation was unknown. Factors that affect the quality of 

tissue fixation may include the time elapsed after death before fixation is undertaken, 

fixatives used, temperature before and during fixation, penetration of tissues, 

concentration of fixatives and overall duration of fixation (Hopwood 1990:27). Soft 

tissue from the sacroiliac region of one cadaver (SN 3) showed signs of autolysis. 

The processing, embedding, sectioning and staining of large and giant wax 

embedded tissue blocks containing a number of tissues including substantial amounts 

of de-mineralised bone, was technically demanding. In particular, it became evident 

that when an embedding defect occurred during sectioning, the giant block required 

immediate re-embedding. Time constraints and inexperience sometimes hampered or 

delayed the execution of this decision ultimately leading to damaged or lost sections. 

However, the processing protocol used for the giant blocks containing different 

tissues demonstrated utility. 

Common morphological and histological features were observed between the 

cadavers in the present histology study that identified key features of the LPSL and 

its relationship to the PSP. However, morphological variation was wide with no two 

cadavers being the same, or the same from side to side in the same cadaver. This was 

partly compensated for by the corroboration of qualitative observations across 

different methodologies. 
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8 E12 epoxy resin, sheet plastinated 

sections 

8.1 Introduction to E12 epoxy resin sheet plastination 

8.1.1 The plastination process 

The impregnation of soft biological specimens with thermosetting resins and 

elastomers was originally described by von Hagens (von Hagens 1979). Biological 

water and fat were replaced in an anatomical specimen by curable polymers (epoxy, 

silicone, polyester). The polymers were then subsequently hardened by 'curing'. This 

'plastination' method has previously been used to study the macroscopic 

morphology of muscle, tendons, ligaments, deep and superficial fascia (Johnson et al. 

2000b; Johnson et al. 2000a; Johnson and Zhang 2002; Nash et al. 2004) and on this 

basis appeared to be a suitable method in the present investigation. 

The specific plastination process, used to make the E 12 epoxy-resm sheet 

plastinated sections is described as the 'drainage method'. This method produces E12 

plastinated tissue slices of uniform thickness with a smooth, glass-like surface and is 

outlined as follows. Cadaveric material to be plastinated is frozen to -80°C and 

serially sectioned at 2.5 mm with a 0.5 mm band saw. Sections are then dehydrated, 

through an ascending series of acetone baths, by freeze substitution ( -20°C) in 

acetone. After degreasing in acetone at room temperature (25°C) for two to three 

weeks, the tissue slices are impregnated under vacuum at 0°C in a mixture of a 

commercial epoxy-resin (E12/El/AE10/AE30 Biodur, Heidelberg, Germany) 

containing thinner (AE 1 0) with the appropriate hardener (E 1 ). The E 12 epoxy-resin 
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impregnated slices are laid flat between 250 ~-tm transparent amorphous polyethylene 

terephthalate (APET) plastic sheets and cured in an oven for one week at 32°C. 

Section transparency is the result of lipid extraction and subsequent replacement with 

E12 epoxy-resin, the latter having a similar refractive index to cadaveric tissue. 

8.1.2 E12 sheet plastinated material 

The E 12 sheet plastinated transverse sections of human cadaveric material had 

been prepared within the Department of Anatomy and Structural Biology of the 

University of Otago and are available for research. 

Transverse and sagittal E 12 resin sheet plastinated sections from two cadavers 

were used to review the LPSL and related morphology. The first specimen was a 

female cadaver aged 65 years, SN 21, that provided transverse sections serially 

numbered 220 to 238 (n = 18), from L5/S 1 (section 220) to the inferior sacrum 

beyond the S4 dorsal sacral foramina (section 238). The second specimen, a female 

cadaver aged 86 years, SN 22, provided sagittal sections. Sagittal sections from the left 

side were serially numbered 93 to 101 (n = 9) and from the right side, were serially 

numbered 85 to 97 (n = 9). These sections encompassed the region between the 

gluteal aponeuroses and the sacral mid line on both the left and the right sides. 

8.1.3 Orientation of the sectioning plane and imaging 

E 12 sheet plastinated transverse sections through the sacrum were observed to 

take a coronal orientation relative to the sacrum. This was attributed to the normal 

sacral curve that the plane of section had not taken into account. The coronal 

orientation was demonstrated by the observation of the fourth sacral dorsal foramina 

that were seen within the same transverse, sheet plastinated section as two superior 

pairs of ventral sacral foramen, the second and third dorsal sacral foramina. 

Consequently, true serial E12 transverse sections of the sacrum, perpendicular to the 

sacral curve, were not available for study. 
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In a limited way, it was possible to compensate for the coronal orientation of the 

transverse, sacral E12 sections by increasing the obliquity of the plane of the section 

to the camera, until the region of interest was judged transverse. However, the region 

that remained in focus (Canon Macro Lens EF lOOmm 1:2.8, Canon Inc. Japan) 

became smaller, limited only to the central area of the E12 section that lay within the 

small depth of field of the macro lens. In the case of transverse E 12 section 230, it 

was necessary to present the E12 transverse section obliquely, at 45°- 50° to the 

horizontal surface of the fluorescent light-box. This position achieved a closer 

orientation of the posterior layer to the transverse plane. When the same 'transverse' 

section was placed horizontally on the fluorescent light box, at right angles to the 

camera lens the coronal orientation of the section led to an oblique view of the tissue 

layers (Figure 8.1.1 ). 

8.1.4 Image capture 

El2 sections were initially examined using a stereomicroscope (Wild MZ8; Leica. 

Heerbrugg, Switzerland) under variable magnification, x0.63 - x5.0, using a typical 

magnification range of x2.0- x3.0. This microscope has a particularly large visual 

field, permitting the study of a wide area of the E 12 section. A transmitted light stand 

with variable polarising filter, back-lit by a 20 watt, 60 volt halogen bulb was used 

under the objective lens to mount the region of interest in the E12 section. 

Sketches and tracing paper were used to make initial observations, tracing fascial 

and ligamentous layers in each E12 section as they related to the LPSL. Subsequently, 

E12 plastinated sections were mounted on a radiographic fluorescent light box and 

close images captured using a tripod mounted digital camera, Nikon CoolPix E995, 

3.34 mega-pixel (Nikon Corp., Japan). The digital images were processed using Adobe 

Photoshop CS (Version 8) on an OSX platform (Apple Macintosh). 

Later, improved images were captured with a Canon EOS 350D Digital 1GB 

(Canon Inc. Japan) with an eight mega-pixel Compact Flash Ultima card. A Canon 

Macro Lens EF lOOmm 1:2.8 was used. 
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FIGURE 8.1.1 

E12 sheet plastinated transverse section orientation 

A: uncorrected orientation of a transverse section in the lumbosacral region. The tip of the first sacral 
tubercle (S) was visible and the whole section was in focus. The fascicles of multifidus (M) were seen. The 
white asterisk highlights the lack of morphological clarity associated with the coronal orientation of the 
section. 
B: corrected transverse section. 'A' has been orientated between 45 - 50 degrees to the camera. 
The field of focus, centred on the posterior layers (black arrows) was diminished 
over the whole section due to the oblique orientation to the lens. In both image artifact 
space is present. 
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In this configuration, the camera was wall-mounted to a vertical track (Kaiser, 

Germany). A plain film radiographic fluorescent light box was positioned under the 

camera. E12 sheet plastinated sections were individually mounted and orientated as 

required on the light box and images subsequently captured. With the Canon digital 

camera and macro-lens equipment, it was possible to capture digital images up to 

tenfold magnification (xlO at 365 dots per inch resolution, image size 24 em x 16 em). 

Digital images that were obtained in this manner were processed using Adobe 

Photoshop CS (Version 8) on an OSX platform (Apple Macintosh). 

8.2 E12 sheet plastination results 

8.2.1 Preamble 

The transverse, E 12 sheet resin plastinated sections from the first dorsal sacral 

foramen (T230) to the fourth dorsal sacral foramen (T238), comprised a total 

sectioned distance of 25.5 mm. This distance was the aggregate thickness of nine 

sections and eight blade cuts. However, the estimated length of the arc of the 

posterior sacral surface between the superior margin of the first sacral foramen and 

the inferior margin of the fourth sacral foramen was 60 mm. The difference between 

these two distances was explained by the marked convexity of the posterior sacral 

surface, as described previously (Figure 8.1.1 ). 

Two key factors appeared to limit the utility of sagittal E12 sections. First, the 

relative thickness of the E12 sections was large compared to the width of the LPSL. 

Second, the steeply curved morphology of the region meant that individual sections 

were often too oblique to the region of interest. Nevertheless, sagittal E12 sections 

were able to contribute additional corroborative information regarding the relationship 

between the sacral foramina and dense connective tissue layers that originated at the 

dorsal sacral foramina, as well as the layered morphology of the LPSL itself. 

197 



The sacral dorsal rami and the associated lateral branches of the sacral dorsal rami 

were not clearly visible per se in E12 plastinated sections. As previously described, 

the process of plastination removes cadaveric fat and replaces it with E12 epoxy 

resin. As E12 epoxy resin has the same refractive index as the surrounding cadaveric 

tissue, the process renders small nerves largely invisible by removing lipid myelin 

from around the nerve. Consequently, the presence of the dorsal rami and lateral 

branches could only be cautiously inferred from the presence and arrangement of 

accompanying vascular and fascial structures, together with the continuity of space 

observed from the dorsal sacral foramina. 

This point 1s further highlighted by the established close morphological 

relationship between the posterior layer of the thoracolumbar fascia and the ESA. 

(Vleeming et al. 1995; Drake et al. 2005). In E12 sections of the lumbar region, 

disruption of anticipated morphology was observed in both the sagittal and the 

transverse E12 sections. The posterior layer of the thoracolumbar fascia was observed 

widely separated from the underlying ESA (Figure 8.2.1 ). Furthermore, the 

established bi-laminar nature of the posterior layer of the TLF (Bogduk and 

Macintosh 1984; Vleeming et al. 1995; Barker and Briggs 1999) was difficult to 

reliably discern on E12 transverse plastinated section. Vleeming et al. (1995) state 

that it is possible to separate the two lamina of the posterior layer of the 

thoracolumbar fascia superior to the fifth lumbar vertebra by blunt dissection, through 

an extant plane of loose connective tissue that lies between them. This intra-lamina 

plane of loose connective tissue was not apparent under detailed examination of the 

E12 sections and whilst it was possible to discern the bi-laminar nature of the 

posterior layer, it was evident that the anticipated morphology had been 

compromised by the plastination process. 
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FIGURE 8.2.1 

E12 sheet plastination and the thoracolumbar fascia 

A: a large region of artifact space (black asterisks) was visible between lamina of the posterior layer 

of the thoracolumbar fascia in a transverse section. Whilst it was possible to trace layers 

of dense fascia, the interpretation of a morphological relationship between these layers was open to question. 

Black arrowheads indicate lamina separation. The erectores spinae aponeurosis was visible (ESA). 

B: sagittal section showed the thoracolumbar fascia (black asterisk) with cross-hatched fibres 

just visible. Obliquity was evident in this para-sagittal section that was not corrected. Artifact 

space was visible between the erectores spinae (ES) and the fascia 
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8.2.2 The proximal LPSL 

Neurovascular lateral branches from the fifth lumbar intervertebral foramen and 

the first dorsal sacral foramen were traced from their respective intervertebral 

foramina between the fifth lumbar vertebral and first sacral vertebrae and from the 

first dorsal sacral foramina (Figure 8.2.2A and B) respectively. The course and 

configuration of these vessels, together with their foramina! origin followed the 

anticipated course of the superior lateral neurovascular branches of the PSP. The 

blood vessels were observed to remain deep to multifidus and within a region of 

adipose tissue. 

The proximal LPSL was identified in Figure 8.2.3A and the relationship between 

the ESA and the medial LPSL was observed. It was not possible to distinguish the 

posterior layer of the thoracolumbar fascia here. At the same level of the first dorsal 

sacral foramina, a possible lateral neurovascular branch from the first dorsal sacral 

rami was apparent. It was observed to pass within an adipose layer deep to 

multifidus, dividing at the posterior SIJ. A possible neurovascular branch appeared to 

pass into a fascial space posterior to the SIJ and to the SIJ itself (Figure 8.2.3B). 

8.2.3 The mid LPSL 

The second sacral foramina were identified and lateral branches of the second 

dorsal sacral rami, characterised by their foramina! blood vessels, were traced from the 

second dorsal sacral foramina within a layer of adipose tissue deep to multifidus 

(Figure 8.2.4). A layer of dense fibrous connective tissue originating from the margin 

of the second dorsal sacral foramina was observed to enclose an emergent vascular 

structure and was traced laterally to the posterior SIJ. 

The deep adipose region that was observed over the second dorsal foramina was 

also traced as 'space' and was followed posteriorly and laterally to the PSIS where it 

was traced over the posterior ilium, deep to the LPSL. The contribution of a deep 
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fascial layer and the superficial layer of the ESA to the LPSL was observed together 

with continuity of the adipose region (Figure 8.2.4 and inset). Laterally, fibres of 

GMx blended with the dense connective tissue of the gluteal aponeurosis, where 

layers of dense connective tissue were also evident between the postero-lateral ilium 

and the gluteal aponeurosis (Figure 8.2.4). 

At the level of the second and third dorsal sacral foramina (Figure 8.2.5) an 

emergent blood vessel was visible and was traced laterally to the LPSL on the right 

side. Continuous space was observed between the foramen medially, and the gluteal 

aponeurosis laterally. The layered dense connective tissue architecture of the LPSL 

was evident. A vascular structure was observed deep to the insertion of the 

superficial fibres of GMx, adjacent to the medial LPSL. The vascular structure passed 

through a substantial 'space' that divided the superficial fascial layer from the 

underlying deep fascial layer continuous with the gluteal aponeurosis. It was 

uncertain how much of this 'space' was artifact. 
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FIGURE 8.2.2 

Neurovascular lateral branches 

A: transverse section showed a large, possibly neurovascular, lateral branch from the 
fifth dorsal lumbar ramus that was traced posteriorly from the fifth lumbar intervertebral foramen 
to supply the posterior sacroiliac joint (SD), (black asterisk). The vessel coursed deep to multifidus (M) 
within an adipose filled region (Ad), black arrowheads. Dense fibrous connective 
tissue of the lumbosacral zygapophyseal joint capsule: (Z) . 
B: transverse section shows a similar, possible neurovascular structure, investing the posterior SD 
(arrowhead) from the first dorsal sacral foramen. Plentiful adipose tissue (Ad) occupied 

a region deep to fascicles of multifidus. 
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FIGURE 82.3 

The proximal long posterior sacroiliac ligament (LPSL) 

A: transverse section of the proximal LPSL at the level of the first dorsal sacral foramina. 
The erectores spinae aponeurosis (ESA) was observed blending with the superficial layer of the 
LPSL (arrowheads). Fascicles of multifidus (M) were seen attaching to the deeper medial aspect 
of the LPSL (white asterisk). The ilium: (1). 
B: transverse section of the posterior sacroiliac joint (SIJ) at the level of the first dorsal sacral 
foramina. Arrowheads highlight the largest lateral branch of the first dorsal sacral rami that passed 
within a tunnel of dense connective tissue. This branch was observed as a possible neurovascular 
structure (NV). Layers of dense connective tissue are marked (black asterisks) and multifidus (M) 
was identified. 
Both A and B sections were obliquely orientated to the camera lens to correct for coronal orientation. 
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FIGURE 8.2.4 

Sub-ligamentous 'space' and layered morphology 

A: transverse section, a collage of macro-images corrected for orientation. Image blur was associated 
with the small field of focus . The neurovascular branch from the second dorsal sacral foramen (2) 
was traced (black arrowheads) deep to multifidus (M) in a layer of adipose tissue (Ad) to the 
long posterior sacroiliac ligament (LPSL), posterior to the sacroiliac joint (SIJ). 
Gluteus maximus (GMx), ilium (I), sacrum (S) and the gluteal aponeurosis (GA) were identified. 

B: inset A . Enlargement of the LPSL highlights layered morphology (black asterisks) 
and a subligamentous 'space'. The erectores spinae aponeurosis (ESA) and deep fascial lamina (DFL). 
Deep to the LPSL a neurovascular bundle (black arrowheads) was traced from the second dorsal 
sacral foramen (2). 
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FIGURE 8.2.5 

The layered morphology of the mid long posterior sacroiliac ligament (LPSL) 

Transverse section, a collage of macro-images corrected for orientation through the 
mid-LPSL. Each collage image was obliquely orientated to correct for the original 
coronal orientation of the section. The erectores spinae aponeurosis (ESA), 
deep fascial layer (DFL), gluteus maximus (GMx), gluteus medius (GMd) 
and LPSL (white asterisk) were identified. Two separate layers of dense 
fibrous connective tissue were identified (black arrows). A dense connective tissue 'isthmus' 
was seen (Is) at the end of the superficial layer of dense fibrous connective tissue 
of the LPSL. 'Space' (black asterisks) was evident between the layers of 
dense fibrous connective tissue. Neurovascular bundles were identified (NV) 
within the region of the LPSL. 
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8.2.4 The distal LPSL 

Inferior to the mid LPSL, the degree of coronal orientation of the sections limited 

the interpretation. However, the distal LPSL was identified (Figure 8.2.6). The ESA 

was observed to blend with the third sacral transverse tubercle. Layered morphology 

deep to the gluteal aponeurosis was seen with the gluteal aponeurosis separated from 

the postero-lateral ilium by an adipose layer. 

8.2.5 Sagittal E12 plastinated sections and the LPSL 

Sagittal images of the LPSL showed three discrete layers enclosing two small 

layers or regions of possible adipose tissue. Small blood vessels were seen within the 

fat layer. Unequivocal interpretation of these as penetrating neurovascular lateral 

branches was not possible as the small diameter lateral branches of the dorsal sacral 

rami were not clearly visible. 

GMx was observed to blend with the superficial layer of the LPSL. The deep 

layers of dense connective tissue of the LPSL were closely related to the posterior 

interosseous region of the SIJ (Figures 8.2. 7 A and B). At the superior aspect of the 

LPSL, individual dense connective tissue layers of the ligament appeared to have 

individual attachment sites to the posterior PSIS as opposed to a common origin. The 

mid LPSL was observed to have two separate layers of dense fibrous connective 

tissue posterior to the SIJ. 

Sagittal sections at the third and fourth dorsal sacral foramina (Figure 8.2.8A and 

B) highlighted the independent fascial characteristic of each foramen. Adipose tissue 

was consistently observed beneath a fascial plane deep to multifidus, in which the 

vascular structures associated with the lateral neurovascular branches of the sacral 

dorsal rami and the PSP were observed. 
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FIGURE 8.2.6 

The distal long posterior sacroiliac ligament (LPSL) 

Transverse section of the distal LPSL (white asterisk) just superior to the level of the fourth dorsal 
sacral foramina. The short posterior sacroiliac ligament (SPSL) was seen (arrow). The thickened dense 
connective tissue region of the distal LPSL was seen medial to the third sacral transverse 
tubercle (ST). Deep to gluteus maximus (GM:x) a layer of adipose tissue (Ad) was observed between 
the gluteal aponeurosis and the ilium (I) with layers of dense fibrous connective tissue. 
The erectores spinae aponeurosis (ESA) was observed to blend with the medial aspect of the 
LPSL. Multifidus (M). 

207 



FIGURE 8.2.7 

Layered morphology of the long posterior sacroiliac ligament (LPSL) 

A: sagittal E 12 plastinated section showed individual layers constituting the LSPL. 
Two layers of dense connective tissue were highlighted (white asterisks). These were observed to 
attach superiorly to the posterior superior iliac spine (PSIS) and blend anteriorly at the 
posterior sacroiliac joint (SIJ). Vascular structures (V) were observed in the posterior SIJ. 
Posteriorly, fibres of gluteus maximus (GMx) were observed to blend with the posterior layer 
of the LPSL. Sacrum: (S); short posterior sacroiliac ligament . 
B: the adjacent lateral sagittal section highlights the layered morphology of the LPSL. 
(white asterisks). GMx was observed to attach to the posterior layer of the LPSL. 
The posterior layer was observed inferiorly, in this slightly more lateral section. 
Blood vessels (V). Both images were obliquely orientated to correct for original coronal 
orientation. Air bubble artifact was visible in both images. 
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FIGURE 8.2.8 

The 'metameric' deep foraminal fascia 

A: deep fascia (white arrowheads) originated from the inferior aspect of the fourth dorsal 
sacal foramen and was observed to pass superficial to the succeeding deep fascial layer that 
originated from the next superior dorsal sacral foramen. Emergent vessels were observed 
in each dorsal sacral foramen srnTOunded by adipose tissue (Ad). Fascicles of multifidus (M) 
and the third (S3) and fourth (S4) sacral vertebral bodies were identified. 

B: deep fascial layer (white arrowhead) originated at the second dorsal sacral foramen. 
A large emergent foramina! blood vessel (V) was surrounded by adipose tissue 
(Ad). Fascicles of multifidus (M) were identified. 
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8.2.6 Summary 

A deep dense layer of connective tissue was observed in relation to the dorsal 

sacral foramina. This dense fascial layer defined the border of a deeper region of 

adipose tissue within which vascular structures were observed. These structures were 

consistent with the location and configuration of lateral branches of the dorsal sacral 

foramina based on previous dissection and histology results. E12 plastinated sections 

demonstrated a continuous adipose layer from the dorsal sacral foramina, deep to the 

deep fascial layer, the LPSL and GA, facilitating the egress of lateral branches from 

the second and third dorsal sacral ramus into the gluteal region. Layered morphology 

was a feature of the mid LPSL and this was closely associated with the posterior SIJ. 

The superficial layer of the LPSL blended with the ESA. Laterally, the LPSL blended 

with the GA. 

Deeper dense connective tissue layers within the LPSL were traced medially to the 

dorsal sacral foramina to which a segmental relationship was apparent. The more 

inferior the origin of a deep fascial layer, the more superficial it appeared at the LPSL. 

Limitations of E 12 made the ready identification of neurological structures 

difficult. It may also have altered the relationship between layers, particularly where 

these involved adipose and loose connective tissue. The coronal and sagittal 

orientation of the E 12 sections had been made in relation to a whole cadaver rather 

than to specific regions of morphological interest. Consequently, re-orientation of the 

E12 sections was required. This was done to approximate more closely to a sagittal or 

transverse view of the LPSL and posterior sacral region under investigation. 
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8.3 Discussion of E12 sheet plastinated results 

8.3.1 Preamble 

During the process of plastination, water and to a variable degree adipose tissue, 

are replaced by clear E12 epoxy-resin. Earlier studies have utilised E12 plastination 

techniques to describe the morphology of dense connective tissue (Johnson et al., 

2000b; Johnson and Zhang 2002; Johnson 2003) although others have demonstrated 

that the technique may be used on a number of tissues (Cook and Saad 1997). The 

present study examined E12 sheet plastinated transverse sections of the sacral region 

from one cadaver, SN 21, and sagittal sections of the sacral region from another 

cadaver, SN 22. No previous studies of LPSL and PSP morphology based on sectional 

E12 plastinated sheets have been reported in the literature so comparison was made 

with anatomical studies and earlier observations from the present study. 

8.3.2 The LPSL and the thoracolumbar fascia 

Previous dissection studies have established that the posterior layer of the 

thoracolumbar fascia lies posterior to the ESA (Drake et al. 2005:55; Bogduk and 

Macintosh 1984; Vleeming et al. 1995). Strong connections have also been described 

to exist between the deep and superficial lamina of the posterior layer (Bogduk and 

Macintosh 1984 ). In the present study, both transverse and sagittal E 12 sections of 

the lumbar region, by way of illustration, showed disruption of the established 

morphological relationship superior to the LPSL, at the level of the superior margin of 

the SIJ. The posterior layer was observed widely separated from the underlying ESA. 

The plastination process may have caused the development of this region of artifact 

space. Consequently, it was considered important to understand the potential 

limitations of the E 12 sheet plastination process prior to analysing the detailed 

morphology. 

Vleeming et al. (1995) stated that it was possible to separate the two lamina of the 

posterior layer of the thoracolumbar fascia superior to the fifth lumbar vertebra by 

blunt dissection, through a plane of loose connective tissue situated between them. In 
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the present study, the intra-laminal plane of loose connective tissue referred to by 

Vleeming et al. (1995) was not evident under detailed examination of the E12 sections 

in the lumbar region. The established bi-laminar morphology of the posterior layer 

(Bogduk and Macintosh 1984; Vleeming et al. 1995; Barker and Briggs 1999) was 

therefore difficult to discern. 

There are few detailed anatomical studies of the morphology of the thoracolumbar 

fascia, particularly in the sacral region so comparison of results is difficult. Bogduk 

( 1984) did not report the presence of the superficial lamina in the sacral region, stating 

that the deep lamina was fused to the underlying ESA, from the fifth lumbar and first 

sacral vertebrae. This was in agreement with the early findings of Vleeming et al. 

(1995). However, in a later dissection study, Vleeming et al. (1996) reported that the 

superficial lamina was observed to blend with GMx and the deep lamina with the 

medial aspect of the LPSL. Morphological descriptions of the posterior layer of the 

thoracolumbar fascia have differed somewhat between dissection studies with similar 

morphological objectives, and this has been reported within the context of a dissection 

study (Barker and Briggs 1999). 

In the present E 12 study, the superficial and deep lamina were observed in the 

lumbar region and were used to show the deleterious effect of the E12 process on 

anticipated morphological relationships. Separate laminae of the posterior layer could 

not be reliably discerned in the sacral region where the posterior layer blended with 

the ESA. This observation may have been due, in part, to methodological limitations 

of the E 12 process, or it may have been due to the sacral aspect of the posterior layer 

of the thoracolumbar fascia being fused with the ESA. 

Laterally, the LPSL was observed to be continuous with the gluteal aponeurosis 

that concurred with previous dissection results of the present study. However, the 

underlying adipose layer, visualised well in the present histology study, interposed 

between the postero-lateral ilium and the gluteal aponeurosis, was less evident and 

sometimes absent in the E 12 sheet plastinated sections. 
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8.3.3 Layered morphology of the LPSL 

The proximal LPSL blended with the periosteum of the PSIS. Medially, the LPSL 

appeared continuous with the ESA, finding agreement with the previous histology 

and dissection results, as well as with the observations ofVleeming et al. (1996). 

Subsequent plastinated sections, caudal to the first sacral vertebra, highlighted 

morphological continuity between a deep fascial layer observed to originate at the 

infero-medial aspect of the second and third dorsal sacral foramina and the LPSL. 

Weisl (1954) stated that the LPSL is a coalescence between the two 'lamina', the deep 

fascial lamina and the posterior lamina of the thoracolumbar fascia. The findings of the 

present study were not in agreement with this description, indicating instead that 

there is a confluence of the deep fascial lamina and the ESA at the LPSL. 

The organisation of the deep fascial layer of dense connective tissue appeared to 

be segmental, a finding consistent with earlier dissection results. Medially, successive 

deep fascial layers, having their origin at the medial aspect of the second and third 

dorsal sacral foramina, passed through the LPSL superficial to the preceding layer. 

Laterally, the deep fascial layers could not be discerned from the gluteal aponeurosis, 

although observation oftransverse E12 sheet plastinated sections suggested that they 

extended under the gluteal aponeurosis. 

The morphological indication of 'compmimentalisation' of the deep fascial layers 

within the LPSL was indicated by a thin 'isthmus' of dense connective tissue that 

was demonstrated in the histology and suggested in E 12 plastination results. This 

'isthmus' was created by the overlap of the deep fascial lamina from successive dorsal 

sacral foramina at the LPSL. Each deep lamina may be imagined as a 'bridged roof of 

fascia that encloses a broad but thin adipose and loose connective tissue tunnel, 

within which the lateral branch passes. A similar morphological arrangement of fascia 

from the next inferior foramen, located more superficially. In a transverse section, the 

antero-posterior 'bridging' aspect ofthe fascial 'tunnel' was viewed as an 'isthmus' 

of dense fibrous connective tissue. This was only visible in transverse E12 or 

histological sections. In E 12 sagittal sections, it was seen as a separate layer. This 

finding does not appear to have been previously reported in the literature. 
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8.3.4 Adipose and loose connective tissue layer 

It is understood that the plastination process may have removed or compromised 

the adipose component within this layer and that the loose connective tissue 

component may not have been visible. Previously stated by Johnson et al. (2000), 

delicate connective tissue may not be revealed by the E12 plastination process. 

Consequently, whilst a morphological layer defined by dense fibrous connective 

tissue, that corresponded to the adipose and loose connective tissue layer was 

identified in the plastinated sections, it was not possible to say that this was 

composed of adipose tissue or that it contained loose connective tissue. However, the 

overall morphological appearance of this region appeared consistent with earlier 

dissection observations. 

Lateral to the LPSL and deep to the gluteal aponeurosis, the previous histological 

study showed a loose connective and adipose layer that was continuous with the 

deep LPSL region. This layer was absent in the plastinated sections, although prior 

knowledge of its presence enabled the identification of a thin continuous 'space' 

between dense fascial layers. This 'space' was traced from the dorsal sacral foramen 

to the deep LPSL and laterally deep to the gluteal aponeurosis. Without 

morphological knowledge a priori, the value of the plastinated section to provide a 

measure of corroboration might have been lost. 

Vascular structures, heralding the potential presence of a neurovascular bundle 

from the first dorsal sacral foramina were observed to pass postero-laterally within 

the adipose region to supply the posterior SIJ and were not related to the LPSL. In 

the case of the second and third dorsal sacral foramina, the adipose space extended 

laterally, deep to the LPSL, 'opening' the posterior sacral space and permitted the 

egress of lateral branches related to the second and third dorsal sacral foramina into 

the gluteal region. The fourth dorsal sacral foramina were contained within a small 

region of adipose contained by a dense fascial compartment deep to fascicles of sacral 

multifidus. However, as previously stated small lateral branches were not readily 

visible in E 12 sections although vascular structures, possibly of the neurovascular 
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bundles ofthe lateral branches, were identifiable. Consequently, it was not feasible to 

reliably trace recurrent branches of the PSP in these El2 plastinated sections. 

The distal LPSL observed in E12 transverse sections possessed a high degree of 

morphological resemblance to the distal LPSL of the present histology study. It was 

noticed that the effect of tissue processing in both studies was less obvious in regions 

that had significant amounts of dense fibrous connective tissue, which was the case 

for the medial distal LPSL. 

8.3.5 Limitations 

The investigation of E 12 sheet plastinated sections m which the subjects of 

morphological interpretation were small diameter myelinated nerves and layers of 

dense connective tissue separated by thin layers of adipose or loose connective tissue 

should be treated with caution. A methodological potential exists to both create 

artifact space and to diminish layers separated by a fine layer of adipose tissue or fine 

loose connective tissue. Johnson eta!. (2000) have reported that they were not able to 

observe the 'delicate connective tissue of the atlanto-occipital and atlanto-axial 

membranes'. Furthermore, the de-greasing aspect of the E 12 process removed lipids 

from the section, a technical process that is necessary to conduct with thoroughness 

in order to improve the transparency of the section (Cook and Saad 1997). This may 

explain why it was difficult to see small diameter lateral branches of the sacral dorsal 

rami, particularly in what is also considered the useful, upper limit of E12 section 

thickness at 2.5 mm (Cook and Saad 1997). 

The layered morphology of the LPSL and PSP is composed of thin layers of 

delicate loose connective tissue and adipose tissue together with the fine, small 

diameter lateral branches of the dorsal sacral rami. These are closely related to thicker 

layers of dense connective tissue that have been shown previously to be well 

demonstrated by the E 12 plastinated process. Therefore, a corroborative 

determination of morphological relationships was possible that relied upon the 

relatively unaltered morphological disposition of the dense layers of connective tissue 
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and blood vessels. An indirect inference based on previous results was made regarding 

the more delicate morphology adversely affected by the E12 process. 

Sagittal E 12 sheet plastinated sections permitted the confirmation of the 

metameric nature ofthe deep fascial layer, observed initially in the dissection phase of 

this investigation. Morphological information from the dissection and histology 

aspects of the present study enabled a more critical interpretation of the E12 sections 

to be undertaken. This helped towards a better understanding of the limitations of 

E12 as they were applied to the present study. E12 sheet plastinated sections were 

able to provide additional supporting evidence of a deep fascial compartmentalisation 

within the mid LPSL region. 
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9 Final discussion 

9.1 Clinical considerations 

9.1.1 Preamble 

The present study investigated the detailed morphology of the LPSL and its 

relationship to the lateral branches of the dorsal sacral rami in order to explore 

whether a morphological basis exists for patho-anatomy that could provide a 

mechanism for localised pain in the region. The discussions in previous chapters have 

focused on morphological and functional considerations. The final discussion brings 

these together to a clinical focus. 

9.1.2 The long posterior sacroiliac ligament and sacroiliac joint pain 

To date, the LPSL has not been clinically identified as a pain generating structure. 

Pain in the posterior sacroiliac region is described as 'non-specific' low back pain and 

the SIJ is said to be an underlying cause (Bernard and Kirkaldy-Willis 1987; Bogduk 

and McGuirk 2002; Bogduk 2004). Clinically, putative pain provocation tests of the 

SIJ constitute a basic diagnostic approach (Bernard 1997; Las lett et al. 2005). Several 

such tests exist that allege distraction, compression, shear and torsion of the SIJ 

(Kokmeyer et al. 2002; Laslett et al. 2005). These tests are regarded as positive when 

the imposition of a putative mechanical challenge to the joint results in supposed joint 

pain. Studies of the usefulness of such tests have shown poor reliability and validity 

(van der Wurff et al. 2000a; van der Wurff et al. 2000b), although multi-test regimes 

show better reliability (Kokmeyer et al. 2002) and both improved reliability and 

validity (Laslett et al. 2005 ). It is stated by others that physical tests which 
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determine whether the SIJ is a source of low back pain may show a false positive rate 

of 25% (Bogduk and McGuirk 2002). A recent study also showed a low concordance 

of 32% between physical diagnosis compared with the diagnostic 'reference standard' 

(Laslett et al. 2005). One common reason given for the clinical inconclusiveness of SIJ 

pain provocation tests is that they are morphologically non-specific (Laslett et al. 

2005; Be1ihelot et al. 2006; Forst et al. 2006). This was also a reason stated by 

Vleeming et al. (2002) as a basis upon which to initiate further investigation into the 

utility of a combination of clinical tests that specifically targeted the LPSL in 

peripartum pelvic pain. 

The findings of the present investigation suggest there may be a morphological 

basis for pain generation from the LPSL as well as the penetrating lateral branches of 

the dorsal sacral rami and medial branches beneath the deep fascial layer. As physical 

tests for SIJ pain rely upon the transmission of tensile or compressive loads through 

articular and ligamentous interconnections to the clinically considered site of pain 

generation, the present study highlights how SIJ tests may be anatomically 

confounded. Previous morphological studies (Hakim and Lazaro 1937; Horwitz 

1939; Weisl1954b; Grobetal. 1995; Vleemingetal. 1996; Willardetal. 1998) have 

also confirmed that the LPSL connects with a number of force transmitting structures 

in the posterior sacral region. 

A number of potential mechanisms exist that could result in pam over the 

posterior SIJ. For example, irritation to the lateral branches of the dorsal sacral rami 

within the LPSL, described by Willard et al. (1998) could be the result of a direct 

blow or sustained external pressure to the region. Local inflammatory processes 

resulting in both oedema and the presence of vasoactive amines might also irritate the 

lateral or medial branches within the region. 

By showing a detailed three-dimensional relationship of the LPSL, the lateral 

branches of the dorsal sacral rami and the posterior SIJ, it is possible to see the 

confounding nature of the anatomy of this region, particularly when putative pain 
~ 

provocation tests for sacroiliac joint pain are performed. Such tests may now be 

viewed in the context of their potential to irritate or compress the lateral branches of 
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the dorsal sacral rami within the LPSL, as well as the smaller nociceptive structures 

seen throughout the LPSL. The suggestion that peripheral blockade of the LPSL may 

be necessary before endeavouring to determine whether the SIJ is a source of pain 

(Vleeming et al. 2002) is a critical diagnostic consideration and one to which the 

present study adds weight. 

9.1.3 Sacroiliac joint pain 'referral' and long posterior sacroiliac 

ligament related pain 

Intensity mapping of SIJ pain referral areas recently identified the LPSL region as 

a strong indicator of referred pain from the SIJ (van der Wurff 2006) and served to 

further confirm the 'Fortin finger test' (Fortin and Falco 1997) for SIJ pain. In this 

test, the patient points with their finger to the site of pain, located just inferior to the 

PSIS and over the LPSL. The indicated region is described by van der Wurff et al. 

(2006) to have dimensions approximating 3 em wide x 1 Ocm long. This description 

corresponds well to the underlying LPSL and adipose and loose connective tissue 

region of the PSP. 

This interpretation of SIJ symptoms is open to question because superficial pain 

is usually characterised by readily localisable pain (O'Brien 1984). On the other hand 

sclerotomal pain, described previously to arise from deeper structures such as the SIJ, 

is described as dull and aching in quality, and is poorly localised, (Kellgren 1939; 

Inman and Saunders 1944; O'Brien 1984:242). For example, pain from the SIJ may be 

felt diffusely and variably over the ischial tuberosities and into the groin, down the 

whole thigh to the ipsilateral knee. This distribution is well described (Kellgren 1939; 

Fortin et al. 1994b; Damn 1995; Schwarzer et al. 1995). Stated previously, nowhere 

is this more convincingly demonstrated than in acute pyogenic abscess of the SIJ that 

initially gives rise to 'non-specific' low pain symptoms (Abbott and Carty 1993; 

Attarian 2001; Doita et al. 2003). 

Here, an inconsistency may be apparent. Localisable pain at the posterior SIJ 

seems indicative of the more superficial LPSL and the penetrating lateral branches of 

the dorsal sacral rami rather than the more deeply situated SIJ. As these are 
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morphologically more superficial they may also confound the findings of clinical 

palpation (McGrath 2006). Others have also cautioned against 'prompt conclusions' 

when the LPSL is palpated directly beneath the PSIS but for different reasons, 

suggesting that the pain elicited may be referred from the SIJ or it may be associated 

with a possible ligamentous 'counter-nutational' strain (Vleeming et al. 1996; 

Vleeming et al. 2002). 

Nevertheless, a positive Fortin finger-pointing test is suggested to be a strong 

indication of referred SIJ pain (Fortin and Falco 1997; van der Wurff 2006). SIJ pain 

may be interpreted to be indicative of the 'SIJ syndrome', (Bernard and Cassidy 

1991; Meskey and Bogduk 1993 ). A taxonomy of the SIJ syndrome is given by The 

International Association for the Study of Pain (Meskey and Bogduk 1993) that 

outlines the diagnostic criteria for the SIJ syndrome in the following way : 

(i) pain in the region of the SIJ with possible radiation to the groin, medial 

buttocks and posterior thigh. 

(ii) reproduction of pain by physical examination techniques that stress the joint. 

(iii) elimination of pain with intra-articular injection of local anaesthetic. 

(iv) ostensibly nmmal joint morphology without demonstrable pathognomic 

radiographic abnormalities. 

'SIJ pain' is often used synonymously or interchangeably with 'SIJ syndrome' or 

'SIJ dysfunction' in the literature. Dreyfuss et al. (1996) defined the SIJ syndrome as 

a collection of non-specific symptoms that include pain over the SIJ, pain radiating 

into the buttock, groin, or thigh areas. Others have defined this syndrome or 

dysfunction as a 'phenomenon of pain emanating from the SIJ in the absence of a 

demonstrable lesion and presumed to be a mechanical disorder' (Ferrante et al. 2001). 

Yet others have described 'SIJ syndrome' and 'trauma' in the context of 'pathological 

conditions' that affect the SIJ (Bernard and Cassidy 1991 ). Again, others do not 

define 'SIJ dysfunction' (Bernard and Cassidy 1991; Cole et al. 1996; Mooney 

1997; Cibulka and Koldehoff 1999). 
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The morphological basis provided by the findings of this investigation offer an 

alternative functional interpretation of the LPSL and a patho-anatomical explanation 

that may also fulfill the taxonomy criteria stated above (Meskey and Bogduk N 

1993). 

9.1.4 Sacroiliac joint pain and the comparative 'gold standard' of 

sacroiliac joint intra-articular blockade 

The 'gold standard' or 'reference standard' for SIJ pam is recognised to be 

problematic because of the rate of 'false positives' (Laslett et al. 2005). In the case of 

the SIJ, the 'gold standard' procedure is injection of contrast medium into the joint 

under fluoroscopic guidance in order to both accurately localise the joint and to prove 

needle placement for the subsequent infiltration of diagnostic local anaesthetic. A 

short acting local anaesthetic may initially be used to determine whether the 

procedure effectively abolishes symptoms. If so, it may be followed by a longer 

acting local anaesthetic or by corticosteroids. In addition, the injection of contrast 

medium or the subsequent infiltration of the joint with short acting local anaesthetic 

may be used as a confirmatory pain provocation strategy (Fortin and Falco 1997; 

Boswell et al. 2005; van der Wurff2006). 

However, the evidence of the clinical effectiveness of contrast guided, SIJ double 

block is 'moderate' in the short term and 'limited' in the long term (Boswell et al. 

2005). Caution is advocated in its use as a 'gold standard' (Hogan and Abram 1997; 

Raja 1997; Hildebrandt 2001; Boswell et al. 2005; Berthelot et al. 2006; Foley and 

Buschbacher 2006). Furthermore, it is not clear whether intra-articular spread of local 

anaesthetic injectate is necessary to achieve efficacy (Hildebrandt 2001 ). 

The effectiveness of blockade depends upon three premises. First, pain impulses 

must come from a specific source by a unique and consistent nerve root. Second, 

injection of local anaesthetic should completely abolish sensory function of a desired 

nerve and should not affect other nerves. Third, the relief of pain is attributed solely 

to the blockade of afferent neural pathways (Hildebrandt 2001 ). In the case of the SIJ, 

the fulfillment ofthese considerations appears insurmountable. The consensus is that 
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a variable pattern of multi-segmental innervation exists that is derived from both 

ventral and dorsal lumbosacral sources. This ranges from the ventral branches of the 

third lumbar rami to the second sacral rami and from the dorsal rami of the fourth 

lumbar to the fourth sacral nerves. In addition, innervation of the joint appears to 

involve the pelvic portion of the sympathetic outflow, the hypogastric plexus, (Pitkin 

and Pheasant 1936; Solonon 1957; Nakagawa 1966; Ikeda 1991; Grob et al. 1995). 

Yet, the SIJ continues to be generally accepted as a pain generating structure (Boswell 

et al. 2005). The proportion of 'non-specific' low back pain attributed to the SIJ 

ranges between 5 - 15% of low back pain sufferers, although some reports have 

suggested it may be as much as 20% or 30% (Bernard and Kirkaldy-Willis 1987; 

Schwarzer et al. 1995; Maign et al. 1996; Bogduk 2004). 

It should also be stated that pre-requisite arthrography of the SIJ is also an inexact 

procedure (Hildebrandt 2001). Some published arthrograms (Fortin et al. 1994b; 

Dreyfuss et al. 1996; Fortin et al. 1997:275, 276; Fortin et al. 1999a; Dreyfuss et al. 

2004) serve to highlight the personal observation that intra-articular spread of 

contrast rarely occurs. Rather, the contrast medium appears to track around the 

periphery of the SIJ. During this morphological study, the iliac and sacral 

contributions to the sinuous and interlocking configuration of the cadaveric SIJ were 

observed to be in complete and corresponding apposition. It was difficult to conceive 

of a 'joint space' of the type more usually seen in other large joints where there is a 

pre-eminent requirement of movement, that would permit anything but the slightest 

infiltration of injectate. 

9.1.5 A new patho-anatomy 

Key findings relevant to potential pathoanatomy are presented schematically 

(Figure 9.1.1A, B and C). Figure 9.1.1A shows the absence of attachment of the ESA 

in the posterior sacral region between the PSIS and the third sacral transverse tubercle. 

Here the ESA blends with the medial aspect of the LPSL. The usual region of 

posterior sacral attachment of the ESA is shown in Figure 2.1.1. As determined from 

this investigation, Figure 9.1.1B shows two common arrangements for lateral branches 

penetrating the LPSL surrounded by adipose and loose connective tissue. Figure 
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9 .1.1 C shows a transverse section through the LPSL, highlighting the confluence of 

layers at the LPSL and the passage of the lateral branch of the dorsal sacral deep to 

the mid LPSL within a region of adipose and loose connective tissue. 
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FIGURE 9.1.1 

Key fmdings: schematic representation 

A: cross hatching indicates attachment region of erectores spinae aponeurosis. 
PSIS: posterior superior iliac spine, SlJ: sacroiliac joint, ST: third sacral transverse 
tubercle, DFL: deep fascial layer, S: sacrum, I: ilium. Numbers 1 - 4 indicate dorsal sacral foramina. 
B: sagittal view of the long posterior sacroiliac ligament (LPSL) between sites of 
attachment, posterior superior iliac spine (PSIS) and third sacral transverse tubercle (ST). 
Lateral branches of the dorsal sacral rami (N) penetrated the LPSL surrounded by adipose 
and loose connective tissue. 
C: transverse section of the mid long posterior sacroiliac ligament (LPSL) at a 
confluence of layers: the erectores spinae aponeurosis (ESA), the deep fascial layer (DFL), 
the gluteal aponeurosis (GA). Multifidus (M) and gluteus maximus (GMx) are tinted orange. 
Black asterisk shows the lateral branch of the dorsal sacral rami (brown) passing from the 
dorsal sacral foramen (DS) with a region of adipose and loose connective tissue (yellow), 
posterior to the sacroiliac joint (SIJ) and the ilium (I), deep to the GA. The DFL is fenestrated 
posterior to the DS, permitting the passage of the medial branch (MB) of the dorsal sacral rami. 
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The findings of the present study support the observation that the SIJ is surrounded 

by complex ligaments and several morphological layers, each of which is a potential 

pain generator, sharing a similar segmental innervation to the SIJ (Nakagawa 1966; 

Grob eta!. 1995; Fortin eta!. 1999b; Sakamoto eta!. 2001; Vilensky eta!. 2002). 

There appears some justification for the development of a different clinical approach 

to SIJ pain that is based on the proposed pathoanatomic mechanism for pain in the 

posterior SIJ region. 

In the present study, the LPSL was shown to have a close morphological 

relationship with the penetrating lateral branches of the dorsal sacral rami. On this 

basis, entrapment or irritation of the lateral branches within the LPSL and deep lamina 

that links the LPSL to the dorsal sacral foramina is hypothesised. This in tum may 

cause pain due to vascular compromise, friction or constrictive fibrosis of the lateral 

branches (Sunderland 1978:380), and consequently low back pain (Vleeming eta!. 

1996; Willard et a!. 1998; Vleeming et al. 2002). 

In itself, the physical identification of the LPSL does not appear to be a technical 

difficulty and a possibility may exist that the layered morphology of the LPSL is also 

identifiable by radiology or sonography (Duncan 2006). The findings of the present 

study are in agreement with other studies indicating that the LPSL is readily 

accessible to palpation (Vleeming eta!. 1996; Fortin and Falco 1997) and that the 

'Fortin finger test' (Fortin and Falco 1997) for SIJ pain is localised almost precisely 

over the mid LPSL. Radiological confirmation by Fortin and Falco (1997) showed 

finger placement to lie over the posterior SIJ at the LPSL. 

As previously suggested, the case for a priori exclusion of the LPSL as a pain 

generator may be a logical first step toward an enhanced diagnostic utility of other SIJ 

tests (Vleeming et a!. 2002). Sonographically guided local anaesthetic blockade of the 

LPSL appears a considerably less invasive diagnostic and treatment option. It may 

also be technically less demanding when compared with SIJ arthrography and intra

articular SIJ blockade. Furthermore, sonographic identification of the LPSL may be 

less costly and is free from ionising radiation (Duncan 2006). 
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Lateral branch blockade of the dorsal sacral rami, followed by radiofrequency 

denervation has been utilised for the treatment of chronic refractory mechanical spine 

pain of which the SIJ is said to be the source (Ferrante et al. 2001; Cohen and 

Salahadin 2003; Yin et al. 2003; Burnham and Yasui 2007). In these studies, the 

procedure generally involves the accurate identification of the dorsal sacral foramina 

and their subsequent local anaesthetic blockade prior to radiofrequency denervation. 

Initial diagnosis is made by contrast guided blockade of the SIJ, establishing the joint 

as the cause of pain. The procedures differ slightly in their approach but they all have 

in common the identification and subsequent radiofrequency lesioning of the lateral 

branches either at the dorsal sacral foramina or more laterally over the posterior SIJ. 

This technique is invasive and is conducted under fluoroscopic guidance, requiring the 

placement of bipolar electrodes either side of the region in which radiofrequency 

lesioning is desired. This is usually at the first to third dorsal sacral foramina although 

it has been conducted over the posterior SIJ. Results from these pilot studies indicate 

that they may offer an at least equally effective, if not better outcome in the treatment 

approach to 'recalcitrant' SIJ pain compared to contrast guided, SIJ blockade. 

Whilst the approach oflateral branch blockade and radiofrequency ablation enjoys 

the description of being 'one of the most fashionable treatments for SIJ pain' (Cohen, 

2007) the premise for this approach is based on the abolition of nociceptive input 

from the SIJ. However, the initial diagnostic premise of SIJ pain remains. The absence 

of a specified underlying pathoanatomic cause and the known variable innervation of 

the SIJ, together suggest that the success of this new therapeutic approach may be 

limited. In addition, the a priori false positive diagnostic blockade could be considered 

as another limiting factor. 

9.1.6 The long posterior sacroiliac ligament and peripartum pain 

Low back pain and pelvic girdle pain are two conditions that are well recognised to 

occur singly or in combination during pregnancy (Ritchie 2003). In this circumstance, 

they have been refened to as pregnancy-related pelvic pain (Bastiaanssen et al. 2005). 

Approximately 45% of pregnant women and 25% of post-partum women suffer from 
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this condition, half having pelvic girdle pain, one sixth having both pelvic girdle pain 

and low back pain (Wu et al. 2004). The point prevalence of lumbopelvic pain was 

stated to be 62% in a recent study (Gutke et al. 2006). Consequently, the burden of 

the condition is substantial. 

Vleeming et al. (2002) have suggested that the LPSL may be implicated in the 

underlying aetiology of this condition and the basis of this suggestion is that a state of 

sustained 'counter-nutation' may initiate LPSL strain and the development of 

ligamentous pain. Vleeming et a!. (2002) found that a cluster of tests, the posterior 

pelvic pain test (Ostgaard et al. 1994), the active straight leg raise test (Mens et a!. 

2002) and direct pain provoking palpation over the LPSL (Njoo 1996) appeared to 

differentiate the LPSL as a possible pain generating structure in the pelvis. It was 

therefore suggested that differential local anaesthetic blockade of the LPSL could be 

done before SIJ intra-articular double block for patients with peripartum pelvic pain 

over the posterior SIJ. 

A persistent 'counter-nutational' load has been proposed as a mechanism that 

induces strain in the LPSL (Vleeming eta!. 1996; Vleeming eta!. 2002). Question 

exists whether sufficient predictable movement, even in pregnancy, occurs at the SIJ 

that may result in tensile forces of sufficient magnitude that are likely to strain the 

LPSL, given that the magnitude ofthis movement is very small (Sturesson eta!. 1989; 

Sturesson et a!. 1997; Sturesson et a!. 2000a). Pregnancy related pelvic pain is not 

related to SIJ ligamentous laxity but rather to asymmetric laxity (Damen eta!. 2001). 

The presence of asymmetric laxity is also associated with post partum pregnancy 

related pelvic pain (Damen eta!. 2002). 

In the light of findings from the present study, a more attractive pathoanatomic 

mechanism, similar to carpal tunnel syndrome, is proposed. Carpal tunnel syndrome 

is a well-recognised condition associated with pregnancy (Ritchie 2003). One possible 

causative mechanism of this condition is pregnancy related oedema which leads to an 

increase in pressure around the median nerve as it penetrates the carpal tunnel (Stolp

Smith eta!. 1998; Ritchie 2003). A similar mechanism is proposed here for the lateral 

branches of the dorsal sacral rami as they penetrate the LPSL within the layer of 
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adipose and loose connective tissue. Sonographic guided local anaesthetic blockade of 

the mid LPSL would not appear to be contraindicated by pregnancy and could offer a 

potentially effective diagnostic and treatment option for a distressing and disabling 

condition. 

9.1.7 The sacroiliac joint and pyogenic sacroiliitis 

The present study has identified a layer of dense fibrous connective tissue 

continuous from the gluteal aponeurosis to the mid LPSL thence to the second and 

third dorsal sacral foramina. Deep to this fascial continuity, a region of adipose and 

loose connective tissue were identified. This ran from the postero-lateral ilium deep to 

the gluteal aponeurosis, through the deep LPSL region and medially, beneath the deep 

fascial layer to the second and third dorsal sacral foramina and finally to the central 

sacral canal. 

This observation provides evidence of a continuous fascial plane extending from 

the gluteal aponeurosis laterally to the sacral canal medially. This may represent a 

previously unidentified route for infection to the SIJ leading to septic or pyogenic 

sacroiliitis. Nevertheless, such infections are considered rare (Abbott and Carty 1993; 

Attarian 2001; Do ita et al. 2003). 

9.1.8 Bony landmarks of the dorsal sacral region 

The PSIS is described as an anatomical landmark for the clinical location of the 

LPSL (Vleeming eta!. 1996; Fortin and Falco 1997). The PSIS is also commonly 

described to correspond to the level of the second dorsal sacral foramina (Williams et 

a!. 1995:1921; Hasan eta!. 1996; Ganio eta!. 1999). Observations of the present 

study were in agreement with the established location of this landmark. However, 

Horwitz ( 1939) schematically represented the PSIS at the same level as the first 

dorsal sacral foramen with lateral branches depicted to pass directly lateral from the 

foramen and immediately inferior to the PSIS. Similarly, Willard eta!. (1998) depicted 
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the PSIS at the same level as the first dorsal sacral foramina, showing a lateral branch 

passing infero-laterally below the PSIS to penetrate the LPSL. 

A relationship between the PSIS and the first dorsal sacral foramina has been 

described as morphologically 'open' or 'closed' to a dorsal sacral surgical approach 

(Kaptanoglu et al. 2003). The 'closed' variant was described as the approximation of 

the medial aspect of the PSIS over the first dorsal sacral foramina. The 'open' variant 

was the converse. Kaptanoglu et al. (2003) highlighted the variation that exists 

between the PSIS and the first dorsal sacral foramen. 

These morphological observations may account for the observation that lateral 

branches closely associated with the first dorsal sacral rami are not closely related to 

the mid LPSL. However, as the individual contribution of nerve fibres from one dorsal 

sacral ramus to an individual lateral branch was unknown, the numbering of lateral 

branches is not strictly indicative of the sacral ramus(i) of origin. 

9.2 Further investigation 

9.2.1 Anatomical variation of the long posterior sacroiliac ligament 

Wide morphological variation of the SIJ is well established. Fmther investigation is 

indicated to determine the degree of variation of the LPSL and lateral branches of the 

dorsal sacral rami. Large block histology together with dissection may be an effective 

method. The microwave accelerated, de-mineralisation of smaller tissue blocks in 10% 

formic acid may be a more practical method for smaller histology blocks and this 

would reduce time and cost constraints. Investigation of morphology in a younger 

population would be desirable but there are inherent and obvious difficulties 

procuring cadaveric material of this nature. 
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9.2.2 Biomechanical function of the LPSL 

Further investigation of the morphological relationship between the superficial 

aspect of the LPSL and the ESA, to the attachment of the GMx muscle fibres is 

needed. This is of particular interest as a morphological relationship has been shown 

not only to be of functional importance with regard to the LPSL but of importance to 

the force closure hypothesis of the SIJ. 

Further histological investigation of the relationship between the LPSL and the 

sacrotuberous ligament may help clarify the morphology and variability of these two 

structures and add to enhanced biomechanical modeling. A new technique of micro

computerised tomographic investigation of the LPSL may be an effective method for 

examining the LPSL en bloc (Simopoulos eta!. 2001). Dimensional limitations for this 

technique are 60 mm diameter and 60 mm long. This would be sufficient to 

encompass the LPSL. Small serial blocks of the region could feasibly be cryosectioned 

and investigated using CT. 

9.2.3 Clinical study of the long posterior sacroiliac ligament: pain 

generator 

Clinical investigation of the LPSL is required to better clarify its role as a pain 

generator in non-specific low back pain and peripartum pelvic pain. The present 

study demonstrated the possibility of morphological confounding by the LPSL in 

clinical pain provocation tests of the SIJ. Consequently, clinical methods need to be 

evaluated that can discriminate between the LPSL and the SIJ as pain generators. Such 

methods may also include sonographic techniques that have been shown to have the 

potential to identify the LPSL. Local anaesthetic infiltration of the LPSL and adjacent 

adipose and loose connective tissue space offers an intriguing diagnostic possibility 

that may also assist in a more accurate identification of the prevalence of SIJ pain. 
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10 Conclusions 

10.1 Anatomical conclusions 

This qualitative anatomical study investigated the detailed morphology of the 

relationship between the LPSL and the PSP. Key morphological features of the region 

were identified that may suggest an underlying patho-anatomical basis for localisable 

pain in the posterior sacroiliac region. 

The null hypothesis tested in this study was that the morphological structures of 

the posterior sacroiliac region, in particular the LPSL and the posterior sacrococcygeal 

plexus, appear unrelated and do not provide a morphological basis for a patho

anatomic cause of localised sacroiliac joint pain. 

The following conclusion may be drawn from this investigation. 

The posterior layer of the thoracolumbar fascia was observed as bilaminar in the 

sacral region. Histological sections suggested that this layer did not contribute to the 

superficial layer of the LPSL. Instead, at the LPSL the fibres of GMx were observed 

to run almost parallel to the superficial layer of the LPSL and showed two types of 

attachment. The first was a morphologically direct musculo-ligmentous attachment; 

the second was a morphologically indirect attachment with an interposing layer of 

adipose and loose connective tissue. Medially, it appeared that the posterior layer of 

the thoracolumbar fascia blended with the medial fibres of GMx. 

The LPSL was identified as a layered structure composed of a thick superficial 

layer that linked the ESA medially and the gluteal aponeurosis laterally. More deeply, 

thin layers of dense fibrous connective tissue with thin regions of adipose and loose 
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connective tissue were seen. A weak cleavage plane was present between the 

superficial and deep regions of the LPSL in contrast to the strong attachment of the 

superior and inferior periosteal regions. The LPSL was observed as an integral 

morphological feature of the posterior SIJ region with a close relationship to the 

lateral branches of the dorsal sacral rami. 

Lateral branches from the superior aspect of the PSP penetrated deep to the LPSL. 

By comparison, lateral branches from the mid PSP penetrated more superficially 

through the LPSL. Lateral branches from the inferior PSP also penetrated superficially 

through the LPSL, or passed inferolaterally, having no relationship to the LPSL. A 

segmental relationship was observed between the deep fascial layer, the lateral 

branches of the dorsal sacral rami and the LPSL. 

Three morphologically distinct regions, the proximal, mid and distal LPSL, were 

identified between the regions of ligmentous attachment at the inferior aspect of the 

PSIS and the third sacral transverse tubercle. The proximal and distal regions were 

identified as the attachment regions of the LPSL and contribution by the deep fascial 

layer was absent in these regions. The mid LPSL region located posterior to the SIJ 

was identified at the confluence of three layers, the ESA, the deep fascial layer and 

the gluteal aponeurosis. The ESA was observed to attach to the medial PSIS and the 

posterior sacral region inferior to the third sacral transverse tubercle. Between these 

two regions of attachment, the ESA blended with the medial aspect of the LPSL, 

thereby leaving a deeper continuous region connecting the posterior sacral region with 

the gluteal region. The ESA and the gluteal aponeurosis appeared to be the 

morphological layers most suited to the transmission of tensile loads. 

The deep fascial layer attached to the medial aspect of the dorsal sacral foramina 

and extended laterally. At the mid LPSL, the lateral extension of this layer blended in 

a segmental manner with the superficial LPSL. The deep fascial layer enclosed a 

deeper region of supporting adipose and loose connective tissue in which the lateral 

branches of the dorsal sacral rami were observed. This supportive region was 

continuous between the central sacral canal medially, and the gluteal aponeurosis 

laterally. 
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The deep fascial layer was fenestrated, posterior to the second and third dorsal 

sacral foramina, permitting the egress of the medial dorsal sacral rami into the 

posterior sacral region where they innervated fascicles of multifidus. 

10.2 Patho-anatomical conclusion 

The location of the lateral branches of the dorsal sacral rami deep to the LPSL and 

the deep fascial layer provides a potential mechanical basis for neurological irritation. 

This may take the form of an external force such as a trauma or a blow to the region, 

or may be the result of internal pressure, possibly associated with localised 

inflammation or oedema. Resultant localisable pain may account for putative SIJ pain 

or pregnancy related peripartum pelvic pain. 

Manual SIJ tests rely on the transmission of tensile, compressive or shear forces 

to putatively load the SIJ. The location and morphology of the LPSL and PSP may 

confound the findings of such tests and explain why these tests are neither reliable nor 

valid. 

10.3 Biomechanical conclusion 

The morphological findings suggest that a primary function of the LPSL may be to 

act as a 'mechanical isolator' or 'bridging' structure between the PSIS superiorly, and 

the third sacral transverse tubercle inferiorly, enclosing a supporting region of adipose 

and loose connective tissue. This morphological arrangement appears to ensure that 

the lateral branches of the dorsal sacral rami leave the posterior sacral region and enter 

the gluteal region without being jeopardised by substantial compressive or shearing 

loads associated with the powerful spinal and thigh extensor muscles. The functional 

integrity of the LPSL may therefore depend upon the maintenance of structural 

stiffness. It is proposed that this may be achieved by ligamentous reaction at the 

LPSL to tensile loads from the ESA and the gluteal aponeurosis. 
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Consequently, the LPSL may be considered as a retinaculum of the lateral 

branches of the dorsal sacral rami as distinct to a ligament of the SIJ. The LPSL 

appears morphologically less well suited to the provision of a strong ligamentous 

reaction to putative 'counter-nutation' when compared with other ligaments in the 

region, for example the SPSL, whose morphology and location are suggestive of 

significant tensile strength. 
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Appendix A Cadaveric data 

Serial Departmental 
Gender Investigational use and number cadaver Embalming mix Cause of death 

(SN) ID and age side(s) 

1 0148/7 Phenoxyeth F.64 Dissect (L) Hist (R) Diabetic ketoacidosis 

2 0114 Formalin M.78 Dissect (L) Cerebrovascular accident 

3 0034 Dunedin F.79 Dissect (L) Hist (R) Chronic lymphocytic leukemia 

4 0080 Michigan F.87 Dissect (L) Pancreatic cancer 

5 0049/3 Michigan M.71 Dissect (L) Hist (R) Colon cancer 

6 0116/3 Michigan M.70 Dissect (L) Hist (R) Cholangio-carcinoma, hepatic 
metastases 

7 0152/7 Phenoxyeth M.74 Hist (L) 7a/7b Broncho-pneumonia 

8 0145/8 Phenoxyeth F.83 Hist (L) 8a/ 8b Cerebrovascular haemorrhage 

9 0124/8 Michigan M.76 Hist (L) 9a/ 9b Cardiorespiratory arrest 

10 0178/5 Phenoxyeth M.70 Hist (L) lOa /lOb Cardiac arrest 

11 0128 Michigan F.86 Dissect (L) (R) Intracerebral haemorrhage 

12 0165 Phenoxyeth F.68 Dissect (L) Congestive cardiac failure 

13 0126 Michigan M.79 Dissect (R) Cardiac arrest 

14 0132 Michigan F.76 Dissect (L) (R) Bronchopneumonia 

15 0120 Michigan M.90 Dissect (L) (R) Heart failure 

16 0134 Phenoxyeth F.83 Dissect (L) (R) Waldenstroms macroglobulinaemia 

17 0164 Phenoxyeth M.52 Dissect (L) (R) Metastatic malignant melanoma 

18 0125 Michigan F.68 Dissect (R) Carcinomatosis, respiratory failure 

19 0095 Michigan F.97 Dissect (L) Cerebrovascular accident 

20 0122 Michigan M.84 Dissect (L) (R) Right lower lobe pneumonia 

21 967 Formalin F.65 E 12 transverse Acute myocardial infarct 

22 0073 Formalin F.86 E12 sagittal Cerebrovascular accident 

SN 7, 8, 9 & 10 giant tissue blocks were bisected into an inferior block (a) and a 
superior 
block (b). 

Phenoxy: phenoxyethanol 
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Appendix B 

Formalin mix 

Embalming fluid name, composition and applicable serial 

number (SN) 

10% formalin in 0.1M phosphate buffered saline. 

Cadaver serial number: 2, 21. 

Phenoxyethanol mix (phenoxyeth) (Crosado mix) 

60% ethanol (95%), 15.1% glycerin, 15.1% water, 7.65% phenoxyethanol 

(phenoxytol) (99% ), 1.99% formalin (37% ). 

Cadaver serial numbers: 5, 7, 8, 9, 12, 16, 17. 

Dunedin mix 

61% ethanol, 15% water, 15% glycerin, 7% phenol, 2% formalin 

Cadaver serial number: 3. 

Michigan mix (Dodge mix) 

Commercially available water based fluid (Dodge Anatomical, Dodge Co., Boston, 

USA) 

Cadaver serial number: 1, 4, 6, 10, 11, 13, 14, 15, 18, 19, 20. 
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Abstract NotH>pecific low back pain and peripartum 
pelvic pain have aetiologies that may feature the 
sacroiliac region. This region possesses many potential 
painMgenerating structures sharing common sensory 
innervation which makes clinical ditrerentiation of 
pathoanatomy diJJicnlt. This anatomical study explores 
the relationship between the long posterior sacroiliac 
ligament (LPSL) and the lateral branches or the dorsal 
sacral nerve plexus. Twentywfive 5ides of the pelvis from 
16 cadavers were studied, three for histological analysis 
and 22 for gross anatomical dissection. We found that 
the LPSL is penetrated by the lateral branches of the 
dorsal sacral rami of predominantly S2 (96%, 21/22) 
and S3 (100%, 22/22), variably of S4 (59%, 13/22) and 
rarely of Sl (4%. 1/22). Some or the penetrating lateral 
branches give off nerve fibres that disappear within the 
ligament. These findings provide an anatomical basis for 
the notion that the LPSL is a potential pain generator in 
the posterior sacroiliac region. 

Keywords Sacral dorsal rami · Non·specilic low back 
pain · Pcripartum pelvic pain · Sacroiliac region · 
Posterior sacroiliac ligament · Sacroiliac jint 

Introduction 

Non-specific low back pain is common in the population 
[1, 10] but its underlying mechanisms are not rully 
understood. One common locus of non·specillc low back 
pain is the posterior sacroiliac region [2, 19] that in 
addition to articular, muscular, and cutaneous struc
tures also contains several ligamentous structures, one of 

M.C. McGrath· M. Zbnng (L8J) 
Department of Anatomy & Structural Biology, 
University of Otago, P.O. Box 913,9001 Dunedin, New Zealand 
E~mail: ming.zhung@&tonebow.olago.nc.tw. 
Tel.; + 64~3~4797378 
Fax: + 64·3*4797254 

which is the long posterior sacroiliac ligament (LPSL) 
[21]. 

The LPSL traverses between the posterior superior 
iliac spine (PSIS) and the third and fourth lateral sacral 
tubercles, passing over the posterior aspect of the 
sacroiliac joint (SIJ) [ 18, 20] and is believed to play an 
important role in resisting rotations at the SJJ [17]. As 
the Sll appears to be richly innervated by the dorsal 
sacral nerves [3, 4, 7, 9, 12, D] it is suggested that the 
LPSL is innervated in a similar manner [l, 7, 9]. As a 
substantial ligamentous structure posterior to the joint, 
the LPSL is also considered as a potential pain·gener
ating structure [I :1, 15, 16, 20] which presents the 
possibility of diagnostic confusion. However, although 
pain in the LPSL area may originate from the ligament 
itself as the sensory receptors commonly exist in these 
ligaments [7]. it may also be generated indirectly by 
irritation of neurovascular bundles that penetrate the 
ligament [14]. To date, few studies detail the relationship 
between the LPSL and the dorsal sacral rami [4, 20]. The 
aim of this study is to explore the relationship between 
the LPSL and intimately related dorsal sacral rami using 
gross dissection and histological examination. 

Materials and methods 

Cadaveric specimens, utilised by the Department of 
Anatomy and Structural Biology of the University of 
Otago, for educational purposes were assigned to this 
project. These cadavers were bequeathed under the 
Human Tissue Act of 1964. 

A total of 25 sides of the pelvis from 16 cadavers 
(eight females and eight males, aged 52-97 years) have 
been used in this study. Three right sides were utilised 
for histological analysis and the rest (22 sides) for gross 
anatomical study. 

The LPSL was exposed by removing skin, subcuta· 
neous tissue, and the gluteus maximus muscle (GLM). 
Under a Zeiss Operating Micoscope (Universal S3B, 
Op·Mi 6; of Carl Zeiss GmB. Carl Zeiss Strasse, 
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Oberkochen, Germany), branches of the dorsal sacral 
rami were dissected and traced laterally beyond 
the lateral border of the LPSL. To reveal those 
branches penetrating the LPSL, the overlying layers 
comprising the LPSL were carefully reflected superiorly 
or inferiorly. 

For histological analysis, the LPSL was removed by 
stripping and peeling the periosteum from the PSIS to 
the third and fourth sacral tubercles. The ligament was 
bisected across its length and folded prior to being 
post-fixed in 10% neutral buffered formalin overnight. 
After dehydration in a series of 7()--100% alcohol and 
xylene, the tissue block was embedded in paraffin wax 
and sectioned. Two 5 ~m adjacent sections were taken 
from each third of the embedded tissue block and 

Fig. 1 A The long posterior 
sacroiliac ligament (LPSL) and 
luleral branches or dorsal sacral 
nerve plexus (arrows). The 
LPSL is shown between the 
posterior superior iliac spine 
(PS/5) superiorly (left on the 
image), and the fourth sacral 
tubercle (S7) inferiorly (righr 
on the image). The gluteal 
aponeurosis (GA) is seen lateral 
to the LPSL and medially, tbe 
erectors spinae aponeurosis has 
been reflected to show the 
underlying lumbosacral 
multifidus (NJ). B The lateral 
branches from the dorsal sacral 
rami of S2-S4 penetrate the 
LPSL. The LPSL has been 
dissected and rctlected 
superiorly, to lie folded and 
pinned on the PSIS. A blunt 
seeker has been used to lift and 
highlight the lo:neral branches 
(arrow), as they penetrate the 
LPSL. C Haematoxylin and 
eosin (H &E) stained transverse 
~ction of the mid-LPSL 
magnified 1.25 times, with 
penetrating lateral branches (N) 
between superficial ligamentous 
layer (SL) and deep 
ligamentous layer (DL) 
surrounded by loose connective 
tissue 

stained with H&E or Van Geison, respectively. His
tology slides were viewed using an Olympus micro
scope (AX70 'Provis'). 

Digital images of gross anatomy specimens and his
tology slides were captured using a Spot RT Colour 
digital camera with software Version 3.5.4. The images 
were processed using Adobe Photoshop Version 6.1. 

Results 

The LPSL was located between the PSIS superiorly and 
the third and fourth sacral tubercles inferiorly (Fig. lA). 
At the gross anatomy level, its lateral and medial bor
ders were not clearly identified as they seem continuous 
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with, respectively, the gluteal aponeurosis and the erec~ 
tors spinae aponeurosis (Fig. I A). 

Under the operating microscope, lateral branches of 
the first to fourth dorsal sacral rami (SI-S4) were 
examined. Each ramus usually had one or two branches 
running laterally (Fig. I B). It was uncertain whether 
those lateral branches contained nerve fibres only from 
the corresponding ramus or from adjacent rami as well, 
because there was usually a neural anastomosis between 
two adjacent foramen in the specimens we examined 
which has been previously described [6] (Fig. I B). 

It was found that the S2 and S3 lateral branches had 
a very close relationship with the LPSL (96%, 21/22 for 
S2; and 100%, 22/22 for S3) (Table 1). They obliquely 
penetrated through the deep portion of the ligament 
(Fig. I B). Loose connective tissue was seen to surround 
each neurovascular bundle as it penetrated the layered 
ligamentous structure (Fig. I C). In the course of pene
trating the ligament, some nerves further divided into 
smaller branches which disappeared within the adjacent 
ligamentous structure (Fig. I B). 

In contrast, 96% (21/22) of the SJ lateral branches 
passed superiorly away from the LPSL (Table I). Only 
in one case, the Sl branch penetrated through the liga
ment near its superior end. The relationship between the 
S4 lateral branch and the LPSL was much more com
plicated than the others. Nearly 60% (13/22) of them 
passed through the ligament (Table 1). Unlike the S2/3 
lateral branches, the majority of those S4 penetrating 
branches (10/13) were located more superficially and 
sometimes even emerged from the superficial surface of 
the ligament. The other 40% of the S4 lateral branches 
passed inferiorly away from the LPSL. 

Discussion 

Few studies have described the relationship between the 
LPSL and the lateral branches of the sacral spinal 
nerves. At the Third Interdisciplinary World Congress 
on Low Back and Pelvic Pain in 1998, Willard eta!. [20] 
reported in the ten cadavers they examined bilaterally, 
that the lateral branch of SI frequently passed under
neath the LPSL, whereas that of S2 superficial over the 
ligament. By contrast, based on the observation of four 
cadavers, Grab et a!. [4] showed that the S3 and S4 
dorsal sacral nerves passed through or underneath the 
ligament [4], although it was noticed that the distribu
tion of the dorsal sacral plexus was highly variable 

329 

[6, 20]. Unfortunately, these studies failed to provide the 
quantitative data to support their findings. In this study, 
we found that the LPSL has a very close relationship 
with the lateral branches of the dorsal sacral rami of 
predominantly S2 (96%, 21/22) and S3 (100%, 22/22), 
variably ofS4 (59%, 13/22) and rarely of Sl (4%, 1/22). 
Although the reason for the variable observations from 
the above studies is unclear, one possibility that should 
be considered is the identification of each lateral branch 
of the dorsal sacral plexus. It is a common feature that 
lateral branches of each dorsal sacral ramus anastomose 
with each other to form the posterior sacrococcygeal 
plexus [20] or posterior sacral nerve plexus [6], and 
further branches arise from this plexus to course later
ally towards the ligament (Fig. I B) [20]. In this study, 
based on the size and location of these branches, as 
illustrated in Fig. I B, we have named these nerve 
branches 'lateral branches of S I, S2, S3 or S4 dorsal 
sacral nerves'. It should be pointed out that each of these 
branches may contain nerve fibres from both adjacent 
dorsal sacral rami and at the gross anatomy level, it is 
impossible to trace them individually. 

The LPSL is a significant posterior SIJ ligamentous 
structure [ 18] and it may be innervated by the dorsal 
sacral spinal nerves, as it has been shown that the SIJ 
receives fine nerve branches from the dorsal rami of the 
Sl-S4 spinal nerves (reviewed by Ref. [5]). It does not 
appear that the innervation of the LPSL has been spe
cifically investigated. Although this issue has not been 
specifically addressed in this study, our results suggest 
that the LPSL may well receive nerve fibres from those 
penetrating lateral branches of the dorsal sacral nerves 
as they traverse between the ligamentous layers (Fig. IB, 
C) as some of their fibres are seen to disappear within 
the ligament (Fig. I B). 

Evidence that predominantly the S2, S3 lateral 
branches of the dorsal sacral plexus penetrate and may 
innervate the LPSL provides an anatomical basis for the 
notion that the LPSL is a potential pain generator [13, 
15, IIi, 20]. The LPSL sustains tensile stresses during 
physiological loading of the SIJ [17], as well as associ
ated soft tissue structures like the ipsilateral erectors 
spinae aponeurosis and the sacrotuberous ligament [ 16] 
so a possibility exists that penetrating sacral rami lateral 
branches may be compressed, generating pain [14]. 
Peripartum pelvic pain, is identified as a significant 
clinical problem [22] but the underlying cause is ill de
fined. In the case of sacroiliac pain due possibly to 
entrapment neuropathy of the lateral branches of the 

Table 1 The relationship between the lateral branches of the dorsal sa.cral rami and the LPSL 

LPSL Penetration S1 S2 S3 S4 

No penetration 96% (21/22) 4% (1/22) 0% (0/22) 41% (9/22) 
At superficial level 0% 0% 0% 45% (10/22) 
At deep level 4% (1/22) 96% (21/22) 100% (22/22) 14% (3/22) 

*percentage (sides/the total sides) 
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posterior sacral rami penetrating the LPSL, we suggest 
that the generalised oedema seen in pregnancy may 
provide a cause, similar to that described in pregnancy· 
related carpal tunnel syndrome [8, II). It has been sug· 
gested that a differential determination of the prevalence 
of SIJ pain in presenting patients be accomplished by 
using intra-articular double block injection techniques, 
which should also include a peripheral injection of the 
LPSL [15]. To facilitate such a process, several key 
anatomical questions need to be clarified, such as which 
dorsal sacral nerves innervate the LPSL and what vari· 
ations of such an innervation might exist. 

Clinically, the evaluation of compression or irritation 
of the penetrating nerves by the LPSL remains to be 
explored. This presents a significant diagnostic challenge 
as common sensory patterns of innervation in the region 
account for the non-specificity of 'non-specific' low back 
pain. The 'posterior pelvic pain provocation test' de· 
scribed by Vleeming eta!. [15] is one test that has been 
used though it has been stated that without peripheral 
anaesthetic blockade of the LPSL it is dillicult to dif· 
ferentiate this ligamentous structure as a pain generator 
from other structures in the region [15]. Our study also 
highlights another possible, potential pain source 
namely, an entrapment neuropathy of the penetrating 
lateral branches of the dorsal sacral rami within the 
ligamentous structure of the LPSL, an idea that has been 
previously expressed [20, 24]. 

In conclusion, this study provides quantitative data 
of the relationship between the lateral branches of the 
dorsal sacral plexus and the LPSL. It also indicates 
possible sources of innervation of the LPSL. These 
findings support the notion that the LPSL may be a 
potential pain generator in non-specific low back pain 
and pregnancy-related pelvic pain and suggest that the 
innervation pattern and clinical evaluation of the LPSL 
requires further detailed exploration. 
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Appendix D Histology method, section 5.1.3, initial ligament processing 

protocol 

Job number: 1133 (0148/7R), SN 1. 

Job number: 1259 (0034R), SN 3. 

Job number: 1359 (0049/3), SN 5. 

All material underwent secondary fixation in neutral buffered 10% formic acid 
overnight. 

Automated embedding procedure, Shandon Hypercenter XP. V4.00, 2001 (Global 
Medical Instrumentation Incorporated, Ramsey, Minnesota 55303 USA) 

Program Details Module 1, Program number 2 

Title : General/Long 

Step Reagent concentration(%) Temperature/pressure Immersion Drain 

1. 70% alcohol ambient temp/pressure 3 hours 15 minutes 
2. 95% alcohol 1.5 hour 15 minutes 
3. Absolute alcohol 1 " " 1.0 hour 15 minutes 
4. " 2 " " 1.5 hour 15 minutes 
5. " 3 " " 2.0 hour 15 minutes 
6. xylene 1 " " 1.0 hour 15 minutes 
7. xylene 2 " " 1.5 hour 15 minutes 
8. xylene 3 " " 1.5 hour 15 minutes 
9. Wax 1 60°C negative pressure 1.5 hour 15 minutes 
10. Wax2 " " " 1.5 hour 15 minutes 
11. Wax3 " " " 1.0 hour 15 minutes 

Wax: 'Paraplast' 
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Appendix E Beesoplast wax re-embedding protocol 

Wax block to be re-embedded was placed in wax bath partially filled with fresh 

Beesoplast at 60°C until Beesoplast in and around the tissue was completely melted. 

The block was then placed for eight hours (or overnight) in a wax embedding bath 

(Astell Scientific, Kent, UK) at 60°C, in a fresh change of Beesoplast, maintained 

under negative pressure with an evacuation pump (Thomas Industries, Louisville, 

Kentucky 40207, USA, supplied by Dynavac NZ Ltd) of -70kPa to -75kPa (26.3kPa 

to 31.3kPa absolute; standard atmospheric pressure is 10 1.3kPA), measured by a 

pressure gauge on a relative scale, from 'OkPa'at atmospheric pressure. The tissue 

block was then embedded. Pure Beesoplast was used and poured into a suitably sized 

mould created by the positioning of Leuckhart 'L' pieces on a flat metal plate. The 

mould was filled with molten Beesoplast wax (57°C - 60°C), sufficient to 

accommodate and cover the tissue block. The tissue block was placed, sectioning face 

down, into the wax filled mould. Upon the satisfactory positioning of the tissue block, 

further molten wax was poured into the mould to entirely cover the block. The molten 

wax was cooled as quickly as possible after pouring, to reduce wax crystal size 

(Gordon, 1990:51 ). This was achieved by draping ice-cold, water soaked tissues over 

the tissue block and around the mould. After twenty minutes cooling the wax block, 

enclosed by the mould and underlying metal plate, was lifted en masse and immersed 

in an ice-water bath for half an hour. The mould was gently removed from the wax 

block and the wax block was left in ice-water for a further five hours before being 

mounted. 

265 



Appendix F Harris haematoxylin and alcoholic eosin staining for 
large I giant wax blocks: standard and modified protocols 

1. Deparaffinise in three changes of xylene for 1 - 2 minutes each change. 
2. Rehydrate through two changes of absolute alcohol, one of 95%, one at 70% 

for 1 - 2 minutes each. 
3. Wash well in running water. 
4. Stain in Harris haematoxylin for 6-8 minutes 
5. Wash well in running water 
6. Differentiate in 0.2%HC1 in 70% alcohol for a few seconds. Check 

microscopically and repeat if necessary. 
7. Blue in ammonia water or 'Scots Tap Water'. 
8. Wash well in running water. 
9. Dehydrate through 70% and 95% alcohol to absolute alcohol. 
10. Stain in alcoholic eosin (0.1% eosin Y) for 3 minutes. 
11. Complete dehydration in three more changes of absolute alcohol for up to 1 

minute each. 
12. Clear in xylene and mount with DPX. 

Modified Harris haematoxylin and alcoholic eosin staining protocol 

1. Deparaffinise in three changes of xylene for 3 - 5 minutes each change. 
2. Rehydrate through two changes of absolute alcohol, one of 95%, one at 70% 

for 1 - 2 minutes each. 
3. Immerse in very gentle running water for 1 - 2 minutes. 
4. Regressional stain in Harris haematoxylin for 20 - 60 seconds 
5. Immerse in very gentle running water for 1 - 2 minutes until excess 

haematoxylin is removed 
6. Differentiate in 0.2%HC1 in 70% alcohol as required. Check microscopically 

and repeat if necessary. 
7. Blue in ammonia water or 'Scots Tap Water' as required. 
8. Immerse briefly in gentle running water. 
9. Dehydrate through 70% and 95% alcohol to absolute alcohol, 2 minutes in 

each. 
10. Stain in alcoholic eosin (0.1% eosin Y) for 1 - 2 seconds. 
11. Complete dehydration in three more changes of absolute alcohol for up to 2 

minutes each. 
12. Clear in xylene, 5- 10 minutes as required and mount with DPX. 

Results: Nuclei: blue, cytoplasm: pink to red 
September 1996, Histology Service Unit staining manual, Department of Pathology, Otago University. 
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Appendix G V erhoeffs haematoxylin for elastic tissue 

1. Deparaffinise in three changes of xylene for 1 - 2 minutes each change. 

2. Rehydrate through two changes of absolute alcohol, one of 95%, one at 70% 

for 1-2 minutes each. 

3. Wash well in running water. 

4. Stain in Verhoeffs haematoxylin until the slides are black (20 to 50 mins). 

5. Differentiate in 1 - 2% Ferric chloride until elastic fibres stand out clearly. 

Check under microscope. 

6. Wash in tap water. 

7. Place in 95% alcohol to remove iodine and leave in tap water for 5 minutes 

plus. 

8. Counterstain in van Gieson for 2-3 minutes. 

9. Wash quickly in water 

10. Dehydrate, clear and mount in DPX. 

Solutions: Verhoeffs Haematoxylin stock solutions. 

Solution A: Haematoxylin lOg 

Absolute alcohol 100ml 

Solution B: 1 0% ferric chloride 

Solution C: Iodine 2g 

Potassium iodide 4g 

Distilled water lOOm 

Dissolve potassium iodide in 5ml of water and add iodine. 

Verhoeffs Haematoxylin working solution: Solution A 

Solution B 

Solution C 

25ml 

lOml 

10ml 

van Gieson Counterstain: Saturated aqueous Picric acid 1 OOml 

1% Acid fuchsin lOml 

Results: Elastic Fibres and Nuclei: Black, Collagen: Red, Muscle, Yell ow 

November 2002, Otago University, Department of Pathology, Histology Service Unit staining manual. 
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Appendix H van Gieson's method for collagen fibres 

Fixation: any 

Sections: paraffin section thickness up to 15 microns 

Staining: Deparaffinise and hydrate to distilled water Weigmi's working 

haematoxylin for 10 minutes. 

Wash in distilled water 

Stain 1 - 3 minutes in van Gieson 's Solution (saturated aqueous picric acid1 OOml, 1% 

Acid fuchsin 1 Oml). 

Dehydrate in 95% ethanol, absolute ethanol, two changes each. 

Clear in two changes of xylene. 

Results: Collagen: red, smooth and striated muscle: yellowish to brownish, hyaline:. 

yellow, nuclei: blue to black. 

Otago University, Department of Pathology, Histology Service Unit staining manual. 
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Appendix I Acid decalcification protocol and large tissue block processing 

1. Tissue demineralised in 10% formic acid. Twelve changes over 3 weeks with 

five sessions in the microwave (to 50°C for 2 hours). 

2. Washed in running water for six hours and transferred to 70% alcohol. 

Remained in 70% alcohol for three weeks prior to processing. 

3. Transfer to 95% alcohol for 2 changes over 24 hours. 

4. Place in the first change of Absolute alcohol for 6 to 8 hours. 

5. Second change of Absolute alcohol for 12 to 15 hours. 

6. IsoPropyl Alcohol (IPA), first change, microwave to 70°C on 70% 

power for 40 minutes. Leave to stand for 4 to 5 hours. 

7. IPA, second change, microwave to 70°C on 70% power for 40 minutes. Leave 

to stand overnight. 

8. IPA, third change, microwave to 74°C on 70% power for 40 minutes. 

9. Beesoplast I (under vacuum) for 2 hours 

10. Beesoplast II (under vacuum) for 2 hours 

11. Beesoplast III (under vacuum) for 3 hours 

12. Embed in Beesoplast. 
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Appendix J Radiological assessment of block de-mineralisation 

SN6* SN7 SN 8 SN9 

Date Male I Formic Male I EDT A Female I EDT A Male iEDTA 

29.07.04 56/8 

13.08.04 55/5 

18.08.04 55/3.2 

24.09.04 50/4 

18.11.04 50/4 50/4 

16.12.04 50/4 

28.01.05 50/5 

18.02.05 48/3.5 48/3.5 S/I 

10.03.05 50/3 .2 

31.03.05 50/3.2 50/3.2 

11.05.05 50/3.2 50/3.2 

09.06.05 50/3.2 50/3.2 

08.07.05 50/3.2 50/3.2 

11.08.05 50/3.2 SII 50/3 .2 

08.09.05 55/3.2 

14.10.05 55/3.2 

08.11.05 50/3.2 

08.12.05 50/3.2 

17.01.06 50/3.2 I 

09.02.06 50/3.2 s 

SN 6* I Between 16/08 and 16/09 SN 6 was stored in 70% ethyl alcohol 
Total time in 10% formic acid was 20 days. 

S/1 superior/ inferior (bisected) blocks 
t--- ---; 

Radiographically determined decalcification 'end-point'. 
t------; 

t------; Single tissue block bisected 

SN 10 

Male I EDT A 

50/3.2 

50/3.2 

50/3.2 

50/3.2 

50/3.2 

50/3.2 

55/3.2 

55/3.2 

50/3.2 

50/3.2 

50/3.2 

50/3.2 S/I 

L.._ __ __J Tissue blocks secondary fixed for 2 days in formaldehyde to improve 'firmness' 

Figures given are kV, mAs respectively. Focal film distance (100cm) and focal spot (0.6mm) were the same 
throughout. 

mAs (milli-ampere-second): tube current x exposure time. 

270 



Appendix K Processing Schedule for protocol large tissue block (SN 6) 

1. Tissue demineralised in 10% formic acid. Twelve changes over 3 weeks with 

five sessions in the microwave (to 50°C for 2 hours). The tissue changes took 

place as follows : 

1st change from 30/7/04 to 118/04; 2nd 1/8/04 to 3/8/04; 3rd 3/8/04 to 4/8/04; 

4th 4/8/04 to 5/8/04; 5th 5/8/04 to9/8/04; 6th 9/8/04 to 1118/04; 7th 1118/04 to 

12/8/04; 8th 12/8/04 to 14/8/04; 9th 14/8/04 to 16/8/04. The tissue was then 

washed in running water for several hours & stored in 70% alcohol (Histology 

Service Unit holiday period). Tissue was re-immersed in formic acid on 6/9/04. 

lOth change 6/9/04 to 7/9/04; 11th 7/9/04 to 8/9/04 & 12th 8/9/04 to 9/9/04. 

Tissue was then washed in running water as before and transferred to 70% 

alcohol. 5 changes, a day apart were micro-waved. 

2. Washed in running water for six hours and transferred to 70% alcohol. 

Remained in 70% alcohol for three weeks prior to processing. 

3. Transfer to 95% alcohol for 2 changes over 24 hours. 

4. Place in the first change of Absolute alcohol for 6 to 8 hours. 

5. Second change of Absolute alcohol for 12 to 15 hours. 

6. Iso Propyl Alcohol (IP A), first change, microwave to 70°C on 70% 

power for 40 minutes. Leave to stand for 4 to 5 hours. 

7. IP A, second change, microwave to 70°C on 70% power for 40 minutes. Leave to 

stand overnight. 

8. IPA, third change, microwave to 74°C on 70% power for 40 minutes. 

9. Beesoplast I (under vacuum) for 3 hours 

10. Beesoplast II (under vacuum) for 4 hours 

11. Beesoplast III (under vacuum), leave overnight. 

12. Embed in Beesoplast 

Re-embedding 
13. Melt off wax & immerse in Xylene for 1 hour 

14. IPA, microwave to 70°C on 70% power for 40 minutes. 

15. IPA, microwave to 74°C on 70% power for 40 minutes. 

16. As above for 9 to 12 (3 hours in wax 1 & 2, overnight in wax 3) 

October 2004, Histology Service Unit, Department of Pathology, University of 

Otago 
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Appendix L Acid Washing of Slides 

Warning: When dealing with chromic acid, suitable protective clothing, gloves and 

safety glasses must be worn. 

1. Wash slides by soaking in chromic acid solution (chromium trioxide) for 8 -

12 hours. 

2. Rinse in running tap water for several hours. 

3. Dry in a 45°C oven then box, or alternatively immerse in 95% alcohol. 

Chromic acid Solution: 

Equal parts of saturated potassium dichromate and concentrated sulphuric acid. Add 

the acid to the dichromate very slowly as the reaction is exothermic. 

Albumen coating of glass slides 

Acid washed glass slides fine brushed with a solution of 1 g of dried egg white 

(albumen) in 25cm3 0.5% sodium chloride. The slide is placed in a 37 degree 

centigrade incubating oven and allowed to dry for one hour. 
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Appendix M 3-amino-propyl-triethoxy-silane (APES) coating of slides 

Large glass slides (lOcm x 5cm) were individually handled throughout this process. 

The glass slides were initially washed in 2% Extran MA03 phosphate free detergent 

for 48 hours and then air-dried on metal lattice trays in an incubator at 37° C. 

An alternative cleaning method is acid washing (Appendix L). 

The following slide coating APES (Sigma-Aldrich, Auckland, product number 

A3648) 

procedure was carried out under a fume hood. Each slide was agitated during 

immersion. Latex gloves were required as APES is very toxic and absorbed through 

the skin. 

Each slide is sequentially passed through the following steps: 

1. Wash in commercial grade acetone for 1 minute 

2. Dip in 2% APES solution in 'AR' grade acetone (Pronalys Acetone, Biolab 

Australia) for 1 minute. 

3. Rinse again by dipping in commercial acetone for 1 minute. Only use dipping 

bath 4 times before renewing. 

4. Rinse by immersing in bath de-ionised water. Use bath 4 times before 

renewmg. 

5. Dry (covered) at room temperature or drain for 2 hours then dry in 37°C 

incubator on metal lattice trays. 

6. Place slides in a box - wear gloves. Take care not to touch the slide surface. 

273 



Appendix N Sectioning data of the protocol large tissue block (SN 6) 

At the first level, designated '0', the block was 'trimmed in' to create a suitable cutting face. 
Five sections were cut, four at 20 f.lm, and one at 60 f.Lm for test staining by H&E method 
(Appendix F). Sections were inspected and a further 4 mm step was then cut from the block 
where five sections at 20 1-lm were cut and stained with H&E. This was designated level '1 '. 
A further 2 mm step was then cut into the block and designated level '2'. Ten sections of 20 
f.Lm were cut here and five sections were stained with H&E. Inspection of the sections 
suggested that a smaller step of 0.6 mm was required and this level was designated level '3 '. 

At level '3 ', section thickness was increased to 30 1-lm because of the difficulty maintaining 
cohesion of the large section. The tissue block was re-embedded under negative pressure 
(Appendix E). After re-embedding, two sections at 20 f.Lm and two sections at 30 f.Lm were cut 
and stained with H&E. Sections were inspected and a further 0.45 mm step was cut into the 
block and designated level '4'. 

At level '4', five sections of 30 f.Lm were cut. One section was stained with H&E, Appendix 
F. The remainder was held in reserve. A further step of 0.3 mm was cut into the block. The 
cutting surface of the tissue block was celloidinised prior to sectioning being painted with 1% 
low viscosity nitrocellulose (L VN) in 50:50 ethyl alcohol I ethyl ether solution. This was 
allowed to dry for one minute prior to the section being cut (Culling et al. 1985:96). 

At level '5 ', five sections were cut, three at 30 f.Lm and two at 45 f.lm. One 30 1-lm section was 
stained with H&E, Appendix F. A further 0.3 mm step was cut into the block. 

Level '6', five sections of 45 1-lm were cut. Increased section thickness had the disadvantage 
of causing more collagen curling associated with re-hydration, when floated for spreading on 
warm water ( 40°C - 45°C), as well as lifting from the slide (from dehydration) in drying 
process. This was explained by the presence of water in the organic matrix of bone, 
accounting for 24% (by weight) and 38% (by volume) (Culling et al. 1985:410). 

A further 0.3 mm step was cut and designated level '7'. Five sections were cut, three at 45 
1-lm and two at 60 f.Lm. 

Another 0.3mm step was cut into the block and was designated level '8'. Two sections of 60 
1-lm and two sections of 45 1-lm were cut. One 601-lm section was stained with H&E, Appendix 
F, the other sections were stored. 

Subsequently, two 60 1-lm sections were cut at the next 0.3 mm step, level '9'level. At the 
next 0.3 mm step, level '1 0' the section was cut at 75 f.Lm because of preceding difficulty with 
section 'capture'. It was observed that sections thicker than 60f.lm whilst often possessing a 
better overall cohesion were considerably more difficult to subsequently de-wax and stain. 
Cutting sections greater than 60 f.Lm was therefore avoided. 

Step separation was increased to 0.5 mm and was maintained between levels, until the end of 
the block at level '18'. At each level, two sections were cut. One section was stained with 
H&E (Appendix F) the other one stored. 
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Appendix 0 Tissue block linear dimensions (approximate) 

Approximate tissue 
block dimensions 

Serial number Cadaver (em) ±0.05 
(SN) ID Axial SaRittal Frontal 

6 011613 6.5 6 4 

7 0152 I 7 16 7.5 5.5 

8 0145 I 8 12 7.5 5.5 

9 0124 I 8 11.5 7.5 5.5 

10 0178 I 5 14 7.5 5.5 

Mean 12 7.2 5.2 
Mean excluding SN 6 13.3 7.5 5.5 

Linear measurements were made from a calibrated 1 em lead scale on the 

radiographed tissue block. Measurements were made from the radiograph. Two 

separate measurements were taken and averaged. 
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Appendix P Revised processing schedule for giant tissue blocks (SN 7, 9 and 10). 

1. Demineralisation in 7.5% EDTA buffered to pH 7 with 5% Sodium hydroxide. 

2. Wash block in running water for 6 hours 

3. 70% ethyl alcohol. For 3 days 

4. 95% ethyl alcohol. For 4 hours 

5. Absolute ethyl alcohol. For 4 hours microwaving to 64°C for 20 minutes during the 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

last half hour. 

Isopropyl alcohol I. Overnight including microwaving to 64°C for 20 minutes. 

Isopropyl alcohol II. For 6 hours microwaving to 70°C for 20 minutes. 

Isopropyl alcohol III. Overnight including microwaving to 70°C for 20 minutes. 

Isopropyl alcohol IV. For 2 hours microwaving to 74°C for last 30 minutes. 

Beesoplast I. For 4 hours under negative pressure. 

Beesoplast II. Overnight under negative pressure. 

Beesoplast III. For 6 hours under negative pressure. 

Beesoplast IV. Overnight under negative pressure. 

Embed 

Note: For bulkier blocks a fourth change (13) of Beesplast was recommended to ensure 

total removal of isopropyl alcohol. 
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